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PHARMACEUTHCAL COMPOSITIONS FOR DELIVERY OF HERPES SIMPLEX VIRUS
GEYCOPROTEIN B ANTIGENS AND RELATED METHODS

BACKGROUND

10001} Herpes simoplex viruses {HSV), commonly referred to only as herpes, are categorized
mto two types: herpes simplex virus, type 1 (HSV-1, or oral herpes) and herpes simplex virus, type 2
{HSV-Z, or genital herpes). According to the World Health Organization, an estimated 3.7 billion people
under age S0 (67% of global population) have HSV-1 infection globally, HSV-1 prevalence 1s understood
as being highest in Africa and lowest in the Americas. An estimated 491 million people aged 15-49 (13%
of global population) worldwide have HSV-2 infection. More woren are infected with HSV-2 than men,
because sexual transmission of H5V 13 more efficient front men to women than from women {0 men.
Prevalence of HSV-2 infection was estimated to be highest in Afvica, followed by the Americas.
Prevalence of HSV-2 was alse shown to increase with age, though the highest numbers of people newly-

mfected have historically been in adolescents. Both HSV-1 and HSV-2 infections are lifelong.

SUMMARY OF THE INVENTION

g., Imunogenic

{0002} The present disclosure provides pharmaceutical compositions {e.g
compositions, o.g., vaccines) for delivering particular berpes simplex virus (HSV) antigen constructs
{e.g., HSV-1 antigen constructs, HSV-2 antigen construets, or a combination thercof) to a subject {¢.g., a
patient) and related techunologies (e.g., methods). In particular, the present disclosure provides HSV (e.g.,
HSV-1, H5V-2, or both) vaccine compositions and related technologies {(e.g., methods),

0003} The present disclosure also provides that H3V glycoprotein B {(gB) antigens and
antigenic fragments thereof can be useful in preventing or treating HSV, e.g,, in HSV antigen constructs
and/or HSV compositions (£.g., HOMUBOgenic compositions, ¢.g., vaceines) as further disclosed herein.
The present disclosure further provides the recognition that stabibization of HSV gB or antigenic
fragments thereot can be particularly advantageous for use, ¢.g., in preventing or treating HSV, e.g., in
HSV antigen constructs and/or HSV compositions (e.g., mnmunogenic compositions, e.g., vaccings) 48
further disclosed hevein. Accordingly, the present disclosure provides certain mutations that can stabilize

HSV gB or antigenie fragoents thereofl
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{0004} The present disclosure provides a polyribonucleotide encoding a polypeptide. In some
embodimpernts, a polypeptide comprises one or more ISV glycoprotein B (gB) antigens or antigenic

fragments thereof.

[0005] In some embodiments, an HSV gB antigen or antigenic fragment thereof comprises one
ot more mutations that stabilize the HSV gB antigen or antigenic fragment thereof relative to a
comparable HSV gB antigen or antigenic fragment thereof that does not comprise the one or more
mutations. In some embodiments, one or more mutations arc one or more amino acid substitutions. In
some embodiments, one or more amino actd substitutions comprise 251C, 718C, and

combinations thereof, wherein the numbering is with reference to SEQ 1D NO: 1.

0006} In some emsbodiments, a polypeptide comprises an HSV glveoprotein B (gB) antigen. In
some embodiments, an HSV glycoprotein B (gB) antigen comprises one or more mutations that stabilize
the HSV gB antigen or antigenic fragment thereof relative to a comparable HSV ¢B antigen or antigenic
fragment thereof that does not comprise the one or more mutations. In some embodiments, one or more
mutations are one of 1more amine acid substitutions. In some erwbodiments, one or mote amine acid
substitutions comprise 251C, 718C, and combinations thereof, wherein the numbering is with reference
to SEQ IDNO: 1. In some embodiments, one or more mutations comprise: 251C and 718C; wherem the

numbering is with reference to SEQ ID NG L

{00071 in some embodiments, a polypeptide that comprises at least one HSV glycoprotein B
{gB) antigen. In some embodiments, an HSY gB antigen has an amsino acid sequence that is at least 80%,
at least 859, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical
to the amino acid SEQ 1D NO: 1. In some embodiments, anp HSV ¢B antigen has an amino acid sequence
that 1s at least 80%, at least 85%, at least 0%, at least 95%, at least 969, at least 97%, at least 98%, or at
least 99% identical to the amine acid SEQQ ID NG: 2. In some embodiments, an HSV gB antigen has an
amino acid sequence that s at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least

§7%, at least 98%, or at least 99% identical to the amino acid SEQ D NG: 3. In some embodiments, an
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HSV gB antigen has an amino acid sequence that is at least 80%, at least 85%, at least 90%, at least 93%,

at icast 06%, at lcast 97%, at loast 9894, or at least 99% identical to the amine acid SEQ ID NG: 4

[B008] In some embodiments, an HSV gB antigen has an amino acid sequence that (i) is at least
90%, at least 95%, at loast 96%, at least 97%, at lcast 98%, or at least 99% identical to the amine acid
SEQ ID NO: 1 and (31 comprises one or more mutations, where the one or more mutations comprise

251C, 718C, and combinations thereof

[0009] o soroe erobodiments, an HSV gB antigen has an amino acid sequence that (3) is at least
0395, at least 93%, at least 96%, at least 97%, at least 88%, or at least 99% identical to the amno acid
SEQ 1D NO: 1 and (i) comprises one or more mutations, where the one or more mutations comprise:

251C and 718C, where the numbering 1s with reference to SEQ HI NO: 1.

{0010 In soroe emboediments, an HSV gB antigen or antigenic fragroont thercof docs not

comprise an 5160 mutation, where the numbering is with reference to SEQ 1D NO: 1.

{0031} In sorme embodiments, 2 polypeptide comprises etory signal. [nsome
embodirnents, a secretory signal comprises or consists of a viral secretory signal. 1o some embodiments,
a viral secretory signal comprises or consists of an HSV secretory signal. In some embodimernts, an HSV
secretory signal comprises or consiats of an HSV-1 or HSV-2 seerctory signal. To some eyobodiments, an
HSY secretory signal comprises or consists of an HSV glycoprotein D (gD} secretory signal. In some
embodiroents, an HSV gD secretory signal consists of an amuno acid sequence according to SEQ I NO:
5. In some embodiments, an HSV secretory signal comprises or consisis of an HSV glycoprotein B (gB)
secretory signal. In some embodiments, an HSV secretory signal comprises or consists of an HSV-1 gB
secretory signal. In some embodiments, an HSY secrctory signal comprises or consists of an HSV-2 gB
secretory signal. In some embodiments, an HSV gB secretory sigual counsists of an amino acid seguence
according to SEQ ID NO: 63. In some ershodiments, an HSY gB secretory signal consists of an amine
acid sequence according to SEQ ID NO: 64, In some embodiments, an H5V gB secretory signal consists

of an amino acid sequence according to SEQ 1D NO: 65, In some embodiments, a secretory signal is

located at the N-terminus of the polvpeptide. In some erobodiments, a polyribonucieotide comprises a

nucieonide sequence according to SEQ 1D NO: 66
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{0012} In some embodiments, a polypeptide comprises a transmernbrane region. In some
embodiments, a transmembrane region comprises or consists of a viral transmembrane region. In some
embodiments, a transmembrane region comprises or consists of an HSVY transmembrane region. In some
embodiments, an HSV transmembrane region comprises or consists of an HV-1 or HSV-2
transmembrane region. In some embodiments, an HSY transmembrane region comprises or consists of an
HSV gb) transmembrane region. T somoe embodiments, an HSV g3 sansmembrane region consists of an
aming acid sequence according to SEQ 1D NG: 42, In some embodiments, an HSV transmembrane
region comprises or consists of an HSV-1 gB transmembrane region. In some embodiments, an H5V
transmermbrane region coroprises or consists of ap HSV-2 gB transmerobrane region. In some
embodiments, an HSVY ¢B transmerabrane region consists of an amino acid sequence according to SEQ
1D NGO 67, To some embodiments, an HSY gB transmembrane region consists of an amino acid sequence

according to SEQ D NO: 68

{0013} In some embodiments, a polypeptide does pot comprise a transmembrane region,
16014] In snme erabodiments, a polypeptide comprises a multimerization domain,
[0G15] In some embodiments, a polypeptide comprises one or more linkers. In some

embodivoents, one or more lnkers corprise or consist of an ammo acid sequence according to SEQ I3
NO: 45, In some embodimentis, one or more Hnkers comprise or consist of an amine acid sequence
according to SEQ D NG: 47, In some embodiments, one or more linkers comprise or consist of an
amino acid sequence according fo SEQ 1D NG: 4&. In some embodiments, one or more linkers comprise

ot consist of an amino acid sequence according to SEQ 1D NO: 52,

{0016} In some cmbediments, a polyribomucleotide is an isclated polyribenuciontide,

[0017] In some embodiments, a polyribonucleotide is an engineered polyribonucleotide.

{0018} in some embodiments, a polyribonucleotide 1s a codon-optimized polyribonuclectide.
[0019] The present disclosure further provides an RNA constroct comprises a polyribonucleotide

as described herem.

00201 In some embodiments, an RNA construct comprises a ' UTR. In some embodiments, a
5'UTR comprises or consists of a modified human alpha-globin 5-UTR. In some embodiments, a §

UTR commprnises or consisis of a ntbonucleic acid sequence aceording to SEQ ID NG: §7.
o 4
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0021} In some embodiments, an RNA constroct comprises a 3' UTR. In some embodiments, a
3" UTR that comprises or consists of a first sequence from the amine terminal enhancer of split (AES)
messenger RNA and a second sequence from the mitochondrial encoded 128 ribosornal RNAL In some
embodiments, a 3' UTR comprises or consisis of a nbonucleic acid seguence according to SEQ 1D NG:

63.

10022} In some embodiments, an RNA construct comprises a polyA tail sequence. In some
embodiments, a polvA tail sequence is a split polyA tail sequence. In some embodiments, a split polyA

tail sequence consists of a ribonucleic acid sequence according to SEQ I NO: 60,

[0023] In some embodiments, an RNA construct comprises m 3" to 3 order: (iya 5' UTR; (i} a

polyribonucleotide as deacribed hereiry (i1} a 3' UTR; and (iv) a polyA tail sequence.

{00241 In some embodiments, an RNA construct comprises a 5' cap. In some embodiments, an
RNNA construct comprises a cap proximal sequence comprising positions +1, +2, 43, +4, and +5 of the
polyribonucleotide.

[0025] In some embediments, a §' cap comprises or consists of

m7{37OMeGHS)ppp(S HZ'OMeA OpGa, wherein Ay is position +1 of the polyribonucleotide, and Gzis

position +2 of the polyribonucleotide.

[0026] In sone ernbodiments, a cap proximal sequence comprises Ag and (o ofthe Capl
structure, and a sequence comprising: AsAqUs (SEQ 13 NO: 55) at positions +3, +4 and +35 respectively

of the polyribonucieatide.

{0027} Inn sone embodiments, a polyribonuclestide includes modified uridines in place of all

uridines, eptionally wherein modified uridines are each N1-methyl-pseudoundine.

[0028] The present disclosure also provides compositions. In some embodiments, a composition
comprises one or more polyribonucieotides as described berein. To some embodiments, a composition

comprising one or more RNA constructs as described herein.

{0029} in some embodiments, a composition comprises lipid nanoparticles, polyplexes (PLX),
fipidated polyplexes (LPLX]), or hiposomes. In some embodiments, one or more polyribonuclectides are
fully or partially encapsulated within lipid nanoparticles, polyplexes (PLX), lipidated polyplexes (LPLX),

ot liposomes.
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4030 In some embodunents, a composition comprises Hpid nanoparticles. In some
b

cmbodiments, onc or more polyribonucicotides are encapsulated within lipid nanoparticles.

{0031} Among other things, the present disclosure provides pharmaceutical compositions. In
some ernbodiments, a pharmaceutical corpposition comprises a comnposition as provided herein and at

least one pharmaceutically acceptable excipient.

{0032} In some embodiments, a pharmaceutical composition comprises a cryoprotectant. In

some embodiments, a cryoprotectant 1S SUcrose.

0033 In some embodunents, a phammaceutical composition comprises an aqueous buffered
b

solution. In some cmbodimnents, an agueous buftered solution comprises one or more of Tris base, Tris
HCE NaCl, KL NapxHPOy, and KHPOu.

j0034] The present disclosure provides combinations of compositions. In some emtbodiments, a
combination comprises a first pharmaceutical composition comprising a first polyribonucieotide, wherein
the first polyribomucieotide encodes & polypeptide comprising one or more HSV gB antigens or antigenic

portions thereof as described herein.

[0035] In some ersbodiments, a combination comprises a second pharmaceutical composition
comprising a second polyribonucleotide, wherein the second polyribonucleotide encodes a second
polypeptide, the second polypeptide comprises one of more HSV antigens, and wherein at least one of the

gens comprise: an HSY

i

HSV antigens 1s not gB. In some embodiments, one or more HSV ants
ghycoprotein €, an HSV glycoprotcin D, an HSVY glycoprotein E, HSV glvcoprotein B, or a combination
thereof. In some embodiments, at least one of the HSV antigens is gB. To some ernbodiments, one or

more HSV antigens comprise one or more HSV T cell antigens.
g : 3

(0036} The present disclosure also provides methods. Tn some ermbodiments, a methoed
comprises administering a polynbonuclectide described herein to a subject. In some embodiments, a
method comprises admunistering an RNA construct described herein to a subject. In some embodiments,
a method comprises administering a composition described herein to a subject. In some embodiments, a
method comprises administering one or more doses of a pharmaceutical composition described hercinto a

subject.

16037] In some erabodiments, a method comprising adminisicring a combination described

herein o a subject. In some embodiments, a first pharmaceutical composition and a second
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pharmaceutical composition are administered on the same day. In some embodiments, a first
pharmaccutical composition and a sceond pharmaceatical composition are administered on different days.
In some embodiments, a first pharmaceutical composition and a second pharmaceutical composition arg

administered to the subject at different locations on 4 subject’s body.

[0038] In sorae embodiments, 8 method is a method of treating an HSV infection. In some

embodiments, a method is a method of preventing an HSV mfection.

[003s] In some embodiments, a subject has or is at risk of developing an H5V infection.
jonag) In some embodiments, a subject 18 8 human.
o041} In some embodiments, administration induces an anti-HSV tmmune response in the

subject. In some embodiments, an anti-HSV fmnune respovse m the subject comprises an adaptive
immune response. In some embodiments, an anti-HSV imimune response in the subject comprises a T-
cell response. In some embodiments, a T-cell response is or comprises a CD4+ T cell response. In some
embodiments, a T-cell response is or comprises a CD8+ T cel response. In some embodiments, an anti-
HSV immune systero response comprises a B-celi response. In some embodiments, an anti-HSV jouonune
system response comprises the production of antibodies directed against the one or more H5V gB
antigens.

~

[0042] The present disclosure provides pharmaceutical composition described herein for use in
the treatment of an HSV mfection. In some embodiments, such a use comprises administering oug ot

more doses of the pharmaceutical composition o a subject.

{0043} The present disclosure provides pharmaceutical composition described herein for use in
the prevention of an HSV infection. Tn some embodiments, such a use comprises admunistering one or

maore doses of the pharmaceutical composition o a subject.

{0044} In some embodiments, a method or pharmaceutical composition for use as described
herein comprise administering two or more doses of the pharmaceutical composition to a subject. In
some embodiments, a method or pharmaceutical composition for use as described herein comprises

admunistering three or more doses of the pharmaceutical composition to a subject.

[0045] In addition, the present disclosure provides uses of a pharmaceutical composition as

provided herein in the treatment of an HSV infection. In addition, the present disclosure provides uses of
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a pharmaceutical composition as provided herein in the prevention of an HSV mfection. Tn addition, the
prosent disclosure provides uses of a pharmaceutical composition as provided herein in inducing an anti-

HSYV immune response in a subject.

{0046} The present disclosure further provides polypeptides. In some embodiments, a
polypeptide is encoded by a polyribonucieatide as provided herein or an RNA construct as provided

herein.

ovided are also host cells. In son nbodiments, a host cell ¢ 188 ¢
0047 Provided are also host cells. In some embodiments. a host cell comprises a
polyribonucleotide as provided herein. Tn some embodiments, a host cell comprises an RNA construet as

arovided herein. Tn some embodiments, a host celt comprises a polypentide as provided herein.
ed | ¥ bod ts, a host cell } tidd fed b

[0G48] Still further, i many embodiments, provided compositions (¢.g., pharmaceutical
compositions, e.g., immunogenic compositions, e.g., vaccines) that include an RNA construct {e.g., as an
active) are prepared, formulated, and/or utilized in particular LNP compositions, as described heren.
[0049] Among other things, the present disclosure provides technologies for rapid development
of a pharmaceutical composition {e.g., inmmunogenic composition, e.g., HSV vaccine) for delivering
particular HSV {¢.g., HSV-1 and/or HSV-2} antigen constructs 1o a subject.

{0050} Additionally, the present disclosure provides, for example, nucleic acid constructs
encoding HSV (e.g., HSV-1 and/or H5V-2) antigens as descnibed herein, expressed HSV {e.g., HSV-1
and/or H5V-2} proteins, and various methods of production and/or use relating thereto, as wall as
compositions developed thevewith and methods relating thereio.

jo0s1] For example, the present disclosure provides techuologies for preventing, characterizing,
treating, and/or monitoring HSV {e.g., HSV-1 and/or HSV-2) outbreaks and/or infections inchuding, as
noted, various nucleic acid construets and encoded proteins, as well as agents (e.g., antibodies) that bind

to such proteins, and compositions that comprise and/or deliver them.

[0052] In sorme aspacts, provided herein are technologies (2.g., compositions and methods) for
augmenting, inducing, promoting, enhancing and/or mproving an romune response against HSV {e.g.,
HSV-1 and/or H5V-2) or a component thereof (.., a protein or fragment thereof). In some
erabodiments, techoologics provided herein are desigoed 1o augment, induce, promote, enhance and/or
woprove mmunological memory against HSV {e.g., HSV-1 and/or HSV-2) or a cormaponent thereot (e.g.,
a protein or fragment thereof). In some embodiments, technologies described herein are designed to actas

an immunological boost to a primary vaccing, such as a vaccine directed to an epitope and/or epiiopes of
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HSV (e.g., HEV-1 and/or HSV-2). In some embodiments, compositions of the present disclosure
comprisc onc or more polynucleotide constructs (e.g., onc or more string constracts} that encode onc or
more epitopes from HSV (e.g., HSV-1 and/or HSV-2). In some embodiments, the present disclosure
provides vaccines or other compositions comprising nucleic acids encoding such HSV {e.g., HSV-]
and/or HSV-2) epitopes; those skilled in the art will appreciate from context when reference to a
particular polynucleotide {e.g., a BDNA or RNA) as “encoding” such epitopes in fact is referencing a

coding strand or its complement.
BRIEF DESCRIPTION OF THE BRAWING

[6053] The Drawing included herein, which is composed of the following Figures, is for

tlustration purposes only and not for limitation,

[6G54] Figure { is a schematic of an HSV particle.
[0055] Figure 2 is a schematic overview of the HSV hife cyele. Figure 2 has been modified

from Ihanez, F.L, et al, “Experimental Dissection of the Lytic Replication Cyeles of Herpes Simplex

Virusin vitro,” Front Microbiol. 2018; 9: 2406, which is tncorporated herein by reference i its entirety.

[o056] Figure 3 18 a schematic of a model of HSV latent infection. Figure 3 has been moditied
from Knipe, DM, et al,, “Cloes to wechamisms of herpesviral latent infection and potential cures,”
PNAS September 29, 2015 112 (39) 11993-11994, which 1s incorporated herein by reference in its
entirety.

{06571 Figure 4 1s a sumunary table of clinical trial results with H5V vaccine candidates. The

table has been modified from Aschuer, C. B., & Herold, B. C. (2021), Alphaberpesvirus vaccines.

Current Jssues in Molecular Biology, 41, 469-508, which 15 incorporated herein by reference in its

entirety.
[0059] Figure S depicts conformational changes in LISV glycoprotein B {gB}. Cell entry of

HS5V 15 achieved via viral proteins that mediates fusion with the host membrane by substantial stractural
rearrangeraents of viral proteins, including gB, from a metastable prefusion conformation 1o a stable

postfusion conformation.
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CERTAIN DEFINITIONS
[0060] o general, terminology used herein is 1o accordance with its understood meaning 1 the
art, unless clearly indicated otherwise, Explicit definitions of certain terms are provided below; meanings
of these and other terms in particular instances throughout this specification will be clear to those skilled

m the art from context.

{0061} In order that the present invention may be more readily uaderstood, certain terms are first
defined below. Additional definitions for the following terms and other terms are set forth throughout the

apecification.

(0062} About: The torm “about”, when used herein in reference to a value, refers to a value that
is similar, in context to the referenced value. Tn general, those skilled m the art, familiar with the conte

will appreciate the relevant degree of variance encompassed by “about” in that context. For example, in
some embodiments, the term “aboot” may encompass a range of values that within 25%, 20%, 19%, 18%,
17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or less ofthe

referred value.

[0083] Agené: As used herein, the term “agent”, may refer to a physical entity or phenomenon.
In some erobodiments, an agent may be characterized by a particular feature and/or effect. In some
embodiments, an agent may be a compound, molecule, or entity of any chemical class including, for
example, a small molecule, polypeptide, nucleic acid, saccharide, lipid, metal, or a combination or
complex thereof. In some embodiments, the term “agent” may refer to a compound, molecule, or entity
that compriscs a pofymer. In some embodiments, the torm may refer to a compound or entity that
COmMPTISES One o7 Iore polymeric moieties. In some embodiments, the term “agent” mway referto a
compound, molecule, or entity that is substantially free of a particular polymer or polymeric motety. In
some embodiments, the term may refer to a compound, molecule, or entity that lacks or is substantially
free of any polymer or polymeric moiety.

{00641 Amine acid: o its broadest sense, as used herein, the term “anino acid” refers to a
compound and/or substance that can be, 1s, or has been incorporated into a polypeptide chain, e.g.,
through formation of oue or more peptide bonds. Tu some ervbodiments, an amino acid bas the general

structure HaN-CHM)-COOH. In some embodiments, an amine acid s a naturally-occurring amino

10



WO 2025/030154 PCT/US2024/040844

acid. In some emboduments, an ammng acid is a non-natural amine acid; m some embodiments, an amino
acid 1s a D-amino acid; in some cmbodiments, an aming acid s an L-anino acid. “Standard amino acid”
refers to any of the twenty standard L-amino acids conunonly found in naturally occurmnng peptides.
“Noustandard amino acid” refers 1o any amune acid, other than the standard amino acids, regardiess of
whether it 1s prepared syothetically or obtained from a natural source. In some embodiments, an amino
acid, mcluading a carboxy- and/or amino-terminal aming acid in a polypeptide, can contain a structural
madification as compared with the general structure above. For example, in some embodiments, an amino
acid may be modified by methylation, arsidation, acetylation, pegylation, glycosylation, phosphorylation,
and/or substitution {e.g., of the amino group, the carboxylic acid group, one or more protons, and/or the
hvdroxyl group} as compared with the general structure. In some embodiments, such modification may,
for example, alter the circulating half-life of a polypeptide containing the modified amino acid as
compared with one containing an otherwise identical yvnmodified amino acid. In some crobodiments, sach
modification does not significantly alter a relevant activity of a polypeptide contaming the modified
aming acid, as compared with one containing an otherwise wdentical unmodified amino acid. As will be
clear from context, in some embodiments, the term “amino acid” may be used to refer to a free amino

acid; in some embodiments it may be used to refer 1o an amine acid residue of a polypeptide.

[0065] Antibody agend: As used herein, the term “antibody agent” refers to an agent that
specifically binds (o a particular antigen. In some embodiments, the term encompasses a polypeptide or
polypeptide complex that includes romimoglobulin struchural elements sufficient to confer specific
binding. For example, in some embodiments, an antibody agent is or comprises a polypeptide whose
aminoe actd scquence jncludes one oy more structural cloments recognized by those skilled inthe art as a
complementarity determining region (CDRY; in some embodiments an antibody agent is or comprises a
polypeptide whose amine acid sequence includes at feast one CDR (e.g., at least one heavy chain CDR
anid/or at least one Light chain CDR) that 15 substantially identical 10 one found m a reference antibody. In
some embodiments an included CDR is substantially identical to a reference CDR in that it is either
identical in sequence or contains between 1-5 amine acid substitutions as compared with the reference
CDR. In some embodiments an incladed UDR is substantially identical to a reference CDR in that it
shows at keast 85%, &6%0, 87%, 88%, 89%, 0%, 01%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity with the reference CDR. In some embodiments an incinded CDR is substantially
wdentical to a reference CDR i that it shows at Jeast 96%, 96%, 97%, 98%, 99%, or 100% sequence

wdentity with the refercoce CDR. To some embodiments an incloded CDR s substantially identical to a

11



WO 2025/030154 PCT/US2024/040844

reference CDR 1n that at east one anuno acid within the included CDR 15 deleted, added, or substituted ag
comparcd with the reference CDR but the included CDR has an amino acid sequence that is otherwise
wdentical with that of the reference CDR. In some embodiments an included CDR 15 substantially identical
1o g reference CR in that 1-3 amino acids within the included CDR are deleted, added, or substituted as
compared with the reference CDR but the included CDR has an amino acd sequence that is otherwise
identical to the reference (DR, In some embodiments an inchided CDR is substantially identical to a
reference CDR in that at least one amine acid within the included CDR is substifuted as compared with
the reference CDR but the tncluded CDR has an amino acid sequence that is otherwise identical with that
of the reference CDR. In some ernbodiments an included CDR 1s substantally identical to a reference
CDR in that 1-5 amino acids within the included CDR are deleted, added, or substituted as contpared with
the reference CDR but the included CDR has an amino acid sequence that is otherwise identical to the
reference CDR. o some emsbodiments, an antibody agent s or comprises a polypeptide whose aniino acid
sequence includes structural elements recogmzed by those skilled in the art as an immunoglobulin
variable domain. In some embodiments, an antibody agent in or comprises a polypeptide whose amino
acid sequence includes stnuctural elements recognized by those skilled in the art to correspond to CDRsl,
2, and 3 of an antibody variable domain; in some such embodiments, an antibody agent in or comprises a
polvpeptide or set of polypeptides whose amine acid sequence(s) together include struciural elements
recognized by those skilled in the art to correspond to both heavy chain and light chain variable region
CDRs, e.g., heavy chain CDRs 1, 2, and/or 3 and light chain CDRs 1, 2, and/or 3. In some embodiments,
an antibody agent is a polypeptide protein having a binding domain which is homologous or largely
homologous to an imounoglobulin-binding domain. Iu some crobodiments, an antibody agent may be or
comprise a polyclonal antibody preparation. In some embodiments, an antibody agent may be or comprise
a monoclonal antibody preparation. In some embodiments, an antibody agent may inchide one or more
constant region sequences that are characteristic of a particular organism, such as a camel, human, mouse,
primoate, rabbii, 1af; in many erobodiments, an antibody agent may include one or more constant region
sequences that are characteristic of a human. In some embodiments, an antibody agent yoay include one or
more sequence elements that would be recognized by one skilled in the art as a humanized sequence, a
primatized sequence, a chimeric sequence, eic. In some embodiments, an antibody agent may be a
cancnical antibody {e.g., ay comprise two heavy chains and two light chains). In some embodiments, an
antibody agent may be in a format selected from, but not limited to, intact Ig4, 1gG, 1gE or IgM

antibodies; bi- or multi- specific antibodies {e.g., Zybodies®, etc); antibody fragments such as Fab
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fragroents, Fab’® fragments, F(ab’)2 fragments, Fd’ fragments, Fd fragments, and 1solated CI3Rs or sets
o : Lol 2 b ) * i > o s
thereof; single chain Fvs; polypeptide-Fe fusions; single domain antibodies (e.g., shark single domain

antibodies such as IgNAR or fragmoents thereof); cameloid antibodies; masked antibodics (e.g.,

{ TandAb®RY;, VHHSs; Anticalins®; Nanobodies® oinibodies; BiITE®s; ankyrin repeat profeins or
DARPINs®; Avimers®; DARTy; TCR-like antibodies:, Adnecting®: Affiling®; Trana-bodies®;
Affibodies®; TrimerX®; MicroProteing; Fynomers®, Centyrins®; and KALBITOR®s. To some
emibodiroents, an antibody may lack a covalent modification (e.g., attachmient of a giyean) that it would
have if produced naturally. In some embodiments, an antibody may contain a covalent modification (e.z.,
attachment of a glycan, 4 payload (e.g., a detectable moiety, a therapeutic moiety, a catalytic moiety, ete.),

or other pendant group {€.g., poly-cthylene glycol, etc. )}

[0666] Anzigen: Those skilled in the art, reading the present specification, will appreciate that
the term “antigen” refers to a molecule that is recognized by the immune system, e.g., in particular
erabodiments the adaptive imvoune systen, such that it elicits an antigen-specific imomune response. In
some embodiments, an antigen-specific romune response may be or comprise generation of antibodies
and/or antigen-specific T cells. In some embodiments, an anfigen is a peptide or polypeptide that
comprises at [east one epitope against which an inunune respouse can be generated. fn one embodiment,
an antigen is presented by cells of the immune system such as antigen presenting cells hike dendritic cells
or macrophages. In one embodiments, aun antigen or a processed product thereof such as a T-cell epitope
is bound by a T- or B-cell receptor, or by an immuonoglobulin molecule such as an antibody. Accordingly,
an antigen or 2 processed product thereof may react specifically with antibodies or T lymphocytes

{T cells). In one cmbodiment, an antigen is a parasitic antigen. In accordance with the present disclosurs,
n some embodiments, an antigen oay be debivered by RNA molecules as described herein. In some
embodirnents, a peptide or polypeptide antigen can be 2-100 amino acids, inchuding for example, 5 amino
acids, 10 amino acids, 15 amino acids, 20 anmno acids, 25 amino acids, 30 anuno acids, 35 amine acids,
44} amino acids, 45 amino acids, or 50 amino acids in length. In some embodiments, 2 peptide or
polypeptide antigen can be greater than 50 amivo acids. In some embodiments, a peptide or polypeptide
antigen can be greater than 100 amino acids. In some embodiments, an antigen is recognized by an
immune effector cell. In some embodiments, an antigen if recognized by an immoune effector cell is able
to induce in the presence of appropriate co-stinndatory signals, stimulation, priming and/or expansion of

the wmamune effector cell carrying an antigen receptor recognizing the antigen. In the context of the
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embodirnents of the present disclosure, 1n some embodiments, an antigen can be presented or presesnt on
the surfacce of a cell, e.g., an antigen prescenting cell. In one cmbodiment, an antigen is presented by a
diseased cell such as a virus-infected cell. In one embodiment, an antigen receptor is 3 TCR which binds
1o an epifope of an antigen presented 1o the coutext of MHC. i one embodiment, binding of 8 TCR when
expressed by T cells and/or present on T cells 1o an antigen presented by cells such as antigen presenting
cells resulis in stimulation, priming and/or expansion of said T cells. In one embodiment, binding of a
TCR when expressed by T cells and/or present on T cells to an antigen presented on diseased cells results
m cytolysis and/or apoptosis of the diseased cells, wherein said T cells preferably release cytotoxic

factors, e.g. perforins and granzvmes.

[0067] Asseciated. Two events or entitics are “associated” with one ancther, as that term is used
hervein, if the presence, level, degree, type and/or form of one is correlated with that of the other. For
example, a particular entity {e.g., polypeptide, genetic signatare, metabolite, nucrobe, ¢ic) is considered to

¢ associated with a particular disease, disorder, or condition, if its presence, level and/or form correlates
with incidence of, susceptibility to, severity of, stage of] etc the disease, disorder, or condition {e.g.,
across a relevant population). In some embodiments, two or more entitics are physically “associated” with
one another if they interact, directly or indirectly, so that they are and/or remain in physical proximity
with one another. In some embodiments, two or more entities that are physically associated with one
another are covalently finked to one another; in some embodiments, two ot more entities that are
physically associated with one another are not covalently linked to ove another but are non-covalently
associated, for example by means of hydrogen bonds, van der Waals interaction, hydrophobic

nteractions, magnetism, and combinations thereof,

{0668] Rinding: Those skilled in the art, reading the present specification, will appreciate that
the term “binding” typically refers to a non-covalent association between ot among entities of moicties. In
some embodiments, binding data are expressed in terms of “ICS07. As s understood in the art, ICS0 is the
concentration of an assessed agent in a binding assay at which 50% inhibition of binding of reference
agent known to bind the relevant binding partner is observed. In some embodiments, assays are ron under
conditions in which the assays are run (e.g., hmting hinding target and reference concentrations), these
values approximate Ko values. Assays for determining binding are well known in the art and are
desertbed in detail, for example, in PCT publications WO 94/20127 and WO 94/03208, and other

publications such Sidney et al.,, Current Protocols in Immunciogy 18.3.1 (1998); Sidney, ctal, .
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Tomumol. 154:247 (1995); and Sette, ¢t al,, Mol Towmnunol. 31:813 (1994}, Alternatively, binding can be
cxpressed relative to binding by a reference standard peptide. For example, can be based on its ICse,
relative to the 1Cs0 of a reference standard peptide. Binding can also be determined using other assay
systems including those using: live cells {e.g., Ceppellini ot al,, Nature 339:392 (198%); Christoick et al,,
Nature 352:67 (1991); Busch et al., Tot. Immunoel. 2:443 (1990); Hnll et al., J. Immumol. 147:189 {1991);
def Guercto et al., J. Immunol. 154:685 (1995)), cell free systems using detergent lysates (e.g., Cerundole
etal, I Immunoi 21:2069 (1991}, timmobilized purified MHC {e.g., Hili et al,, J. Immunol, 152, 2890
{1994); Marshall et al,, 1. Iromunol. 152:4946 (1994, ELISA systeros (e.g., Reay et al,, EMBO J.
11:2829 (1992, surface plasmoen resonance (e.g., Khilko et al., J. Biol. Chem. 268:15425 (1993)); h

flux soluble phase assays {(Hamyoer et al., J. BExp. Med. 18012353 (1994}), and measurement of class 1
nggren et al., Nature 346:476 {1990); Schumacher et al., Cell

&

62:563 (1990); Townsend et al., Celf 62:285 (1990); Parker ot al., J. Imomnol. 149:1896 (1992)).

MHC stabibization or assembly {e.g., Lim

[0069] Cap: As used herein, the term “cap” refers to a structure comprising or essentially
consisting of a nucleoside-5 “triphosphate that is typically joined to a $'-end of an uncapped RNA {c.g,
an uncapped RINA having a 5'- diphosphate). In some embodiments, a cap is oF comprises a guanine
nucleotide. In sorme embodiments, 4 cap is or comprises a naturally-cecurring RNA 57 cap, including,
e.g., but not limited to a 7- methyvlguanosine cap, which has a structure designated as “m7G." In some
erobodiments, a cap is ot comprises a syathetic cap analog that resembles an RNA cap structure and
possesses the ability to stabilize RNA if aftached thereto, including, e.g., but not limited to anti-reverse
cap analogs {ARCAs} known in the art). Those skilled 1n the art will appreciate that methods for joining a
cap o a 5™ end of an RNA are known in the art. For example, in some embodiments, a capped RNA may
be obtained by in vitro capping of RNA that has a 5' triphosphate group ot RINA that has a 5" diphosphate
gyoup with a capping enzyme systern {including, e.g., but not linited to vaceinia capping enzyme system
ot Saccharoinyces corevisiae capping cnzyme system). Alternatively, a capped RNA can be obtained by

in vitre transeription (IVT) of a single-stranded DNA template mn the presence of a dinucleotide or

trinticleotide cap analog.

[0070] Cell-mediated innnunity: “Cell-mediated immunity,” “cellular mmunity,” “celtular
inwnune response,” or similar terms are meant fo include a cellular response directed to cells characterized
by expression of an antigen, in particular characterized by presentation of an antigen with class [ or elass

T MHC. A collular response relates to tromane effector cells, 1o particular to T cells or T lymphocyies
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which act as either “helpers” or “killers.” The helper T cells {also termed UD4" T cells or CD4 T celis)
play a central role by regulating the immune response and the killer cells (also termed cytotoxie T cells,
cytolytic T cells, CD&™ T cells, CD8 T cells, or UTLs) kil diseased cells such as virus-infected cells,

preventing the production of more diseascd cells,

{0071} Co-gdministration: As used herein, the term “co-administration”™ refers to use of a
pharmaccutical composition {¢.g., iInyrounogenic composition, ¢.g., vaccine) described herein and an
additional therapeutic agent. The combinad use of a pharmaceutical composition (e.g., fmmunogenic
composition, e.g., vaccine) described herein and an additional therapeutic agent oay be performed
concurrently ot separately (e.g., sequentially m any order). In some embodiments, a pharmaceutical
composition {e.g., inmunoegenic composition, €.g., vaccine) described herein and an additional
therapeutic agent may be combined in one pharmaceutically-acceptable carrier, or they may be placed in
sgparate carriers and delivered to a target cell or adminisiered o a subject at different thmes. Each of these
stiations is contemplated as falling within the meaning of “co-administration” or “combination,”
provided that a pharmaceutical composition (e.g., immunogemc composition, e.g., vaceine) described
herein and an additional therapeutic agent are delivered or administered sufficiently close in time that
there 1s at least some teraporal overlap in biological effect(s) generated by cach on atarget cell or a

subject being treated.

[o072] Codon-optimized. As used herein, the term “codon-optimized” refers to alteration of
codons in a coding region of a nucleic acid molecule to reflect the typical codon usage of a host organism
without preferably altering the amino acid sequence encoded by the nucleic acid molecule. Within the
context of the present disclosure, in some embodiments coding regions are codon-optinnzed for optimal
expression in a subject to be treated using the RNA molecules described herein. In some enmtbodiments,
codon-optipization may be performed such that codons for which frequently occurring tRINAs are
available are inserted in place of “rare codons.” In some embodiments, codon-optimization may inclode
increasing guanesine/cyiosine (G/C) content of a coding region of RNA described herein as compared to
the G/C content of the corresponding codmg sequence of a wild type RNA, wherein the amino acid

sequence encoded by the RNA 1s preferably not modified compared to the amino acid seguence.

[0073] Combinative therapy. As used herein, the term “combination thevapy™ refers to those
situations in which a subject is simultancously exposed to two or more therapeutic regimens {e.g., two or

more therapeutic agents). [n some embodiments, the two or more regimens may be admimstered
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simultaneously; in some embodiments, such regimens may be administered sequentially {e.g., all “doses”
ot a first regimen arc administered prior to administration of any doscs of a second regimen); in some
embaodiments, such agents are administered in overlapping dosing regimens. In some embodiments,
“adnunistration” of combination therapy may involve administration of one or more agent{(s) or
modality(ies) 1o a subject receiving the other agent{s) or modality(ies) in the combination. For clarity,
combination therapy does not require that individual agents be administered together in a single
composition {or even necessarily at the same time}, although inn some embodimenis, two or more agents,
ot active mmoietics thereof, may be aduunistered together i a combination composition.

0074} Comparabie: As used herein, the term “comparable” refers to two or more agents,
entities, situations, scts of conditions, ¢ic., that may not be identical to one another but that are sufficiently
stiailar to permit comparison there between so that one skilled in the art will appreciate that conchisions
may reasonably be drawn based on differences or similarities observed. in some embodiments,
comparable sets of conditions, circumstances, individuals, or populations are characterized by a plurahty
of substantially identical features and one or a small nomber of varied features. Those of ordinary skill in
the art will understand, in context, what degree of 1dentity is reguired in aoy given circumstance for two
or more such agents, entities, situations, sets of conditions, ete to be considered comparable, For example,
those of ordinary skill in the art will appreciate that sets of circumstances, individuals, or populations are
comparable to one another when characterized by a sufficient number and type of substantially identical
features to warrant a reasonable conclusion that differences in results obtained or phenomena observed
under or with different sets of circumstances, individuals, or popuiations are caused by or indicative of the

variation in those features that are vaned.

[0075] Corresponding to: As used herein, the term “corresponding to” refers to a relationship
between two or more entities. For example, the term “corresponding to” may be used o designate the
position/identity of a structural element in a compound or composition relative to another compound or
composition {e.g., 10 an appropriate reference compound or composition). For example, in some
embodiments, a monomeric residue in a polymer {e.g., an amine acid residue in a polypeptide or a nucieic
acid residue in a polynuclentide) may he identified as “corresponding to” a residue in an appropriate
reference polymer. For example, those of ordinary skall will appreciate that, for purposes of simphicity,
residues in a polypeptide are often designated using a canonical numbering system based on a reference

related polypeptide, so that an arvine acid “correspounding to” a residue at position 194, for example, need
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not actoally be the 190% amino acid in a particular amino acid chain but rather corresponds to the residue
found at 190 m the reference polypeptide; those of ordinary skill in the art readily appreciate how io
dentify “cormresponding” amino acids. For example, those skilled in the art will be aware of various
seguence alignment strategies, including software programs such as, for example, BLAST, CS-BLAST,
CUSASW++ DIAMOND, FASTA, GUGSEARCH/GLSEARCH, Genoogle, HMMER,
HHpred/HHsearch, IDF, Infernal, KLAST, USEARCH, parasat], PRI-BLAST, PSE-Search, ScalaBLAST,
Sequilab, SAM, SSEARCH, SWAPHI, SWAPHI-LS, SWIMM, or SWIPE that can be utilized, for
example, to identify “corresponding” residucs in polypeptides and/or nueleic acids in accordance with the
present disclosure. Those of skill m the art will also appreciate that, in some instances, the term
“corresponding 10”7 may be used to describe an event or enitity that shares a relevant stmijarity with
another event or entity {(e.g., an appropriate reference event or entity}. To give but one example, a gene or
profein in one organism may be described as “corresponding to” a gene or protein from another organism
11 order to indicate, in some embodimenis, that it plavs an analogous role or performs an anzlogous
function and/or that it shows a particular degree of sequence identity or homology, or shares a particular
characteristic sequence element.

[0076] Derived: 1o the context of an arvine acid sequence (peptide or polypeptide) “derivec
from” a designated amano actd sequence {(peptide or polypeptide), it refers to a structural analogoe of a
designated amino acid sequence. In some embodiments, an amino acid sequence which is derived from a
particular amino acid sequence has as amino acid sequence that is identical, essentially identical or
homologous to that particular sequence or a fragment thereof. Amino acid sequences derived from a
particular amine acid scquence may be variants of that particular sequence or a fragment thereof. For
example, it will be understood by one of ordinary skill in the art that the antigens suitable for use herein
may be altered such that they vary in sequence from the naturally occurring or native sequences from

which they were derved, while retainung the desirable activity of the native sequences.

0077} Bresipned: As used herein, the term “designed”™ refers 1o an agent {1} whose structure is
or was selected by the hand of man; (31) that 15 produced by a process requirmg the hand of man; and/or

{111} that 15 distinet from natural substances and other known ageots.

[0678] Dosing regimer: Those skilled in the art will appreciate that the term “dosing regimen”
may be used to refer to a set of unit doses {typically more than one) that are administered individually to a

subject, typrcally separated by periods of time. Tn some embodiments, a given therapeutic agent hasa
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recommended dosing regimen, which may mvolve one or more doses. In some embodiments, a dosing
regimen comprises a plurality of doses cach of which is separated in time from other doses. In some
embodiments, individual doses arg separated from one another by a time period of the sanme length; 1n
somie embodirnents, a dosing regimen comprises a plurality of doses and at least two different time
periods separating individual doses. In some embodiments, all doses within a dosing regimen are of the
same unit dose amount. In some embodiments, different doses within a dosing regimen are of different
amounis. fn some embodiments, a dosing regimen comprises a first dose in a first dose amount, followed
by one or more addittonal doses in a second dose amount different from the first dose amount. [ some
embodiroents, a dosing regimen comprises a first dose in a first dose amount, followed by one or more
additional doses in a second dose amount same as the first dose amount. In some embodiments, a dosing
regimen is correlated with a desired or beneficial cutcome when administered across a relevant population

{i.e., 1s a therapeutic dosing regimen).

100791 Encede. Asused herein, the term “encode” or “encoding” refers to sequence information
of a first molecule that guides production of a second molecule having a defined sequence of mucleotides
{e.g., mRNA) or a defined sequence of amino acids. For example, a DNA molecule can encode an RNA
molecule (e.g., by a transcription process that includes a DMA-dependent RNA polymerase enzyme). An
RMA molecule can encode a polypeptide {e.g., by a fransiation process). Thus, a gene, a ¢cDNA, or an
RNA molecule {¢.g., an mRNA} encodes a polypeptide if ransceription and translation of mRNA
corresponding to that gene produces the polypeptide in a cell or other biclogical system. In some
embodirents, a coding region of an RNA molecule encoding a target antigen refers to a coding strand,
the nuclentide sequence of which is identical to the mRNA sequence of such a target antigen. In some
erabodiments, a coding region of an RNA molecule encoding a target antigen refers to a non-coding

strand of such a target antigen, which may be used as a template for transcription of a gene or cDNA.

{0080] Erngineered: In geveral, the term “engineered” refers to the aspect of having been
mantpulated by the hand of man. For example, a polynucieotide is considered to be “engineered” when
two oF more sequences that are not hinked together in that order 1o nature are manipulated by the hand of
man to be directly linked to one another in the engineered polynucleotide and/or when a particular residue
n a polynucleotide is non-naturally occurring and/or 1s caused through action of the band of man to be

Iinked with an entity or moiety with which it 1s not linked innature.
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{081} Epitope: As used herein, the term “epitope” refers to a moiety that is specifically
recognized by an immunoglobulin {e.g., antibody or receptor) binding component. For example, an
epitope may be recognized by a T cell, a B cell, or an antibody. In some embodunents, an epitope is
comprised of a phurality of chemical atoms or groups on an antigen. In some embodiments, such chemical
atoms or groups are strface-exposed when the antigen adopts a relevant three-dimensional conformation.
In some embodioents, such chemical atoms or groups are physically near to each other 1n space when the
antigen adopts such a conformation. In some embodiments, at least some such chemical atoms are groups
arc physically separated from one another when the antigen adopts an alterative conformation {¢.g., is
lineanzed). Accordingly, in some embodiments, an epitope of an antigen may include a continuous or
discontinuous portion of the antigen. In some embodiments, an epitope is or comprises a T cell epitope. In
some embodiments, an epitope may have a lengrh of about 5 to about 30 amino acids, or about 10 to
about 25 ammo acids, or about 3 to about 15 amino acids, or about 5 to 12 amine acids, or about 6 to

about ¢ amino acids.

{0082} Fxpressinn: As used herein, the term “expression” of a nucleic acid sequence refers to
the generation of a gene product from the nucleic acid sequence. In some embodiments, a gene product
can be a transeript. In some embodiments, a gene product can be a polypeptide. In some embodiments,
expression of a nuckeic acid sequence involves one or more of the fellowing: (1) production of an RNA
template from a DNA sequence (e.g., by transcription); (2) processing of an RNA transcript (e.g., by
splicing, editing, etc); (3) transiation of an RNA into a polypeptide or protein; and/or (4) post-

transiational meodification of a polypepuide or protein.

[00G83] Five prime wntransiated region: As used herein, the terms “five prime untranslated
region” or 5" UTR” refer to a sequence of an mRENA molecuie between a transcription start site and a
start codon of a coding region of an RNA. In some embodiments, “5” UTR” refers to a scquence of an
mRNA molecuale that begins at a transcrption stant site and ends one nucleotide (nt) betore a start codon

{usually AUG) of a coding region of an RNA molecule, e.g., in its natural context.

[0084] Fragment: The term “fragment” as used herein in the context of a nucleic acid sequence
{¢.g. RNA scguence) or an amins acid sequence may typically be a portion of a reference sequence. In
some embodiments, a reference sequence s a full-length sequence of ¢.g. a nucleic acid sequence or an
amino acid sequence. Accordingly, a fragment, typically, refers to a sequence that is identical to a

&

corresponding stretch within a reference sequence. In some embodiments, a fragroent comprises a

20



WO 2025/030154 PCT/US2024/040844

continpous streteh of nucleotides or aminoe acid residues that corresponds to at least 10%, 209, 30%,
4094, 50%, 60%, T0%, 80%, 90%, 95% of the total length of a reference scquence from which the
fragment is derived. In some embodiments, the term “fragment”, with reference to an amine acid
seguence {peptide or polypeptide), relates to a part of an amine acid sequence, €.2., 2 sequence which
represents the amine acid sequence shortened at the N-termunuos and/or C-termings. In some
embodiments, a fragment of an amimo acid sequence comprises at feast 6, in particular at least 8, at least
12, at least 13, at least 20, at least 30, at least 50, or at least 100 consecuiive aming acids from an amino

acid sequence.

[0085] Homeology. Asused herein, the term “homology” or “homolog” refers to the overall
relatedness between polynucleotide roolecules {e.g., DNA molecules and/or RNA molecules) and/or
between polypepuide molecules. In some embodiments, polynucleotide molecules (e.g., BNA molecules
and/or RNA molecules) and/or polypeptide molecules are considered to be “homologous™ to one another
if thetr sequences are at least 15%, 20%, 25%, 30%, 33%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
(3%, 85%, 90%, 95%, or 99% identical. In some embodiments, polynucleotide molecules {e.g., DNA
molecules and/or RNA molecules) and/or polypeptide molecules are considerad to be “homologous™ (o
one another if their scquences are at feast 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 83%, 90%, 93%, or 9%, similar {¢.g., containing residues with related chemical properties at
corresponding positions). For examiple, as 1s well known by those of ordinary skill in the art, certain
aming acids are typieally classified as simitlar to one another as “hydrophobic” or “hydrophilic” amino
acids, and/or as having “polar” or “non-polar” side chains. Substitution of one amino acid for another of

the same type may often be considered a “homologous” substitution,
R <O

[0086] Hranoral immunity: As used herein, the term “humoral immunity” or “humoral immuone
response” refers to anfibody production and the accessory processes that accoropany it, including: Th2
activation and cytokine production, germinal center formation and isotype switching, affinity maturation
and memory cell generation. It also refers to the effector functions of antibodies, which inchude pathogen
neutralization, classical complement activation, and opsonin promotion of phagocytosis and pathogen

elimination.

[o08a7] fdentity: Asused herein, the term “identity” refers to the overall relatedness between
polynucieotide molecules (e.g., DNA molecules and/or RNA roolecules) and/or between polypeptide

molecules. In some embodiments, polynucleotide molecules {e.g., PDNA molecules and/or RWNA
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molecules) and/or between polypeptide molecules are considered to be “substantially identical” to one
another if their sequences arc at least 25%, 30%, 35%,, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,

80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical. Calculation of the percent identity of two
nueleic acid or polypeptide sequences. for example, can be performed by aligning the two sequences for
optimal comparison purposes (¢.g., gaps can be introduced m one or both of a first and a second sequence
for optimal alignment and non-identical sequences can be disregarded for comparison purposes). In
certain embodiments, the length of a sequence aligned for comparison purposes is at least 30%, at least
4G%, at ieast 50%, at least 60%, at least 70%, at feast 75%, at fcast 80%, at least 5%, at least 90%, at
least 93%, at least 96%, at least 97%, at icast 98%, at least 99%, or substantially 100% of the length of a
reference sequence. The nucleotides at corresponding positions are then compared. When a position i the
first sequence s oceupied by the same residue (e.g., nucleotide or amino acid) as the corresponding
positinn in the second sequence, then the molecules are identical at that position. The percent identity
hetween the two sequences 18 a function of the nurober of identical positions shared by the sequences,
taking into account the number of gaps, and the length of each gap, which needs to be introduced for
optimal alignment of the two sequences. The comparison of sequences and determination of percent
identity between two sequences can be accomplished using a mathematical algorithim. For example, the
percent identity between two nucleotide sequences can be determined using the algorithi of Meyers and
Miller, 1989, which has been incorporated info the ALIGN program (version 2.0). In some embodiments,
nucleic acid sequence comparisons made with the ALIGN program use a PAMI20 weight residue table, a
gap length penalty of 12 and a gap penalty of 4. The percent identity between two nucleotide sequences
can, alternatively, be determined using the GAP program in the GCG software package using an

NW Sgapdna, CMP matrix.

joGas] fncreased, Induced, or Reduced: As used herein, these terms or graromaticaily
comparable comparative terms, indicate values that are relative to a comparable reference measurement.
For example, in some embodiments, an assessed value achieved with a provided pharmaceutical
composition {e.g., immunogenic composition, €.g., vaccing) may be “increased” relative to that obtained
with a comparable reference pharmaceutical composition (e.g., Imnunogenic composition, e.g., vaccing).
Alternatively or additionally, in some embodiments, an assessed value achicved in a subject may be
“increased” relative to that obtained in the same subject under different conditions {e.g., prior to or after
an event; or presence or absence of an event such as admimstration of a pharmaceutical composition {e.g.,

nnogenic composition, €.g., vaccine) as described herein, or in a different, comparable subject{e.g.,
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1 a comparable subject that differs from the subject of interest in prior exposure to a condition, e.g

o
absence of administration of a pharmaccutical composition {(c.g., immunogenic composition, ¢.g.,
vaccine) as described herein ). In some embeodiments, comparative terms refer to statistically relevant
differences (e.g., that are of a prevalence and/or magnitude sufficient to achieve statistical relevance).
Those skilled m the art will be aware, or will readily be able to determine, in a given context, a degree
and/or prevalence of difference that is required or sufficient to achieve such statistical sigmificance. In
some embodiments, the term “reduced” or equivalent terms refers to a reduction in the level of an
asscssed value by at [east 5%, at least 10%, at least 20%, at least 50%, at least 75% or higher, as
compared to a comparable reference. In some embodiments, the term “reduced” or equivalent termos refers
to a complete or essentially complete inhibition, 1.¢., a reduction 1o zere or essentially (o zero. In some
embodiments, the term “increased” or “induced” refers to an increase in the level of an assessed value by
at least 10%, at least 209%, at least 30%, at least 40%, at least 50%, at least 80%, at least 100%, at least

200%, at least 50055, or higher, as compared to a comparable reference,

[0689] fonizable: The term “ionizable” refers to a compound or group or atom that s charged at
a certain pli To the context of an tonizable amino lipid, such 2 lipid or 2 function group or atom thereof
bears a positive charge at a certain pH. In some embodiments, an lonizable amino lipid 1s positively
charged at an acidic pH. In some embodiments, an ionizable amino lipid is predominately neutral at
physiological pH values, e.g., in some embodiments about 7.0-7 4, but becomes positively charged at
lower pH vahues. In some embodiments, an ionizable amino hipid may have a pKa within a range of about

3 1o about 7.

10080} Isolared: The term “isolated” means altered or removed from the natural state. For
example, a nucleic acid or a peptide naturally present n a living animal is not “isolated”, but the same
nucieic acid or peptide partially or completely separated from the coexisting materials of its natural state
18 “isolated”. An isolated nucleic acid or protein can exist in substantially purified form, or canexistina
non-native environment such as, for example, a host cell

[oo81] Lipid. As used herein, the terms “hipid” and “hipid-like matenial” are broadly defined as
molecules which comprise one or more hvdrophobic moicties or groups and optionally also one or more
hydrophilic moieties or groups. Molecules comprising hydrophobic moieties and hydrophilic moicties are

also typically denoted as amphiphiles.
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[ona2] RNA lipid nanopariicie: As used herein, the term “RNA lipid nanoparticle” refers to a
nanoparticle comprising at least cne lipid and RNA molecule(s}. In some embodiments, an RNA hipid
nanopariicle corprises at least one ionizable amino lipid. In some embodiments, an RINA Hpid
nanoparticle comprises at least one ionizable amimo ipid, at least one helper hipid, and at least one
polymer-conugated lipid {e.g., PEG-conjugated lipid}. In various embodiments, RNA lipid nanoparticies
as described hierein can have an average size {e.g., Z-average) of about 100 nm to 1000 nm, or about 200
am to 900 nm, or about 200 nm to 800 nm, or about 250 nm to about 700 nm. In some embodiments of
the present disclosure, RNA lipid nanoparticles can have a particle size (e.g., Z-average) of about 30 nm
to about 200 nm, or about 30 nm to about 150 nm, about 40 mm to about 130 nm, about 50 nm to about
150 nm, about 60 am to about 130 nm, about 70 nun to about 110 nm, about 70 nm to about 100 nm,
about 80 nm to about 100 nm, about 20 nm to about 100 nm, about 70 to about 90 nm, about 80 mn to
about 90 nm, or about 78 nm to about 80 nm. In some embodiments, an average size of lipid
panoparticles is determined by measuring the pariicle dismeter. To some embodiments, RNA lipid

nanoparticles may be prepared by nixing hipids with RNA molecules described herein.

[00a3] Lipidoid: As used herein, a “hipidoid” refers to a lipid-like molecule. In some
embodiments, a lipoid is an amphiphilic molecule with one or more lipid-like physical properties. In the

context of the present disclosure, the term lipid s considered to encompass lipidoids.

[o024] Nanopariicle: As used herein, the term “nanoparticle” refers to a particle baving an
average size suitable for parenteral administration. In some embodiments, a nanoparticle has a longest
dimension (e.g., a digmoeter) of less than 1,000 nanometers (). In some embodiments, a nanoparticle
may be characterized by a longest dimension {e.g., a diameter) of less than 300 nm. In some
erabodiments, a nanoparticle may be characterized by a longest dimension (2., a diameter) of less than
100 nm. In many embodiments, a nanoparticle may be characierized by a longest dimension between
about 1 nm and about 160 nm, or between about 1 pm and about SO0 nm, or between about 1 nm and
1,000 nm. In many embodiments, a population of nanoparticles 1s characterized by an average size (¢.43.,
fongest dimension) that is below about 1,000 nin, abowt 500 oy, about 100 nim, about 50 nm, about 40
nim, about 30 nm, about 20 nm, or about 10 nm and often above about 1 nim. In many embodiments, a
nanoparticle ynay be substantially spherical so that its longest dimension may be its diameter. In some
embodiments, a nanoparticle has a diameter of less than 100 nm as defined by the National Institutes of

Health.
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[Bo8s] Naturally occurring. The term “naturally occurring” as used herein refers to an entity
that can be found in nature. For example, a peptide or nucieic acid that is present in an organism
{including viruses) and can be isolated from a source in nature and which has not been intentionally

modified by man in the Jaboratory is naturally oecurring.

[00%6] Neausrafization: As used herein, the term “neutralization” refers o an event in which
binding agents such as anttbodies bind o a biclogical active site of @ virus such as a receptor binding
protein, thereby inhibiting the parasitic infection of cells. In some embodiments, the term “neutralization”
refers to an event in which binding agents chminate or significantly reduce ability of infecting cells.
{00971 Nucleic acid particie: A “nucleic acid particle” can be used to deliver nucleic acid to a
target site of interest {e.g., cell, tissue, organ, and the lke). A vucleic actd particle may comprise at least
one cationic or cationically ionizable lipid or lipid-like material, at least one cationic polymer such as
protanmive, or a mixture thereof and nucleic acid. ki some embodiments, a nucleic acid particle 1s a lipd

nanoparticle. In some embodiments, a nucleic acid particle is a hipoplex particle.

joneg) Nudleic acid/ Polynucleotide: As used herein, the term “mucieic acid” refersto a
polymer of at least 10 nucleotides or move. In some embodiments, a nucleic acid 18 or comprises DNA.L In
some embodiments, a nucleic acid is or comprises RNA. In some embodiments, a nmucleic acid is or
comprises peptide nucleic acid (PNA). In some embodiments, a nucleic acid 1s or comprises a single
stranded vucleic actd. i some embodiments, a nucleic acid is or comprises a double-stranded nucleie
acid. In some embediments, a nucleie acid comprises both single and double-stranded portions. In some
embodinments, a nucleic acid comprises a backbone that comprises one or more phosphodiester inkages.
In some embodiments, a nucleic acid comprises a backbone that comprises both phosphodiester and non-
phosphodiester Hokages. For example, in some embodiments, a nucleic acid may comprise a backbone
that comprises one ot ore phosphorothioate or 5'-N-phosphoramidite linkages and/or one or more
peptide bonds, €.g., a3 in a “peptide nucleic acid”. In some embodiments, a nucleic acid comprises one or
more, or all, natural residuces {¢.g., adenine, cytosine, deoxyadenosing, deoxyeytidine, deoxyguanosing,
deoxythymidine, guanine, thymine, uracil). In some embodiments, a nueleic acid corpprises on or more,
ot all, non-natural residues. In some embodiments, a non-natural residue comprises a mucleoside anslog
{e.g., 2-aminoadenosine, 2-thiothymidine, inosine, pyrrolo-pyrimidine, 3 -methyl adenosine, S-
methyleytidine, C-5 propynyvl-cytidine, C-5 propynyl-uridine, Z-aminoadenosine, C3-bromournidine, C5-

fluorcuridine, US-1odouridine, CS-propynyluridine, C5 -propynyleytidine, CS-methyleytiding, 2-
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aminoadencsine, 7-deazaadenosing, 7-deazaguanosing, R-oxoadenosing, §-oxoguanosine, 6-0-
mcthylguanine, 2-thiocytidine, methylated bascs, intcrcalated bases, and combinations thereof). In some
embodiments, a non-natural residuc comprises one or more modified sugars (e.g., 2'-fluororibose, ribose,
2-deoxyribose, arabmose, and hexose) as compared o those i natural residues. In some embodiments, a
nucleic acid has a nucleotide sequence that encodes a functional gene product such as an ENA or
polypeptide. In some embodinents, a nucleic acid has 2 nucleotide sequence that comprises ong or more
introns. In some embodiments, a nucleie acid may be prepared by isolation from a natural source,
enzymatic synthesis (e.g., by polymerization based on a complementary template, e.g., in vivo ot in vitro,
reproduction in a recorpbinant cell or system, or chemical synthesis. In some embodiments, a nucleic acid
isatleast 3,4, 5,6,7,8,9, 10, 15, 20, 23, 30, 35, 40, 45, 50, 55, 60, 65, 7, 75, 80, §5, 90, 95, 100, 1 10,
120, 130, 140, 150, 160, 170, 180, 190, 20, 225, 250, 275, 300, 325, 330, 3753, 400, 425, 450, 475, 500,
600, 700, 800, 900, 1000, 1504, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 5300, 6000, 6500, 7600,
7500, 8000, 8500, 9000, 9360, 16,000, 10,500, 11,000, 11,500, 12,000, 12,500, 13,000, 13,500, 14,000,
14,500, 15,000, 15,500, 16,600, 16,500, 17,000, 17,500, 18,000, 18,500, 19,000, 19,500, or 20,000 or

more residues or nucleotides long.

{00891 Nucleotide: Asused herein, the term “mucleotide” refors to its art-recognized meaning.
When a number of nocleotides is used as an indication of size, e.g., of a polynucleotide, a certain number

of nucieotides refers to the number of nucieotides on a single strand, ¢.g., of apolynucleotide.

[0100] Patiens: As vsed herein, the term “patient” refers to any organism who is suffering or at
risk of a disease or disorder or condition. Typical patients include animals (¢.g., mammals such as mice,
rats, rabbis, non-homan primates, and/or lnmans). To some embodiments, a patient is a human. In some
embodiments, a patient is suffering from or susceptible to one or more diseases or disorders or conditions.
In some erobodiments, a patient displays one or more symptoms of a discase or disorder or condifion. In
some embodiments, a patient has been diagnosed with one or more diseases or disorders or conditions. In
some embodiments, a disease or disorder or condition that is amenable to provided technologics is or
mchides an H3V infection. To some embodiments, a patient is receiving or has received certain therapy to
diagnose and/or to treat a disease, disorder, or condition. In some embodiments, a patient is a patient

suffering from or susceptible to an HSV jnfection.

{0101} PEG-conjugated lipid: The term “PEG-conjugated lipid” refers to a moleculie

comprising a lipid portion and a polyethylene glycol portion.
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(0102} Pharmacewyicel composiion: As used herein, the term “pharmaceutical composition”
refers to an active agent, formulated together with one or more pharmaceutically acceptable carriers. In
some ermnbodiments, active agent is present i undt dose araount appropriate for administration jn a
therapeutic regimen that shows a statistically sigmificant probabibity of achieving 4 predetermined
therapeutic effect when administered to a relevant population. In some embodiments, pharmacentical
compositions may be specially formulated for parenteral administration, for example, by subcutaneous,

intrarnuscular, or infravenous injection as, for example, a sterile sohution or suspension formulation.

{01031 Pharmaceustically effective amorsn: The term “pharmaceunically effective amovnt”™ or
“therapeutically effective amount” refers to the amount which achieves a desired reaction or a desired
effect alone or together with further doses. In the case of the treatment of a particular disease, a desired
reaction in some embodiments relates 1o inhibition of the course of the discase. Tn some ernbodiments,
such inhibition may comprise slowing down the progress of a disease and/or inferrupting or reversing the
progress of the disease. In some embodiments, a desired reaction n a treatment of a disease may be or
comprise delay or prevention of the onset of a disease or a condition. An effective amount of
pharmaceutical compositions {e.g., Immunogenic compositions, ¢.g., vaccines) described herein will
depend, for example, on a discase or condition to be treated, the severity of such a disease or condition,
individual parameters of the patient, including, e.g., age, physiological condition, size and weight, the
duration of treatment, the type of an accompanying therapy (if present), the specific route of
adrmnistration and similar factors. Accordingly, doses of pharmaceutical compositions (e.g.,
TONTIDOZENIC COMPasitions, e.g., vaccines) described herein may depend on various of such parameters.
In the case that a reaction i a patient 1s insufficient with an initial dose, higher doses {or effectively

higher doscs achicved by a different, morc localized route of administration) may beused.

0104} Poly(A) sequence: As used herein, the term “poly(A) sequence” or “poly-Atail” refers
to an uninterrupied or interrupted sequence of adenylate residues which is typically located at the 3'-end
of an RNA molecule. Poly(A) sequences are known to those of skill in the art and may follow the 3°-UTR
in the RNAs described herein. An uninterrupted poly(A) sequence 1s characterized by consecutive
adenvlate residues. To nature, an uminterrupted polv{A) sequence is typical. RNAs disclosed herein can
have a poly{A) sequence attached to the free 3'-end of the RNA by a template-independent RNA
polymerase after transcription or a poly{A) sequence encoded by DNA and transcribed by a template-

dependent RNA polymerase.
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[010%] Polypeptide: As used herein, the term “polypeptide” refers to a polymerte chain of
amino acids. In some embodiments, a polypeptide bas an amino acid sequence that occurs in nature. In
some embodiments, a polypeptide has an amino acid sequence that does not ocowr in nature. In some
cmbodiments, a polypeptide has an amino acid sequence that is engineered in that it 1s designed and/or
produced through action of the hand of man. In soms embodiments, a polypeptide may comprise or
consist of natoral amuno acwds, non-natural aminoe acids, or both. In some embodiments, a polypeptide
may comprise or consist of only natural amino actds or only non-natural amino acids. In some
embodiments, a polypeptide may comprise -amino acids, L-amino acids, or both. In some embodiments,
a polypeptide may comprise only D-amino acids. In some embodiments, a polypeptide may comprise
only L-amingc actds. Tn soye embodiments, 4 polypeptide may jnclude one or more pendant groups or
other modifications, ¢.g., modifying or attached to one or more amino acid side chains, at the
polypeptide’s N-terminus, at the polypeptide’s C-terminus, or any combination thereof. To some
cmibodimpents, such pendant groups or modifications comprisc acctylation, armidation, lipidation,
methylation, pegylation, ete., inchuding combinations thereof. In some embodiments, a polypepuide may
be cyclic, and/or may comprise a cyclic portion. In some embodiments, a polypeptide is not cyelic and/or
docs not comprise any cyclic portion. In some embodiments, a polypeptide is Hinear. In some
erabodiments, a polvpeptide may be ot comprise a stapled polypeptide. o some emmbodiments, the term
“polypeptide” may be appended to a name of a reference polypeptide, activity, or struchure; i suc
instances it is used herein to refer 1o polypeptides that share the relevant activity or structure and thus can
be considered to be members of the same class or family of polypeptides. For cach such class, the present
specification provides and/oy those skilled i the art will be aware of exemplary polvpeptides within the
class whose amino acid sequences and/or functions are known; in some embodiments, such exemplary
polypeptides are reference polypeptides for the polypeptide class or family. In some embodiments, a
member of a polypeptide class or family shows significant sequence homology or identity with, shares a
comymon sequence motif (¢.g., a characteristic sequence clement) with, and/or shares a coromon activity
{in somme embodiments at a cornparable level or within a designated range) with a reference polypeptide of
the class; 10 some embodiments with all polvpeptides within the class). For example, in some
embodiments, a member polvpeptide shovws an overall degree of sequence homology or identity with a
reference polypeptide that is ar least about 30-40%, and is ofter greater than about 50%, 60%, 70%, 80%,
D0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 28%, 99% or more and/or includes at least one region (e.g.,

a conserved region that may m some embodiments be or comprise a characteristic sequence element) that
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shows very high sequence identity, often greater than 90% or even 95%, 96%, 97%, 98%, or 99%. Sucha
conscrved region usually encompasses at lcast 3-4 and often up to 26 or more amine acids; in some

1

embodiments, a conserved region cncompasses at keast one stretch of atleast 2,3, 4, 5,6, 7, 8, 9, 10, 11,

v
H

12, 13, 14, 15 or more congiguous amine acids. In some ewbodiments, a relevant polypeptide may

comprise or consist of a fragment of a parent polypeptide.

G106} Frevenr: As used herein, the term “prevent” or “prevention” when used in connection
with the cecaurrence of a disease, disorder, and/or condition, refers to reducing the risk of developing the
disease, disorder and/or condition and/or to delaying onset of one or more characteristics or symptoms of
the disease, disorder or condition. Prevenfion may be considered complete when onset of a disease,

disorder or condition has been delayed for a predefined period of time.

{01077 Recombingrz: The term “recombinant” in the context of the present disclosure means
“made through genetic engineenng”. In some embodiments, a “recombinant” entity such as a

recombinant nucleic acid n the context of the present disclosure is not naturally occourring.

{0108} Reference: As used herein, the term “reference” describes a standard or control relative
to which a corparison is performed. For example, in some embodiments, an agent, animal, iodividual,
population, sample, sequence or value of interest 1 compared with a reference or control agent, amimal,
individual, population, sample, sequence or value. In some embodiments, a reference or control is tested
and/or determined substantially simultancously with the testing or determination of interest. In some
embodiments, a reference or control is a historical reference or control, optionally embedied in a tangible
medium. Typically, as would be understood by those skilled in the art, a reference or control is
determined or charactenized under comparable conditions or circumstances to those under assessment.

Those skilled in the art will appreciate when sufficient sinmilaritics are present to jusufy reliance on and/or

comparison fo a particalar possible reference or control,

[0109] Ribonucleic aoid (RNA}: As used herein, the term “RNA” or “polynibomiucleotide”
refers to a polymer of ribonuclestides. In some embodiments, an RNA is single stranded. In some
erabodiments, an RNA s douable stranded. In some embodirgents, an RINA comprises both single and
double stranded portions. In some embodiments, an RNA can comprise a backbone structure as deseribed
in the definition of "“Nucleic acid / Polynucleotide” above. An RNA can be a regulatory RNA (e.g.,
siRNA, microRNA, eic.}, or a messenger RNA (mRNA). In some embodiments where an RNA is a

mRNA. In some embodiments where an RNA is a mRNA, a RNA typically comprises at its 3" end a
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poly(A) region. In some embodiments where an RNA 1s a mRNA, an RNA typieally comprises atits 57
cnd an art-recognized cap structure, ¢.g., for recognizing and attachment of a mRNA to a ribosomc to
initiate transiation. In some embodiments, a RNA is a synthetic RNA. Synthetic RNAs include RNAs that

are synthesized in vitro {e.g., by enzymatic synthesis methods and/or by chemical synthesis methods).

[6110] Ribonucieoride: As used herein, the term “ribonucleotide” encompasses ynmadified
ribonucicotides and modified ribonucleotides. For example, unmodificd ribonucleotides include the
purine bases adenime (A} and guanine ((G), and the pyrimidine bases cytosine () and uracil (U}, Modified
ribonucieotides roay inchude one or more modifications inclading, but not limited to, for example, (a) end
modifications, e.g., §' end modifications (2.g., phosphorylation, dephosphorviation, conjugation, inverted
finkages, etc.), 3' end modifications {e.g., conjugation, inverted linkages, etc.), {b} base modificaticos, ¢.g.
. replacernent with moditied bases, stabilizing bases, destabiiizing bases, or bases that base pair with an
expanded repertoire of partners, or conjugated bases, (¢} sugar modificatons (e.g., at the 2’ position or 4'
position) or replacement of the sugar, and (d) internucleoside linkage modifications, inchiding
modification or replacement of the phosphodiester linkages. The term “ribonucleotide” also encompasses

ribonucieotide triphosphates including modified and non-modified ribonucleotide triphosphates.

0111} Risk: As will be understood from context, “risk™ of a disease, disorder, and/or condition
refers to a likelihood that a particular individoal will develop the disease, disorder, and/or condition. Tn
some embodiments, risk is cxpressed as a percentage. In some embodiments, visks from 08,1, 2, 3,4, 5,
6,7,8,9, 10, 20, 30, 40, 50, 64, 70, 86, 90 up to 100%. In some embodiments risk is expressed as a risk
relative to a nisk associated with a reference sample or group of reference samples. In some embodiments,
a reference sample or group of reference samples have a known risk of a disease, disorder, condition
and/or event. In somie embodiments a reference sample or group of reference samples are from
individoals comparable to a particular imdividual. In somc cmbodiments, relative risk s ¢, 1,2, 3,4, 5, 6,
7, 8, 9, 10, or more. In some embodiments, risk may reflect one or more genetic atinbutes, e.g., which
may predispose an individual toward development (or noty of a particular disease, disorder and/or
condition. In some embodiments, risk may reflect one or more epigenctic events or attributes and/or one
ot more hifestyle or enwironmental events or atfributes.

10112} BNA lipoplex particle: As used herein, the term “RNA lipoplex particle™ refersto a
complex comprising liposomes, in particudar cationie liposomes, and RNA molecules. Without wishing to

bound by a particular theory, clectrostatic interactions between positively charged Jiposomes and
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negatively charged RNA results in complexation and spountaneous formation of RNA hipoplex particles. Tn
somc embodiments, positively charged liposomes may comprisc a cationic lipid, such as in some
embodiments DOTMA, and additional lipids, such as in some embodiments DOPE. In one embodiment, a

RMA lipoplex particle is a nanoparticie.

{0113} Selective or specific: The term “selective” or “specific”, when used herein in reference
to an agent having an activity, is understood by those skilled 1 the art to mean that the agent
diseriminates between potential target entitics, states, or cells. For example, in some embodiments, an
agent is said to bind “spacifically” to its target if it binds preferentially with that target in the presence of
one or more competing alternative targets. In many embodiments, specific interaction is dependent opon
the presence of a particular structural feature of the target entity {e.g., an epitope, a cleft, a binding site}. It
is 1o be understood that specificity need not be absolute. Tn some emnbodiments, specificity may be
evaluated relative to that of a target-binding moiety for one or more other potential target entities (e.g.,
competitors}. in some embodiments, specificity is evaluated relative to that of 2 reference specific binding
moiety. In some embodiments, specificity 1s evaluated relative to that of a reference non-specific binding
motety.

[0114] Subject: Asused heren, the term “subject” refers to an organism to be administered
with a composition described herein, e.g., for experimental, diagnostic, prophylactic, and/or therapeutic
purposes. Typical subjects include aumals {e.g., mammals such as puice, rats, rabbits, non-human
primates, domestic pets, ¢tc.} and huroans. In some embodiroents, a subject is a human subject. In some
embodirments, a subject is suffering from a disease, disorder, or condition (.., an HSV infection). In
some embodiments, a subject 1s susceptible to a disease, disorder, or condition {e.g., an H3V miection).
In some embodiments, a subject displays one or more symptoms or characteristics of a disease, disorder,
or condition (e.g., an HSV infection). In some embodiments, a subject displays one or more nou-specific
symptoms of a disease, disorder, or conditon {e.g., an H5V infection). In some embodiments, a subject
does not display any symptom or characteristic of a disease, disorder, or condition (e.g., an HSV
mfection). In some emwbodiments, a subject 18 someone with one or more features characteristic of
susceptibility to or risk of a disease, disorder, or condition {e.g., an HSV infection). In some
erabodiments, a subject is a patient. In some embodiments, a subject s an individual to whorm diagnosis

and/or therapy 1s and/or has been administered.
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0118 Suffering frem: An individual who 1s “suffering from” a disease, disorder, and/or
S o k b
condition has been diagnosed with and/or displays oue or more syropioms of a disease, disorder, and/or

condition.

[0116] Susceptible to; An individual who 1s “susceptible 107 a disease, disorder, and/or
condition is one who has a higher risk of developing the disease, disoerder, and/or condition than does a
member of the general public. In some embodiments, an individual wheo is susceptible to a disease,
disorder and/or condition may not have been diagnosed with the disease, disorder, and/or condition. In
some embodiments, an individual who 1g suscepiible to a disease, disorder, and/or condition may exhibit
symptoms of the disease, disorder, and/or condition. In some embodiments, an individual who is
susceptibie to a discase, disorder, and/or condition may not exhibit symptoms of the disease, disorder,
and/or condition. In some embodiments, an individual who 15 susceptible to a disease, disorder, and/or
condition will develop the disease, disorder, and/or condition. In some embodiments, an individual who is
susceptible to a disease, disorder, and/or condition will not develop the disease, disorder, and/or

conditton.

{0117} Synthetic. Asused herein, the term “synthetic” refers to an entity that is anificial, or that
1s oade with human intervention, or that results from synthesis rather than naturally occurring. For
example, in some embediments, a synthetic nucleic acid or polynucieotide refers to a nucleic acid
molecule that s chemically synthesized, ¢.g., in some embodiments by solid-phase synthesis. In some
embodiments, the term “synthetic” refers to an entity that is made outside of biological cells. For
cxample, in soine ermbodiments, a synthetic nucleic acid or polynucleotide refers to a nucleic acid

molecule {e.g., an RNA}) that is produced by in virre transcription using 4 template.

{0118} Therapy: The term “therapy” refers to an adnunistration or delivery of an agent or
intervention that has a therapeutic effect and/or elicits a desired biological and/or pharmacological effect
{e.g., has been demonstrated to be statistically hikely to have such effect when administered to a relevant
population}. In some embodiroents, a therapeutic agent or therapy is any substance that can be used to
alleviate, ameliorate, relieve, inhibit, prevent, delay onset of, reduce severity of, andvor reduce incidence
of one or more sympioms or features of a disease, disorder, and/or condition. In some embodiments, a
therapeutic agent or therapy is a medical mtervention {e.g., surgery, radiation, phototherapy) that can be
performed to alleviate, relieve, inhibit, present, delay onset of, reduce severity of, and/or reduce incidence

of one or moore symptors or features of a disease, disorder, and/or condition.
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0119} Three prime angraasioted region. As used herein, the terms “three prime untranslated
region” or “3' UTR” refer to a sequence of an mBNA molecule that begins following a stop codon of a
coding region of an open reading frame sequence. Tn some ernbodiments, the 3' UTR begins immediately
after a stop codon of a coding region of an open reading framie sequence, ¢.g., in its patural context. In
other embodiments, the 3" UTR does not begin immediately after stop codon of the coding region of an

open reading frame sequence, e.g., in its nafural context.

[0124] Threshold fevel {e.g., acceptance criterig): As used herein, the term “threshold level”
refers to a level that are used as a reference to aftain information on and/or classify the results of a
measurement, for example, the results of a measurervent attained in an assay. For exaraple, 1o some
embodiments, a threshold level means a value measured in an assay that defines the dividing hine between
two subsets of a population (e.g. a batch that satisfy quality control criteria vs. a batch that does not
satisfy guality control criieria). Thus, a value that 13 equal to or higher than the threshold level defines one
subset of the population, and a value that is lower than the threshold level defines the other subset of the
popudation. A threshold fevel can be detormimed basad on oune or more conirol samples or across a
population of control samples. A threshold level can be determined prior to, concurrently with, or after the

measurement of interest is taken. In some embodiments, a threshold level can be a range of valucs.

j0i21} Treat. As used herein, the term “treat,” “treatment,” or “treating” refers to any method
used to partially or completely alleviate, ameliorate, relicve, inhibit, prevent, delay onset of, reduce
severity of, and/or reduce meidence of one or more symptoms or features of a disease, disorder, and/or
condition, Treatment may be administered to a subject who does not exhibit signs of a discase, disorder,
and/or condition. In some embodiments, freatroent may be adnunistered to a subject who exhibits only
early signs of the disease, disorder, and/or condition, for example for the purpose of decreasing the risk of
developing pathology associated with the disease, disorder, and/or condition. inn some embodiments,

ireatment may be admiuustered to a subject at a later-stage of disease, disorder, and/or condition.

{0122} Vaccination: As uscd herein, the torm “vaceination” refers to the administration of a
composition intended to generate an irmune response, {or example 1o a disease-associated {e.g., disease-
causing) agent. In some embodiments, vaccination can be administered before, during, and/or after
exposure 1o a disease-associated agent, and m certain ersbodiments, before, during, and/or shortly after

exposure to the agent. In some embodiments, vaceination includes multiple administrations, appropriately
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spaced 1n tirne, of a vaccine composition. In some embodiments, vaceination generates an fmmune

response to an infectious agent.

(03123} Faccine: As used herein, the term “vaccine” refers to a coroposition that induces an
munone response upen administration {o a subject. In some embodiments, an induced imniune response

provides protective inmunity.

jo3124] Farigrt. As used herein n the context of molecules, e.g., nucleic acids, proteins, or
small molecules, the term “variant” refers to a molecuie that shows significant structural identity with a
reference molecule but differs structurally from the reference molecule, ¢.g., 1n the presence or absence or
m the level of one or more chemical moieties as compared to the reference entity. In some embodiments,
a variant also differs functionally from its reference molecule. In general, whether a particular molecule is
properly considered to be a “variant” of a reference molecule is based on its degree of structural identity
with the reference molecule. As will be appreciated by those skilled in the art, any biological or chemical
reference molecule has certain characteristic structural elements. A variant, by definition, 18 a distinct
molecule that shares one or more such charactenisue structural elements but differs in at least one aspe
from the reference molecule. In some embodiments, a vanant polypeptide or nucleic acid may differ from
a reference polypeptide or nucleic acid as a vesult of one or more differences in amine acid or mucleotide
sequence and/or one of more differences in chemical moieties (e.g., carbohydrates, lipids, phosphate
groups} that are covalently coraponents of the polypeptide ot nucleic acid (e.g., that are attached to the
polypepuide or nucleie acid backbone). In some embodiyents, a variant polypepude or nucleie acid shows
an overall sequence identity with a reference polypeptide or nucleic acid that is at least 85%, 86%, 87%,
RE%, 89%, 90%, 91%, 92%, 93%, 94%, 935%, 96%, 97%, or 99%. In some embodiments, a variant
polypeptide or nucleic acid does not share at least one characteristic sequence element with a reference
polypeptide or nucleic acid. In some embodiments, a reference polypeptide or nucleic acid has one or
more biological activities. In some embodiments, a variant polypeptide or nucleic acid shares one or more
of the biological activities of the reference polypeptide or nucleic acid. 1n some embodiments, a variant
polypeptide or nucleic acid lacks one or more of the biological activities of the reference polypeptide or
nucleic acid. In some embodiments, a variant polypeptide or nucleie acid shows a reduced level of one or
more biojogical activities as compared to the reference polypeptide or nucleie acid. In some
embaodiments, a polypeptide or nucleic acid of interest is considered to be a “variant” of a reference

polypeptide or nucieic acid if 1t has an amino acid or nucleotide sequence that is udentical to that of'the
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reference but for a small number of sequence alterations at particular positions. Typically, fewer than
about 20%, about 13%, about 10%%, about 9%, about 8%, about 796, about 6%, about 5%, about 4%, about
3%, or about 2% of the residucs in a vanant arc substituted, inscrted, or deleted, as compared to the
reference. In some embodiments, a variant polypeptide or rucleic acid comprises about 10, about 9, about
&, about 7, about 6, about 5, about 4, about 3, about 2, or about 1 sabsuituted residues as compared to a
reference. Often, a varant polypeptide or nucleic acid comprises a very small number {e.g., fewer than
about 5, about 4, about 3, about 2, or about 1) number of substituted, inserted, or deleted, finctional
residues (1.¢., residues that participate in a particular biological activity) relative to the reference. fu some
embodirnents, a vanant polypeptide or nucleic acid comprises not more than abouwt 3, about 4, about 3,
about Z, or about 1 addition or deletion, and, in some embodiments, comprises no additions or deletions,
as compared to the reference. In some embodiments, a variant polypeptide or nucleic acid comprises
fewer than about 25, about 20, about 19, about 1R, about 17, about 16, about 15, about 14, about 13, abowt
10, about 9, about 8, about 7, about 6, and commonly fewer than about 3, about 4, about 3, or about 2
additions or deletions as compared to the reference. Tn some embodiments, a refercuce polypeptide or

nucieic acid is one found in nature.

[0125] Vector: as used herein, refers to a nucleic acid molecule capable of transporting another
nueleic acid to which it has been linked. One type of vector is a “plasimid”, which refers to a circular
double stranded DNA loop into which additional DNA segments may be ligated. Another type of vector
is a viral vector, wherein additional DNA segments may be Higated mnto the vival genome. Certam vectors
are capable of autonomous replication in a host cell inte which they are introduced (e.g., bacterial vectors
having a bacterial origin of replication and cpisomal mammalian vectors). Other vectors {¢.g., non-
episomal mammalian vectors) can be integrated into the genome of a host cell upon introduction into the
host cell, and thereby are replicated along with the host genome. Moreover, certain vectors are capable of
directing the expression of genes to which they are operatively linked. Such vectors are referred to herein
as “expressien vectors.” In some embodiments, known technigues may be used, for example, for
generation or mavipulation of recombinant DNA, for oligovucleotide synthesis, and for tissue culture and
transformation {(e.g., electroporation, lipofection). Enzymatic reactions and purification techniques may
be performed according to mamuafacturer's specifications or as commonly accomplished in the art or as
described herein. The foregoing technigues and procedures may be generally performed according 1o
contventional methods well known 1o the art and as described 1 various general and morve specetfic

references that are cited and discussed throughout the present specification. See e.g., Sambrook etal,,
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Moiecalar Cloning: A Laboratory Manual (4th ed., Cold Spring Harbor Laboratory Press, Cold Spring

Harbor, N.Y. (2012}, which is incorporated hercin by reference for any purpose.

(0126} All hteratore and similar material cited 10 this application, including, but not hmited to,
patents, patent applications, articles, books, treatises, and web pages, regardless of the format of such
literature and similar materials, are expressly incorporated by reference in their entivety. 1o the event that
one or more of the incorporated hiterature and similar materials differs from or contradiets this
application, inchiding but not limited to defined terms, term usage, described techniques, or the like, this
apphication controls. The section headings used herein are for organizational purposes only and are not to

be constroed as limiting the subject matter deseribed in any way.
BETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

[0127] As discussed above, the present disclosure provides pharmaceutical compositions {e.g..

WUnURogenic compositions, ¢.g., vaccines) for delivering particular berpes simplex virus (HSV) antigen

j=3a]
constructs (e.g., HSV-1 antigen constructs, HSV-2 antigen constructs, or a combination thereof} to a
subject {e.g., a patient) and related technologies {e.g., methods). In particular, the present disclosure
provides HSV {e.g., HSV-1, H5V-2, or both) vaccine compositions and related technologies {e.g.,

methods).

{0128} The present disclosure identifics and addresses, in patt, a problem with current HSV
vacenes, which have not been able to fully leverage antigenic poteptial of HSV gB (HSV-1 gB and/or
HSV-2 gB). The present disclosure encompasses a recognition that stabilizanon of gb antigens or
antigenic fragments thercof can be useful advantageous for eliciting an immune response. Accordingly,
the present disclosure provides that HSV gB antigens and antigenic fragments thereof can be useful in
preventing or treating HSV, e.g., in HSV antigen constructs and/or HSV compuositions (e.2.,
HORTINOZEnIC COMpPOsitions, ¢.g., vaccines) as further disclosed berein. The present disclosure further
provides the recognition that stabilization of HSV gB or antigenic fragments thereof can be particalarly
advantageous for use, .g., In preventing or treating HSY, e.g., in HSV antigen constructs and/or HSV
composttions {e.g., Iynunogenic compositions, ¢.g., vaceines) as further disclosed herein. Accordingly,
the present disclosure provides certain mutations that can stabilize HSV gB or antigenic fragments
thereof. The present disclosure also provides HSV gB antigens coroprising certain mutations, e.g., 231C,

718C, and combinations thereof, wheremn the mumbering i3 with reference to SEQ D NO: 1.
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L
{03128} Herpes simplex virus (HSV) belongs to the alpha subfamily of the human herpesvirus
family and includes HSV-1 and HSV-2. The structure of HSV-1 and HSV-2 mainly inclade {(from inside
to outside} a DNA core, capsid, tegument and eovelope. Each of HSV-1 and HSV-2 have a double
stranded DNA genome of about 133kb, encoding at least 80 genes. The DNA core 1s enclosed by an
icosapentahedral capsid composed of 162 capsomeres, 150 hexons and 12 pentons, made of six different
viral proteins. The DNA is surrounded by at feast 20 different viral tegument proteins that have structural
and regulatory roles. Some of them participating in capsid transport to the mucleus and other crganelles,
viral DINA entry into the nucleus, activation of early genes transcription, suppression of celinlar protein
biosynthesis, and mRNA degradation. The viral envelope surrounding the tegument has at feast 12
different glycoproteins {B-Nj on their surface. The glycoproteins may exist as heterodimers (H/L and E/D

with T00St existing as monomers.

[0136] HSV-1 and HSV-2Z arc responsibie for a number of minor, moderate and severe
pathologies, including oral and genital uleeration, virally induced blindness, viral encephalinis and
disseminated infection of neonates. HSV-1 and H5V-2 are usually transmitted by different routes and
affect diffarent areas of the body, but the signs and symptoms that they cause can overlap. Infections
caused by HSV-1 represent one of the more widespread infections of the orofacial region and commonly
causes herpes labiahis, herpetic stomatitis, and keratitis. HSV-2 typically causes genital herpes and is
transroitted primarily by direct sexual contact with {esions. Most genital HSV infections are caused by
HSV-2, however, an increasing number of gemital HSV infections have been attributed 1o HSV-1. Genital

HSV-1 infections are typically less severe and less prone to occurrence than genital HSV-2 infections.

103131} HSY mifections are transmitted throogh contact with herpetic lesions, mucosal surfaces,
genital secretions, or oral secretions. The average incubation peried after exposure is typically 4 days, but
may range between 2 and 12 days. HSV particles can infect nevronal prolongations enervating peripheral
tissues and establish latency in these cells, namely in the trigeninal ganglia and dorsal root ganglia of the
sacral arca from where they can sporadically reactivate., Additionally, similar to other berpesviruses, HSV
infections are lifelong and generally asymptomatic. Without wishing to be bound by any particular theory,
it is understood that HSV particles can be shed from nfected individuals independent of the occurrence of

clinical moanfestations.
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0132} HSV infections are rarely fatal, but are characterized by blisters that can rupture and
become painful. There are few clear differences in clinical presentation based on the type of infecting
virus. However, as discussed above, HSV-1 infections tend to be less severe than HSV -2 infections, and

patients infected with HSV-2 generally have more outbreaks.
Al Lifecyele

{0133} As described herein, to initiate infection, an HSV (HSV-1 or HSV-2) particie binds to the
cell surface using the viral glycoproteins and fuses its envelope with the plasma membrane (see, e.g.,
Figure 2, Step 1), After the fusion of miembranes, the vival capsid and tegument proteins are internalized
m the cytoplasm (see, e.g., Figure 2, Step 2). Once in the cytoplasm, the viral capsid accumulates in the
nucleus and releases viral DNA into the nucleus (see, e.g., Figure 2, Step 3). HSV replicates by three
rounds of transcription that yield: o (immediate carly) proteins that mainly regulate viral replication; §
{early) proteins that synihesise and package DNA; and v (laie) protens, most of which are virion proteins
{sce, Whitley et.al,, Lancet 2001 May 12;357¢9267); Taylor et.al., Front Biosci, 2002 Mar 1;7:d752-64;
and fbafiez et.al., Front Microbiol. 2018 Oct 11:9:2406; cach of which is incorporated herein by reference

in its entirety) (see, e.g., Figure 2, Steps 4-6).

(0134} The HSV capsids are assembled within the nucleus of infected cells (see, ¢.g., Figure 2,
Step 7). Once the assembly of viral capsids has been completed in the macleus, these particles will

continue their maturation process in this same compartment through the acquisition of tegument proteins.
After leaving the nucleus, additional tegument proteins will be added to the capsids. Meanwhile, the
glycoproteins are ranslated and glycosylated in the endoplasmic reticulum and processed in the trans-
Golgi network (TGN and then divected to multivesicular bodies {see, e.g., Figure 2, Step ). Then, they
are exported to the plasma membrane glycoprotens within carly endosomes (see, e.g., Figure 2, Step 9).
Viral capsids in the cytoplasm will then fuse with HSV -glycoprotein-confaining endosomes to form

nfectious virtons within vesicles {see, e.g., Figare 2, Steps 18-12}.

[0135] HSV {HSV-1 or HSV-2) are able to establish a latent infection. After primary infection,
HSV either replicates productively 1n epithelial cells or enters sensory neuron axons and moves to the
neuronal cell nucleus. There, the viral DNA remains as circular, extra-chromosomal DNA, and does not
possess any lytic gene expression; however, latency associated transcripts are expressed and then sphiced
to produce mRNA. This general transcriptional silence may allow the virus to remain hidden in the cell by

avoiding romune surveillance. In some aspects, provided herem are technologies (e.g., comppositions and
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methods) for augmenting, inducing, promoting, enhancing and/or improving an immune response against
HSV {c.g., HSV-1 and/or HSV-2) or a component thercof (e.g., a protcin or fragment thereof). In some
embadiments, technologies provided heretn are designed to augment, induce, promote, enhance and/or
roprove inununciogical memory against HSV or a component thereof {e.g., a protemn or fragment
thereof). In some embodiments, technologies described herein are designed to act as an immunological

g., H5V-1

=

boost to a primary vaccine, such as a vaccine directed to an epitope and/or epitopes of HSV (e
and/or HSV-Z}.

o

[0136] The virus remains in this state for the lifetime of the host, or until the proper signals
reactivaie the virus and new progeny are generaied. Progeny virus then ravel through the newron axis to

the site of the primary infection to re-initiate a fytic replication cycle.
B. HSY Genome

[0137] The genome of HSV-1 and the genome of HSV-2 are both approximately 150 kb long of
double-stranded DNA varying shightly between subtypes and strains. The genome encodes more than 80
genes and has high GC contents: 67 and 69% for HSV-1 and HSV-2, respectively {see, Whitley et.al,,
Lancet 2001 May 12:357(9267); Taylor et.al., Frout Biosci. 2002 Mar 1.7:d752-64; and Jiao et.al,,
Microbiol Resour Armounc. 2019 Sep; 8(39): e00993-18, which is incorporated herein by reference m s

entivety).

0138} The genome is organized as unigue fong region (UL} and a umique short region (US), The
UL 3s typically bounded by terminal long (TRL) and interal jong (IRL) repeats. The US is typically
bounded by terminal short (IRS) and internal short {TRS) repeats. The genes found in the umique regions
are present in the genome as a single copy, but genes that are encoded in the repeat regions are present in
the genome in two copies (see, Whitley et.al,, Lancet 2001 May 12;337(9267); Tayior et.al., Front Biosci.
2002 Mar 1.7:d752-64; and Jiao et.al., Microbiol Resour Announe. 2019 Sep; 3(39): ¢00993-19, which is

meotrporated herein by reference in s entirety).

{0139} HSV contains three origins of replication within the genome that are named depending
upon their focation ju either the Long (oril) or Short (o118) region of the genoe. Oril. s found as a
single copy in the UL segment, but oriS is located in the repeat region of the Short segment; thus, it 1s
present in the genome i two copies. Both oril and orid are palindromic sequences consisting of an AT-

rich center region flanked by inverted repeats that contain multiple binding sites of varying affinity for the
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viral origin binding protein (UL9). Either oril. or one of the on§ sequences is sufficient for viral
rephication {sce, Whiticy ct.al., Lancct 2001 May 12;357(9267}; Taylor ct.al., Front Biosci. 2002 Mar
1;7:d752-64; and Jiac ct.al., Microbiol Resour Announc, 2019 Sep; 8(39): ¢00993-19, which is

wcorporated herein by reference in its entirety).

{0140} The viral genome also contains signals that orchestrate proper processing of the newly
synthesized genomes for packaging into pre-formed capsids. Progeny genomes are generated in long
concatemers that require cleavage into amit-length monomers. For this purpose, the viral genome containg
two DNA sequence clements, pacl and pac2, that ensure proper cleavage and packaging of unit-length
progeny genomes. These elements are located within the direct repeats (DR) found within the inverted
repeat regions at the ends of the viral genome (see, Whitley et.al., Lancet 2001 May 12;357(9267); Taylor
ct.al, Front Biosci, 2002 Mar 1,7:d7532-64; and Hao et.al., Microbiol Resour Announe. 2019 Sep; 8(39):

e00993-19, which is meorporated herein by refercnce m 118 entirety).
C. HSV Vaccines

[0141] Several HSV vaceines, maindy targeting HSV-2 aud primarily focused on the generation
of neutrabizing antibodies (nAbs) targeting the viral envelope glycoprotein B as the correlate of tmmune
protection, have been developed and evaluated in human clinical trial, see Table 1 below. Despite these
vaceines exhibiting protection against HSV in preclinical studies and in some cases Phase 2 studies, none

of these vaccines has demonstrated sufficient efficacy for further development or connperciabization.

{0142} The present disclosure provides an insight that many prior strategies for developing
pharmaceutical compositions {(e.g., Immunogenic compositions, ¢.g., vaccines) for freatraent of and/or
protection from HSV infection have focused primarily, or even almost exclusively, on development of
neutralizing antibodies that target surface glycoproteins. The present disclosure identifies a problem with
such strategies including, for example, that they may fail to appreciate value or even criticality of
ensuring that an induced imrnune response includes significant T cell activity (in some embodiments,
D4 T cell activity, in some embodiments CDR T cell activity, in some embodiments, both}. In some
embodirnents, pharmaceutical compositions (e.g., immunogenic composiiions, e.g., vaceines) that
comprise or deliver C4 and CD8 epitope(s) of one or more HSV aantigens {e.g., HSV-1 antigens, HSV-2
antigens, or a combination thereof), e.g., in addition to one or more B cell antigens and/or epiiopes may

be used in treatment of and/or protection from HSV infection.
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target the antigen
to the proteasome

Name Platform Antigens Tmmune Clinical results
Response
gB/gD/MESS Subuontt g and gB Neutralzing Phase 3
{Chiron} MF59 adjuvant antibodics (Abs) | Prophylaxis
3% (95% Cl: -
29%, 36%)
g/ AS04 Subunit gl Neutralizing Abs | Phase 3
(GSK} AS04 adjuvant CD4™T cells Prophylaxis
2% (95% Cl: -
29%, 50%)
gh-mull Single-cyele live | Multiple Newtralizing Abs | Phase 3
{Cantab therapeutic
Pharmaceutical} No difference in
TECUITENCES O
shedding
HSVSE29 Replication- Multiple Neutralizing Abs | Phase 1
(Sanofi-Pasteur) | defective CD4Y, CDS™ T Safe but
cells INMUROZEnic
only in doubly
seronegatives
Gen-003 Subunit gD, 1CP4 Neuvtralizing Abs | Phase 2
{Genocea) Saponin adjuvant Cytolytic T cells | therapeutic
Dose variable
decrease shedding
HerpV Heat shock 32 HSV peptides | Cytotoxic Teells | Phase 2
{Agenus} protein 70-HEV {gD, additional therapeutic
peptides QS-21 cnveiope, 17% reduction in
adjuvant tegument, and shedding
other) frequency
Vaxfectin DNA gy, UL46/47 Neuvtralizing Abs | Phase 172
{Vical) Vaxfectin therapeutic
adjuvant Failed to reduce
shedding
COR-1 {Codon optimized | Codon optimized | gD-specific Abs | Phase 2
(Admedus) DNA g2 and Cytotoxic T cells | therapeutic
ubtquitinfused No difference
truncated g2 to FECULTSNECSS
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ANLS Deleted in ICPO Multiple targets Neutrahzing Abs | Phase 1 non-FDA

{Rational Replication gl-specific Abs | Approved

Vaccines) competent therapoutic study
Attenaated for Self-reported
latency reduction in

TECUTTENCes
B. Anti-Viral Treatments for HSVY
0143} The present disclosure provides the recognition that constructs and/or compositions

deseribed herein moay be adnunistered as part of regimen with other therapeutic agents. The present

disclosure also recognizes that subjects that are administered constiucts and/or compositions described

hereint may have previously been administered other therapeutic agents.

10144}

In soroe ernbodiments, for example, a subject may be receiving or had previously

received an anti-viral agent for HSV. In some embodiments, an anti-viral agent can be administered to

treat HSV-1 or HSV-2 infection or recurrent episodes. In some embodirents, an anti-vital agent is or

comprises acyclovir, valacyclovir, famciclovir, or a combination thereof Table 2 below provides cartain

nformation about select anti-viral agents.

Table 2: Antiviral Drugs for Treating HSV

Medication

Dosage

Most common adverse
effects

Approximate price
for complete desing’

(ral formulations:

acyclovir

200-400mg Sx/day; 5-

345 days

vomiiting

malaise, headache, nausea,

35-800 mg tabs; $70

headache, nausea, abdominal

days

dysfunction, elecirolyte

valacyclovir 1 g 3x/day; 7 days . 21-1 g tabs; 3220
pain
. . 250-1500 mg 2-3x/day; lheadache, nausea, fatigue . .
faraciclovir i 5 (A ' e 21-500 mg tabs; $184
1-30 days diarrhea
Intravencus formulations:
. 10-15 mg/kg every sh; 7 {phlebitis, acute renal fathue,
acyclovir - v " ,
days nausea, vonuting, rash
. 40-60 mg/kg/day, 14-21 ifever, headache, renal
foscarnet :
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abnormalities, nausea,
vomiting diarthes, anernia,
granulocytopenia

Topical application

g

Apply to affected arca

1-Decosanol on face or lips at the fret
(Treatment for  |sign of cold sore/fever  {Redness or swelling
HSV-1) blister .

Al Glyeoprotein B

[0145] The present disclosure provides that HSV gB antigens snd antigenic fragments thereof
can be usefol in preventing or treating HSV, e.g., in HSV antigen constructs and/or HSV compositions

{e.g., immunogenic compositions, ¢.g., vaccines) as further disclosed herein.

146} HSV gB 15 the most highly conserved of all surface glycoproteins and acts primanly as a
fusion protein. Glycoprotein B is involved in the viral cell entry of HSV. Herpesvirases have a lipid
bilayer, called the envelope, which contains twelve surface glycoproteins. For infectivity to be attained,
the double stranded DNA genome of ISV nyust enter the host cell through means of fusion of s
envelope with the cellular membrane or via endocytosis. HSV gC, gB, gD}, gH, and gl. ave wvolved in
the process of viral cell entry, but only gC, B, gD, and gH are required for the fusion of HSV's envelope

with a cellular membrane.

{01471 gi} 18 a type-1 transmembrane protein with a signal sequence at its N terminus. HSV gB
has five structural domains (I-V). Domam I contains two intermnal fusion loops, which may msert into a
cellular merabrane during virus-cell fusion. Domain 1l may interact with gH/gl. during the fusion
process. Domain HE includes a structurally important elongated alpha hebix. Domain 1V is hypothesized
to interact with cellular receptors, Domain V acis o conjunction with domam 1 during protein-lipnd

nteractions.

{0148} Example amino acid sequences of certam HSV gB proteins 1s provided in Table 3 below.
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Table 3: HSY Glyeoprotein B Amino Acid Sequences

SEQ
D
NO

Antigen /
OR¥

Strain

Aming Acid Sequence

]

HSV-1 B
/UL27

MHOGAPSWORRWEVVWALLGLTLGVEVASAAPTSPGTPGVAAA
TOAANGGPATPAPPPLGAAPTGDPKPKEKNEKKPKNPTPPRPAGDN
ATVAAGHATLREHLRDIKAENTDANFYVCPPFTGATVVQFEQPR
RCPTRPEGOUNYTEGIAVVEKENIAPYKFRKATMYYKDVTVEQVWE
GHRYSQFMGIFEDRAPVPFEEVIDKINAKGVCRSTAKY VRNNLET
TAFHRDDHETDMELKPANAATRTSROWHTTDLKYNPSRVEATHR
YOTTVNCIVEEVDARSVYPYDEFVLATGDFVYMSPFYGYREGSH
TEHTTYAADRIKQVDGFYARDLTTKARATAPTTRNLLTTPKETV
AWDWVPKRPSVOTMTKWOEVDEMLRSEYGGSFRESSDAISTTET
TNLTEYPLSRVDLGDCIGKDARDAMDRIFARRYNATHIKVGOPQ
YYQANGGFLIAYQPLESNTLAFL YVREHLREQSRKPPNPTPPPPGA
SANASVERIKTTSSIEFARLOFTYNHIQROVNDMLGRVAIAWCEL
ONHELTLWNEARKLNPNAIASVTVGREVSARMLGDVMAVSTCV
PYAADNVIVONSMRISSRPGACYSRPLVSFRYEDQGPLVEGQLGE
NNELRLTRDAIEPCTYVCGHRRYFTFGGGYVYFEEYAYSHOLSRADI
TTVSTFIDENITMLEDHEFVPLEVY TRHEIKDSGLLDYTEVORRNQ
LHDLRFADIDTVIHADANAAMFAGLGAITEGMGDLGRAVGKVY
MGIVGGVVSAVSGYSSFMSNPFGALAVGLLVLAGLAAAFFAFRY
VMRLGSNPMEALYPLTTKELKNPTNPDASGEGEEGGDFDEAKLA
EAREMIRYMALVSAMERTEHEKAKKKGTSALLSAKVTDMVYMRER
RNTNYTOQVPNKDGDADEDDL

28]

HSV-2 gB/

UL27

HGS2

MRGGGLICALVVGALVAAVASAAPAAPAAPRASGGVAATVAAN
GGPASRPPPVPSPATTRKARKERKTKKPPKRPEATPPPDANATVAAG
HATLRAHLREIKVENADAQEYVUPPPTGATVVOFEQPRRCPTRPE
GONYTEGIAVVIKENIAPYKFKATMYYRDVTVSQVWEGHRYSQF
MGIFEDRAPVPFEEVIDKINTKGVURSTAKY VRNNMETTAFHRDD
HETDMELKPAKVATRTSRGWHTTDLKYNPSRVEAFHRYGTTVN
CIVEEVDARSVYPYDEFVLATGDFVYMSPFYGYREGSHTEHTSY A
ADRFKOQVDOFYARDLTTKARATSPTTRNLLTTPKEFTVAWDWYPK
RPAVUTMTKWOQEVDEMLRAEYGGSFRESSDAISTTFTTNLTEYSL
SRVPLGDCIGRDAREAIDRMEARKYNATHIKVGOPOY YLATGGE
LIAYQPLLANTLAELYVREYMREQDREFRNATPAPLEEAPSANAS
VERIKTTSSIEFARLOFTYNHIQRHVNDMLGRIAVAWCELQNHEL
TLWNEARKENPNAIASATVGRRVSARMLGDVMAVSTCVEVAPD
NVIVONSMRVSSRPGTCYSRPLVSFRYEDQGPLIEGQLGENNELRL
TRODALEPCTVGHRRYFIFGGUYVYFEEYAYSHOQLSRADVTTVSTE
IDENTTMLEDHEFVPLEVYTRHEIKDSGLLDYTEVORRNQLHDLRF
ADIDTVIRADANAAMPAGLCAFTEGMGDLGRAVGKVVMGVVGEG
VVSAVEGVSSFMANPFGALAVGLLVLAGLVAAFFAFRYVLOLOR
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NPMKALYPLTTKELKTSDPGGVGGEGEEGAEGGGFDEAKEAEAR
EMIRYMALVSAMERTEHKARKKGTSALLSSKVTNMVERKRNKA
RYSPLHNEDEAGDEDEL

s

HSV-2 ¢B/
UL27

333

MRGGGLICALVVGALVAAVASAAPAAPAAPRASGGVAATVAAN
GGPASRPPPVPSPATTKARKRKTKKPPKRPEATPPPDANATVAAG
HATLRAHLREIKVENADAQFYVCPPPTGATVVQFEQPRRCPTRPE
GONYTEGIAVVFKENIAPYRFKATMYYKDVTVSOVWEGHRYSOQF
MGIFEDRAPVPFEEVIDKINAKGVURSTARKY VRNNMETTAFHRDD
HETDMELKPAKVATRTSRGWHTTDLKYNPSRVEAFHRYGTTVN
CIVEEVDARSVYPYDEFVLATGDFVYMAPFYGYREGSHTEHTSY A
ADRFKOVDOFYARDLTTKARATSPTTRNLLTTPKFTVAWDWVEK
RPAVOCTMTRKWOEVDEMLRAEYGGSFRESSDAISTTFTTNLTOYSLE
SRVBLGUCIGRDAREAIDRMFARKYNATHIKVGQPOYYLATGGE
LPIAYQPLLSNTLAELYVREYMREQDRKPRNATPAPLREAPSANAS
VERIKTTSSIEFARLOFTYNHIQOREVNDMELGRIAVAWCELOQNHEL
TEWNEARKLINPNATASATVGRRERVSARMLGDVMAVSTCVPVAPD
NVIVONSMRVASRPGTCYSRPLVSFRYEDQGPLIEGOQLGENNELRL
TRDALEPCTVGHRRYFIFGGGYVYFEEYAYSHOLSRADVTTVSTE
IDENITMLEDHEFVPLEVYTRHEIKDSGLLDYTEVORRNGLHDLRE
ADIDTVIRADANAAMFAGLUAFFEGMGDLGRAVOEVVMGVVGG
VVSAVSGVSSFMSNPTGALAVGLLVLAGLVAAFFAFRYVLQLOR
NPMEKALYPLTTKELKTSDPGOGVGGEGEEGAEGGOFDEAKLAEAR
EMIRYMALVSAMERTEHKARKKGTSALLSSKVTINMYLREKRNKA
RYSPLHNEDEAGDEDEL

HSV-2 g8/
UL27

MRGGGLICALVVGALVAAVASAAPAAPRASGGVAATVAANGGP
APOPPPVPSPATTRKARKRKTKKPPKRPEATPPPDANATVAAGHAT
LRAHLREIKVENADAQGFYVCPPPTGATVVQFEQPRRUPTRPEGON
YTEGIAVVEFKENIAPYKFKATMYYKDVTVSOQVWEGHRYSQEFMGE
FEDRAPVPFEEVIDKINAKGVCRSTAKYVRNNMETTAFHRDDHET
DMELKPAKVATRTSRGWHTTDLKYNPSRVEAFHRYGTTVNCIVE
EVDARSVYPYDEFVLATGDFVYMSPEFYGYREGSHTEHTSYAADR
FKOVDGFYARDLTTKAQATSPTTRNLLTTPEKEFTVAWDWVPKRPA
VOTMTKWOEVDEMLRAEYGOGSFRESSDAISTTFTINLTEYSLSRY
DLGDCIGRDAREAIDRMEFARKYNATHIKVGOPOQYYLATGOFLIAY
QPLLSNTLAELYVREYMREQDREKPRNATPAPLREAPSANASVER]
KITSSHEFARLOFTYNRIQRHVNIMLGRIAVAWCELONHELTLW
NEARKLNPNATASATVORRVSARMLGDVMAYVSTCOVPVAPDNVIV
QNSMRVESRPGTUYSRPLVSFRYEDOQGPLIEGOLGENNELRLTRD
ALEPCTVGHRRYFIFGGGYVYFEEYAYSHOLSRADVTTVETFIDL
NITMLEDHEFVPLEVYTRHEIKDSGLLDY TEVORRNQLHDLRFAD
IDTVIRADANAAMFAGLCAFFEGMGDLGRAVGKVVMOGVVGOGVY
SAVSGVESEMSNPFGALAVGLLVLAGLVAAFFAFRYVLQLORNE
MKALYPLTTKELKTSDPGGVGGEGEEGAEGGGFDEAKEAEARQ
MIRYMALVSAMERTEHKARKKGTSALLSSKVTNMVYELRKRNKAR
YSPLHNEDEAGDEDEL
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o

HSV-1gB/
L7

KOS

MHOGAPSWORRWEVVWALLGLTLGVLVASAAPSSPGTPGVAAA
TQAANGGPATPAPPALGAAPTGDPKPRKENKKPKNPTPPRPAGDN
ATVAAGHATLREHE RDIKAENTDANFYVUPPPTGATVVFEQPR
RCPTRPEGONYTEGIAVVEKENIAPYKFRKATMYYKDVTVSOVWE
GHRYSQFMGIFEDRAPVPFEEVIDKINAKGVURSTARKYVRNNLET
TAFHRDDHETDMELKPANAATRTSROWHTTDLEKYNPSRVEATTR
YGTTVNCIVEEVDARSVYPYDEFVLATGDFVYMSPFYGYREGSH
TEHTSYAADRFKOVDGFYARDLTTRKARATAPTTRNLLTTPKFTYV
AWDWVYPKRPSVUTMTEKWQEVDEMLRSEYGGSFRESSDAISTTET
TNLTEYPLSRVDLGDCIGKDARDAMDRIFARRYNATHIKVGOPQ
YYLANGGFLIAYQPLLSNTLAELY VREHLREQSRKPPNPTPPPPGA
SANASVERIKTTSSIEFARLOFTYNHIQRHVNDMLGRVAIAWCEL
ONHELTLWNEARKLNPNAJASVIVGRRVSARMLGDVMAVSTCY
PVAADNVIVONSMRISSRPGACYSRPLVSFRYEDOGPLVEGQLGE
NNELRUTRDAIEPCTVGHRRYFTFGGOYVYFEEYAYSHOQLSRADE
TTVSTFIDENITMLEDHEFVPLEVYTRHEIKDSGLLDYTEVORRNQ
LHPLRFADIDTVIHADANAAMEAGLOGAFFEGMGDLGRAVOEVY
MGIVGGVVSAVSGVSSEMENPFGALAVOLLVLAGLAAAFFATRY
VMRLOQSNPMKALYPLTTKELKNPTNPDASGEGEEGGDFDEAKLA
EAREMIRYMALVSAMERTEHKARKKGTSALLSAKVTDMYMREKR
RNTNYTQVPNKDGDADEDDL

HSV-ZgB/
UL27

HGS2

MRGOGGLICALVVGALVAAVASAAPAAPAAPRASGOGVAATVAAN
GGPASRPPPVPSPATTKARKRKTKKPPKRPEATPPPDANATVAAG
HATLRAHLREIKVENADAQEFYVUPPPTGATVVOFEQPRRCPTRPE
GONYTEGIAVVFKENIAPYKFREATMYYRDVTVBQVWEFGHRYSOF
MGIFEDRAPVPFEEVIDKINAKGVCRSTAKYVRNNMETTAFORDD
HETDMELKPAKVATRTSRGWHTTDLKYNPSRVEAFHRYGTTVN
CIVEEVDARSVYPYDEFVLATGDEFVYMSPFYGYREGSHTEHTSYA
ADRFKOQVDOFYARDUTTKARATSPTTRNLLTTPRKETVAWDWYPK
RPAVOTMTKWQEVDEMELRAEYGGSFRESSDAISTTFTTNLTEYSL
SRVBLGDCIGRDAREAIDRMEPARKYNATHIKVGOPQY YLATGOE
LIAYQPLLEANTLAEBLYVREYMREQDRIEPRNATPAPLEEAPSANAS
VERIKTTISIEFARLOFTYNHIQRHVNDMLGRIAVAWCELONHEL
TLWNEARKENPNAIASATVGRRVSARMLGDYVMAVSTCVPVAPD
NVIVONSMRVSSRPGTCYSRPLYSFRYEDQGPLIEGQLGENNELRLD
TRBALEPCTVGHRRYFIFGGGYVYFEEYAYSHQLSRADVTTVSTE
IDENTTMLEDHEFVPLEVYTRHEIKDSCGLLDYTEVORRNQLHDLRE
ADIDTVIRADANAAMEPAGLCAFFEGMGDLGRAVGKVVMGVVGG
VVSAVEGVSSFMANPFGALAVGLLVLAGLVYVAAFFAFRYVLOLOKR
NPMEALYPLTTKELKTSDPGGYGGEGEEGAEGGGEFDEAKLAEAR
EMIRYMALVSAMERTEHKARKKGTSALLSSKVTNMVERKRNKA
RYSPLENEDEAGDEDEL

10149}

Provided herein is a polyribonuclestide encoding a polypeptide. In some embodiments, a

nolvneptide comprises one or more HSV glycoprotein B (gB) antigens or antizenic fragments thereof
B boctandl o o
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0150 In some embodiments, an HSV gB antigen has an amuno acid sequence that is identical to
’ o o

the amino acid of 3EQ ID NO: . In some embodiments, an HSV gB antigen has an amino acid sequence

amino acid sequence that 3s identical to the amino acid of SEQ I3 NO: 3. In some embodiments, an H3V

gB anfigen has an amino acid sequence that is identical to the amino acid of SEQ ID NO: 4. Insome

erabodiments, an HSV gB antigen has an amivo acid sequence that is identical to the anuino acid of SEQ

1B NQO: 90. In some embodiments, an HSV gB antigen has an amino acid sequence that is identical to the

amine actd of SEQ 13 NQ: 91,

j0151]} Further, as discussed throughout the present disclosure, an issue with current HSV
vaccines is that they have not been able to fully leverage antigenic potential of HSV gB (HSV-1 ¢B,
HSV-Z gB or both). One reason for these results is that HSV gB can be unstable. In particular, cell entry
of enveloped viruses requires spectalized viral proteins that mediate fusion with the host membrane.
Durmg this process, the viral proteins, including gB, undergo substantial stractural rearrangements from a
metastable prefusion conformation to a stable postfusion conformation {Figure 5). This metastability

o

renders the herpes stoplex viras {e.g., HSV-1 and/or HSV-2) fusion gB highly unstable.

0153} As used herein, the term “stable”, when applied to ghycoprotein B, means that
glycoprotein B maintaios one of moore aspects of a physical structure {e.g., maintains a specific

conformation} and/or activity for a specific period of time. In some embodiments, a stable glycoprotein B
has been modified {e.g., certain mutations) so that iis structure is stabilized. In some embodiments, a
stable glycoprotein B structure is maintained for a specific period of time. In some embodiments, a stable
glycoprotein B is in a stable prefusion conformation. In some embodiments, a stable glycoprotein B is in
a stable postfusion conformation. To some embodiments, a stable glycoprotein B maintaios a biological
relevant activity {c.g., antigenic potential). In somce cmbodiments, a stable glycoprotein B is n a stablc

prefusion conformation and maintains antigenic poiential.

[0153] The present disclosure encompasses a recognition that stabilization of gB antigens or
antigenic fragments thereof can be useful or advantageous for eliciting an inwnune response. The present
disclosure further provides the recognition that stabilization of HSV gB or antigenic fragments thercot
can be particularly advantageous for use, e.g., in preventing or freating HSV, e.g., in HSV antigen

£

constructs and/or HSV compositions {e.g., immunogenic compositions, e.g., vaccines) as further

5
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disclosed herein. Accordingly, the present disclosure provides certain mutations that can stabilize HSV

gB or antigenic fragmonts thereof.

[0154] Provided herein is a polyribonucleotide encoding a polypeptide that comprises one ov
more HSV glycoprotein B (gB) antigens or antigenic fragments thereof. In some embodiments, an HSV
gB antigen or antigenic fragioent thereot comprises one or more mutations that stabilize the HSV gB
antigen or antigenic fragment thereof relative to a comparable HSY gB antigen or antigenic fragment
thereof that does not comprise the one or more mutations. In some embodiments, one or more nEAtions
are one or more amuino actd substitutions, In some embodiments, one or more amuno acid substifutions
comprise 251C, 718C, and combinations thereof, wherein the numbering is with reference to SEQ 1D

NG: 1.

[0155] In some embodiments, a polypeptide comprises at least one HSV glycoprotein B {gB)
antigen or antigenic portion thereofl In some embodiments, an HSV gB antigen has an amino acid
sequence that s at feast 80%, at least 5%, at least 90%, at least 95%, at least 96%, at feast 97%, at feast
98%, or at least 99% identical to the amino acid SEQ 1D NO: 1. In some embodiments, an HSV gB
antigen hag an amino acid sequence that is at least 8096, at least 85%, at least 90%, at least 95%, at least
96%, at lcast 97%, at least 98%, or at least 99% identical to the amino acid SEQ 1D NO: 2. In some
crabodiments, an HSV gB antigen has an amivo acid sequence that is at least 80%, at least 5%, at least
G0%, at least 5%, at least 969, at least 97%, at least 98%, or at least 99% identical to the amino acid
SEQ D NO: 3. In some embodiments, an HSV ¢B antigen has an amino acid sequence that is at least
3009, at least 85%, at least 90%, at least 95%, at least 86%, at least 97%, at least 98%, or at least 9955
wdentical to the aming acid SEQ ID NG: 4. In some embodiments, an HSV gB antigen has an amine acid
sequence that is at least 80%, at least 85%, at least 90%, at least 95%, at least 6%, at least 979%, at least
88%, or at jeast 99% identical to the amino acid SEQ 1D NO: 96, In some embodiments, an HSV gB
antigen has an amino acid sequence that is at least 80%, at least 85%, at least 90%, at least 95%, at least

96%, at least 97%, at least 98%, or at least 99% wdentical to the amino acid SEQ I3 NO: 91,

[0156] In some embediments, an HSV gB antigen comprises an amino acid sequence according
to SEQ ID NO: 1 or antigenic fragment thereof, except that the HSV gB auntigen or antigenic fragment

thereof comprises one oF more mutations comprising 2310, 718, and combinations thereof.
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[0157] In some embodiments, an HSV gB antigen has an amine acid sequence that (3) 15 at least
90%, at least 95%, at loast 96%, at least 97%, at least 98%, or at least 99% identical to the aminoe acid
SEQ ID NO: 1 and (31) comprises one of more mutations, where the one or more mutations comprise

251C, 718C, and combinations thereof

{0158] In soroe embodiments, an HSV gB antigen has an amino acid sequence that comprises
prte of more mutations, where the one or more mutations comprise 2510 and 718C, where the

nombering is with reference to SEQ ID NO: L

01591 in some embodiments, an LISV gB antigen has an amino acid sequence that (i) is at least
0%, at least 95%, at least 96%, at least 9794, at least 8%, or at least 99% 1dentical to the aming acid
SEQ ID NO: 1 and (i) comprises one or more mutations, where the one or more nutations comprise

258 and 718C, where the numbering is with reference to SEQ ID NO: 1.

0160 In some embodiments, an HSV gB antigen or antigenic fragment thereof does not
g gey 2

comprise an S16F mutation, where the nwmbering is with teference to SEQ 1D NO: 1.
B. Secretory Signals

0161} In some embodiments, an HSV-2 gB construct deseribed herein includes a scerctory
signal, e.g., that is funcuonal 1n mammalian cells. To some ernbodiments, a utilized secretory signal is a
heterologous secretory signal. In some embodiments, a heterclogous secretory signal comprises or
consists of a8 non-human secretory signal. In some embodiments, a heterologous secretory signal
comprises or consists of a viral secretory signal. In some embodiments, a viral secretory signal comprises
or consists of an HSV secretory signal {e.g., an HSV-1 or HSV-2 secretory signal). To some embodiments,
an [ISV secretory signal comnprises or consists of an [ISV glycoprotein D (gD secretory signal. In some
cmbodiments, an HSV secretory signal comprises or consists of an HSV glycoprotein B {gB) secretory
signal {¢.g., an HSV-1 gB or H5V-2 ¢B). In some embodiments, an HSV secretory signal comprises or

consiats of a secrecon secretory signal.
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0162} In some embodiments, a secretory signal comprises or consisia of an Ebola virus
secretory signal. To some erobodiments, an Ebola virus secretory signal comprises or counsisis of an Ebola

virus spike glycoprotein {SGP) secretory signal,

[0163] In some embodiments, a secretory signal 1s characterized by a length of about 15 to 30

amino acids.

[n164] In many embodiments, a secretory signal s positioned at the N-termivus of an HSV-2 gB
construct described herein. In some embodiments, a sceretory signal preferably allows transport of an
HSV-2 ¢B construct with which it 1s associated joto a defined celtular compartment, preferably a cell

surface, endoplasmic reticulum (ER} or endosomal-lysosomal compartment.

[0165] In some embodiments, a secretory signal is selected from an 5182 secretory signal {aa 1-
19, an immunoglobulin secretory signal (aa 1-22), a human SPARC secretory sigoal, a human insulin
1soform 1 secretory signal, a human albunmin secretory signal, efe. Those skilied in the art will be aware of
other secretory signal such as, for cxample, as disclosed 1o WOZ017/081082, which is incorporated herein
by reference in its entirety (e.g., SEQ ID NQOs: 1-1115 and 1728, or fragments or variants thereof). In
some embodiments, an HASV-2 gB construct described herein does not comprise a secretory signal.

[0166] i some embodiments, a secretory signal is one listed in Table 4, or a secretory signal
having 1, 2, 3, 4, or 5 amino actd differeonces relative thereto. To some emabodiments, 2 signal sequence is

selected from those inchuded in the Table 4 below and/or those encoded by the sequences in Tables 8§

and 6 below.

Table 4: Example secrefory signals
¥ Y osg

SEQID Secretory Signal Sequence (Amino Acid)

NO:

5 HSV-1 gD+ KY MGGAAARLGAVILFVVIVGLHGVRGKY

G HSV-2 gD MGORLTSOVGTAALLVVAVGLRVVCA

7 HSV-2 gD} +KY A MGRLTSGVGTAALLVVAVGLRVVCAKYA
] Csp (isolate 3D7) MMRKLAILSVSSFLFVEA

9 HSV-1 gD MGGAAARLGAVIEFVVIVGLHGVRG

10 Ebola spike glvcoprotein GP MGVTGILOLPRORFKRTSFFLWVIILFQRTES
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11 SARS-CoV-2-3 MEVEFLVELPLVSSQCVNLT

12 human Ig heavy chain signal MDWIWRILFLVGAATGAHSM
peptide (huSec)

13 FulgGk signal peptide METPAQLLFLLELWLPDTTG

14 gk beavy chain epsilon-1isignal MDWTWILFLVAAATRVHS
peptide

15 Japanese encephalitis PRM signal | MLGSNSGORVVETILLLLVAPAYS
sequence

16 VSVg protein signal sequence MECLLYLAFLFIGVNCA

17 TRIG MCRGLSAVLILLVSLSAQLEVVVG

18 human [g heavy chain signal MELGLSWIFLLALLKGYQC
peptide 1

19 human fg heavy chain signal MELGLRWVIFLVAILEGV(QC
peptide 2

20 human Ig heavy cham signal MKHLWFFLLLVAAPRWVLS
peptide 3

21 human Ig heavy chain signal MDWTWRILFLVAAATGAHS
peptide 4

22 human Ig heavy chain signal MDWTWRFLFVVAAATGVS
peptide 3

23 haman Ig beavy cham signal MEFGLSWLFLVAILKGVOC
peptide 6

24 human Ig heavy chain signal MEFGLSWVFLVALFRGVQC
peptide 7

25 human Ig heavy chain signal MDLLHKNMEHLWEFFLLEVAAPRWVLS
peptide 8

26 human Ig kappa chain signal MDMEVPAQLLGLLLLWLSGARC
peptide 1

27 human g kappa chain signal MEYLLPTAAAGLLLLAAQPAMA
peptide 2

63 HSV-1gB + AP MHQGAPSWGRRWEVYVWALLGLTLGVLVASAAP
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69 HSV-1gB+ A MHUOGAPSWGOGRRWEVVWALLGLTLGVLVASAA
64 HSV-1gB MHQGAPSWGRRWEVVWALLGLTLGVLVASA
65 HEV-2 gB MRGGGLICALVVGALVAAVASA

70 Secrecon MWWREWWLELLLELLWPMVWAAA

Table 5: Example polynuclectide sequences encoding secretory signals

SEQID Sigoal Sequence (Ribonucleotide)
NGO
28 HSV-1 gD AUGGGGGGGGCUGCCGCCAGGUUGGEGGCCGUGAU
UUUGUUUGUCGUCAUVAGUGGGCCUCCAUGGGGUCT
GCAGUAAAUAU
29 HSV-1 ¢glb —Version 3 AUGGGAGGAGUCGCCGCCAGACUGGGAGCCGUGAU
CCUGUUCGUGGUGAUCGUGGGACUGCAUGGAGUG
AGAAGCAAGUAC
30 SARS-CoV-2-5 AUGUUUGUGUUUCUUGUGCUGCUGCCUCUUGUGUC
UUCUCAGUGUGUGAAUUUGACA
31 human Ig heavy chaio AUGGAUUGGAUUUGGAGAAUCCUGUUCCUCGUGG
signal peptide (huSec) GAGCCGCUACAGGAGCCCACUCCCAGAUG
32 human 1z heavy chain AUGGAGUUGGGACUGAGCUGHAUUUUCCUUUUGG
signal peptide 1 CUAUUUUAAAAGGUGUCCAGUGU
33 human Ig heavy chain AUGGAACUGGGGCUCCGLUGGGUUUUCCUUGUUGE
signal peptide 2 UAUUTUUAGAAGGUGUCCAGUGU
34 human Ig heavy chain AUGAAACACCUCGUGGHUCUUCCUCCUGCUGGUGGE
signal peptide 3 AGCUCCCAGAUGGGUCCUGUCT
35 human Ig heavy chain AUGGACUGGACCUGGAGGAUCCUCUUCUUGGUGGC
signal peptide 4 AGCAGCAACAGGUGLCCACUCG
36 human Ig heavy chain AUGGACUGGACCUGGAGGUUCCUCUUUGUGGUGET
signal peptide 5 AGCAGCUACAGGUGUCCAGUCC
37 human Ig heavy chain AUGGAGUUUGGGCUGAGCUGGCUUUUUCUUGUGG

signal pepude 6

CGAUUCUAAAAGGUGUCCAGUGH
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3¥ human Iz heavy chain AUGGAGUUUGGGCUGAGCUGGGUUUUCCUCGUUG
signal peptide 7 CUCUUUUUAGAGGUGUCCAGUGU
39 human Ig heavy chain AUGGACCUCCUGCACAAGAACAUGAAACACCUGUG
signal peptide 8 GUUCTICCUCCUCCUGGUGGCAGCUCCCAGAUIGGE
UGCUGUCC
40 human Ig kappa chain AUGGACAUGAGGGUCCCUGCUCAGCUCCHGGGGCU
signal peptide 1 CCUGCUGCUCUGGCUCUCAGGUGCCAGAUGY
41 human Ig kappa chain AUGAAAUACCUAUUGCCUACGGCAGCCGCUGHAUY
signal pepude 2 GUUAUVACUCGCGGCCCAGCCGGCCAUGGEC
66 HSV-1 gB AUGCAUCAAGGUGCUCCAUCUUGGGGUAGACGUUG
GUUCGUIGUGUGGGCCCUGCUGGGACUGACACUGH
GAGUUCHUGUUGCCAGCGCU
71 HSV-1gB+A AUGCAUCAAGGUGCUCCALICUUGGGGUAGACGUUG
GUUCGUUGUGUGGGCCCUGCUGGOACUGACACUGG
GAGUUCUUGUUGCCAGCGCUGCY
72 Secrecon AUGUGGUOGGCHACUGUGGUGGCUGCUGUUGCUGC

UUCUGCUGCUGUGGCCUAUGGUUUGGGCCGOUGCU

Table 6: Example polynucleotide sequences encoding secretory signals

SEQID Sigoal Sequence (Deoxyribonucleotide)
NG:
73 HSV-1 gl 5P wild-type ATGGOGGGGGCTGCCGCCAGGTTGGGGCGCCGTGATT
TTGTTTGTCGTCATAGTGGGCCTCCATGGGGTCLGCA
GCAAATAT
74 HSV-1 g3 SP ATGGGAGGAGCCGCCGCCAGACTGGGAGCCEGTGAT
ariant 3 CCTGTTCGTGGTGATCGTGGGACTGCATGGAGTGAG
Variant AAGCAAGTAC
75 SARS-CoV-2-5 ATGTTTGTGTITTCTTGTIGCTGCTGCCTCTTGTGTICTTC
TCAGTGTGTGAATTTGACA
76 human Ig heavy chain ATGGATTGGATTTGGAGAATCCTGTTCCTCGTGGGA
signal peptide (huSec) GCCOCTACAGGAGCCCACUTCCCAGATG
77 human Ig heavy chain ATGGAGTTGOGACTGAGCTGGATTTTCCTTTTGGCTA

signal peptide 1

TTTTAAAAGGTCTCCAGTGT
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78 hwman Ig heavy chain ATGGAACTGGGGCTCCGCTGGGTTTTCCTTGTTGCTA
signal peptide 2 TTTTAGAAGGTCTCCAGTGT
79 human Ig heavy chain ATGAAACACCTGTGOTTCTTCCTCCTGCTGGTGGCA
stgnal peptide 3 GCTCCCAGATQGGTCCTGTCC
&G human Ig heavy chain ATGGACTGGACCTGGAGGATCCTCTTCTTGGTGGCA
signal peptide 4 GCAGCAACAGGTGCCCACTCG
81 humoan Ig heavy chain ATGGACTGGACCTGOAGGTTCCTCTTTGTGGTGG A
signal peptide 3 GCAGUTACAGGTGTICUAGTCC
82 human Ig heavy chain ATGGAGTTTGGGCTGAGCTGGCTTITTCTTGTGGCGA
signal peptide 6 TTCTAAAAGGTOGTCCAGTOT
83 human Ig heavy chain ATGGAGTTTGGGCTGAGCTGGRTTTICCTOGTTOITO
signal peptide 7 TTTTTAGAGGTGTCCAGTGT
B4 hurpan g heavy chain ATGGACCTCCTGCACAAGAACATGAAACACCTGTGEG
signal peptide 8 TTCTTCCTCCTCCTGGTGGCAGCTCCCAGATGGGTGC
TGTCL
35 hurman Ig kappa chain ATGCACATOAGCUGTCCCTCGCTCAGCTCCTGGGOGOTC
sigmal peptide 1 CTGCTGCTCTGGCTCTCAGGTGCCAGATGT
&6 human Ig kappa chain ATGAAATACCTATTGCCTACGGCAGCCGCTGGATTG
signal pepude 2 TTATTACTCGCGGUCCAGCLGGCCATGGOC
87 HSV-1¢B ATGCATCAAGGTGCTCCATCTTGGGGTAGACGTTGG
TTCGTTGTGTGGGLCCTGUTGGGACTGACACTGGGA
GTTCTTGTTGCCAGCGCT
88 HS8V-1 gB ATGCATCAAGGTGCTCCATCTITGGGGTAGACGTTGEG
TTCGTTGTGTGGOCCCTGCTGGGACTCGACACTGGGA
GTTCTTGTTGCCAGCGCTGCT
R4 Secrecon ATGTGGTGGCGACTOTGGTGGCTGCTGTTGCTGCTTC
TGCTGCTGTGGCCTATGGTTTGGGLCGCTGCTY
Transmembrane Regions
01871 In some embodiments, an HSV-2 gB construet described heremn includes a

transmembrane region. In some embodiments, a transmembrane region is located at the N-terminus of an

HSV-2 gB construct. In some embodiments, a transmembrane region is located at the U-ternmnus of an

HSV-Z gB construct. In some embodiments, a transmembrane region is not located at the N-terminus or

C-terminus of an HSV-2 ¢B conatruet.
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0168} Transmembrane regions are known i the art, any of which can be utilized inan HSV-2
2B construct described herein. In some embodiments, a transmembrane region comprises ot is a
transmembrane domain of Hemwagglutinin (HA) of Influenza virus, Env of HIV-1, equine infectious
anacmia virus {EIAVY), munne leukaemia virus {(MLV}, mouse mammary tumor virus, G protein of

vesieular storoatitis vitus (VSV), Rabies vitus, or a seven transmembrane domam receptor.

10169] In some embodiments, a heterologous transmembrane region docs not comprise a
hemagglutin transmembrane region. In some embodiments, a heterologous transmembrane region
comprises or consists of a non-hurnan transmembrane region. In some embodiments, a heterologous
transmembrane region comprises or consists of a viral transmembrane region. [n some embodiments, a
heterologous transmembrane region comprises ot consists of an H3V transmembrane region, e.g., an
HSV-1 or HSV-2 rransmembrane region. [n some embodiments, an HSVY transmembrane region
comprises or consists of an HYV gD transmembrane region, e.g., comprising or consisting of an amino

acid sequence of GLIAGAVGGSLLAALVICGIVY WMRRHTQKAPKRIRLPHIR (SEQ ID N 42).

{06170} In some embodiments, a beterologous transmembrane region comprises or consistsof a
human fransmembrane region. In some embodiments, a human transmembrane region comprises or
consists of a human decay accelerating factor glyeosylphosphatidylinositol (hDAF-GPI) anchor region. In
somie embodiments, an hADAF-GP anchor region comprises or copsists of an amine acid sequence of

PNEGSGTTSGTTRLLSGHTCFTLTGLLGTLVTMGLLT (SEQ 1D NO: 43).

0171} In somce emboediments, an HSY transmembrane region comprises or consisis of an HSY
2B transmembrane region, €.g., comprising or consisting of an aming acid sequence of
MSNPFGALAVGLLVLAGLAAAFFAFRYVMRL (SEQ ID NO: 67) or
MENPFGALAVGLLVLAGLYAAFFAFRYVLOL (SEQ 1D NO: 68).

{0172} In somie embodiments, 4 uithzed transmembrane region 18 a heterslogous transmembrang
region,
[0173] In some embodiments, an HSV-2 gB constrnict described herein doss not comprise 4

transmembrane region.
0174 Example transmembrane are provided m the followimg Table 7:
| [ P g

Table 7. Example iransmembrane regions
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SEQ | Transmembrane Region Sequence (Amioe Acid)
D
NO:
42 HSV-1 gD GLIAGAVGGSLLAALVICGIVY WMRRHTQKAPKRIRLPHIR
43 hBAF-GPI anchor region | PNKGSGTTSGTTRLLSGIITCFTLTGLEGTLVTMGLLT
67 HSV-1 ¢B MANPFGALAVGLLVLAGLAAAFFAFRYVMRL
68 HSV-2 gBB MSNPFGALAVOGLLVLAGLVAAFFAFRYVLQL
B, Multimerization Regions
j0175] I sone embodiments, an HSV-2 gB constnict described herein includes one or more

muittimerization regions {e.g.. a heterologous multimenization region). In some embodiments, a

heterologous multimerization region comprises a duverization, trimenzaiion or tetramerization region.
g = fa

10176} in some embodiments, & multimerization region is one described in WOZO17/081082,
which 18 incorporated herein by reference in its entirety {e.g, SEQ I3 NQs: 1116-1167, or fragmentis or
variants thereof}), Example trimerization and tetramerization regions include, but are not limited to,
enginecred leucine zippers, fibritin foldon domain from enterobacteria phage T4, GCNépll, GON4-pli,
and p33.

[0177] In some embodiments, a provided TISV-2 g3 construct described herein 1s able to forma
trimeric complex. For example, a provided HSV-2 gB construct may comprise a multimerization region
allowing formation of a mulumeric complex, such as for example a trimeric complex of an HSV-2 gB
construct described herein. In some embodiments, a multimerization region allowing formation of a
multimeric complex comprises a trimerization region, for example, a trimerization region describad
herein. In some embodiments, an FISV-2 gB construet includes a T4-fibritin-derived “foldon”
frimerization region, for example, to increase its immunogenicity. In some embodiments, an IISV-2 gB
construct inchudes a multimerization region comprising or consisting of the amino acid sequence

GYIPEAPRDGOAYVRKDGEWVLLSTFL (S5EQ D NO: 44},
K. Linkers

[0178] In some embodiments, an HSV-2 gB construct described herein includes one or more

finkers. In some embodiments, a hinker is or comprises 2, 3, 4, 5,6, 7, &, 9, 10 or maore amino acids, In

some emvbodiments, a hinker 1s or comprises no more than about 34, 25, 20, 15, 10 or fewer amino acids.
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A linker can include any arino acid sequence and is not limited to any particular anino acids. In some
cmbodiments, a linker comprises one or more glycine () amino acids. In some embodiments, a linker
COMmpPTISes one of more serine {S) amino acids. In some embodiments, a linker comprises a glycine-serine
linker. A “glycine-serine linker” as used herein refers to a Jinker that comprises predominantly (e.g., 80%
or more) glycine and serine amino acids. In some embodiments, a tinker includes anuno acids selected

based on a cleavage predictor {o generate highly-cleavable linkers.

{01791 In some embodiments, a linker 18 or comprises 5-Gi-5-G4-8. In some ernbodiments, a
finker is or comprises GSPGSGSGS (SEQ 1D NO: 46}, In some embodiments, a linker is or comprises
GGSGGGGSGG (SEQ 1D NO: 47). To some emmbodiments, a Jinker is one presented in Tabde 8. Insome
embodiments, a linker is or comprises a sequence as set forth in WG2017/081082, which 1s incorporated

herein by veference v its entirety {see SEQ 13 NQOs: 1509-1565, or a fragment or variant thereof).
J d o

{0180} In some embodiments, an HSV-2 gB construct described herein comprises a linker
between a C-terminal region or fragment thereof and a transmembrane region. It some embodiments, an

HAV-2 gB construct desertbed herein comprises a hinker after a mumor repeat scquence,
[0381] Example linkers are provided in the following Table 8:

Table 8: Example linkers

SEQ B NG: Sequence {Amino Acid)
45 SGGGGSGGGES

46 GSPGSGSGS

47 GGSGGGGSGG

48 GGS

49 GGGS

S0 GGGGSGOGGRGGGGS
51 AGNEVRRSVE

52 GRGSGS

53 GGSLOGGGSG

54 SGG
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[EER
Al Example Polyribomucleotides Features
0182] Polynibonucleotides described herem encode one or more HSV-2 ¢B constrnicts described

herein. fn some embodiments, polyribonuclestides described herein can comprise a nucleotide sequence
that encodes a S"UTR of interest and/or a 37 UTR of interest. In some embodiments, polynuclestides
described herein can comprise a nuclestide sequence that encedes a polyA tail. In some emmbodiments,
polyribomucleotides described herein may coroprise a 57 cap, which may be incorporated during

transcription, or joined 1o a polyribonuciestide post-transcription.
i. 5 Cap

[0183] A strucitural feature of mRNAs is cap structure at five-priroe end (57}, Natural eukaryouie
mENA compriscs a 7-methylguanosine cap Hinked to the mRNA via a 57 to 57 -triphosphate bridge
resulting 1n capd) structure (m7GppeN). In most cukarvotic mRNA and some viral mRNA, further
modifications can occur at the 2-hydroxy-groap (2°-OH) (e g, the 2'-hydroxyl group may be methylated
to form 2'-0-Me) of the first and subsequent nucleotides producing “capl™ and “cap” five-prime ends,
respectively). Dlamond, ot al,, (2014 Cyrokine & growth Factor Reviews, 25:543-554, which is
incorporated berein by reference in s entirety, reported that cap0-mRNA cannot be translated as
efficiently as capl-mRNA in which the role of 2'-0O-Me in the penultimate position at the mRNA 57 end is
determinant. Lack of the 2'-0-met has been shown to trigger inmate mmunity and activate IFN response.
Daffis, ot al. (2010) Nature, 468:452-456; and Zlst ot al. (201 1) Novure fmpumology, 12:137-143, each of

which 1s incorporated herem by reference in its entirvety.

[0184] RINA capping is well researched and i3 described, e.g., in Decroly E et al. (2012) Nature
eviews 10: 51-65; and in Ramanathan A. et al., {2016) Nuclewe Acids Res; 44(16); 75117526, the
entire contents of each of which is hereby incorporated by reference. For example, in some embodiments,
a §'-cap structure which may be suitable in the context of the present invention 18 a cap0 (methylation of
the first mucleobase, ¢.g., m7GpppN), capl {additonal methylation of the ribose of the adjacent
nucleotide of m7GpppN), cap? {(additional methylation of the ribose of the 2nd nuclectide downsiream of
the m7GpppN), capd (additional methylation of the ribose of the 3rd nucleotide downstream of the
m7GpppN), capd (additional methylation of the ribose of the 4th nucleotide downstream of the

m7GpppiN), ARCA (“anti-reverse cap analogue™), modificd ARCA {c.g. phosphothicate modificd
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ARCA), inosine, N1 -methyl-guanosine, 2’-fluoro-guanosine, 7-deaza-guanosine, §-oxo-guanosine, 2-

amino-guanosine, LNA-guanosine, and 2-azido-guanosine.

[018%] The term “5'-cap” as used heren refers to a struchure found on the S-end of an RNA, ez,
mRNA, and generally imchudes a guanosine nuclestide connected to an RNA, e.g, mRNA, viaa 5'-to 5'-
triphosphate Hiukage {also referred to as Gppp or GO Nppp(3')). In some embodirents, a guanosine
nucleoside meluded 1 a §' cap may be moditied, for example, by methylation at one or more positions
{e.g., at the T-position) on a base {guanine), and/or by methylation at one or more posttions of a ribose. In
some embodiments, a guanosine nucleoside included o a 5' cap comprises a 370 methylation at a ribose
{3’OMeG). In some embodiments, a guanosine nucleoside included in a 5" cap comprises methylation at
the 7-position of guanine (m7G). Tn somwe embodiments, a guanosine nucleoside meluded in a 5" cap
comprises methylation at the 7-position of guanine and a 37 O methylation at a ribose (M7(3°OMe()). It
will be understood that the notation used in the above paragraph, e.g., “(mn " ")G” or “m7(3°OMeGY”,

apphes to other stractures described herein.

0186} In some embodiments, providing an RNA with a 5'-cap disclosed herein may be achieved
by in vifrro transcription, in which a §'-cap is co-transcriptionally expressed into an RNA strand, or may be
attached to an RNA post-transeriptionally using capping enzymes. In some embodiments, co-
transcriptional capping with a cap disclosed wnproves the capping efficiency of an KNA compared to co-
transcriptional cappiing with an appropriate reference comparator. In some embodiments, improving
capping efficiency can increase a transiation efficiency and/or translation rate of an RNA, and/or increase
expression of an encoded polypepude. In some embodiments, alterations to polyouclestides generates a

non-hydrolyzable cap structure which can, for example, prevent decapping and increase RNA half-life.

{0187} In some ersbodiments, a utthized §' caps 18 a capQ, a capl, or cap? structure. See, 2.g.,
Figure 1 of Ramanathan A ¢f of, and Figure 1 of Decroly E ef ¢, each of which is iﬂcorporatcd herein by
reference 1o its entirety. See, e.g., Figure 1 of Ramanathan A ¢t al., and Figure 1 of Decroly E er ol cach
of which is incorporated hercin by reference in its entirety. In some embodiments, an RNA described
herein coroprises a capl structure. In some embodiments, an RNA described herein comprises a cap2.
{0188} In some embodiments, an RNA described herein comprises a cap0 structure. In some
cmbodiments, a capl structure comprises a guanosine nucleoside methylated at the 7-position of guanine
{(m"G). In soroe embodiments, such 2 cap® structure is connected to an RNA via a 5'- to S-triphosphate

linkage and is also referred to herein as {m YGppp. In some embodiments, a cap0 structure comprises a
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guanosine nucleoside methylated at the 2°-position of the ribose of guanosine. In some embodiments, a
capl structure comprises a guanosive nucleoside methylated at the 37 -position of the ribose of guanosine.
In some embodiments, a guanosine nucleoside included in a 3' cap comprises methylation at the 7-
position of guanine and at the 2°-position of the vibose {({m2"? )G}, In some embodiments, a guanosing
nucieoside meluded 1 a 8 cap comprises methvlation at the 7-position of guaniue and at the 27-position

of the ribose (o™ )G).

{0188} In some embodiments, a capl structure comprises a guanosine nucleoside methylated at
the T-position of guanine {(m"}3) and optionally methylated at the 2° or 37 position pf the ribose, and a
2°0 methylated first nucleotide in an RNA ({m? “)N;}. In some embodiments, a capl structure comprises
a guanosine nucleoside methylated at the 7-position of guanine ((m)G) and the 37 position of the ribose,
and a 270 methylated first nucleotide in an RNA ('(f‘inz"O)N-,). In some embodiments, a capl structure is

comnected to an RNA via a 5'- to 5-triphosphate linkage and is also referred to herein as, ¢.g.,

({(mYGppp(~IN1) or {n " " iGppp(* 1N}, wherein N\ is as defined and described herein. In some

embodiments, a capl structure comprises a second nucleotide, No, which 18 at position 2 and is chosen
- < v TN A m v o TR0 LONNG : R . . ) -
from A, G, C, or U, e.g.. (m YGpppC NipNz or (m2 " Gppp(* OINpN2, wherein each of Ny and Na is

as defined and described herein.

[0180] In some embodiments, a cap?2 structure comprises a guanosine nucleoside methylated at
the 7-position of guanine {{m’}G) and optionally methylated at the 27 or 3 position of the ribose, and a
2°0 methylated first and second nucleotides in an RNA (™ “)Np(m” OIN2). In some embodiments, a
cap? structure comprises a guanosine nucleoside methylated at the 7-position of guanine {{m )G} and the
37 position of the ribose, and a 270 methylated first and second nucleotide in an RNA. In some
embodiments, a cap? stracture 1s connected to an RNA via a 5'~ to 5'-triphosphate linkage and is also
referred to herein as, e.g., (m )CpppC NN or (m2™ Y Gppp* N ip(*"")Ny), wherein each of
Nyand Ny is as defined and described herein.

0181} In some embodiments, the 5' cap i3 a dinucleotide cap stracture. In some embodiments,
the 5° cap is a dinucleotide cap structure comprising Wi, wherein Niis as defined and deseribed herein. In
some embodiments, the 5' cap is a dinucleotide cap Ny, wherein Ny is as defined above and herein, and

G comprises a structure of formula (1)
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)

ot a salt thereof, wherein each R and RYis -OH or -OCH;: and X is O or S.

[0182] In some embodiments, R” is -OH. In some embodiments, R™ is -OCHs. In some
embodiments, R is -OH. In some embodiments, R is -OCH:. In some embodiments, R is -OH and R’ is
-OH. In some embodiments, R? is -OH and R’ is -CHa. In some embodiments, R? is -CHs and R is -OH.

In some embodiments, R7is -CHiand R s -CHa.

{0193} In some embodiments, X is O. In some embodiments, X is 5.
[0154] Tn sorne ersbodiments, the 5' cap 15 a dimicleotide cap® strocture (e.g., {m }GpppNi,
(m ) GpppNL, (o GpppN:, (m)GppSpNy, (e GppSpN, or (™ )GppSpNi), wherein Ny

is as defined and described herein. In some embodiments, the 5' cap is a dinucleotide cap0 structure (e.g.,
Ty T 720N XN AT e TN o

(0 YGpppNi, (o NGpppNs, (™ GpppNy, Gn YGppSpN:, (m: ™ NGppSpNi, or{me ™

O . . . ~ . . - .

YoppSpN ), wherein Niyis G. In some embodiments, the §' cap is a dinuclootide cap0 structure {e.g,

7,27-On, 3%
J

{mYGpppNy, (m2 2 YGpppNi, (m2 )GpppN1, (mYGppSpNi, (m2" ) CppSpN, or (m2?”

NGppSpN1, wherein Niis A, U, or C. In some embodiments, the 5’ cap is a dinucleotide capl stnicture
{e.g., (m)Gppplor N, (nn ™ i0Gppp(m® 1Ny, (2 NGppp(m™ Ny, (m 1GppSpim” Ny, (mn-
NGppSpm’ Wi, or (ma " GppSpim? N1}, wherein N1 is as defined and described herein. In some
embodiments, the §° cap is selected from the group consisting of (m)GpppG (“Ecap0™), {m yGpppim?
NG (“Eeapl”), (o1 " CpppG (“ARCA” or “D17), and (on "2 GppSpG (“beta-S-ARCA™). In some

embodiments, the 5" cap is (mYGpppG (“Ecap”), having a structure:
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OH OF
i
C O O O N )\NH
0-P-0-P-0-P-Q ¢ E/)\
NN, \ N~
HN\R/ N © =2 9 ) o [
\
o

or a salt thereof,

0185} In some embodiments, the 5' cap is {m")Gppp(m® G (“Ecap1”), having a structure:
OH OH o
]
0 6 0 9 {,N \H\/L “NH
HQN\]& N N O_.g_.o_,gmg_“gmqo\ N"NT UNH,
HN\WJ:N o= ® ) o
o O OH

or a salt thercof,

01586} In snme embodiments, the §' cap is (n” ¥GpppG (“ARCA” or “D1™), having a

structure;

or a salt thereof.

10197} in some embodiments, the 5" cap 1s {m2” 2)GppSpl (“beta-8-ARCA”), having a

structure:
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O OF
Q
0 o 0 0O N “NH
0-P-0-P-0-P-Q <
TETUTE U - o
H N {fN N (i) ] é \O N N NH,
L@» e 2 8
HN N - - 0
\
© O OH
ot a salt thereof.
{0198} In some embodiments, the 5' cap is a rinuclectide cap structure. In some embodimnents,

the 5" cap 18 a trinucleotide cap stracture comprising NipNz, wherein Ny and Ny ave as defined and
described herein. In some embodiments, the 5’ cap is a dinucleofide cap G¥NiplNz, wherein Niand Naare

as defined above and herein, and (3* comprises a structure of formula (1)

R RY

or a sait thereof, wherein R°, R°, and X are as defined and described horein,

{0189} Tn some embodiments, the 5 cap is a trinucleotide capO structure {e.g. (m )GpppNipNa,
(m2" 7" GpppN ipN2, or (mn N YGpppNipN2), wherein Ni and N:are as defined and described herein). In
some enbodiments, the 5' cap is a trinucleotide capl structure (e.g., (" YGppp(m® CNipNz, (m: ™"
NGpppm” U INIpNz, (m2" YGppp(m® “INipNz), wherein Ny and Naare as defined and described herein.
In some embodiments, the 5 cap is a trinucleotide cap? structre {e.g., (MNGppp(m” INipim? Nz,

(m2" " NGppp(m” O Nip(m? OINg, (o2 ) Gppp(m N ip(m? N2}, wherein Niand Naare as defined

LN=Jn
and described herein. In some embodiments, the 5' cap is selected from the group consisting of (m2?”
N 2 S 5% g A g e 75O g D Ong gt iips N
NGppp(m® ARG (“CleanCap AG”, “CC413), (m2 " NGppp(m? NGpG (“CleanCap GG™),

>

(mGppp(m* ApG, (mGppp(n® “MGpG, (m:2" )Y Gppp(nn® " YApG, and (m)Gppp(m® 3 ApU.
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[0200] In some embodiments, a §' cap is (o ")Gppp(m® “NAPG (“CleanCap AG”, “CC4137),
! Rappp p f ,

having a structure:

or a salt thereof

[0201] In some embodiments, the 5° cap is (v “¥Gppp(m® GpG (“CleanCap GG™), having a

structure:

O
O OH
or a salt thereof.
[0202] To some embodiments, the 5' cap is (0 )Gpppim® HApG. baving a structure;
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OH OF
o OEOEOEO «NNE\)N
HaMN N f i o N~
2 Y N ,~!\\§\ O Q o} '®) N
| @ S 0S S
HN 'N/ - ~ d O
4 O
O O O\ N\]/u\“
{ . NH
o=p-00 ¢ | oy
0 NTNTNH,
O
O OH

or a salt thereof
R - AP 2y .
In some embodiments, a 5° cap is {mGppptm® “YGpG, having asiructure:

102031
OH OH
Q
O
H2N /N N
7/ | @:b
HN N’
4

or a salt thereof.
. - . T3y e RAREN ~ .
Tn some embodiments, a 3' cap is (m2? )Gppplon®™* YAPG, having astructure:

10204]
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or a salt thereof

[0205] In some embodiments, the &' cap is (m YGppp(m® “}ApU, having a structure:
OH OH
NH.
o 9 9 9 D
o-p-o-p-obo (A J
Q 9 9 0
C_J ) ot D\
0
Q9 /J\NH
0=P-0% ﬂ
O N™ 0
_-Q
O OH
or a salt thereof,
{02061 In some embodiments, the 3 cap is a tetranucleotide cap structure. In some embodiments,

the 37 cap is a tetranucleotide cap structure comprising NipNopN3, wherein Ny, No, and Nsare as defined
and described herein. In some embodiments, the 5' cap is a tetranucleotide cap G*NpNapNs, wherein N,

Nz, and N; are as defined above and herein, and G* comprises a structure of fornmda (I):
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)

or a salt thereof, wherein R”, R, and X are as defined and described herein.

[0207] In some embodiments, the 5° cap is a tetranucleotide cap0 structore (e.g.

~ A
7.2

{m YGpppNipNapNG, (m2 " YGpppNipNapls, or (m2 ™ YGpppN i NapNs), wherein Ny, N, and Naare as
defined and described herem). In some embodiments, the 57 cap 1s a tetranucleotide Capl structure (e.g.,

{m )YGpppm™ N pNapNa, (m: ™ NGpppimn? ONipNepNa, (" Gppp(m® “INipINaN3), wherein N,
Nz, and Ns are as defined and described herein. Tn some embodiments, the 3' cap is a tetranucieotide Cap?2
structure {e.g., (m )YGppp(m” N p(m® O NopN:, (2™ NGppp(nr WNip(m?® O)NapNs, ("
NGppp(m® N ip{m” “)NapN3), wherein Nj, No, and Maare as defined and described herein. In some
embodiments, the 5" cap is selected from the group consisiing of (m2"” NGppp(m? Napim” YGpG,

{2 NGpppm® IGp(m” ¥GpC, (m1Gppp(m” Ap(m® O UpA, and (m)Gppptm” Ap(m® " 1GpG.

{0208} In some embodiments, a 5" cap is (n " “¥Gppp(m” Y Ap(m” “GpG, having astructure:
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oH O
NH,
o9 ¢ ¢ Il
BN N C-P~0-P~0~P~Q \ P
A ¢ ©o 0o 9 N
I ©n S5 & 8
HN. A O
i O
° 0 O N Aoy
o=p-0& ¢ | Y
a NTNTTONH,
.
_ Q
(? Ou' N ﬂ\NH
0=P~00 {’I
= ~
G N SNTTNH,
O
G  OH
or a gait thereof.
u sorne ersbodiments, a 3' cap is (2 " Gppp(nt® iGp(m® )GpC, baving astruchure:
[0209] I bodiment: P P OGppp(m’® )Gpm” )GpC, baving t
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or a salt thereot,

[0210] In some embodiments, a §' cap is {m Gppp(m” NYAp(m? ©)UpA, having astructure:
UH OH
NH
e N //:\
© 0 ‘li::’l) 0] CIF?’ O (i; Q </ ji\ B
TETUTETLTET ~
H N N i H } Y N
DaC 3 g g8° "
HN - E\i’ = \‘ ) e Mg
g O
O O~ nm
O“FE’—O@ L
¢ N0
0
. NH,
O O N AN
0=P-05 ¢ | JN
~
0\ NN
,/O
O OH
ot a salt thereof.
{0211} In some embodiments, a 5 cap is (m YGppp(m” “YAp(m” )Gp(, having astructure:

69



WO 2025/030154 PCT/US2024/040844

OH OF
NH,
Q
HQN /N ’_N
\r ; @ 2
HN N
i
e
Q
O O N ~
[ S
o=p-00 ¢ |
0 NTNTTNM,
O
O OH
b
or a salt thereof,
2. Cap Proximal Segquences
10212} In some embodiments, a 57 UTK utilized in accordance with the present disclosure

comprises a cap proximal sequence, e.g., as disclosed herein. Tn some embodiments, a cap proximal
sequence comprises a sequence adjacent to a 5’ cap. In some embodiments, a cap proximal sequence

comprises nocleotides in positions +1, +2, +3, +4, and/or +5 of an RNA polymicleotide.

[0213] In some embodiroents, a cap structure comprises one ot more polyoucicotides of a cap
proximal sequence. To some embodiments, a cap structure comprises an m’ Guanosine cap and nucleotide
+1 (N1} of an RNA polynucleotide. In some embodiments, a cap structure comprises an m’ Guanosine cap
and nucleotide +2 {N2} of an RNA polynucieotide. In some embodiments, a cap structure comprises an m’
Guanosine cap and nucleotides +1 and +2 (Nyand Mo} of an RNA polynucleotide. In some embodiments,
a cap structure comprises an m’ Guanosine cap and mucleotides +1, +2, and +3 (N, N, and Naj of an

RNA polynucleotide.

{0214} Those skilled in the art, reading the present disclosure, will appreciate that, in some

cmibodiments, one or more residues of a cap proximal sequence {e.g., one or more of residues +1, +2,+3,
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+4, and/or +5) may be included in an RNA by virtue of having been inchuded 1 a cap entity (2.g., a capl
or cap? structure, oic.); alternatively, in somoe erobodiments, af least some of the residues in a cap
proximal sequence may be enzymatically added (e.g., by a polymerase such as a T7 polymerase). For
example, in certain exemplified embodiments where a nn ™ °Gppp(my™ Y ApG cap is utilized, +1 (ie.,
N} and +2 (ie. No) are the (™ A and G residues of the cap, and +3, +4, and +3 are added by
polymerase {e.g., T7 polvmerase).

N

[0215] In some embediments, the 5 Cap is a dinucleotide cap structure, wherein the cap
proximal sequence comprises Ny of the 57 Cap, where Niis any nucleotide, eg., A, C, G or UL In some
embodiments, the 5' Cap is a trinucleotide cap structure (e.g., the trinucleotide cap structures described
above and herein), wherein the cap proximal sequence comprises Niand Nz of the §' Cap, wherein Nyand
N:zare independently any nucleotide, eg., A, C, G or U. In some embodiments, the 5'Cap is a
ietranucieotide cap sinucture (e.g., the tmnucleotide cap structures described above aud berein), wherein
the cap proximal sequence comprises N, Mo, and No of the 57 Cap, wherein Ny, N, and Ns are any

micleotide, eg, A, C, Gor U,

10216} In some emboduments, e.g., where the ' Cap is a dinucleotide cap structure, a cap
proximal sequence comprises Niof a the §7 Cap, and Nz, Ni, Neand Ns, wherein Ny to Ns correspond to
positions +1, +2, +3, +4, and/or +5 of an RNA polynucleotide. In some embodiments, e.g., where the 5
Cap 18 a trinucleotide cap structure, a cap proximal sequence comprises Ny and Naof a the ' Cap, and N3,
MNsand Ns, wherein Ni to Ns correspond to positicns +1, +2, +3, +4, and/or +5 of an RNA polynucleotide.
In some embodiments, e.g., where the 5 Cap 1s a tetranucleotide cap structure, a cap proximal sequence
comprises Ni, Mo, and Nsof a the §7 cap, and Nz and Ns, wherein Nito Ns correspond to positions +1,+2,

+3, +4, and/or +5 of an RNA polynucleotide.

0217} In some embodiments, Niis A, In some embodiments, Niis €. In some embodiments, Ni
is 5. In some embodiments, Ny is Ul In some embodiments, Nzis AL In some embodiments, Nois O In
some embodiments, N2is G, In some embodiments, N2is UL In some embodiments, Nsis A, In some
embodiments, N3 is C. In some embodiments, Nais G, In some embodiments, N3 is UL In some
erobodiments, N4is A, In some embodiments, Nais C. In some embodiments, Nais G. In some
embodimenis, Nais U. In some embodments, Nsis A, In some embodiments, Nsis C. In some

embodiments, Nsis (7. In some embodiments, Nsis UL It will be understood that, each ofthe
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embodirnents described above and herein (e.g., for Ny through Ns) may be taken singly or in combination

and/or may be combined with other embodiments of variables described above and herein (e.g., 57 caps).

0218} In some embodiments, a cap proximal sequence coroprises Ajand Gzofthe Capl
structure, and a sequence comprsing: AzAsUs (SEQ 1D NG; 55} at positions +3, +4 and +5 respectively

of the polyribonucleotide.
3. 5UTR

0219} In some embodiments, a mucleic acid {e.g., DINA, RNA)} utilized in accordance with the
present disclosure comprises a 3'-UTR. In some embodiments, 5°-UTR may comprise a plurality of
distinet sequence elements; in some embodiments, such plurality may be or comprise muliiple copies of
one or more particular sequence elements (e g.. as may be from a particular source or otherwise known as
a functional or characteristic sequence element). In some embodiments, 2 §” UTR comprises multiple

different sequence elements.

{0220} The term “untransiated region” or “UTR” is commonly used in the art to a regionin a
DNA molecule which is transcribed but is not sranslated into an amino acid sequence, or to the
cotresponding region in an RNA polymucleotide, such as an mRNA molecule. An untransiated region
{1JTR) can be present 5" (upstream) of an open reading frame (5'-UTR) and/or 3' (downstream} of an open
reading frame (3-UTR). As used heremn, the terms “fve prime untransfated region” or 5 UTR refer to a
sequence of a polyribonucieotide between the §' end of the polynibonucleotide {(¢.g., a transeription start
site} and a start codoon of a coding region of the polyribomucleotide. I some embodiments, “5' UTR”
refers to a sequence of a polyribonucleotide that begins at the 5 end of the polyribonuclectide (e.g., a
franscription start sit¢) and cnds onc mucleotide (nt) before a start codon (usually AUG) of a coding region
of the polyribonucleotide, e.g., in its natural context. In some embodiments, a $' UTR comprises a Kozak
sequence. A 5-UTR is downstream of the 5'-cap (if present), e.g., directly adjacent to the 5'-cap. In some
embodiments, a 57 UTR disclosed herein comprises a cap proximal sequence, e.g., as defined and
described herein. In some embodiments, a cap proximal sequence comprises a sequence adjacent toa 5°

cap.

[0221] Exemplary 5° UTRs mclude a uman alpha globin (hAg) S"UTR or a fragment thereof, a

TEV 57 UTR or a fragment thereof, a HSP70 5° UTR or a fragment thercof, ora ¢c-Jun 5” UTR or a

fragroent thereof.
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0222} In some embodiments, an RNA disclosed herein coroprises a hAg 5° UTR or a fragment
thereofl
0223} In some embodiments, an RNA disclosed herein comoprises a 5° UTR having at least

80%, at least 85%, at least 90%, at least 95%, at least 90%, at least 97%, at leasi 98%, or at least 99%
wdentity to a 57 UTR with the sequence
AGAATAAACTAGTATTCTTCTGGTCCCCACAGACTCAGAGAGAACCCGCCACC {(SEG ID NG,
56). In some ernbodiments, an RNA disclosed herein comprises a §7 UTR having the sequence
AGAATAAACTAGTATTCTTCTGOGTCCOCACAGACTCAGAGAGAACCCGCCACC (REQ ID NO:
563

[0224] In some embodiments, an RNA disclosed herein comprises a 57 UTR having at {east
B(%, at least 85%, at least 90%, at least 957, at least 96%, at least 979, at least 9894, or at icast 99%
identity to a 57 UTR with the sequence
AACUAGUAUUCUUCUGGUCCCCACAGACUCAGAGAGAACCCGCCACC (SEQ IDNO:

ST hAg-Kozak/SUTR). To some ernbodiments, an RINA disclosed herein comprises a 8 UTR having the
sequence AACUAGUAUUCUUCUGGUCCCCACAGACUCAGAGAGAACCCGCCACC (SEQ 1D
NO: 57 )(hAg-Koral/S'UTR),

4. PolyA Tail

[0225] In some embodiments, a polynucleotide {e.g., DNA, RNA) disclosed herem comprises a
polvadenylate (polyA) sequence, e.g., as described herein. Jo some emabodiments, a polyA sequence is
situated downstreamn of a 3-UTR, e.g., adjacent to a 3-UTR,

3

0226} As used herein, the term “poly{A} sequence” or “poly-A @il” refers to an uninterrupted
ot interrupted sequence of adenylate residues which is typically located at the 3'-end of an RNA
polymicleoude. Poly{A) sequences are known to those of skill in the art and may follow the 3°-UTR
the RNAs deseribed herein, An umintesrupted poly{ A) sequence is characterized by consceutive adenylate
residues. Tn nature, an undnterrupted poly(A) seguence s typical. In some embodiments, polynucleotides
disclosed herein comprise an uninterrupted Poly(A) sequence. In some embodiments, polynucleotides
disclosed herein comprise interrupted PolviA) sequence. In some embodiments, RINAs disclosed herein

can have a poly{A) sequence attached to the free 3'-end of the RNA by a template-independent RNA
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polymerase after transeription or a poly{A) sequence encoded by DNA and transeribed by a template-

dependent RNA polymecrase.

0227} it has been demonsirated that a poly(A) sequence of about 120 A nucleotides has a
beneficial influence on the levels of RNA in transfected eukaryotic celis, as well as on the levels of
protein that is translated from an open reading frame that is present upstream (37} of the poly{ A} sequence

{Holtkamp et @/, 2006, Blood, vol. 108, pp. 4009-4017, which 18 herein incorporated byrefercnce).

0228} In some embodiments, a poly(A) sequence in accordance with the present disclosure is
not limited to a particular length; 1 some embodiments, a poly{A) sequence is any Jength. In some
embodiments, a poly(A) sequence comprises, essentially consists of, or consists of at least 20, at least 30,
at {east 40, at least 80, or at least 100 and up to 500, up 10 400, up to 300, up to 200, or up to 150 A
nucleotides, and, in particular, about 120 A nucleotides. To this context, "essentially consists of” means
that most nucleotides in the poly(A) sequence, typically at least 75%, at least 805, at least 85%, at least
0%, at least 93%, at least 96%, at least 97%, at least 98%, or at least 99% by number of nuclectides in
the poly(A) sequence are A nucleotides, but permits that renaining nucleotides are nucleoudes other than
A nucleotides, such as U nucleotides (urtdylate), G nucleotides {guanyvlate), or C nucleotides {cvtidylate).
In this context, "consists of” means that all nucleotides 1 the poly(A) sequence, i.e., 100% by number of
nuclestides in the poly(A) sequence, are A nucicotides. The term “A nucleotide” or “A” refers to

adenylate,

[0229] In some embediments, a poly{A) sequence is attached during RNA transcription, e.g.,
doring preparation of in vitro transcribed RNA, based on a DNA template comprising repeated dT
nucicotides (deoxythymidylate) in the strand complementary to the coding strand. The DNA sequence

gncoding a poly{A) sequence {coding strand) is referred to as poly(A) cassette.

[0230] In some embodiments, the poly{A) cassetie present in the coding strand of DNA
essentially consists of dA nucleotides, but 1s interrupted by a random sequence of the four nucleotides
{dA, dC, dG, and dT}. Such random sequence moay be 5 to 50, 10 1o 30, or 10 to 20 nucicotides in length.
Such a cassette is disclosed in WO 2016/005324 A1, hereby incorporated by reference. Any poly(A)
cassette disclosed 1n WO 2016/605324 AL, which is incorporated herein by reference in its entitety, may
be used in accordance with the present disclosure. A poly{A) cassctte that essentially consists of dA
nucleotides, but is interrupted by a random sequence having an cqual distribution of the four nucleotides

{dA, dC, dG, dT} and having a length of e.z., 5 to 50 nucleotides shows, on DNA level, constant
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propagation of plasroid DNA in £, ¢off and is still associated, on RNA level, with the beneficial
propertics with respect to supporting RNA stability and translational cfficieney is encompassed. In some
embaodiments, the poly(A) sequence contained in an RNA polynucleotide described herein essentially
consists of A nucleotides, but is interrupted by a random sequence of the four nucleotides (A, C, G, U

Such random sequence may be S to 50, 10 to 30, or 10 to 20 nucleotides in Jength.

10231} In some embodiments, no nucleotides other than A nucleotides flank a polv(A) sequence
at its 3'-end, 1.e., the poly(A) sequence is not masked or followed atits 3'-end by a nucleotide other than

Al

{0232} In some embodiments, the poly(A) sequence may comprise at least 20, at least 30, at least
444, at least 20, or at least 100 and up to SO, up 1o 400, up to 300, up to 200, or up to 150 nucleotides. In
some embodiments, the poly{ A} sequence may ¢ssentially consist of at least 20, at feast 30, at least 40, at
jeast 80, or at least 100 and up to 5308, up 10 400, up to 300, up to 2090, or up to 150 nucleotides. In some
embodiments, the poly{A) sequence may consist of at least 28, at least 30, at least 44, at least 80, or at
least 100 and up to 500, up 1o 400, up to 300, up 1o 200, or up to 150 nucleotides, o some embodiments,
the poly(A) sequence comprises at least 100 nocleotides. In some embodiments, the polv{A) sequence
comprises about 150 nucleotides. In some embodiments, the poly{ A} sequence comprises ahout 120

nucleotides.

[0233] In soroe embodiments, 3 poly A tail comprises a specific number of Adeposines, such as
about 50 or more, about 60 or more, about 70 or more, about 80 or more, about 90 or more, about 100 or
more, about 120, or about 150 or about 200. In some embodiments a poly A tail of a string construct may
comprise 200 A residues or less. In some embodiments, a poly A tail of a string construct may comprise
about 200 A residues. In some emboediments, a poly A tail of a string construct may comprise 180 A
residues or less. In some embodiments, a poly A tail of a string construct may comprise about 180 A

residues. In some embodiments, a poly A taii may comprise 150 residues ot less.

10234} In some embodiments, RNA comprises a poly{ A} sequence comprising the mucleotide
sequence of
AAAAAAAAAAAAAAAAAAAAAAALBAAAAAGCATATGACTAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAANAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA(BEQID

NQ: 583, or a nucleotide sequence having at least 99%%, 98%, 97%, 96%, 95%, 9%, 85%. or 8% identity

to the nucleotide sequence of
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AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGCATATGACTAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAALAAAAAAAAAAA (SEQID
NQO: 58). In some embodiments, a poly{A) tail comprises a plurality of A residues interrupted by a linker.

In some embodiments, a Hnker comprises the nucleotide sequence GCATATGAC (SEQ 1D NG: 59,

[0235] In some embodiments, RNA comprises a poly(A) sequence comprising the nucleotide
sequence of
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGCAUVAUGACUAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA(BEQID

N 603, or a nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity
to the mucleotide sequence of
AAAAAAAAAAABAAALAAAAAAAASAAAAAAGCAUAUGACUAAAAAAAAAAAAAAAAALA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAALBAAAAALAAAAAALAAAAAMAA (BEQID
NG: 60). In some embodiments, a poly{ A} tail comprises a plarality of A residues interrupted by a linker.

In some embodiments, a hnker comprises the nucleotide sequence GCAUAUGAC (SEQ D NO: 61).
s, FUTR

[0236]) In some embodiments, an RNA utilized i accordance with the present disclosure
comprises a 3'-UTR. As used heremn, the terms “three prime untransiated region,” 3" uniranslated
region,” or “3" UTR” refer to a sequence of an mRNA molecule that begins following a stop codon of a
coding region of an open reading frame sequence. Tn some ernbodiments, the 3' UTR begins immediaiely
after a stop codon of a coding region of an open reading frame sequence, e.g., in its natural context. In
other erabodiments, the 3" UTR does not begin immediately after stop codon of the coding region of ag
open reading frame sequence, e.g., in its natural context. The term “3'-UTR” does preferably not inclade
the poly{A) sequence. Thus, the 3-UTR is upstream of the poly{ A} sequence (if present), e.g. directly
adjacent to the poly(4) sequence.

10237} In some embeodiments, an RNA disclosed herein comprises 2 3° UTR comprisingan F
element and/or an { element. In some embodiments, a 37 UTR or a proximal sequence thereto comprisesa
restriction site, In some cmbodiments, a restrichion sife 1s a BomHI site. In some embodiments, 1

restriction site 1s a Afiof stie.
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0238} In some embodiments, an RNA constroct comprises an F element. To some embodiments,

a F clement scquence 1s a 37-UTR of amino-terminal cnhancer of split {AES).

[0239] In some embodiments, an RNA disclosed herein comoprises a 37 UTR having at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
wdentity to a 37 UTR with the sequence of
CTGUTACTGUATGCACGCAATOGCTAGCTOCCCCTTTCCCOTCUTGOGTACCCCGAGTCTCCCC
COACCTCGGGTCCCAGGTATGCTCCCACCTCCACCTGCCCCACTCACCACCTCTGCTAGTTCC
AGACACCTCCCAAGCACGCAGCAATGCAGUTCAAAACGUTTAGCCTAGCCACACCCCLCACG
GOAAACAGCAGTGATTAACCTTTAGCAATAAACGAAAGTTTAACTAAGCTATACTAACCICA
GOGTTGGTCAATTTCGTGCCAGCCACACC (SEQ H NG: 62). In some embodiments, an RNA
disclosed herein comprises a 37 UTR with the sequence of
CTGGTACTGUATGCACGCAATOGCTAGCTOGCCCCTTTCCCOTCCTGOGTACCCCGAGTCTCCCC
CGACCTCGGGTCCCAGGTATGCTCCCACCTCCACCTGCCCCACTCACCACCTOTGCTAGTTOC
AGACACCTCCCAAGCACGCAGCAATGCAGCTCAAAACGCTTAGCCTAGCCACACCUCCACG
GGAAACAGCAGTGATTAACCTTTAGCAATAAACGAAAGTTTAACTAAGCTATACTAACCCCA
GGOTTGGTCAATTTCGTGCCAGCCACACC (SEQ D NO: 62).

{02401 In some embodiments, an RNA disclosed herein comprises 2 37 UTR having at least
80%, at least 83%, at least 90%, at least 95%, at least 96%, at feast 97%, at least 98%, or af least 99%
wdentity to a 37 UTR with the sequence of
CUGGUACUGCAYGCACGCAAUGCUAGCUGCCCCUUCCCGUCCUGGGUACCCUGAGUCUC
CCCCGACCUCGGGUCCCAGGUAUGCUCCCACCUCCACCUGCCCCACUCACCACCUCUGCUA
GUUCCAGACACCUCCCAAGCACGCAGCAAUGCAGCUCAAAACGCUUAGCCUAGUCACACC
CCCACGGGAAACAGCAGUGAUUAACCUUUAGCAAUAAACGAAAGUUUAACUAAGCUAUA
CUAACCCCAGGGUUGGUCAAUUUCGUGCCAGCCACACC (SEQ ID NO: 63). Insome
embodiments, an RNA disclosed herein comprises a 37 UTR with the sequence of
CUGGUACUGCAUGCACGCAAUGCUAGCUGCCCCUUUCCCGUCCUGGGUACCCLCGAGUCUC
CCCCGACCUCGGRUCCCAGGUALIGCUCCCACCUCCACCUGCCCCACUCACCACCUCUGCUA
GUUCCAGACACCUCCCAAGCACGCAGCAAUGCAGCUCAAAACGCUUAGCCUAGCCACACC
CCCACGGOGAAACAGCAGUGAUUAACCUUUAGCAAUAAACGAAAGUUUAACUAAGCUAUA
CUAACCCCAGGHGUUGGUCAAUUUCGUGCCAGCCACACC (SEQ 1D NO: 63).
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0241} In some embodiments, a 37UTR i3 an FI element as deserbed in WO2017/060314, which

1s herein incorperated by referenee tn its entirety.
B. RNA Formats

0242} At least three distinct formats aseful for RNA compositions (e.g., pharmaceutical
compositions} have been developed, namely non-medificd undine containing mRINA {uRNA),
nucleoside-modified mRNA (modRNA), and seif~amphfying mRNA (saRNA). Bach of these platforms
displays unigue features. In general, in all three formats, RNA is capped, contains open reading frames

{ORFs) flanked by untranslated regions (UITR), and have a polyA-tail at the 3" end. An ORF of an uRNA

and modRMNA vectors encode an antibody agent or fragment thereof, An saRNA has multiple ORFs.
{02431 in soroe erpbodiments, the RNA described herein may have modified nucleosides. Tn
some embodiments, the RNA comprises a modified macleoside in place of at least one {e.g., every)
uridine.

{0244} The term “uracil,” as used herein, describes one of the nucleohases that can occur in the

nucleic acid of RNA. The structure of uracil is:

[0245] The term “uridine,” as used herein, describes one of the nucleosides that canocour in

RNA. The structure of oridine 1s:

i
o

4
i
-..:"{
z

[0246] UTP {unidine 5’-triphosphate} has the following structure:
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“Pseundouridine” is one exarple of 2 modified nucicoside that s an tsomer of uridine,

where the uracil is attached to the pentose ring via a carbon-carbon bond instead of a nitrogen-carbon

elyeosidic bond.

10249}

the structure:

[0250]

Another exeraplary modified nucleoside s Ni-methyl-pseudouridine (m1W), which has

A
™ N NE

Nl-methvl-pseudo-UTP has the following structore:
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OH QOH
[0251] Another exemplary modified nucleoside is S~-methyl-uridime (mSU), which has the
structure:
Ml N
.: ‘§ L ‘\:'\ v*\\\ ey
A
0252} In some embodiments, one or more uridine in an RNA described herein is replacedby a

modified nucleoside. In some embodiments, the modified nucleoside is a modified uridine.

jo253] In some embodiments, RNA compnises a modified nucleoside in place of atleast one

uridine. In some embodiments, RNA comprises a modified mucleoside in place of each uridine.

j0254] In some embodiments, the roodified nucleoside is independently selected from
pseudouridine (v}, Nl-methyl-pseudournidine (my), and S-methyl-uridine (m5U}. In some embodiments,
the modified nucleoside comprises pseudouridine (). In some embodiments, the modified nucleoside
comprises N1-methyl-pseudouridine (miy). In some emboediments, the modified nucleoside comprises 5-
methyl-uridine {m5U}. In some embodiments, RNA may comprise more than one type of modified
nucteoside, and the modified mucleosides are independently selected from pseudounidine (), N1-roethyi-
pseudouridine (miy}, and 5-methyl-uridine (m3U}. In some embodiments, the modified nucleosides
comprise pscudouridine () and N1-methyi-pseudouridine (miy). In some embodiments, the modified
nucleosides comprise pseudouridine {y) and S-methyl-uridine (m310). In some embodiments, the

modified macleosides comprise Ni-methyl-psendouridine (mly) and S-methyl-uridine (mSU}. Insome
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emboditnents, the modified nucleosides comprise pseadounidine (y), N1-methyl-psendounidine (mby),

and S-methyl-uridine (m5U).

[025%] In some embodiments, the modified noucleoside replacing one or more, e.g., all, unidine in
the RNA may be any one or more of 3-methyl-unidine (m3U), S-methoxy-uridine (mo3l), S-aza-uridine,
6-aza-uridine, 2-thio-5-aza-uridine, 2-thio-uridine (82U}, 4-thic-uridine (54U}, 4-thio-pseudounidine, 2
thio-psendouridine, 5-hydroxy-uridine (hoSU), 5-amincallyl-uridine, 5-halo-uridine (e.g., S-todo-uridine
ot S-brome-uridine), uridine S-oxyacetic actd (emoSU), uridine S-oxyacetic acid methyl ester (memoSL,
S-carboxymethyl~uridine {cm3U), 1-carboxymethyl-pseudouridine, S-carboxyhydroxymethyl-urnidine
{chmSU), 5-carboxyhydroxymethyl-uridine methyl ester (mchmSU), S-methoxycarbonylmethyl-uridine
{mem>U}, S-methoxyearbonyimethyl-2-thio-vridine (mem5s2U), S-aminomethyl-2-thic-uridine
{mmas2l), S-methvlaminomethyi-uridine (mnmS1)), 1-cthyl-pseudouridine, S-methylaminomethyi-2-
thio-uridine {mnyn3s21)), S-methylaminomethyl-2-seleno-yridine (onmSse?1]), S-carbamoyimethyl-
uridine (ncmSU), S-carboxymethylantinomethyl-uridine (cmnmSU), 5-carboxymethylanunomethyl-2-
thio-uridine (cmnm5s2U)Y, S-propynyt-uridine, 1-propynyl-pseudonridine, S-taurinomethyl-uridine
{tros), 1-taurinomethyl-pscudouridine, S-tavrinomethyl-2-thio-uridine(zm5s21)), 1-taurinomethyl-4-
thio-pseadounidine), S-methyl-2-thio-undine (mSs2U), -methyl-4-thio-pseudouridine (ulsdy), 4-thio-1-
methyl-pseadoundine, 3-methyl-pseadownidine (m3y), Z-thic-1-methyl-pseudowridine, 1-methyl-1-deaza-
paeudounidine, 2-thio-1-methyl-1-deaza-pseudouridine, dihvdrounidine (I, dihydropseudowridine, §,6-
dihydrouridine, S-mmethyl-dihydrouridine (m5D), 2-thio-dihydrouridine, 2-thio-dihydropseudouridine, 2-
methoxy-uridine, 2-methoxy-4-thio-uridine, 4-methoxy-pseudouridine, 4-methoxy-2-thio-pseudouriding,
N1-methyl-pscudouvriding, 3-(3-anuno-3-carboxypropylundine (acp3t)), 1 —m«:ihyL} -(3-arnino-3-
carboxypropylipseadounidine (acp3 w}, S-(isopentenylaminomethyljuridine (inmSU},
{isopentenylaminomethyl}-2-thio-uridine (inmS5s2U), a~thio-vridine, 2'-O-methyi-uridine (Um), 5,2"-0-
dimethyl-uridine (m5Um), 2°-O-methyi-pseudounidine (ym), 2-thio-2"-O-methyl-uridine (s2Um), 5-
methoxycarbonylmethyl-2'-O-methyluridine (memSUm), S-carbamoyimethyl-2’-C-methyl-uridine
{nemSUm), S-carboxymethylaminomethyl-2-O-methyl-unidine (enmmSUnyy, 3.2-O-dimethyl-uridine
{m3Um)}, 3-(isopentenylaminomethyl)-2"-O-moethyl-uridine (inmSUm), 1-thio-uridine, deoxythymidine,
2'-F-ara-uriding, 2'-F-uridine, 2'-OH-ara-uridine, 5-{2-carbomethoxyvinyl) uridine, 5-[3~(1-E-

propenvianmino pnidine, or auy other moodified undine known in the art.
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(0256} In some embodiments, the RNA comprises other modified nucleosides or comprises
further modified nucleosides, ¢.g., modified cytidine. For example, in some embodiments, in the RNA 5-
methyleyiidine 1s substituted partially or completely, preferably completely, for eytidine. To some
embodiments, the RNA comprises S-methyloyviidine and one or more selected from pscudouridine (),
MN1-methyl-peeudonridine {mly), and S-methyl-uridine (m51)). In some embodiments, the RNA
comprises S-methyleytidine and N1-methyl-pseudouridine (mly). In some embodiments, the RNA
comprises S-methyleytidine in place of each cytidine and N1-methyl-psendouridine (my)} in place of

cach uridine.

[0257] In some embodiments of the present disclosure, the RNA is “replicon RNA” or simply ¢
“replicon,” in particular “self-replicating RNA” or “self~amplifying RNA.” Inn one particularly preferred
embodiment, the replicon or self-replicating RNA is derived from or comprises elements derived from a
single-stranded {ss) RNA virus, in particular a positive-siranded ssRNA virus, such as an alphavirus.
Alphaviruses are typical representatives of positive-stranded RNA viruses. Alphaviruses replicate in the
cytoplasm of infected cells (for review of the alphaviral life cycle see José et al., Future Microbiol., 2009,
vol. 4, pp. 837856, which is incorporated herein by reference in its entivety). The total genome Jength of
many alphaviruses typically ranges between 11,000 and 12,000 nucleotides, and the genomic RNA
typically has a §"-cap, and a 37 poly(A) tail. The genome of alphavinises encodes non-structural proteins
{involved in transcription, modification and replication of viral RNA and in protein modification) and
structoral proteins (forming the virus particle). There are tyvpically two open reading frames {ORFs) n the
genome. The four non-structaral proteins (nsP 1-nsP4) are typically encoded together by a first ORF
beginning near the 5 terminus of the genome, while alphavirus structural proteins are encoded together
by a second ORF which is found downstream of the first ORF and extends near the 37 terminus of the
genome. Typically, the first ORF is larger than the second ORF, the ratio bemg roughly 2:1. 1o cells
wmfected by an alphavinss, only the nueleic acid sequence encoding non-structural proteing 18 translated
from the genomic RNA, while the genetic information encoding structural proteins is translatable from a
subgenomic franscript, which is an RNA molecule that resembles eukaryotic messenger RNA (mRINA;
Gould et al., 2010, Angiviral Res., vol, 87 pp. 111124, which is incorporated herein by reference in its
entirety). Following infection, i.e. at early siages of the viral hife cycle, the {+) stranded genomic RNA
directly acts hike a roessenger RNA {or the translation of the open reading frame encoding the non-

structural poly-protein (nsP1234).
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[0258] Alphavirus-derived vectors have been proposed for delivery of foreign genetic
mformation into target celis or target organisms. In simple approaches, a first ORF encodes an alphavirus-
derived RNA-dependent RNA polymerase (veplicase), which upon franslation mediates self-amplification
of the KNA. A seccond ORF encoding alphaviral structoral proteins s replaced by an open reading frame
encoding an HSV-2 gB construct described herein. Alphavirus-based trans-replication systems rely on
alphavirus vacleotide sequence elements on two separate nucleic acid molecules: one mucleie acid
molecule encodes a viral replicase, and the other nucieic acid molecule is capable of being rephicated by
said replicase n trans {hence the designation traps-replication system). Trans-replication requires the
presence of both these nucleie acid molecules 1n a given host cell. The nucleic acid molecule capable of
being replicated by the replicase in trans must comprise certain alphaviral sequence elements 1o allow

recognition and RNA synthesis by the alphaviral replicase,

10259] Features of a non-moditied uridine platform may include, for example, one or more of
mirinsic adjuvant effect, as well as good tolerabihty and safety. Featares of modified uridime (e.g.,
pseudouridine) platform may inchide reduced adjuvant effect, blunted inunune innate immune sensor
activating capacity and thus good tolerability and safety. Features of self-amplifying platform may
iclude, for example, long duration of protein expression, good tolerability and safety, higher likelihood

for efficacy with very low vaccine dose.

[D260] The present disclosure provides particular RNA constructs optimized, for example, for
immproved manufacturability, encapsulation, expression level (and/or timing), ete. Certain components are

discussed below, and certain preferred embodiments are exemplified herem.
C. Coedon Optimization and GC Enrichment

jo261} Asused herein, the term “codon-optimized” refers o akieration of codons ina coding
region of a nucleic acid molecule {e.g., a polyribonucieotide} 1o reflect the typical codon usage of a host
organism {e.g., a subject receiving a nucleic acid molecule (e.g., a polvribonucleotide)) without preferably
altering the amino acid sequence encoded by the nucleic acid molecale. Within the context of the present
disclosure, in some embodiments, coding regions are codon-optimized for optimal expression in a subject
to be treated using the RNA molecules described herem. In some embodiments, codon-optimization may
e performed such that codons for which frequently occurring tRINAs are available are inserted n place of
“rare codons.” In some embodiments, codon-optimization may inchide increasing guanosing/cyiosing

{G/C) content of a coding region of RNA descrtbed herein as compared to the G/C content of the
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corresponding coding sequence of a wild type RNA, wherein the amino acid sequence encoded by the

RNA is preferably not modified compared to the amino acid sequence.

{3262} In some embodiments, a coding sequence {also referred to a8 a “coding region”) is codon
optimnzed for expression in the subject to whom a composition {e.g., a pharmaceutical composition) is (o
be administered {e.g,, a human}. Thus, in some cmbodiments, sequences in such a polynucleotide (e.g, a
polyribonucleotide) may differ from wild type sequences encoding the velevant antigen or fragment or

epitope thereof, even when the amino acid sequence of the antigen or fragment or epitope thereot is wild

type.

0283} In some ersbodiments, strategies for codon optimization for expression in a relevant

subject (e.g., a hurnan}, and even, in some cases, for expression in a particular cell or tissue.

[0264] Various species exhibit particular bias for certam codons of a particular ammeo acid.
Without wishing to be bound by any one theory, codon bias {differences in codon usage between
orgavisms) ofion corrclates with the efficiency of translation of messenger RNA (mRNA), which s in
urn believed to be dependent on, among other things, the properties of the codons being translated and
the availability of particular transfer RNA GRNA) molecuies, The predominance of selected tIRNAs ina
cell may generally be a reflection of the codons used most frequently in peptide syothesis. Accordingly,
genes may be tailored for optimal gene expression in a given organism based on codon optimization.
Codon usage tables are available, for example, at the "Codon Usage Database™ available at
www kazusa.orjp/codony and these tables may be adapted in a number of ways. Computer algorithms for
codon optimizing a particular sequence for expression in a particular subject ot its cells are also available,

such as Gene Forge (Aptagen; Jacobus, PA), are also available.

[0265] In some embodiments, a polynucleotide {e.g., a polyribonucieotide) of the present

disclosure 18 codon optimized, wherein the codons o the polynucleotide {e.g., the polyvribonucleotide) are

47’

L2

adapted to human codon usage (herein referred to as “human codon optimized polynucleotide”). Codons
encoding the sare amsino acid ocour at different frequencies in a subject, e.g., a human, Accordingly, in
some embodiments, the coding sequence of a polynucleotide of the present discloswre is modified such
that the frequency of the codons enceding the same amino acid corresponds to the naturally ccourring
frequency of that codon according to the human codon usage, e.g., as shown in Table 9. For example, in
the case of the amine acid Ala, the wild type coding sequence is preferably adapted in a way that the

codon “GCC” 1s used with a frequency of 0.40, the codon “GCT” is used with a frequency of 0.28, the
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codon “GCA” 1s used with a frequency 0f 0.22 and the codon “GCG” 1s used with 30 a frequency of 0.10
cte. {sec Table 9). Accordingly, in some cmbodiments, such a procedure (as exemplificd for Ala) is
apphed for cach amine acid encoded by the coding sequence of a polynucleotide to obtain sequences

adapted to human codon usage.

Table 9: Human codon usage with frequencies indicated for each amino acid.

Amine acid | codon frequency Amine acid codon | freguency
Ala GCG .10 Pro CCG .11
Ala GCA 0.22 Pro CCA 0.27
Ala GCT 0.28 Pro Cer (.29
Ala GCCx .40 Pro cee* 8.33
Cys TGT G.42 Gin CAG* 0.73
Lys TGE* .58 Gin CAA .27
Asp GAT 0,44 Arg AGG 0.22
Asp GAC* 8.56 Arg AGA* (.21
Giu GAG* 3.59 Arg GG 0.19
Glu GAA 0.41 Arg CGA 8.10
Phe T (.43 Arg CGT 0.09
Phe TTC* 0.57 Arg CGC 0.19
Gly GGG 0.23 Ser AGT 0.14
Gly GGA 0.26 Ser AGCH 0.25
Gly GGT 0.18 Ser TCG 0.06
Gly GGC* 0.33 Ser TCA 0.15
His CAT 0.41 Ser TCT 0.18
His CAC* 3.59 Ser TCC 0.23
Lie ATA 0.14 Thr ACG 0.12
Lie ATT 0.35 Thr ACA 0.27
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Lle ATC* 0.52 Thr ACT 0.23
Lys AAG* 0.60 Tor ACCH (.28
Lys AAA .40 Vai GTG* 0.43
Leu TTG .12 Val GTA 0.10
Leu TTA 0.06 Val GTT 0.17
Leu crer (3.43 Val GTC 0.25
Leu CTA (.67 Trp TGG* 1

Leu CTT 0.12 Tyr TAT (342
Lou Crc (.20 Tyr TAC* (.58
Met ATG* 1 Stop TGA* 061
Asn AAT (.44 Stop TAG 0.17
Asn AACH 0.56 Stop TAA 0.22

10266] Certain strategics for codon optimization and/or G/C corichment for lanman expression

are described m WO2002/098443, which is incorporated by reference herein in its entirety. In some
embodiments, a coding sequence may be optimized using a multiparametric optimization strategy. In
some embodiments, optimization parameters may include parameters that mfluence protein expression,
which can be, for example, impacted on a transcription level, an mRNA level, and/or a translational fevel.
In somoe emmbodiments, optimization parameters inclhude, but are not limitted to wanscription-level
paramecters (inchiding, e.g., GC content, consensus splice sites, cryptic splice sites, 3D sequences, TATA
hoxes, terminatinn signals, artificial recombination sites, and combinations thereof); mRNA-lovel
parameters (including, e.g., RNA mstability motifs, nhosomal entry sites, repetitive sequences, and
combinations thereof); translation-level parameters (including, e.g., codon usage, premature poly(A) sites,
ribosoral cotry sites, sccondary structures, and cornbinations thercof); or combinations thereof. In some
embodiments, a coding sequence may be optimized by a GeneOptimizer algorithm as described in Fath et
al. “Multiparameter RNA and Codon Optimization: A Standardized Tool to Assess and Enhance
Autologous Maramalian Gene Expression” PLoS ONE 6(3): e17596; Rabb et al., which 18 incorporated
herein by reference in its entirety, “The GeneOptimizer Algorithm: using a shiding window approach to

cope with the vast sequence space in multiparameter DNA sequence optinmiration” Systems and Synthetic
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Biology (2018) 4:215-225; and Graft et al. "Codon-optimmzed genes that enable increased heterologous
cxpression in mammalian cells and clicit efficient manune responses in mice after vaccination of naked
DINA™ Mcthods Mol Med (20043 94:197-210, the entire content of cach of which is incorporated herein
for the purposes described herein. In some embodiments, a coding sequence may be optimized by
Eurofing’ adaption and optinnzation algorithm “GENFus” as deseribed in Exrofing” Applhication Notes:
Eurofing” adaption and optinuization software “"GENEs” in comparison to other optinmzation algorithms,

2

the entire content of which is incorporated by reference for the purposes described herein.

[0267] In some embodiments, a coding sequence utilized in accordarnce with the present
disclosure has G/C content that is inercased comparcd to a coding scquence for an HSV gB {or fragmeoent
thereof) consiruct described herein. In some embodiments, guanosine/cytidine (G/C) content of a coding
region is modified relative to a comparable coding sequence for an HSVY gB (o1 fragment thereof)

constnict described herein, but the amynoe acid sequence encoded by the polyniboonucleotide notmodified.

{0268} Without wishing to be bound by any particuiar theory, it is proposed that GC enrichment
may wnprove translation of a payload sequence. Typically, sequences having an increased

{ guanosine)/C (cytidine) content are more stable than sequences having an increased A (adenosiney/U
{uridine) content. In respect to the fact that several codons code for one and the same amino acid (so-
called degeneration of the genetic code}, the most favorable codons for the stability can be determined
{so-called alternative codon usage). Depending on the amino acid to be encoded by a polyribonuclestids,
there are various possibilities for modification of the ribonucleic acid sequence, compared 1o its wild type
sequence. In particular, codons which contamn A and/or U nucleosides can be modified by substituting
these codons by other codons, which code for the same amino acids bot contain no A and/or U or contain

a lower content of A and/or U nucleosides.

[0269] In some embediments, G/C content of a coding region of a polyribonucleotide described

herein is increased by at least 1%, at least 256, at least 3%, at least 4%, at least 5%, at least 6%, or even

more compared o the G/C content of the coding region prior to codon optiruization, e.g., of the wild type

RNA. In some embodiments, G/C content of a coding region of a polyribonucleotide described herein is
o

decreased by at Jeast 1%, at least 2%, at least 3%, at least 4%, at east 5%, at least 6%, or even more

compared to the (/T content of the coding region prior to codon optimization, e.g., of the wild type RNA.

16270} In some erabodiments, stability and translation efficiency of a polyribonucicotide may

meorporate one or more elements established to contribute to stability and/or translation efficiency ofthe
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polyribonucleotide; exeraplary such elements are described, for example, in PCT/EP2006/009448
incorporated herein by reference. In some embodiments, to increase expression of a polyribonuocleotide
used according to the present disclosure, a polyribonucieotide may be modified within the coding region,
1.¢., the sequence encoding the expressed peptide or protein, without altering the sequence of the
expressed peptide or protein, for example 50 as to increase the GC-content 1o jnerease mBNA stabilnty

and/or to perform a codon optimization and, thus, enhance transiation in cells.

A

10271} Provided polyribonuclestides may be delivered for therapeutic applications described
herein using any appropriate methods known in the art, inclading, e.g., delivery as naked RNAs, or
dehivery mediated by viral and/or non-viral vectors, polyvmer-based vectors, lipid compositions,
nanoparticles (e.g., lipid navoparticles, polymeric nanoparticles, lipid-polymer hybrid nanoparticies, efc.),
and/or peptide-based vectors, Sce, ¢.2., Wadhwa ef ol “Opportunitics and Challenges in the Delivery of
mRNA-Based Vaccines” Pharmaceutics (2020) 102 (27 pages), the content of which is imcorporated
heren by reference, for information on various approaches that niay be useful for debivery

polyribonucleotides deseribed herein

0273} In some embodiments, one or more polyribonuclestides can be formulated with lipid

nanoparticles for delivery (e.g., administration}.

{0273} In some embodiments, Hpid nanoparticles can be designed to protect polyribonucleotides
from extracellular RNases and/or engineered for systemic delivery of the RNA 1o target cells. In some
erabodiments, such lipid nancparticles may be particularly useful to deliver polyribonuciestides when
polyribonueleotides are intravenously or intramuscularly administered to a subject.

Al Lipid Compositions

1. Lipids and Lipid-ELike Materials

{0274} The terms "bipid” and "lipid-like material” ave broadly defined herein as molecules which
comprise one or more hydrophobic moieties or groups and optionally also one or more hydrophilic
moteties or groups. Molecules comprising hydrophobic moieties and hydrophilic moietics are also
frequently denoted as amphaphiles. Lipids are asually poorly soluble i water. In an aqueous environment,
the amphiphilic nature allows the molecules to self-assembic into organized structures and different

phases. One of those phases consists of hipid bilavers, as they are present in vesicles,
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multilameliar/anilamellar liposomes, or membranes in an agueous environment. Hydrophobicity can be
conferred by the inclusion of polar groups that include, but are not limited to, long-chain saturated and
unsaturated aliphatic hydrocarbon groups and such groups substituted by one or more aromatic,
cycloaliphatic, or heterocyclic group(s). The hydrophilic groups may comprise polar and/or charged
groups and joclude carbohydrates, phosphate, carboxylic, sutfate, arino, sulthydryl, nitro, hydroxyl, and

other like groups.

[6375] (ften, an arophiphibic compound has a polar head attached to a long hydrophobic tail. In
some embodiments, the polar portion is soluble in water, while the non-polar portion is inseluble in water.
In addition, the polar portion may have either a formal positive charge, or a formal negative charge.
Alternatively, the polar portion may have both a formal positive and a negative charge, and be a
zwitterion or net salt. For purposes of the disclosure, the amphiphilic coropound can be, but is not

fimited 10, oue or a plurality of natural or non-natural lipids and hpid-like compounds.

{0276} A "lipid-like material” is a substance that is structurally and/or functionally related to a
Hipid but may not be considered a lipid in a strict sense. For example, the torm includes compounds that
are able to form amphiphilic layers as they are present in vesicles, multilamellar/onilameliar liposomes, or
membranes in an aquecus environment and includes surfactants, or synthesized compounds with both
hvdrophitic and hydrophobic moieties. Generally speaking, the term refers to moleaides, which comprise
hydrophilic and hydrophobic moieties with different structural organization, which may or may not be

stmilar to that of hipds.

0277} Specific examples of amphiphilic compounds that may be included in an amphiphilic

layer nchude, but are not luntied to, phospholipids, aminohipids and sphingolipids.

0278} Generally, lipids may be divided into eight categories: fafty acids, glycerolipids,
glycerophospholipids, sphingoelipids, saccharolipids, polvketides (derived from coundensation of ketoacyl
subunits), sterols and prenol lipids (derived from condensation of isoprene subunits). Although the term
"Hpid" is sometimes used as a synonym for fats, fats are a subgroup of lipids called trighycerides. Lipids
also encompass molecules such as fatty acids and their derivatives (including tri-, di-, monoglycerides,

and phospholipids), as well as sterol-containing metabolites such as cholesterol.

[0279] Fatty acids are a diverse group of molecules made of a hydrocarben chain that termuinates

with a carboxylic acid group; this arrangement confers the molecule with a polar, hyvdrophilic end, anda
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nounpolar, hydrophobic end that is insoluble in water. The carbon chain, typically between four and 24
carbons long, may be saturated or unsaturated, and may be attached to fimctional groups containing
oxygen, halegens, nitrogen, and sulfur. If a fatty acid contains a double bond, there is the possibility of
either a ¢is or trans geometric isomerism, which significantly affects the molecule's configuration. Cis-
double bonds cause the faity acid chain to bend, an effect that is compounded with more double bonds in

the chamn. Other major lipid classes in the fatty acid category are the fatty esters and fatty anndes.
¥ 8 20T 3

{0280} Glycerolipids are composed of mono-, di-, and tri-substituted glycerols, the best-known
being the fatty acid triesters of glycerol, called triglycerides. The word "tnacviglycerol” is sometimes
used synonymousfy with "riglyceride”. n these compounds, the three bydroxyl groups of glycerol are
each esterified, typically by different fatty acids. Additional subclasses of glycerolipids are represented by
glycosylghycerols, which are characterized by the presence of one or more sugar residues attached to

glycerol via a glycosidic hinkage

[0281] Glycerophosphohipids are amphipathic molecules (containing both hydrophobic and
hydrophilic regions} that contain a glycerol core hinked to two fatty acid-derived "tails” by ester linkages

and to one "head”

group by a phosphate ester linkage. Examples of glycerophospholipids, usually referred
to as phospholipids (though sphingomyelins are also classified as phospholipids) are phosphatidyicholine
{also known as PC, GPCho or lecithin), phosphatidylethanolamine (PE or GPE) and phosphatidylserine

{PS or GPSer}.

[0282] Sphingolipids are members of a complex family of compounds that share a common
structural feature, a sphingoid base backbone. The major sphingoid base in mammals is commonly
referred 1o as sphingosine. Ceramides (N-acvi-sphingoid bases) arc a major subclass of sphingoid base
dervtvatives with an amide-linked fatty acid. The fatty acids are typically saturated or ynono-unsaturated
with chain lengths from 16 fo 26 carbon atoms. The major phosphosphingolipids of manmals are
sphingoroyelins {ceramide phosphocholines), whereas insects contan mainly ceranmde
phosphoeethanolamines and fungl have phytoceramide phosphoinositols and mannose-containing
headgroups. The glycosphingolipids are a diverse fanuly of molecules composed of one or more sugar
residues Hoked via a glycosidic bond to the sphungoid base. Examples of these are the simple and

complex glycosphingolipids such as cerebrosides and ganghiosides.

{02831 Sterols, such as cholestero] and its derivatives, or tocophero] and tts derivatives, are

important components of membrane lipids, along with the glycerophospholipids and sphingomyelins.
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[n284] Saccharolipids are compounds 1 which fatty acids are linked divectly to a sugar
backbone, forming structures that are compatible with membrane bilayers. In the saccharolipids, a
monosaccharide substitutes for the glycerol backbone present in glycerolipids and glycerophospholipids.
The most famibiar saccharolipids are the acvlated glucosamune precursors of the Lipid A component of
the lipopolysaccharides in Gram-negative bacteria. Typical lipid A molecules are disaccharides of
glucosamine, which are derivatized with as many as seven fatty-acy! chains. The minimal
hipopolysaccharide required for growth in E. coli is Kdo2-Lipid A, a hexa-acylated disaccharide of

glucosamins that is glycosylated with two 3-deoxy-D-manno-octutosonic acid (Kdo) residues.

[0285] Polyketides are synthesized by polymerization of acetyl and propionyl subunits by classic
enzymes as wetl as tterative and multimodular enzymes that share raechanistic features with the fatty acid
synthases. They comprise a large number of secondary metabolites and natural produets from animal,
plant, bacterial, fungal and marine sources, and have great structural diversity. Many polvketides are
cyclic molecuies whose backbones are often further modified by glycosviation, methylation,

hydroxylation, oxidation, or other processes.

10286] Lipids and lipid-like materials may be cationic, anionic or neutral. Newtral lipids or Hipid-

fike materials exist in an uncharged or nevtral zwitterionic form at a selected pH.

{0287} In some embodiments, suitable hipids or lipid-like matenals for use inthe present
disclosure mchude those described in WO2020/128031 and US20200163878, the entire contents of each
of which are incorporated herein by reference for the purposes described herein.

2. Cationic or cationically ionizable Epids or lipid-like materials
0288} In some embodiments cationic or cationically ionizable lipids or lipid-like materials
contemplated for use herein jnclude any cationic or catiomically jonizable lipids or lipid-like materials
which are able to electrostatically bind nucleic acid. In one embodiment, cationic or cationically ionizabie

lipids or bipid-like materials contemplated for use herein can be associated with oucleic acid, e.g. by

forming complexes with the nucleic acid or forming vesicles in which the nucleic acid is enclosed or
encapsulated.
10289} Cationte lipids or liptd-like materials are characterized in that they have a net positive

charge {e.g., at a relevant pif). Cationic lipids or lipid-like materials bind negatively charged mucleic acid
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by electrostatic fnteraction. Generally, cationic Hpids possess a Hpophilic moiety, such as a sterol, an acyl

chain, a diacyl or morc acyl chains, and the head group of the hipid typically carrics the positive charge.
[0220] In certain ermbodiments, a cationic hipid or hipid-like material bas a net positive charge

only at certain pH, in particular acidic pH, while it bas preferably no net positive charge, preferably has
no charge, i.¢., it is neutral, at a different, preferably bigher pH such as physiological pH. This ionizable
behavior 13 thought 1o enhance efficacy through helping with endosomal escape and reducing toxicity as

compared with particles that remain cationic at physiological pH.

16251} In some embodiments, a cationic or cationically ionizable lipid or lipid-like material
comprises a head group which includes at least one nitrogen atom (N} which 1s positive charged or

capable of being protonated.

{0293} Examples of cationic lipids include, but are not limited to 1,2-diolecyl-3-
trimethylammonium propane (DOTAPY); N N-dimethyl-2,3-dioleyloxypropylamine (DODMA), 1,2-di-0-
petadecenyl-3-trimethylammonium propane {(DOTMA), 3-(IN—{IN' N'-dimethylaminocthane}-
carhamoylicholesterol (DC-Choly, dimethyldioctadecylaramonturs (BDAB); 1,2-dioleoyi-3-
dimethylammomume-propane (DODAPY, 1,2-diacyloxy-3-dirnethylammonium propanes; 1,2-dialkyloxy-
3-dimethylammonium propanes; dioctadecyldimethyl ammoninm chioride (DODAC), 1,2-distearyloxy-
N N-dimethyl-3-aminopropane {D3D3MA), 2,3-di{tetradecoxy)propyl-(2-hydroxyethyl-dimethylazanium
(DMRIE), 1.2-dimynistoyi-sn-glycero-3-ethylphosphocholine (DMEPC), 1,2-dimyristoyl-3-
trimethylammoniur propane (DMTAP), 1,2-dioleyloxypropyl-3-dimethyl-hydroxyethy! anmonium
bromide (DORIE), and 2,3-dicleoyioxy- N-[2{spermine carboxamideethyl}-N, N-dimethyi-l-
propanamium triffucroacetate (DBOSPA), 1,2-dilinoleyloxy-N N-dimethylaminopropane (BLImDMA]),
1,2-dilinclenyioxy-N N-dimethylaminopropane (DLenDMA), dioctadecylamidoglycyl spermine (DOGS),
3-duoethylamino-2-{cholest-5-en-3-beta-oxybutan-4-oxy)-1-{cis,cis-9,12-oc-tadecadienoxy jpropang
(CLinDMA), 2-{5'~(cholest-5-en-3-beta-oxy}-3"-oxapentoxy)-3-dimethyi-1-{cis,c15-97,12'-
octadecadienoxyjpropane (CpLinDMA), N N-dimethyl-3 4-diclevioxybenzylamine (DMOBA}, 1,2-N,N'-
dioleylearbamyl-3-dimethviaminopropanc (BOcarbDAP), 2,3-Dilinoleoyioxy-N,N-dimethyipropylamine
(DLInDAP), 1,2-NN-Dilinolevicarbaroyl-3-dimethylaminopropane (DLincarbDAP), 1,2-
Dihmoleoyicarbamyl-3-dimethvlammopropane (DLnCDAP), 2,2-dilinoleyl-4-dimethyvlaminomethyi-
[1,3]-dioxolane {DLin-K-BMA), 2, 2-dihncleyl-4-dimethylamincethyl-[1,3}-dioxolane (DLm-K-XTC2-
DMA}, 2,2-dilinoleyl-4-(2-dimethylaminoethyl}-[1,3]-dioxolane (DLin-KC2-DMA}, heptatriaconta-
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6,9,28 31 -tetraen-19-yl-4-{dimethylaminobutanocate (DLin-MC3-DMA), N-(2-Hydroxyethyl)-NN-
dimethyl-2,3-bis(tctradecyloxy)-1-propanaminium bromide (DMRIE), (+3-N-(3-aminopropyl)-N,N-
dimethyl-2,3-bis(cis-9-tetradecenyloxy)-1-propanamininm bromide {GAP-DMORIE), (#3-N-(3-
arainopropyl}-N, N-dimethyl-2,3-bis{(dodecyloxy)-1-propanaminiun bromide (GAP-DLRIE), (=)-N-(3-
aminopropy!)-N,N-dimethyl-2,3-bis(tetradecyloxy}-1 -propanaminivim bromide (GAP-DMRIE)}, N-(2-
Aminoethyl)-NN-dimethyl-2,3-bis{tetradecyloxy}-1-propanaminium bromude (BAE-DMRIE), N-(4-
carboxybenzyl}-N N-dimethyl-2,3-bis{oleoyloxyipropan-1-aminium (DOBAQ), 2-({8-{(3f)-cholest-5-en-
J-vloxyloctyiloxy-N,N-dimethyl-3-[{97,12)-octadeca-9,12-dien-1 -yloxypropan-1-amine {Octyl-
CLinDMA), 1,2-dimyristoyl-3-dimethylammonium-propane (DMDAP), 1,2-dipalmitoyl-3-
dimethylammonivm-propane (DPDAP), N1-[2-{(15)-1-[(3-aminopropylamino-4-{di 3 -amino-

propyhamine hutylcarboxamidejethyl]-3,4-dif oleyloxy-benzamide (MVLS), 1,2-dioleoyi-sn-glyeero-3-
ethylphosphocholine (DOEPC), 2,3-big(dodecyloxy)-MN-{2-hydroxyethyl}-N,N-dimethylpropan-1-
amonium bromide (DLRIE), N-{2-aminoethyl)-N,N-dimethyl-2 3-bis{tetradecyioxy)propan-1 -aminium
bromide (DMORIE), di(Z-non-2-en-1-y1) 8,8~

{{(Z(dimmethyvlamino jethylithio)carbonyazanediyhdicetanoate (ATX), N N-dimethyl-2,3-
bis{dodecyloxyjpropan-1-amine ( DLBMA), N, N-dimethvi-2,3-bis(tctradecyloxyipropan-1 -amine
{DMDMAY, Di({Z)-non-2-en-1-v-9-((4-{dimethylaminobutanovlloxyiheptadecanedioate (£.319), N-
Dodecyl-3-((2-dedecyicarbamoyi-ethyl}-{2-[(2-dodecylearbamoyl-ethyl}-2- {(2-dodecylearbamov]-ethyl)- [2-
(2-dodecvylearbamoyl-ethylamino)}-ethyl]-amino} -ethylamino)propionamide (lipidoid 98N12-5}, 1-[2-
[bis{2-hydroxydodecylaminojethyl-[2-[4-[2-{bis(2 hydroxydodecyliaminolethylipiperazin-1-
vijethyljaminojdodecan-2-o! (lipidoid C12-200), LIPOFECTIN® (commercially available cationic
Iiposomies comprising DOTMA and 1 ,2-dioleoyl-sn-3phosphocthanclamune (DOPE), from GIBCO/BRL,
Grand Island, N.Y.); LIPOFECTAMINE® {(commercially available cationic liposomes comprising N-(1 -
{2 3diolevioxypropyli-N-{2-(sperminecarboxamidolethyl}-N,N-dimethylammoniom triffuoroacetate
{I3OSPA) and (DOPE), from GIBCO/BRL); and TRANSFECTAM® (coromercially available cationic
fipids comprising dioctadecylamidoglyeyl carboryspermine (DOGS) in ethanol from Promega Corp.,
Madison, Wis.} or any combination of any of the foregoing. Further suitable cationie lipids for use in the
present disclosure include those described in WOZ020/128031 and US2020016387%, the entire contents
of each of which are incorporated herein by reference for the purposes described herein. Further suitabie
cationic lipids for use in the present disclosure include those deseribed 1n WO2010/653572 (including CI

2-200 described at paragraph [002257]) and WO2012/170939, both of which are incorporated hereinby
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reference for the purposes deseribed herein. Additional suitable cationic hpids for use in the present
diselosure include HGT4003, HHGTS000, HGTS00L, HGTSG0E, HGTS002 (sce USZ0150140070A1,

which is incorporated herein by reference in its entirety).

0293} In some embodiments, formulations that are useful for pharmaceutical compositions {e.g.,
IUMUNOGEENic compositions, €.g., vaceines) compositions as described herein can comprise at least one
cationic hipid. Representative catonic lipids include, but are not bmited to, 1, 2-dilinolevoxy-3-
{(dimethylamino)acetoxypropane (DLin-DAC), 1 2-dilinsleyoxy-3morpholinopropane (DLin-MA), 1,2-
dilinoleoyl-3-dimethylaminopropane (DLinDAP), 1 ,2-dilinolevlthio-3-dimethylaminopropane (DLin-5-
DMA), 1 -linoleoyl-Z-inoleyloxy-3dimethylaminopropane (DLin-2-DMAP), 1 . 2-dilinoleyloxy-3-
tnimethylaminopropane chioride salt (DLin-TMACI), 1 ,2-dilinoleoyl-3-trimethylaminopropane chioride
salt (DLin-TAP.CI), 1 2-dilinoleyloxy-3-(N-methylpiperazinojpropane (DLin-MPZ), 3-

(M Ndilinoleylamine)-1 2-propanedicl (BLmAP), 3-(N N-dicleyiamine)-1 Z-propanediol (DOAP), 1,2~
dilinoleyloxo-3-(2-N,N-dimethylaminoJethoxypropane (DLin-EG-DMA), and 2,2-dilinoleyi-4-
dimethylamimomethyl-{1 ,3]-dioxolane (BLmn-K-DMA), 2,2-dilinoleyl-4-(2-dimethylaminoethyi)-[1 ,3}-
dioxolane {DLin-KC2-DMA)Y; dilinoleyl-methyl-4-dimethylamimobutyrate (DLin-MU3-DMA); MC3

{(US20100324124, which 1s incorporated hercin by refercnee in its entirety).

[0284] In some embodiments, amino or cationic lipids useful in accordance with the present
disclosure have at least one protonatable or deprotonatable group, such that the lipid is posiuvely charged
at a pH at or below physiciogical pH (e.g. pH 7.4), and neutral at a second pH, preferably at or above
physiological pH. i will, of course, be understood that the addition or romoval of protons as a function of
pi is an equabibrivmn process, and that the reference to a charged or a neutral hpid refers to the nature of
the predominant species and does not require that all of lipids have to be present in the charged or neutral
form. Lipids having more than one protonatable or deprotonatable group, or which are zwitierionie, are
not excluded and may hikewise suitable in the context of the present invention.

[0255] In some embodiments, a protonatable lipid has a pKa of the protonatable group i the
range of about 4 to about 11, e.g., a pKa of about 5 to about 7.

[0256] In soroe erobodiments, & cationic Hpid may comprise finm about 10 mol % o about 100
mol %, about 20 mol % to about 100 mol %, about 38 mol % to about 100 mol %, about 44 mol % 10
about 100 mol %, or about 50 mol % to about 100 mol % of total hipid present m a lipid composition

utilized in accordance with the present disclosure.
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3. Additional Hpids or Hpid-like materials

o287} In some embodiments, fornntlations utilized in accordance with the present disclosure
may comprise lipids or lipid-like materials other than cationic or cationically jonizable hpids or lipid-like
materials, 1., non-cationic lipids ot lipid-like materials {including noun-cationically tornizable lipids or
lipid-like materials). Collectively, anionic and neutral Iipids or ipid-hke materials are referred to herein
as non-cationic lipids or lipid-like matcrials. In some embodiments, optimizing a formulation of nucieic
acid particles by addition of other hydrophobic moistics, such as cholesterol and lipids, in addition to an
iomizable/cationic lipid or liptd-hike material may, for example, enhance particle stability and efficacy of

nucleic acid delivery,

{0298} in some embodiments, a Hpid or hipid-like material may be incorporated which may or
may not affect the overall charge of particles. In cortain embodiments, such lipid or pid-like material isa

non-cationic lipid or lipid-like material.

[0259] In some cmbediments, a non-cationic lipid may comprise, ¢.2., onc of more anionie lipids

and/or neutral lipids. An "anjonic lipid™ 1s negatively charged (e.g., at a selected pH).

[0300] A "neutral hipid” exists either in an uncharged or neutral zwitterionic form (e.g., at a
selected pH}. In some embodiments, a formulation comprises one of the following neutral lipid
components: {1) a phospholipid, (2} cholesterod or a denivative thereof; or (3} a mixture of a phospholipid
and cholesters! or a derivative thereof. Examples of cholesterol derivatives joclude, but are not lmited 1o,
cholestanol, cholestanone, cholestenone, coprostanol, cholesteryl-2'-hydroxyethyl ether, cholesteryi-4'-

hydroxybutyl ether, tocopberol and denvatives thercof, and mixtures thereof,

{0301} Specific exemplary phospholipids that can be used include, but are not himited to,
phosphatidylcholines, phosphatidyiethanolamines, phosphatidyiglycerols, phosphatidic acids,
phosphatidylserines or sphingomyehin. Such phosphohipids inchude in particular
diacylphosphatidyicholines, such as distearoylphosphatidylcholine (DSPC), dioleoylphosphatidyicholing
{DOPCY, dimyristoviphosphatidyicholine (DMPC), dipentadecanoyiphosphatidyicholine,
dilauroylphosphatidyleholine, dipalmitoylphosphatidylcheline {DPPC), diarachidoylphosphatidyichohine
{I3APC), dibehenoyiphosphatidyicholine (DBPC), ditricosanoyiphosphatidylcholine (DTPC),
dilignoceroyiphatidylcholine (DLPC), palmitoylolcoyl-phosphatidylcholine (POPC), 1,2-di-0O-

petadecenyl-sn-glyeero-3-phosphocholine (18:0 Diether PC), T-oleoyi-2-chelesteryihemisuccinoyl-sn-
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glycero-3-phosphocholine (OChemsP(), 1-hexadecyl-sn-glycero-3-phosphocholine (C16 Lyso PC) and
phosphatidylcthanolamines, in particolar diacylphosphatidylcthaneolamines, such as
dicleoyliphosphatidylethanolamine (DUPE), distearoyl-phosphatidylethanclamine (DSPE), dipalmitoyl-
phosphatidylethanolamine (DPPE), dimyristoyl-phosphatdylethanolanune (DMPE), diauroyi-
phosphatidylethanolamune (DLPE), diphytanovl-phosphatidylethavolamine (DPyPE), and funther
phosphatidylethanolamine hpids with different hydrophobic chains.

{03021 In certain embodiments, a formudation utilized m accordance with the prescot disclosure
mchudes DSPC or DSPC and cholestercl.

10363} In certain embodiments, fornmlations utilized in accordance with the present disclosore
imchude both a cationic lipid and an additional {non-cationic) hpid.

[0304] o sone erabodiments, formulations herein include a polymer conjugated lipid suchas a
pegylated hpid. "Pegylated Hipids™ comprise both a hipid portion and a polyethylene glyveolportion.

Pegylated lipids are known in the art.

0305 Without wishing to be bound by theory, the amount of (fotal) cationic ipid compared to
o B 5 L
the amount of other lipid(s) n formulation may affect important characteristics, such as charge, particle

size, stability, tissue selectivity, and bioacuvity of the nucleic acid. In some embodiments, the molar ratio
of the at least onc cationic fipid to the at least one additional lipid is from about 16:0 to about 1:9, about

4:1 10 about 1:2, or about 3:1 to about 1:1.

10306} In some embodiments, a non-cationic lipid, in particular a neutral Hpid, {¢.g., oncor more
phospholipids and/or chelesterol) may comprise from about 0 mol % to about 90 mel %, from about
mol Yo to about 80 mol %, from about 0 mol % to about 70 mol %, from about 0 mol 9% to about 68mol

%, or from about 0 mol % to about 50 mol %, of the total lipid present in a formulation.

4. Lipoplex Particles
103071 In certamn ernbodiments of the present disclosore, the RNA described herein may be
present in RNA hpoplex particles.
[0308] An "RNA hpoplex particle” contains Hpid, in particular cationic lipid, and RNA.
Electrostatic interactions between positively charged liposomces and negatively charged RNA resulis in

complexation and spontaneous formation of RNA lipoplex particles. Positively charged liposomes may be
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generally synthesized using a cationic hipid, such as DOTMA, and additional lipids, such as DOPE. In

one cmbodiment, a RNA lipoplex particle is a nanoparticle.

[B309] In certain ernbodiments, RNA lipoplex particles mclude both a cationic hpid and an

additional hipid. In some embodiments, the cationic lipid 1s DOTMA and the additional lipid is DOPE.

(0310} In some embodiments, the molar ratio of the at least one cationic lipid to the at least one
additional lipid is from about 10:0 to about 1:9, about 4:1 to about 1:2, or about 3:1 to about 1:1. In
specific embodiments, the molar ratio may be about 31, about 2.75:1, about 2.5:1, about 2.25:1, about
2:1, about 1.75:1, about 1.5:1, about 1.25:1, or about 1:1. In some embodiments, the molar ratio of the at

least one cationic lipid to the at least one additional lipid 18 about 2:1.

{0313} In some embodiments, RINA hipoplex particles have an average diameter that in one
embodiment ranges from about 200 nm to about 1000 om, from about 200 om to about 800 nm, from
about 250 to about 704 nm, from about 40{ to about 600 nm, from about 300 nmm to about 500 nm, or
from about 350 i to about 400 nm. In specific embodiments, the RNA lipoplex particles have an
average diameter of about 200 nim, about 225 nm, about 250 nin, about 275 nim, about 364 nm, about 325
o, about 350 um, about 375 mm, about 400 nmy, about 425 nm, about 450 nm, about 473 nm, about 500
nm, about 525 nyn, about 550 nm, about 575 mum, about 600 iy, abowut 625 nm, about 656G 1, abowt 700
nm, about 725 nro, about 750 nmy, about 775 nm, about RGO nm, about 825 nm, about 350 nm, about R7S
nrn, about 800 nm, about 925 nim, about 950 v, about 975 nm, or about 1000 nm. In an embodiment, the
RNA lipoplex particles have an average diameter that ranges from about 250 nm to about 700 nm. In
another embodiment, the RNA lipoplex particles have an average diameter that ranges from about 300 nm
1o about 300 nm. In some embodiments, RNA lipoplex particles have an average diameter of about 400

JLINN

10312} BNA lipoplex particles and compositions comprising RNA hpoplex particles described
herein are useful for delivery of RNA to a target tissue after parenteral administration, in particular after
ntravenous administration. The RNA lipoplex particles may be prepared using liposomes that may be
obtained by injecting a sohution of the lipids 1 ethanol into water or a suitable agueous phase. Fione
embodiment, the agueous phase has an acidic pll. In one embodiment, the aqueous phase comprises
acetic acid, ¢.g., in an amount of about 5 mM. Liposomes may be used for preparing RNA lipoplex
particles by mixing the hiposomes with RNA. In one embodiment, the liposomes and RNA lipoplex

particles comprise at least one cationic lipid and at least one additional lipid. In one embodiment, the at
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least one cationic hipid comprises |,2-di-G-octadecenyl-3-trimethylanoonium propave (DOTMA) and/or
i, 2-diolcoyl-3-trimethylammonium-propanc (BOTAP). In onc embodiment, the at lcast onc additional
fipid comprises 1,2-di-(97 -octadecenoyi}-sn-glycere-3-phosphocthanclamine (DOPE), cholesterol (Chol}
and/or 1,2-diclcoyl-sn-glyeero-3-phosphocholing (DOPC). Ta one crwbodiment, the at least one cationic
Hpid comprises 1,2-di-O-octadecenyi-3-trimethylammontam propane (DOTMA) and the at feast one
additional lipid comprises 1,2-di-{97-octadecenoyl}-sn-glycero-3-phosphoethanolamine (DOPE). In one
embodimernt, the liposomes and RNA bBpoplex particles comprise 1,2-di-O-octadecenyl-3-
triroethylammonivm propane (DOTMA) and 1,2-di-(97-octadecenoy)-sn-glyeero-3-

phosphoethanolamine (DOPE}Y.

10313} Spleen targeting RNA Hpoplex particles are described in WO 2013/143683, herein
wmcorporated by reference. It has been found thar RNA lipopiex particles having a net negative charge
may be used to preferentially target spleen tissue or spleen cells such as antigen-presenting cells, in
particular dendritic cells. Accordingly, following administration of the RNA hpoplex particles, RNA
accumulation and/or RNA expression in the spleen oceurs. Thus, RNA hipoplex particles of the disclosure
may be used for expressing RNA in the spleen. In an embodiment, after administration of the RNA
fipoplex particles, no or ssseotially no RNA accumulation and/or RNA expression i the lung and/or liver
occurs. In one embodiment, after administration of the RNA hpoplex particles, RNA accumulation and/or
RNA expression in antigen presenting cells, such as professional amrigen presenting cells in the spleen
occurs. Thus, RNA Hpoplex particles of the disclosure may be used for expressing RNA in such antigen

presenting cells. In one embodiment, the antigen presenting cells are dendritic cells and/or macrophages.
s, Lipid Naneparticles (L. NPs)

103143 In some embodiments, nmucleic acid such as RNA described herein is administered in the
form of bipid nanoparticles (LNPs). In some embodimments, LNPs may comprise any ipid capable of
forming a particle to which the one or more nucleic acid molecules are attached, or in which the one or

more nucleie acid molecales are encapsulated.

[0315] o some embodiments, an LNP comprises one or more cationic hipids, and one or more

stabihizing bipids. Stabilizing lipids include neutral hipids and pegylated lipids.

0316} In some embodiments, an LNP comprises a cationic lipid, a neutral lipid, a sterol, a

polymer conjugated lipid; and an RNA, encapsulated within or associated with the BEpid nanoparticie.
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[0317]
DPPC, DMPC, DOPC, POPC, DOPE, DOPG, DPPG, POPE, DPPE, DMPE, DSPE, and SM. Insome

In some embodiments, a neutral hipid is selected from the group consisting of DSPC,

embodiments, the neutral lipid is selected from the group consisting of DSPC, DPPC, DMPC, DOPC,

POPC, DOPE and SM. In some embodiments, the neutral lipid 18 DSPC.

PCT/US2024/040844

6318} In some embodunents, a sterol is cholesterol.
[0319] In some embodiments, a polymer conjugated Hipid is a pegylated lipid. In some

embodiments, a pegylated hpid has the following structure:

{ X
N
. - A
N {:}/‘ \\‘ = V\“\?\f,ﬁ
W

or a pharmacewtically acceptable salt, tautomer or stercoisemer thereof, wherein:

R % and R¥ are cach independently a straight or branched, saturated or unsaturated alkyl chain
o v

containing from 10 to 30 carbon atoms, wherein the alkyl chain is optionally mnterrupted by one or more

cster bonds; and w bas a mean value ranging from 30 to 60, In some embodiments, R

-
Z

and R are each

independently straight, saturated alkyl chaims containing from 12 to 16 carbon atoms. In some

embodirnents, w has 2 mean value ranging from 40 10 55, In some embodiments, the average w is about

45 In some embodiments, 1?2 and B are each independently a straisht, saturated alkyl chain containing
> P o K < o

about 14 carbon atoms, and w has a mean value of about 45,

03201 In soroe embodiments, a pegylated lipid is BMG-PEG 2000, ¢.g., having the following
structure:
. . . N § . &N §
T e \\\\ "\-‘\'\.A ™ R N \\\ " \E\ N N N \:\,_
ey ‘\\\ N . \\_\\__ ‘\\\ “ e
&

10321} In some embediments, a cationic iipid component of LNPs has the structure of Formula
SHR
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RS
\G3
i
] 2
it - L \\G':/ N \"-GQ/ L ™ R2
(1

or a pharmaceutically acceptable salt, tautomer, prodrag or stereoisomer thereof, wherem:

C(=0)NRY, NR*C(=0INR®., -OC(=0)NR® or -NRYC(=0)0-, and the other of L' or L% is ~O(C=Q)}-, -
(C=0)0-, -C(=0)-, -O-, -8(O)x-, -8-8-, -C(=0}5-, SC(=0)-, -NR*C(=0}-, -C{=0)NR", NRY(=0)NR*-, -
QCE=OINR® or -NR*C(=(H0- or a direct bond;

G' and G* are each independently unsubstituted C-Ciz alkylene or C1-Cyz alkenylene;
G is C1-Cos alkylene, Ci-Cos alkenylene, C3-Ca cycloalkylene, C5-Cs cycloalkenylene;
R%s Hor Ci-Craalkyl

R'and R? are each independerntly Ce-Cas alkyl or Co-Cos alkenyl;

Kis H, OR®, ON, -C(=0)OR", -OC(=0)R" or -NR'C(=0R";

R*is Ci-Crzatkyl;

R’is H or Ci-Coatkyl; and

xis 0, 1orZ

16322} In soroe of the foregoing embodiments of Formula (1), the lipid has one of the following

structurcs (HIA} or (1HB):

{TIIA) {(1IB)
wherein:

Ais a 3 1o B-membered cyeloalkyl or cycloalkylene ning;
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R%is, at each occurrence, independently H, OH or C-Cayalkyl; and
n 18 an integer ranging from 1 to 15.

[0323] In some of the foregomng embodiments of Formula (111, the bipid has structure (1A}, and

m other embodiments, the lipid has structure (THB).

0324} in other embodiments of Formula (HT), the lipid has one of the following stuctures (1HC)

or (JIIDY):

R -~ _R®
T\

-

3 6 AT
R } R \\I t
n
LT N, L% LI N LLE
T e T e
(TIC) (11T

wherein y and z are each independently infegers ranging from 1 to 12,
{0325] In any of the foregoing embodiments of Formula (1i), one of L' or L*is AHC=0}-. For
example, in some embodiments each of L' and Lfare -O(C=0-. In some different embodiments of any of
the foregoing, L' and L7 are each independently {C=0)0- ot -3(C=0)-. For example, in some
embodiments cach of Lland L2 s S{C=00-,
{0326} In some different embodiments of Formula (1), the lipid has one of the following
structores (JUE)Y or (HIF):
3
R
| R?

\_\ 3

. O

w/ \G'; \.Gz W/ O (i; jL

R'l\ i N\ R2

o 0 or \0/’\\61” \GZ 0,/ \
(IHE) (1)

0327} In some of the foregoing embodiments of Formula (1), the lipid has one of the following

structures (HIG), (HIH), (HID, or (I
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Rf"\M/RG
. 3 6
RT\ O Nn O R* Q R\WR Q
YT R no
o o . © v :
(IIIG) {I1IH)
R K _R®
R? 9 \\? 9
(115 (R
{0328} In sonie of the foregeing embodiments of Formuda (IH), 1 is an integer ranging from 2 to

12, for example from 2 to § or ffom 2 to 4. For exarople, in some embodiments, nis 3, 4, 5 or 6. In some
cmbodiments, n is 3. In some embodiments, n is 4. In some embodiments, nis 5. In some embodiments, n
18 6.

[0329] In some other of the foregoing embodiments of Forronla (TI), v and z are each
mdependently an infeger ranging from 2 to 10, For exampie, in some embodiments, y and z arceach
independently an integer ranging from 4 to 9 or from 4 10 6.

{0330} In some of the foregoing embodiments of Formula (1), R%is H. In other of the foregoing
embodiments, R is U1-Caaliyl. In other embodiments, R® is OILL

(0331} In some embodiments of Formula (11D, G7 is unsubstituted. In other embodiments, G3 is
substituted. In various different embodiments, G is linear C1-Co alkylene or near Ci-Cza alkenylene.
j03321 In some other foregoing embodiments of Formafa (111}, Rlor R?, or both, is Cs-Cas

alkenyl. For example, in some embodiments, R'and R? each, independently have the following structure:
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wherein:
R™and R™ are, at each oceurrence, independently H or Ci-Croalkyl; and
ais an integer from 2 to 12, and

wherein R7°, R™ and a are each selected such that R and R each independently comprise from 6 to 20

carbon atoms. For example, in some embodiments a 18 an integer ranging from 5 1o 9 or from 8 to 12,

{0333} In some of the foregoing embodiments of Formula (111}, at least one occurrence of R™is
. For example, in some embodiments, R is H at each nccurrence. In other different embodiments of the
foregoing, at least one oecurrence of R is C-Csalkyl. For example, in some embodiments, C;-Cralkyl

1s Toethyl, ethyl, n-propyl, iso-propyi, n-butyl, iso-butyl, tert-butyl, n-hexy! orn-octyl.

[0334]) In different embodiments of Formula (IT1), R or R?, or both, has one of the following
structures:
~ g N N N
= VR e e S Sl e e S T
. | N | VN N e
LN Tl e e .'Z‘J\/\/\/\J/\/_ l}z{(/\/,
N PN N i/‘”\\/’“\./’\\//
32?_’“\\/’\\//\\ ??{ SN TN AT T /-\v/‘
{0335} To some of the foregoing embodiments of Fornutda (IID, R s OH,

CN, -C(=0Q)ORY, -OC{=0R" or -NHC{(=(HR". In some embodiments, R* is methyl or ethyl.

[0336] In various different eyobodiments, the catiomie hpid of Formula (JI1) has one of the

structures set forth in in Table 18 below.

Table 18: Example Compounds of Formula (IH).
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103371 In various different embodiments, a cationic ipid has one of the stroctures set forth in

Table 11 below.

Table 11: Example Cationic Lipid Structures

No.  {Structure
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{0338} In some embodiments, an ENP comprises a cationic hipid that i1s an ionizable hpid-tike

material (lipideid}. In some embodiments, a cationic lipid has the following structure:
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[0339] In some embodiments, lipid nanoparticles can have an average size {e.g., oean diameter)

of about 30 nm to abowt 150 nm, about 40 i to about 150 men, abowt 50 nm to about 150 nm, about 60
nm to about 130 nmy, about 70 nuo to about 110 nm, about 70 um to about 100 nm, about 70 to about 90
nm, or about 70 nm to about 80 nm. In some ernbodiments, lipid nanoparticles in accordance with the
present disclosure can have an average size (e.g., mean diameter) of about 50 o to about 100 nm. In
some embodiments, lipid nanoparticles may have an average size (e.g., mean diameter) of about 50 mo to
about 150 nm. In some embodiments, hipid nanoparticles yoay have an average size {e.g., mean diameter)
of about 60 nm to about 120 nim. In some embodiments, lipid nanoparticles in accordance with the present
disclosure can have an average size {e.g., mean diameter) of about 30 nm, 33 nm, 40 nun, 45 nm, 530 nm,
55 v, 60 nmy, 65 nm, 70 num, 75 i, 80 amy, 85 nm, 90 nm, 95 wm, 100 wm, 105 omy, 110 om, 115 omy,
120 v, 125 oy, 130 o, 135 i, 140 num, 145 i, or 150 om. The term “average diameter” or “mean
diameter” refers to the meao hydrodynamuc diameter of particles as measured by dvoamic laser hight
seattering (DLS) with data analysis using the so-called cumntdant algorthm, which provides as results the
so-called Z-average with the dimension of a length, and the polydispersity mdex (PI), which 1s
dimensionless (Koppel, D, 1. Chem. Phys. 57, 1972, pp 4814-4820, 150 13321, which is herein
incorporated by reference). Here “average diameter,” “mean diameter.” “diameter,” or “size™ for particles

is used synonymously with this value of the Z-average.

{0340} In some embediments, Hpid nanoparticles described herein may exhibita polydispersity
mdex less than about 0.5, less than about 0.4, less than about 0.3, or about 0.2 or less. By way of example,
Hpid nanoparticles can exhibit a polydispersity index in a range of about 0.1 to about 0.3 or about 0.2 to
about (1.3, The “polydispersity index” is preferably calculated based on dynamic Hght scattering
measurements by the so-called comulant analysis as mentioned in the definition of the “average
diameter.” Under certain prerequisites, it can be taken as a measure of the size distribution of an enscmble

of ribonucleic acid vanoparticles {¢.g.. tibonwucleic acid navoparticies),
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{0341} Lipid nanoparticies described herein can be characterized by an “N/P ratio,” which is the
molar ratio of cationic (nitrogen) groups (the “N” in N/Py in the cationic polymer to the aniomc
{phosphate) growups (the “P” in MN/P) in RNA. It is understood that a cationic group is one that 1s either in
cationic form {e.g., N7, or one that is tonizable to become cationic. Use of a single mumber in an N/P
ratio {e.g.. an N/P ratio of about 5) 18 intended fo refor o that number over 1, e.g., an N/P ratio of about §
1s intended to mean S:1. In some embodiments, a lipid nanoparticle described berein has an N/P ratio
greater than or equal to 3. In some embodiments, a lipid nanoparticle described herein has an N/P ratio
that 1s abowt 5, 6, 7, 8, 9, or 10, In some embodiments, an N/P ratio for a lipid nanoparticle described
herein is from about 10 to about 50. In some embodiments, an N/P ratio for a lipid nanoparticle described
herein is from about 10 to about 70. In some embodiments, an N/P ratio for a lipid nanoparticle described

heremn ts from about 10 to about 120.
B. Fxample Methods of Making Lipid Nanoparticles

[0342] Lipids and lipid nanoparticles comprising nucleic acids and their method of preparation
are known in the art, including, e.g., as described in U.S. Patent Nos. 8,569,256, 3,965,542 and U.S.
Patent Publication Nos. 2016/0199485, 2016/0009637, 2015/0273068, 2015/0265708, 2015/0203446,
2015/0005363, 2014/0308304, 2014/0200257, 2013/0R6373, 2013/0338210,2013/0323269,
2013/0245107, 2013/0195920, 2013/0123338, 2013/0022649, 2013/0017223, 2012/0295832,
2012/0183581, 2012/01724 11, 2012/0027803, 2012/0058 188, 201 1/0311583, 2011/0311582,
2011/0262527, 2011/0216622, 2011/0117125, 2011/0091525, 2011/0076335, 2011/0060032,
20T0/0130588, 2007/004203 1, 2006/0240093, 2006/0083780, 2006/0008910, 2005/0175682,
2005/017054, 2005/0118253, 2005/0064595, 2004/0142025, 2007/0042031, 1999/G09076 and PCT Pub.
Noa. WO 9%/39741, WO 2018/081480, WG 2017/004143, WO 2017/075531, WO 2015/199952, WO
2014/008334, WO 2013/086373, WO 2013/086322, WO 2013/016058, WO 2013/086373,
W02011/1417035, and WO 2001/07548, the full disclosures each of which are herein incorporated by

reference in their entivety for the purposcs described herein.

0343} For example, in some embodiments, cationic Hpids, neutral lipids {e.g., DSPC, and/or
cholesterol) and polymer-conjugated lipids can be solubilized in ethanol at a pre-determined molar ratio
{e.g., ones described herein). In some embodiments, lipid nanoparticles (Hipid nanoparticle) are prepared
at a total lipid to polyribonucleotides weight ratic of approximately 10: 1 to 30: 1. In some embodiments,

such polyribonucleotides can be dituted to (1.2 mg/mi i acetate buffer.
o

112



WO 2025/030154 PCT/US2024/040844

[B344] In some embodiments, using an ethanol injection technigue, a colloidal hipid dispersion
comprising polyribonucieotides can be formed as follows: an ethanol solution comprising hipids, such as
cationic lipids, neutral lipids, and polymer-conjugated Hpids, 1s injected into an agueous solution

comprising polyribomicieotides (e g, ones described herein).

[0345] In some embodiments, lipid and polyribonucleotide solutions can be mixed at room
temperanme by pumping each solution at controlied tlow rates mto a mixing unit, for example, using
piston pumps. In some embodiments, the flow rates of a lipid solution and a RNA sclution into a mixing
unit are maintained at a ratio of 1:3. Upoo mixing, nucleic acid-lipid particles are formed as the ethanolic
lipid solution is diluted with agqueous polyribonucleotides. The hHpid solubility is decreased, while cationic

{imids bearing a postiive charge mnteract with the negatively charged RNAL
bl o fed P, o

[0346] In some embodients, a solution comprising RNA-encapsulated lipid nanoparticles can

be processed by one or more of concentration adjustment, buffer exchange, formulation, and/or Sltration.

[0347] In some embodioents, RNA-encapsualated Hipnd nanoparticles can be processed through
filtration.
10348} In some embeodiments, particle size and/or internal structure of lipid nancparticles (with

or without RNAs) miay be monitored by appropriate techniques such as, e.g., small-angle X-ray scattering

SAXS) and/or transmission electron cryomceroscopy (CrvoTEM).
o o Ve

Yo
[0349] The present disclosure provides compositions, e.g., pharmaceutical compositions

comprising one or more polynibomucleotides described berein. Pharmaccutical fornulations may
additionally comprise a pharmaceutically acceptable excipient, which, as used herein, includes any and all
solvents, dispersion media, dituents, or other hquid vehicles, dispersion or suspension aids, surface active
agents, isctonic agents, thickening or emulsifying agents, preservatives, solid binders, lubricants and the
like, as suited to the particular dosage form desired. Remington’s The Science and Practice of Pharmacy,
21st Ediion, A. R, Gennaro (Lippincoit, Wilhams & Wilkins, Baltimore, MD, 2006; mcorporated herein
by reference) discloses various excipients used in formulating pharmaceutical compositions and known
techniques for the preparation thereof. Except tnsofar as any conventional excipient mediom is

ag

meompatible with a substance or its denvatives, such as by producing any undesirable biological effect or
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otherwise interacting in a deleterious manver with any other component(s) of the pharmaceutical

composition, iis usc is contemplated to be within the scope of this disclosure.

[B350] In some embodiments, an excipient is approved for use in humans and for veterinary use.
In some embodiments, an excipient is approved by the United States Food and Prug Administration. In
some embodiments, an excipient is pharmaceutical grade. In some embodiments, ap excipient meets the
standards of the United States Pharmacopoctia (USP), the European Pharmacopocia (EP), the British

Pharmacopoeia, and/or the International Pharmacopoeia.

16351} Pharmaccutically acceptable excipients used in the manufacture of pharmaceutical
compositions include, but are not limited 1o, inent diluents, dispersing and/or gravulating agents, surface
active agents and/or emulsifiers, disintegrating agents, binding agenis, preservatives, buffering agents,
fubricating agents, and/or pils. Such excipients may optionally be included in pharmaceutical
formulations. Excipients such as cocoa butter and suppository waxes, colonng agents, coating agents,
sweetening, flavoring, and/or perfuming agents can be present in the composition, according to the

Jadgment of the formulator,

{0352} General considerations in the formulation and/or manufacture of pharmaceutical agents
may be found, for example, in Remington: The Science and Practice of Pharmacy 21st ed., Lippincott

Williams & Wilkins, 2008 (ncorporated hevein by reference).

[0353] In some embodiments, pharmaceutical compositions provided herein may be formulated
with one or more pharmaceutically acceptable cartiers or diluents as well as any other known adjavants
and excipienis in accordance with conventional techniques such as those disclosed in Remington: The
Science and Practice of Pharmacy 21st ed., Lippincott Williams & Wilkins, 2005 (incorporated herein by

reference).

[0354] Pharmaceutical compositions deseribed herein can be administered by appropriate
methods kaown in the art. As will be appreciated by a skilled artisan, the route snd/or mode of
administration may depend on a number of factors, ncluding, e.g., but not limited to stability and/or

pharmacokinetics and/or pharmacodynamics of pharmaceutical compositions described herein.

[0355] In some emsbodmments, pharmaceutical corpositions described herein are formudated for
parenieral administration, which includes modes of administration other than enteral and fopical

admimstration, usually by injection, and includes, without imitation, intravenous, inframuscular,
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ntragrtenial, intradermal, subcotaneous, subauticular, or intraarticnlar injection and infision. In preferred
cmbodiments, pharmaccutical compositions described herein are fornulated for intravenous,
nframuscular, or subcutancous administration. In particularly preferred embodiments, pharmaceutical

compositions described berein are fornuilated for inframuscular admirndstration.

[0356] In sorae embodiments, pharmaccutical compositions described herein are formulated for
miravenous administration. In seme emwbodimnents, pharmaceutically acceptable excipients that may be
useful for mtravenous adnunistration inchude sterile agueous solutions or dispersions and sterile powders

for preparation of sterile injectable solutions or dispersions.

0357} Therapeutic cornpositions typically must be sterile and stable under the conditions of
manufactore and storage. The composition can be formulated as a solution, microemulsion, lipid
nanoparticles, or other ordered structure suitable to high drug concentration, The carrier can be a solvent
or dispersion meduam contatning, for example, water, ethanol, polyol (for example, glycerol, propylene
glyeol, and liguid polyethylene glycol, and the like), and suitable mixtures thereof. Proper thudity can be
mamtained, for example, by the use of surfactants. In many cases, it will be preferable to mchude sotomie
agents, for example, sugars, polyalcshols such as mannttol, sorbitol, or soditum chionde in the
composition. In some embodiments, prolonged absorption of the Injectable compositions can be brought
about by including in the composition an agent that delays absorption, for example, monostearate salts

and gelatin.

[0358] Sterile injectable solutions can be prepared by incorporating the active compound in the
required amount in an appropriate soivent with one or a combination of ingredients enumerated above, as
reguired, followed by sterilization and/or microfiliration. In some embodiments, pharmaceutical
compositions can be prepared as described herein and/or methods known in the art. In some
embodiments, a pharmaceutical composition inclodes ALC-0315; ALC-0159; DSPC; Cholesterol;
Sucrose; NaCl KCE NaxHP(O; KH-PO.;, Water for irgection. In some embodiments, normal sahine

{(1sotonic 0.9% NaCl) is used as diluent.

3358} These compositions may also contain adjuvants such as preservatives, wetting agents,
emulsifying agents and dispersing agents. Prevention of the presence of microorganisms may be ensured
both by sterilization procedures, aud by the inclusion of various antibacterial and antifungal agents, for
example, paraben, chlorobutanol, phenoi sorbic acid, and the like. It may also be desirable to include

sotonic agents, such as sugars, sodium chloride, and the hike into pharmaceutical compositions described
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herein. In addition, prolonged absorption of the injectable pharmaceutical form may be brought about by

the inclusion of agents which delay absorption such as aluminmim monostearate and gelatin,

[B360] Formudations of pharmaceutical compositions deseribed herein may be prepared by any
method known or hereafter developed in the art of pharmacelogy. In general, such preparatory methods
melude the step of bringing active ingredient(s} into association with a diluent or another excipient and/or
one or more other accessory ingredients, and then., if necessary and/or desirable, shaping and/or

packaging the product info a desired single- or multi-dose unit.

16361} A pharmaceutical composition in accordance with the present disciosure may be
prepared, packaged, and/or sold in bulk, as a single unit dose, and/or as a phirahity of single unit doses. As
used herein, a “unit dose” is discrete amount of the pharmaceutical composition comprising a
predeterined amount of at feast one RNA product producced using a system and/or method deseribed

herein.

[0362] Relative amounts of polyribonucleotides encapsulated in lipid nanoparticles, a
pharmaceutically acceptable excipient, and/or any adduional ingredients in a pharmaceutical composition
can vary, depending upon the subject to be treated, target cells, diseases or disorders, and may also further
depend upon the route by which the composition is 1o be administered.

10363} In some embodiments, pharmaceutical compositions described herein are formulated into

~

pharmaceutically acceptable dosage forms by conventional methods known to those of skill in the art.

Actual dosage levels of the active ingredients (e.g., polyribonucleotides encapsulated in hipid
nanoparticles) in the pharmaceutical compositions described herein may be varied so as to obtain an
amount of the active ingredient which is effective to achicve the desired therapeutic response fora
particular patient, compesition, and mode of administration, without being toxic to the patient. The
selected dosage level will depend upon a varicty of pharmacokinetic factors including the activity of the
particular compositions of the present disclosure employed, the route of administration, the time of
administration, the rate of excretion of the particular compound being employed, the duration of the
tfreatment, othor drags, compounds and/or matcrials used in combination with the particular compositions
employed, the age, sex, weight, condition, general health and prior medical history of the paticnt being

treated, and like factors well known in the medical arts.
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[364] A physician having ordinary skill in the art can readily deternune and prescribe the
effective amount of the pharmaceutical composition required. For example, a physician could start doses
of active ingredients (e.g., polyribonuclectides encapsulated in lipid nanoparticles) employed mn the
pharmaceutical composition at fevels lower than that required in order to achieve the desired therapeutic

effect and gradually increase the dosage until the desired effect is achieved.

10365] In some embodiments, a pharmaceutical composition is formulated (¢.g., butnot limited
to, for intravenous, intramuscular, or subcutaneous admimstration} to deliver a dose of about 5 mg

RNA/Kg.

{0366} In somne embodiments, a pharmacsutical composition described berein may further
comprise one or more additives, for example, in some embodiments that may enbance stability of sucha
composition under certain conditions. Examples of additives may include but are not limited to salts,
buffer substances, preservatives, and carriers. For example, in some embodiments, a pharmaceutical
composition may further comprise a cryoprotectant {€.2., sucrose) and/or an aqueous buttered solution,
which may in some embodiments inchide one or more salis, including, ¢.g., alkali metal salts or alkaline

earth metal salts such as, c.g., sodivm salts, potassivm salts, and/or calcium salts.

ot

[0367] In some embodiments, a pharmaceutical composition provided herein is a preservative-
free, sterile RNA--lipid nanoparticle dispersion in an aguecus buffer for intravenous or inframuscular

administration.

[0368] Although the deseriptions of pharmaceutical compositions provided herein are principally
directed to pharmaceutical compositions that are suitable for administration to humans, it will be
understood by the skilled artisan that such compositions are generally suitable for administration to
animals of all sorts. Modification of pharmaceutical compositions suitable for administration to humaus
1 order to render the compositions suitable for administration o vartous animals 1s well understood, and
the ordinarily skilled veterinary phatmacologist can design and/or perform such modification with merely

ordinary, if any, experimentation.

YL

[0369] In somoe aspects, technologies of the present disclosure are used for therapeutic and/or

prophylactic purposes. In some embodiments, techuologies of the present disclosure are used in the
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treatment and/or prophylactic of an HSV jnfection. Prophylactic purposes of the present disclosure

comprisc pre-cxposure prophylaxis and/or post-cxposure prophylaxis.

[0370] In some embodiments, technologies of the present disclosure are used n the treatment
and/or prophylaxis of a disorder related to such an HSV (e.g., HSV-1 and/or HSV-2} infection. A disorder
related to such an H5V (e.g., HSV-1 and/or HSV-2) infection comprises, for example, a typical sympiom

and/or a complication of an HSV {e.g., HSV-1 and/or HSV-2) infection.

{0371} In some embodiments, provided compositions {e.g., that are or comprise HSV antigens,
HSV gB antigens, e.g., HSV-1 gB antigens) may be usefid to detect and/or characterize one or more
features of an anti-HSV (e.g., anti-H8V-1 and/or anti-HSV-2) tmmune response {e.g., by detecting

binding to a provided antigen by serum from an imfected subject).
— v A

[0372] In some embodiments, provided compositions {e.g., that are or comprise HSV anfigens,
HSV gB antigens, e.g., HSV-1 ¢B antigens) are useful to raise antibodies to one or more epitopes
included therein; such antibodics may themscives be usefsl, for cxample for detection or treatment of an

HSV infection.

[0373] The present disclosure provides use of encoding nucleic acids {e.g., DNA or RNA} to

produce encoded antigens and/or use of DNA constructs to produce RNA.

[0374]) In some embodiments, fechnologics of the present disclosure are utilized in a non-lintted
subject population; in some embodiments, technologies of the present disclosure are unlized in particular
subject populations,

j0375] In some embodiments, a subject population comprises an adult population. In some
embodirnents, an adult population comprises subjects between the ages of about 19 years and about 60

vears of age (e.g., about 20, 25, 30, 35, 40, 45, 50, 55, or 60 vears ofage).

{0376} In some embodiments, a subject population comprises an elderly population. In some
embodiments, an elderly population comprises subjects of about 60 years of age, about 70 years of age, or

older {e.g., about 63, 70, 75, 80, 85, 80, 95, or 100 vears of age).

{0377} In some embodiments, a subject population comprises a pediatric population. In some

embodiments, a pediatric population comprises subiects approximatelv 18 vears old or vounger. In some
. 1 . J Ry o
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such embodiments, a pediatric population comprises subjects between the ages of about 1 year and about

i8ycars{eg., 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, or 18 ycars of age}.

[0378] In some embodiments, a subject population comprises a newbom population. In some
embodimnents, a newborn population comprises subjects about 12 months or younger {e.g., 12, 11, 1,9,
8,7,6,5,4,3,2, Y months or younger). In some embodiments, subject popudations 1o be treated with
technologics described herein inclhude infants (e.g., about 12 months or voungery whose mothers did not
receive such technologies described herein during pregnancy. In some embodinments, sabject populations
to be freated with technologies described herein may include pregnant woren; jo some emabodiments,
infants whose mothers were treated with disclosed technologies during pregnancy {e.g., who received at
least one dose, or alternatively only who received both doses), are not vaceinated during the first weeks,
months, or even years {e.8., 1,2, 3,4, 5,6, 7, 8 wecksormore, or 1,2, 3,4,5,6,7,8,9, 10, 13, 12, 13,
14, 15, 16, 17,18, 19, 26, 21, 22, 23, 24 months or more, or 1, 2, 3, 4, 5 years or more) post-birth,
Alternatively or additionally, in some embodiments, jafants whose mothers were treated with disclosed
technologies dunng pregnancy (e.g., who received at least one dose, or alternatively only who received
both doscs), receive reduced treated with disclosed technologics (e.g., lower doses and/or smaller
marnbers of administrations — e.g., boosters — and/or lower total cxposure over a given period of time)
after birth, for example during the first wecks, mounths, or even vears{¢.g., 1,2, 3,4, 5, 6, 7, 8 weeks or
more, or 1,2, 3,4, 5, 6,7, 8 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 months or maore,
or 1,2, 3, 4, 5 years or more} post-bitth or may need redoced vaceination (e.g., lower doses and/or smaller
numbers of adnministrations -~ e.g., boosters - over a given period of time), In some embodiments,
compositions as provided herein are adnuinistered to subject populations that do not include pregnant

WOMCH,

[0379] In some embodiments, a subject population is or comprises children aged 6 weeks to up
to 17 months of age.

10380} In some embodiments, a provided pharmaceutical composition (¢.g., IMmMUNOgenic
compasition, e.g., vaceine) may be admuustered in combination with (1.¢., so that subject{s) arc
stmuftaneously exposed to both} another pharmaceutical composition {e.g., Immunogenic composition,
e.g., vaceing) ot therapeutic mtervention, e.g., to treat or prevent an HSV infection, or another disease,

disorder, or condition,
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{0381} In some embodiments, a provided pharmaceutical composition {e.g., Immunogenic
composition, e.g., vaccine} may be adnunistered with a protein vaceing, a BNA vaccine, an RNA vaccine,
a cellular vaccine, a conjugate vaccine, etc. In some embodiments, one or more doses of a provided
pharmaceutical composition (¢.g., inmunogenic compaosition, €.g., vaccine) may be administered together

with {e.g., 10 a single visit) another vaceine or other therapy.

16382} In some embodiments, a provided pharmaceutical composition {¢.g., Immunogenic
composition, e.g., vaccine) may be administered to subjects who have been exposed, or expect they have
heen exposed, to HSV {e.g., HSV-1 and/or HSV-2). In some embodiments, a provided pharmaceuntical
composition (e.g., IMmMunogenic composition, e.g., vaccine) may be administered to subjects who do not

have symptoms of an HSV {e.g., HSV-1 and/or HSV-2},

ik

[0383] in some embodiments, technologies of the present disclosure may be administered to
subjects according to a particular dosing regimaen. In some embodiments, a dosing regimen may involve a
single administration; in some embodiments, a dosing regimen may comprise one or more “booster”
admimstrations afier the intial administration. In some embodiments, initial and boost doses are the same
amount; in some emboediments they differ. To some embodiments, two or more booster doses are
administered. In some embodiments, a plurality of doses are admimistered at regular intervals. In some
embodiments, perieds of time between doses become longer, In some embodiments, one or more
subsequent doses 15 administered if a particular clinical {e.g., reduction in neutrabizing antibody levels) or

situational {e.g., local development of a new strain} event arises or is detected.

[0384] In some embodiments, adminisiered pharmaceutical composttions (¢.g., Inmunogenic
compositions, ¢.g., vaccines} comprising RNA constructs that encode HSV -2 ¢B constructs are
admimstered m RNA doses of from about 0.1 ug to about 300 pg, about 0.5 pg to about 200 pg, or ahout
1 g to about 100 pg, suck as about 1 ug, about 3 ug, about 10 pg, about 30 pg, about 30 ug, or about
10 pe. In some embodiments, an saRNA construct 1s administered at a lower dose {e.g., 2, 4, §, 10 fold

or more lower) than a modRNA or uRNA constract.

10385] In some embodiments, a first booster dose is administered within about six months of the
mitial dose, and preforably within about 8, 4, 3, 2, or 1 months. In somic embodiments, a furst booster dose

is administered in a time period that begins about 1, 2, 3, or 4 weeks after the first dose, and ends abount 2,
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3,4,5,6,7,8,8, 13, 11, or 12 weeks after the first dose {e.g., between about 1 and about 12 wecks after
the first dosc, or boetween about 2 or 3 woeks and about 5 and 6 weeks after the first dose, or about 3

weeks or about 4 weeks after the first dose).

(386 In some embodiments, a plurality of booster doses {e g, 2, 3, or 4} doses are administered
k. o & 2 k. E

within 6 months of the first dose, or within 12 months of the first dose.

(03871 In some embodiments, 3 doses or fewer are required to achieve effective vaceination
{e.g., greater than 60%, and in some embodiments greater than about 70%, about 75%, about 80%, about
85%, about 90% or more) reduction n risk of infection, or of serious disease. In some embodiments, not
more than two doses are required. In some embediments, a single dose is sufficient. In some
emnbodiments, an RNA dose 13 about 50 ug or lower, 50 ug or lower, 40 pg or lower, 30 g or lower, 20
pg or lower, 10 pg or lower, 5 pg or lower, 2.5 ug or lower, or 1 pg or lower. In some emboduments, an
RNA dose is about 0.25 pg, at least 0.5 pg, at least 1 ug, at least 2 pg, at least 3 ug, at least 4 ug, at least
5 g, at least 10 pg, at least 20 pe, at Ieast 30 pg, or at least 40 pg. In some embodiments, an RNA dose
isabout .25 pgto 60 pg, 0.5 ug to S5 ug, T ugto 50 e, 5 ug to 40 yg, or 10 pg to 30 ug may be
administered per dose. In some embodiments, an RNA dose 1s about 30 pg. In some embodiments, at
least two such doses are admimstered. For exanple, a second dose may be adroinistered about 21 days
following admimstration of the first dose. In some embodiments, a first booster dose 1s adminisiered
about one month after an initial dose. Inn some such embodimenis, at least one further booster is
adminisiered at one-month interval(s). In some embodiments, after 2 or 3 boosters, a longer interval is
mtroduced and no further booster is administered for at least 6, 9, 12, 18, 24, or more months. o some
embodiments, a single farther booster is administered after about 18 months. In some embodiments, no
further booster 1s required unless, for example, a material change in clinical or environmental sirvation is

observed.

{0388} individual polyribonucleotides can be produced by methods known in the art. For
example, in some embodiments, polynbonucleotides can be produced by in vitro transeription, for
example, using a DNA template. A plasmid DNA used as a template for in vifro transeripiion to generate

a polyribonucleotide described herein is also within the scope of the present disclosure.
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[0389] A DNA template is used for iz vitro RNA synthesis in the presence of an appropriate
RNA polymerase {e.g., a recombinant RNA-polymerase such as a T7 RNA-polymerase} with
ribomucicotide triphosphates (e.g., ATP, CTP, GTP, UTP). In some crubodiments, polyribonucieotides
{e.g., ones described heretu) can be synthesized in the presence of modified ribonucleotide triphosphates.
By way of example only, in some embodiments, pseudouridine (y), N-mathyl-pseudouridine (mlw), or
S-raethylaridine (mSU) can be used to replace uridine triphosphate (UJTP). In some embodiments,
pseudowridine {y} can be used to replace undine triphosphate (UTP). In some embodiments, N1-methyl-
pseudouridine (miy) can be used to replace uridine triphosphate (UTT). To some embodiments, S-roethyl-

uridine (mSU) can be used 1o replace undine triphosphate (UTP).

(0320} As will be clear to those skilled in the art, during s virro transcription, an RNA
polymerase {e.g., as described and/or utilized hereiny typically traverses at least a portion of a single-
stranded DNA template in the 3 5' divection to produce a single-stranded complementary RNA 1 the

§'—s 3' direction.

16351} In some embodiments where a polynibonucleotide comprises a poiyA tail, one of those
skill in the art will appreciate that such a polyA tail may be encoded in a DNA template, e.g., by using an
appropriately tailed PCR priroer, ot it can be added 1o a polyribonucleotide after in vifre transeription,
e.g., by enzymatic treatment {e.g., using a poly(A} polymerase such as an £ cofi Poly(Ajpolymerase).
Suitable poly(A) tails are described herein above. For exarmple, in some embodiments, a poly(A} tail
comprises a nucleotide sequence of
AAAAAAAAAAAAALAAAAAAAAAABAAAAAGCATATGACTAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAALAAAAAAAAAAAAAAAAAAAAA (SEQID
NG: 58). In some embodiments, a poly{A) tail comprises a plarality of A residues interrupted by a linker.

In some embodiments, a inker comprises the nucleotide sequence GCATATGAC (SEQ 1D NG: 59,

[B382] In some embodiments, those skilled 1n the art will appreciate that addition of a 5’ cap to
an RNA {e.g., mRNA} can facilitate recognition and attachment of the RNA (o a ribosome to initiate
translation and eohances translation ¢fficiency. Those skilled in the art will also appreciate that a 57 cap
can also protect an RNA product from §' exonuclease mediated degradation and thus increases halt-life.
Methods for capping are known in the art; one of ordinary skill in the art will appreciate that in some
embodiments, capping may be performed after i vitro transcription in the presence of a capping system

{e.g., an enzyme-based capping system such as, e.g., capping enzymes of vaccinia virus). Insome
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embodirnents, a cap may be introduced during in vifro transeription, along with 4 plurality of
ribomucicotide triphosphates such that a cap is incorporated into a polyribonucleotide during transcription
{also known as co-transcriptional capping). In some embodiments, 2 GTP fed-batch procedure with
multiple additions in the course of the reaction may be used to maintain a low concentration of GTP in
order to effectively cap the RINA. Suitable 5" cap are desenibed hevein above. For example, ju some

embodiments, a §' cap comprises m7{3'OMeGY S ppp(5H{2'OMe ApG.

{0383} Following BNA transcription, a DBNA temoplate is digested. In some embodiments,

digestion can be achieved with the use of DNase I under appropriate conditions.

{0384} In somne embodiments, in-vitro transcribed polyribonucleotides may be providedina
buffered sohution, for example, in a buffer such as HEPES, a phosphate buffer solution, a citrate buffer
solution, an acetate buffer solution; m some embodiments, such solution may be buftered to a pH within a
range of, for example, about 6.5 to abowt 7.5; in some embodiments approximately 7.0, In some
embodiments, production of polyribonucleotides may further inchide one or more of the following steps:

purification, mixing, filtration, and/or filling.

jo395] In some embodiments, polyribonucleotides can be purified (e.g., insome embodiments
after in vitro transeniption reaction), for example, to remove components wtilized or formed in the course
of the production, like, e.g., protemns, DNA fragroents, and/or nuclentides. Various nucleic acid
purifications that are known n the art can be used in accordance with the present disclosure. Certain
purification steps may be or include, for example, one or more of precipifation, coluran chromatography
{including, e.g., but not limited to anionic, cationic, hydrophobic interaction chromatography (HIC)),
solid substrate-based purification (e.g., magnetic bead-based purification}. In some embodiments,
polyribonucleotides may be purtfied using magnetic bead-based purification, which in some embodiments
may be or comprise magnetic bead-based chromatography. Tn some embodiments, polyribonucleotides
may be purified using hydrophobic interaction chromatography (HIC) and/or diafiltration. In some

embodimenis, polyribonocleotides may be purified using HIC followed by diafiltration.

[0356] In soroe embodiments, dsRINA may be obtained as a side produet during i vitro
transcription. In some such embodiments, a second purification step may be performed to remove dsRNA
contamination. For example, in some embodiments, cellulose materials (e.g., microcrystalline cellulose)
may be used to remove dsRNA contaramation, for examples in some embodivoents 1o a chromatographic

format. In some embodiments, cellulose materials (e.g., microcrystalline cellulose) can be pretreated to
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mactivate potential RiNase contarsination, for example in some embodiments by autoclaving followed by
incubation with agucous basic solution, e.g., NaOlL In some embediments, cellulose materials may be
used to purify polyribonucieotides according to methods described in W 2017/182524, the entire

content of which is incorporated herein by reference

103571 In soroe embodiments, 8 batch of polyribonucleatides may be further processed by one or
more steps of filtration and/or concentration. For example, 1 some embodiments, polyribonucieotide(s),
for example, after removal of dsRNA contamination, may be further sabject to diafiliration (e.g., in some
erabodiments by tangential flow filtraton), for example, to adjust the concentration of
polyribomueleotides to a destrable RNA concentration and/or to exchange buffer to a drug substance

bufter.

10338} In some embediments, polyribonucleotides may be processed through 0.2 pm filtration

betfore they are filled into appropriate containers.

03891 in some embodiments, polyribonucieotides and compositions thereof may be

manufactured in accordance with a process as descnbed herein, or as otherwise known in the art.

{0400} In soroe embodiments, polyribonucieotides and compositions thereof may be
manufactured at a large scale. For example, in some embediments, a batch of polyribornucleotides can be
manufactured at a scale of greater than 1 g, greater than 2 g, greater than 3 g, greater than 4 g, greater than

reater than 6 g, greater than 7 g, greater than ¥ g

Pk ol

5g greater than 9 g, greater than 10 g, greater than 15

o t:'

g, greater than 20 g, or higher

[0401] In some embodiments, RNA quality control may be performed and/or monitored at any

time during production process of polyribonucleotides and/or compositions comprising the same. For

example, in some embodiments, RNA quality control parameters, including one or more of RNA identity

{e.g., sequence, length, and/or RNA natures), RNA integrity, RNA concentration, residual DNA template,
and residual dsRNA, may be assessed and/or monitored after cach or certain steps of a polyribonucleotide

manofacturing process, e.g., after in vifro transcription, and/or each punfication step.

16402] In snme erabodiments, the stability of polyribonucleotides (e.g., produced by in virro

transcription) and/or compositions comprising polyribonucleotides can be assessed under various test

stovage condifions, for exarnple, at room temperatures vs. fridge or sub-zero temperatures over a period of

time (e.g., at lcast 3 months, at least 6 months, at least © months, at least 12 months, or longer). Insome
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embodirnents, polyriborucleotides (e.g., ones described herein} and/or compositions thereof may be
stored stable at a fridge temperature {e.g., about 4°C to about 10°C) for at least 1 month or longer
meluding, at least 2 months, at least 3 months, at least 4 months, at least 5 months, at least 6 months, at
least 7 months, at least 8 months, at least @ months, at least 10 months, at least 11 months, or at least 12
maonths or longer. Tn some ermbodiments, polyribonucientides (e.g., ones described herein) and/or
compositions thereof may be stored stable at a sub-zero temperature (e.g., -20°C or below) for at least |
month or fonger including, at least 2 months, at least 3 months, at least 4 months, at least 5 months, at
icast 6 months, at least 7 months, at least 8 months, at least 9 months, at least 10 months, at least 11
months, or at least 12 months or longer. In some embodiments, polyribonucleotides {(e.g, ones described
herein} and/or compositions thereof may be stored stable at room temiperature (e.g., at about 25°C) for at

least 1 month or longer.

[0403) In some embodiments, one or more assessments may be ytilized duning manutacture, or

other preparation or use of pelyribonucleotides {e.g., as a release test).

{0404} in some embodiments, one or more quality control parameters may be assessed to
determine whether polyribonucleotides described herein meet or exceed acceptance criteria (e.g., for
subsequent forroulation and/or velease for distribution). In some embodiments, such quality conirol
parameters may mchude, but are not limited 1o RNA integrity, RNA concentration, residual DNA template
and/or residual dsRNA, Certain methods for assessing RNA quality are known n the art; for example,
one of skill n the art will recognize that in some embodiments, one or more analytical tests can be used
for RNA quality assessment. Examples of such certain analytical tests may inchade but are not limited to

gel electrophoresis, UV absorption, and/or PCR assay.

{0405] In soroe embodiments, a2 bateh of polynibonuclectides may be assessed for one or more
features as described herein to deteroine next action step(s). For exarople, a batch of polyribomucleotides
can be designated for one or more further steps of manufacturing and/or formulation and/or distribution if
RMNA guahty asscssmient mmdicates that such a batch of polynbonucleotides meet or exceed the relevant
acceptance criteria. Otherwise, an alternative action can be taken {e.g., discarding the batch) if sucha

batch of polyribonucleotides does not mieet or exceed the acceptance criteria

10406} In some embodiments, a batch of polyribomucleotides that satisfy assessment results can

be utilized for one or more further steps of manufacturing and/or formulation and/or distribution.
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X
{0407} Among other things, the present disclosure provides DNA constracts, forexample that

may encede one or more antibody agents as described herein, or components thereof, In some
embodiments, DNA constructs provided by and/or utilized in accordance with the present disclosure are

comprised in a vector.

{0408} Non-limiting exaroples of a vector include plasmid vectors, cosmid veciors, phage
vectors such as larobda phage, viral vectors such as retroviral, adenoviral or baculoviral vectors, or
artificial chromosome vectors such as bactenial artificial chromosomes (BAC), veast artificial
chromosores (Y AC), or P1 atificial chromosomes (PAC). In some embodiments, a vector is an
expression vector. In some embodiments, a vector 18 a cloning vector. Tn general, a vector is a nucleic acid
construct that can reccive or otherwise become linked to a nucleic acid element of interest (e.g., a

consiruct that 13 or encodes a payload, or that mmparts a particular functionality, efc.).

[0409] Expression vectors, which may be plasmid or viral or other vectors, typically include an
expressible sequence of interest (e.g., a coding sequence) that 1s functionally linked with one or more
conirol elements {e.g., promoters, enhancers, transcription terminators, eic.}. Typically, such control
elements are selected for expression in a system of interest. In some embodiments, a system s ex vivo
{e.g., an in vitro transcription system); in some embodiments, a system is ix vivo {e.g., a bacterial, yeast,

plant, msect, fish, vertebrate, mammalian cell or tissue, ete. ),

{0410} Cloning vectors are geverally used to modify, engineer, and/or duplicate (e g, by
rephication in vive, for example in a simple system sach as bacteria or yeast, or in vitro, such as by
arpplification such as polymerase chain reaction or other amphification process). In some embodiments, a

cloning vector may lack expression signals.

[0411] In many embodiments, a vector may include replication clements sach as primer binding
site{s) and/or onigints) of replication. In many embodiments, a vector may include insertion or
maodification sites such as restriction endonuclease recognition sites and/or guide RNA binding sites, ¢tc.
0422} In some embodiments, a vector is a viral vector (e.g., an AAYV vector). In some
embodirnents, a vector is a non-viral vector. In some embodimenis, a vector 1s a plasmid.

{0413} Those skilled in the art are aware of a variety of technologies useful for the production of

recombinant polynucieotides (e.g., BNA or RNA) as described herein. For example, restriction digestion,
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reverse transcription, amplification (e.g., by polvmerase chain reaction), Gibson asserobly, etc., are well
cstablished and useful tools and technologics. Alternatively or additionaily, certain nucleic acids may be
prepared or assembled by chemical and/or enzymatic synthesis. In some embodiments, a combination of

known methods is utilized o prepare a recombinant polynucieotide.

[0a14] In some embodiments, polynucleotide(s) of the present disclosure are included ina DNA

construct {e.g., a vector) amenable to transcription and/or translation.

[0415] In some embodiments, an expression vector comprises a polymucleotide that encodes
proteins and/or polypeptides of the present disclosure operatively linked to a sequence or sequences that
control expression {e.g, promoters, start signals, stop signals, polyvadenylation signals, activators,
repressors, efc.). In some embodiments, a sequence or sequences that control expression are selected to
achicve a desired level of expression. In some embodimsents, more than one sequence that controls
expression {e.g., promooters) are utihized. In some embodiments, more than one sequence that controls
expression {e.g., promoters) are utilized to achicve a desired level of expression of a pluralify of
polymicleotides that encode a plurality proteins and/or polypeptides. In some embodiments, a phwality of
recombinant proteins and/or polypeptides are expressed from the same vector (e.g., a bi-cistronic vector, 8
tri-cistronic vector, nuiti-cistronic). In some embodiments, a plurality of polypeptides are expressed, cach

of which 1s expressed from a separate vector,

[0416] o soroe erabodiments, an expression vector comprising a polynueleotide of the present
diselosure is used to produce a RNA and/or protein and/or polypeptide in 4 host cell. In some
erabodinients, a host cell may be in vitre (e.g., a cell line} — for exarople a cell or cell line (e g, Human
Embryonic Kidney (HEK cells), Chinese Hamster Ovary cells, efe.) suitable for producing
polvrmucicotides of the present disclosure and proteins and/or polypeptides encoded by said

polynucieotides.

(0417} In some embodiments, an expression vector is an RNA expression vector. o some
embodiments, an RNA expression vector comprises a polynucleotide template used to produce a RNA in
cell-free enzymatic mix. i some embodiments, an RNA expression vector comprising a polymucieotide
template is enzymatically linearized prior to in vitro transeription. In some embodiments, a
polynucieotide template is generated through PCR as a loear poiynucleotide template. Insome

embodiments, a inearized polynucleotide is mixed with enzymes suitable for RNA synthesis, RNA
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capping and/or purification. In some embodiments, the resulting RNA 1s suitable for producing proteins

cncoded by the RNAL

0418} A variety of methods are known in the art to introduce an expression vector into host
cells. In some embodiments, a vector may be introduced into host cells using wransfection. In some
embodiments, transfection is completed, for example, using calcium phosphate transfection, hipofection,
or polyethylenimine-mediated transtection. In some embodiments, a vector may be introduced nto a host

cell using transduction.

[0419] In some embodiments, transformed host cells are cultured following introductionof a
vector into a host cell to allow for expression of said recombinant polynucleotides. In some embodiments,
a transformed host cells are cultured for at least 12 howrs, 16 hours, 20 hours, 24 hours, 28 hours, 32
howrs, 36 hours 40 howrs, 44 hours, 48 hours, 52 hours, 56 hours, 60 hours, 64 hours, 68 hours, 72 hours
or longer. Transformed host cells are cultured in growth conditions {e.g., iemperature, carbon-dioxide
levels. growth medium) in accordance with the requirements of a host cell selected. A skilled artisan

would recognize culture conditions for host cells selected are well known inthe art,

EXAMPLES
{0420} The disclosure 1s further iHustrated by the following examples. The examples are

provided for tllustrative purposes only. They are not to be construed as Hmuting the scope or content of

the disclosure in any way.

Lxample 1: in-vitre Expression of Fxample Pols

Constructs
{0421} The present Example demonastrates that exemplary polyribonucleotides encoding

different HSV ¢B antigen constructs, as described herein, can be assessed for in-vitro expression {e.g.,
ntracellular, surface) in mammalian cells (HEK2937 cells).

[0422] fr vitro expression assays are used o assess expression and Jocalization of different HSV
oB antigen constructs. Polynucieotides encoding various H5V B antigen constructs provided herein are
generated. Assays are initally performed with non-formulated DNA constructs to determine
fumctionality, HEK293T cells are transfected with DNA constructs, HEK293T cells transfected with DNA
constructs are assessed for protein cxpression by antibody staining and FACS. Expression from the DNA

constructs 1s also assessed by Western blot and/or mass spectrometry. Antigenicity of polypeptides
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expressed from DNA constructs is assessed by antibody binding assays. Purified protemn is also used to

asscss antigenicity.

[0423] Based oo results from assays using DNA construets, corresponding RNA constructs are
selected for further assessment. [ vigro expression assays are used to assess expression and localization
of polvribonucleotides encoding HSV gB antigen constructs. Polyvribonucleotides encoding various HSV
¢B antigen constructs provided herein are generated. Assays are initially performed with non-fornuilated
RNA constructs to determine functionality. Formulated RNA constructs are also assessed. HEK 2937
cells are transfected with (1) RNA counstructs or (1) LNP formulated RNA constructs. HEK293T cells
transfected with RNA constructs or with formulated RNA constructs are assessed for protein expression
by antibody staining and FACS. A transfection rate is determined by measuring percentage of positive
cells, and total expression is deterroined by measuring median fluorescence of the total HEK popuiation.

HEKZ93T cells ransfected with formulated RNA constructs are assessed for protein seeretion by

detecting protein i the culture supematant of transfected cells.

G424} The present Example describes the ability of certain polyribonucleotides encoding HSV
gB antigen constructs, provided by the present disclosure, to induce imnmme responses, as assessed in
mice.

[0425] C7BLO female mice (16-12-weeks old) are tmmunized intramuscularly (IM) twice,
generally on days { and 21, with a fornuidated RNA construct {(described in Example 1} or injected with
phosphate buffer saling (vehicle). Blood samples are collected pre-imnmnization {day 0} and after the first
dose {on days 7, 14, 21, 28 and 35) to generate serum samples at various time points. At the end of the
cxperiment {¢.g., day 35}, splenocytes are harvested and cryopreserved. Animals are divided into multiple

groups receiving treatment as indicated in Table 12 below:

Table 12 - Study plan for ceviain example immunogenicity studies with RNA constructs.

Example

Group | Treatment
£ Daose

Y] 07,1421 1 D2 D28 D35

1 Buffer (NaCh | - BC M BC
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2 1 lug Blood collection
A '
3 F2 ug (BE) fmal
- = - Intramuscular }%E—OOG/ f?}}f'@@h
4 F3 1ug (IM} injection Collection
5 74 1z (20 ul in onc (FBC)
’ Tk

F1, F2, F3, F4 = LNP formulaticons comprising RNA construct with modified mucleotides

BC = Blood collection / Serum generation (amount of blood that can be collected: 14 davs interval

hetween collections: 1530pl/20g mouse; 7 days jnterval between collections: 110p1/20g mouse)
* pre-mumune serunt: blood sample is collected from 10% of all animals = 4 anioals.

FBC = Final blood collection/ Serum generation; Spleen, scrurn or cell collection (for, e.g., Fluorospot

analysis)

[04286] Serum sampies obtained from each group of immunized animals are analyzed by one or
more of the following method(s): (1} Enzyme-linked Immunosorbent Assay (ELISA), (2) mudtiplex

assay, and/or {3} Fluorospot assay.
(1) Enzyme-linked Immunosorbent Assay (ELISA)

10427} Provided polvribonucleotides can be assessed for their ability to mduce production of
antihodies that may bind to an HSV gB antigen or antigenic fragment thereof. In some embodiments, a
provided polyribomucicotide is determined to induce a uscful immunc response if serum from a subject

{e.g., 8 mouse) tnmunized with such construct 1s shown to bind an HSV gB antigen or antigenic fragment

[0428] RNA constructs {(as described in Example 1) are assessed for their ability to induce

S

aroduction of antibodies that bind to an HSVY ¢B antigen or anfigenic fragment thereof usme an ELISA
fed o ik D

assay.
{0429} Brictly, MaxiSorp 96-well plates are coated with 100 ng/well an HSV gB antigen or

antigenic fragment thereof in coating buffer (SOmM sodivm carbonate, pH 9.6) and mcubated overnight at
4°C, or 250 ng/well of an HSV gB antigen overlapping peptides in PBS and incubated th at 37°C. Plates

arc then blocked with 196 BSA in PBS for 1h at 37°C (for an H53V gB antigen or antigenic fragment
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thereof) or overnight at 4°C (for an 8V gB antigen or antigenic fragment thereof overlapping peptides}.
Bound IgG is detected using horscradish peroxidase (HRP)-conjugated goat anti-mousc IgG. Signal 15
detected after adding the substrate 3,3, 5,5 - Tetramethylbenzidine (TMB} and 25% sulfirric acid to stop

the reaction. Optical densites (313} are read at 450 am.

164301 Reciprocal end titers at day 35, after 2 immunizations, are used as a representative as they

showed the highest antibody response.
12} Muliiplex Assay

0431} Provided polyriboruclestides can be assessed for their ability to induce production of
antibodies that bind to specific HSV gB antigens or antigenic fragments thereof. In some embodiments, a
provided polyribonucleotide is determined to mduce a useful immune response if serom from a subject
{e.g., amouse) tomurized with such constract is shown to target peptides from an HSV gB antigeo or

antigenic fragment thereof n a multiplex assay, as described herein.

{0432} RNA constructs (as deseribed in Example 1) are assessed for their ability to induce
production of antibodics that bind to specific HSV gB antigens or antigenic fragments thercof by
performing a nultiplex analysis (Meso Scale Discovery) according to the manufacturer’s instructions.
Briefly, HSV gB antigens or antigenic fragments thereof are conjugated with bovine serum albumin
{BSA) and then bound to the wells of a 96-well plate, in a specific spot on the well. After incubation with
serum from mwnonized mice, antibodies bound to each specific peptide are detected with a “Sulfo-Tag”
conjugated secondary antibody. A multiplex reader instrument (MESO QuickPlex S0 120) is used to

gquantify the light emitted from the Sulfo-Tag.
(3} FluoroSpot Assay

[0433] Provided polyriboricleotides can be assessed for their ability to induce production of
antibodies responsive te an HSV ghB antigen or antigenic fragment thereof. ¥n some embodiments, a
polyribonucleotide is deterniined to induce a useful immune response if splenocytes from a subject {e.g., 8
mouse) wnmunized with such construct, following incubation with pepude(s} as described herein, exhibit
T-cell secretion of one or more pro-inflammatory cytokines (e.g., IFN-y, TNF-a, or IL-2} in a FluoroSpot
Assay, as described herein. FluoroSpot assays are performed with mouse IFN-y/1IL-2/TNF-a

FluoroSpot™"* kit according to the manufacturer’s instructions {Mabtech).
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[0434] The present Example documents the ability of certain polyribonuclectides, provided by

the present disclosure, to induce innnune responses, as assessed i1 mice.

[0435] Provided polyribonucleotides can be assessed for their ability o protect a subject from
HSY challenge. In some embodiments, a provided polyribonucleotide is determined to induce a useful
mnune response i a subject {e.g., a rmouse) mmumzed with a polyribonuclectide and exposed to H5V
demonstrate a reduced level of jnfection in a challenge assay as described herem,
G436} A challenge assay is performed in which CS7BL/6 female mice (7-week-old, ~20 g at
day 0) were immunized intramuscularly (TM) twice, on days 0 and 21, with 1 ug of a RNA construct {as
deseribed in Example 1} or injected with vehicle {n=7 mice/group}. Blood samples are collected on days
7,14, 20, 28, 35, 42, and 49 for analysis of anubody titers and functionality i seram. HSV challenge was
performed at day SO, Protection against infection was asscssed at experimental day 60 (day 10 after
challenge).
10437} Antibody titers are assessed by ELISA. Pre-boost and pre-challenge samples {days 20
and 49} are also used in functionality assays.

EGQUIVALENTS
{0438} 1t 1s to be understood that while the disclosure has been deseribed in conjunction with the
detailed description thereof, the foregoing description is intended to iHustrate and not [imit the scope of
the invention, which is defined by the scope of the appended claims. Other aspects, advantages, and

modifications are within the scope of the following claims.
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WHAT IS CLAIMED 1S:
1 A polyribonucieotide encoding a polypeptide. wherein the polypeptide comprises one or more

HSV glveoprotein B (gB) antigens or antigenic tragments thereof

2. The polyribonucieotide of claim 1, wherein the HSV gB antigen or antigenic fragment thereof
CoOmprises one of more mutations that stabilize the HSV gB antigen or antigenic fragment thereof relative
to a comparable HSV g antigen or antigenic fragment thereof that does not comprise the one or more

rnitations.

3. The polyribormicleotide of claim 2, wherein the one or more mutations are one 0r MOre amine

acid substitutions,

4, The polvribonucleotide of claum 3, wherein the one ot more amine acid substiiutions comprise

251C, 7T18C, and combmations thereof, wherein the numbering is with reference to SEQ 1D NO: |,

5. The polyribonucleotide of claim 1, wherein the polypeptide comprises an HSV glycoprotein B

{gB) antigen.

6. The polyribonucleotide of claim 3, wherein the HSV glycoprotemn B {gB) antigen comprises ong
or move mutations that stabilize the H3V gB antigen relative to a comparable HSV gB antigen that does
not comprise the one or more mutations.

7. The polvribonucleotide of claim 6, wherein the onc or more mutations arc one Or MOEC amMine

acid substiutions.

8. The polyribonucleotide of claim 7, wherem the one or more amino acid substitutions comprise

251, 718C, and combinations thereof, wherein the mumbering is with reference to SEQ ID NO: 1.
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9. The polyribonucleotide of any onc of claims 6-8, wherein the one or more mutations comprise

251 and 718C, wherein the numbering is with reference to SEQ 1D NO: 1.

10 The polyriborucleotide of any one of claims 1-9, wherein the polypeptide comprises a secretory
signal.
i1 The polynbonueleotide of claim 10, wherein the secretory signal comprises or consists of a viral

secretory signal,

12. The polyribonucleotide of claim 11, whersin the viral secretory signal comprises or consisis of an

HAV secretory signal.

3. The polyribonucleotide of claim 12, wherein the HSV secretory signal comprises or consists of an

HSV-1 or HSV-2 secretory signal.

14, The polyribonucieotide of claim 13, wherein the HSV secretory signal comprises or consists of an

HSV ghyeoprotein B (gB) secretory signal.
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{5, The potyribonucleotide of claim 14, wherein the ISV g8 secretory signal comprises or consists
J » i} J foe]

ot an amino acid scquence according to SEQ ID NQO: 63.

i6. The polyribonuclentide of claim 14, wherein the HSV gB secretory signal comprises or consists

of an amino acid sequence according to SEQ 1D NO: 64,

17. The polvribonuclieotide of claim 14, wherein the HSV ¢B secretory signal comprises or consists
» 3 D o o

of an amine acid sequence according to SEQ ID NO: 65.

i8. The polyvribonucleotide of claim 14, whercin the HSV gB secretory signal comprises of consists

fan amine actd sequence according 1o SEQ 13 NOG: 69,

{9, The polyribonucleotide of claim 10, wherein the secretory signal comprises or consisis of an
J » J foud

amino acid sequence according to SEQ ID NO: 70.

24 The polyribonucleotide of claim 14, wherein the polyribonucleotide comprises a nucleotide

sequence according to SEQ D NO: 66,

21 The polyvribonucleotide of claim 14, wherein the polvribonucleotide comprises a nucleotide

sequence according to SEQ DY NO: 71,

22. The polyribomucleotide of claym 106, wherein the polyribonuclectide comprises a nucleotide

sequence according to SEQ 1D NG: 72,

23 The polyribonucleotide of any one of claims 10-22, wherein the secretory signal is located at the

N-terminus of the polypeptide.

24, The polyribonucleotide of any one of claims 1-23, wherein the polypeptide comprises a

transmembrane 1‘egi on.
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25 The polyribonucleotide of clairn 24, wherein the transmernbrane region comprises or consists of a

viral transmembrane rogion.

26. The polyribonucleotide of claim 25, wherein the transmembrane region comprises or consists of

an HSV trarsmembrane region,

27. The polyribonueleotide of claim 26, wherein the HSV transmembrane region comprises ot

consists of an HSV-1 or HSV-2 transmembrane region.

28. The polyribonucleotide of claim 27, wherein the HSY transmembrane region comprises or
consists of an HSV gB transmembrane region.
29. The polyribonucleotide of clairn 28, wherein the HSV gB transroembrane region consists of an

amino acid sequence according to SEQ ID NO: 67,

30 The polyribonucleotide of claim 28, wherein the HSV gB transmembrane region consists of an

araino acid sequence according to SEQ 1D NO: 68,

31 The poelyribomucleotide of any one of claims 1-23, wherein the polypepiide doss not comprise a

iransmembrane region.

32 The polyribonueleotide of any one of claims 1-31, wherein the polypeptide comprisesa

multimerization domain.

33 The polvribonucleotide of any one of claims 1-32, wherein the polypeptide comprises one or

more hinkers.

-

34. The polyribonucleotide of claim 33, wherein the one or more linkers comprise or consist of an

amino actd sequence according to SEQ} ID N{: 45,
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3
o)

35. The polyribonucleotide of claim 33, wherein the one or more finkers comiprise or consist of an
amino acid scquence according to SEQ} ID N(: 47,
36. The polyribonucleotide of claim 33, wherein the one or more linkers comprise or consist of an

amino acid sequence according to SEQ 1D NO: 48,

37. The polyriborucleotide of claim 33, wherein the one or more linkers comprise or consist of an
aming acid sequence according to SEQ 1D NO: 52,

-
I
7

38. The polyribonucleotide of any one of claims 1-37, whercin the polyribonucleotide is an isolated

polyribonucleotide.

~
I
i

39. The polyribonucleotide of any one of claims 1-37, wherein the polyribonucleotide is an

engineered polyribonucleotide.

/
/

44, The polyribonucleotide of any one of claims 1-37, whersin the polyribonucleotide is a codon-

optimized polyribonucleotide.

41 An RNA construct comprising in 3 to 3" order:
1) a S UTR;
(i a polyribonuclestide of any onc of claims 1-46;

(i} a3'UTR; and

{(iv) a polyA tail sequence.

42. The RNA construct of claim 41, wherein
(1) the 5" UTR comprises or consists of a modified huroan alpha-globin 5-UTR; and/or
(1 the 3" UTR that comprises or consists of a first sequence from the amino terminal

enhancer of aplit (AES) messenger RNA and a second sequence from the mitochondnial encoded 128
ribosomal RNA.
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43 The RNA constroct of claim 41 or 42, wherein the 5" UTR consists of a ribonucleic acid sequence

according to SE€} 1D N 57.

44, The RNA construct of any one of claims 41-43, wherein the 3' UTR counsists of a ribonucleic acid

seguence according to SEQ D NO: 63,

45. The RNA construct of any one of claims 41-44, wheremn the polyA tail sequence is a split polyA

tail sequence.

46 The RNA construct of claim 435, wherein the split polyA tail sequence consists of a ribonucleic

acid sequence according to SEQ 1D NG: 60,

47. The RNA construct of any one of claims 41-46, further comprising a 3 cap.
48. The RNA construct of claim 47, further comyprising a cap proximal sequence comprising

wsittons +1, +2, +3, +4, and +5 of the polvribonucleotide.
P pots

49 The RNA construct of claim 47 or 48, wherein the §' cap comprises or consists of
m7{3OMeGH S ppp(5H2Z'OMcA NG, wherein Aris position +1 of the polyribonucleotide, and Gais

position +2 of the polyribonucieotide.

50 The RNA construct of claim 48 or 49, wherein the cap proximal sequence comprises A and Gorof
the Cap! structure, and a sequence comprising: A:A4Us (SEQ ID NO: 55} at positions +3, +4 and +35

respectively of the polyribomucleotide.

51 The RNA construct of any one of claims 41-50, wherein the polyribonucleotide includes modified

uridines m place of all widines, optionally wherein modified uridines are each N1-methyl-pseudouridine.

52 A composition comprising one or more polyribonucleotides of any one of claims 1-40.
53. A composition comprising one or moore RNA constructs of any one of claims 41-51.
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54. The composition of clatm 52 or 53, wherein the composition further comprises lipid
nanoparticles, polypiexes (PLX}, lipidated polyplexes (LPLX), o1 liposomes,
wherein the one or more polyribonucleotides are fully or partially encapsulated withiv the lipid

nanoparticles, polyplexes (PLX), lipidated polyplexes (LPLX), or hiposomes.

55. The composition of any one of clatms 52-54, wherein the composition further comprises lipid
nanoparticles,

wherein the one or more polyribonucleotides are encapsulated within the lipid nanoparticles.

56. A pharmaceutical composition comprising the composition of any one of claims 52-55 and at

least one pharmaceutically acceptable excipient.

57. The pharmaceutical composition of claim 36, wherein the pharmaceutical comprises a

cryoprotectant, optionally wherein the cryoprotectant 1s sucrose.

58. The pharmaceutical composition of claimn 56 or 57, wherein the pharmaceutical comprises an
aqueous buffered solution, optionally wherein the aqueous buffered solution comprises one or more of

Tris base, Tris HCI, NaCl, KCl, Na:HPO4, and KH:PQOu,

(9,1

9. A combination comprising:
(1} a first pharmaceuntical composition comprising a first polyribonuclestide, wherein the
first polyribonucleotide encodes a polypeptide of any one of claims 1-40; and
{i1) a second pharmaceutical composition comprising a second polyribonucleotide, wherein
the second polyribonucleotide encodes a second polypeptide, the second polypeptide comyrises one or

more H5V antigens, and wherein at least one of the HSV antigens is not gB.

60. The combination of claim 59, wherein the one or more HSV antigens comprise:
(1) an HSV glycoprotein C,
(i) an HSV glycoprotein 1,

(iii) an ISV glycoprotein B,

139



WO 2025/030154 PCT/US2024/040844

(iv} an HSV glyeoprotein B, or

(v} & combination thercof,
61, The combination of claim 59 or 60, wherein at least one of the HSV antigens is gB.
62, The combination of any one of claims 59-61, wherein the one or more HSY antigens comprise

one or more HSV T cell antigens.

63, A method comnprising administering a polyribonucleotide according to any one of claims 1-40 to

a subject.

64, A method comprising administering an RINA construct according to any one of claims 41-51 toa

subject.

65. A method comprising administering a composition according to any one of claims 52-55tw0a

subject.

66. A method comprising administering one or more doses of the pharmaceutical composition of any

one of clairos 56-58 to a subject.

67. The pharmaceutical composition of any one of claius 56-58 for use in the treatment of an HSV

mfection comprising administering one or more doses of the pharmaceutical composition to a subject.

68, The pharmaceutical composition of any one of claims 56-58 for use in the prevention of an HSV

infection comprising administering one or more doses of the pharmaceutical composition to asubject.

69, The method of any one of claims 59-62 or the pharmaceutical composition for use of clam 67 or

68, comprising administering two or more doses of the pharmaceutical composition to a subject.

70. The method of any one of claims 63-66 or the pharmaceutical composition for use of claim 63 or

04, comprising admoinistering three or more doses of the pharmaceutical composition to a subject.
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71 A method comprising administering a combination of any one of claims 59-62 to asubject.
72 The method of claim 71, wherein the first pharmaceuntical composition and the second

pharmaceutical composition are administered on the same day.

73. The method of claim 71 or 72, wherein the first pharmaceutical composition and the second
pharmaceutical composition are administered on different days.

74. The method of any one of claims 71-73, wherein the first pharmaceutical composition and the
second pharmacentical composition are administered to the subject at different locations on the subject’s

body.

75. The methed of any one of claims 63-66 and 69-74, wherein the method is a method of freating an
HSYV infection.

76. The miethod of any one of claims 63-66 and 69-74, wherem the method 1s a method of preventing
an HSV infection.

snp any

7. The method of any one of claims 63-66 and 69-73, wherein the subject has or is at nisk of

o

eveloping an HSV mfection,

78. The method of any one of claims 63-66 and 69-77, wherein the subject i3 a human.
79. The methed of any one of clains 63-66 and 69-78, wherein administration induces an anti-IISY

romune response in the subject.

&4 The method of claim 79, wherein the anti-HSV immune response in the subject comprises an

adaptive fnnne response.
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81 The method of claim 79 or 80, wherein the anti-H3V immune response in the subject comprisesa

T-cell response.

82. The method of claimm 81, wherein the T-cell respouse is or comprises a CI34+ T cell response.
83. The method of claim &1, wherein the T-cell response is or comprises a CI8+ T cell response.
84. The method of any one of claims 79-83, whercin the anti-lISY immune system response

comprises a B-cell response.

35. The method of any one of claims 79-84, wherein the anti-HSV mmune system response

comprises the production of antibodies directed against the one or more HSV oB antigens.
g 24 £

86 Use of the pharmaceutical composition of any one of clains 56-58 in the treatment of an HSVY

nfection.

R7. Use of the pharmacentical composition of any one of clatms 36-58 in the prevention of an H5V

infection.

88. Use of the pharmaceutical composition of any one of claims 56-58 in inducing an anti-HSV

IEHENe response i a subject.

39, A polypeptide encoded by a polyribonucleotide of any one of claims 1-40.
90, A polypeptide encoded by an RNA construct of any one of claims 41-51.
a1, A host cell comprising a polyribonucieotide of any one of claims 1-44.
92. A host cell corprising an RNA constract of any one of claims 41-51.

93, A host cell comprising a polypeptide of claim 89 or 90,
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