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ANTIBODIES AGAINST RESPIRATORY SYNCYTIAL VIRUS, HUMAN
METAPNEUMOVIRUS AND PNEUMONIA VIRUS OF MICE AND
METHODS OF USING THE SAME

STATEMENT REGARDING SEQUENCE LISTING

The Sequence Listing associated with this application is provided o text format
in lieu of a paper copy, and 1s hereby incorporated by reference into the
specification. The name of the text file containing the Sequence Listing is
930485 434W0O SEQUENCE LISTING.txt. The text file is 29.7 KB, was created on

February 7, 2022, and is being submiited electronically via EFS-Web.

BACKGROUND

Modalities for preventing or treating infection by paramyxoviruses, such as

respiratory syncytial virus, metapneumovirus, or preumonia virus of mice, are needed.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the design of a preclinical study evaluating i vivo stability of
human IgGl antibodies RSV_Ab (HC: SEQ ID NQO.5; LC: SEQ ID NG .:4) and
RSV _Ab MLNS (HC: SEQ ID NO .- 1; LC: SEQ ID NG .:4) in cynomolgus monkeys.
Stability was determingd by correlating total human Ig(G1 concentration in plasma
{using a roouse monoclonal antibody {mAb) specific for human IgGl CH2) vs.
neutralizing activity.

Figure 2 shows results from the preclinical study depicted in Figure 1.
Pharmacokinetics (PK} was calculated as antibody concentration in plasma as measured
by ELISA, captured by coated Ds-Cavl F antigen.

Figare 3 shows further results from the preclinical study depicted in Figure 1.
Data show blood PK of RSV _Ab (top) and RSV_Ab MLNS (bottom}. For two of the
three animals that received RSV _Ab MINS, PK was continued to day 113
Quantification was based on DsCavi-based antigen capture ELISA (anumals were pre-

screened o be non-immune to RSV} {rejanalysis was performed in parallel on all
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samples. There was no clear anti-drug antibody (ADA) response in any of the 12

animals (3 of the 9 animals received engineered anti-FluA antibodies).

BETAILED DESCRIPTION

Provided herein are antibodies that can bind to a paramyxovirus and neutralize
an infection by a paramyxovirus. The paramyxovirus can be, for example, respiratory
syncytial virus, metapneumovirus, or pneumonia virus of mice. The antibodies
comprise modifications in the Fe that improve in vivo stability of the antibodies, one or
more effector function of the antibodies, or both.

In some embodiments, following a single dose of the antibody to a subject {e.g.
administered by slow 1.v. infusion), the antibody is present in plasma of the subject at a
concentration greater than or equal to the neutralization EC50 {(the concentration of
antibody required for half-maximal neutralization) of the antihody for up to 100, up to
200, up to 300, up to 400, up to 500, up to 600, up to 700, up to 800, up to 900, up to
1000, up to 1,100, up to 1,200, or up to 1,300 hours, or more. Neutralization EC50 may
be informed by results from an in vifro assay and/or by results from an in vive assay. In
some embodiments, an antibody comprises a neutralization ECS50 for RSV of about 20
micrograms (such as, for example, 20 micrograms) per mi, optionally in an i vifro
neutralization assay and/or in a cynomolgus monkey.

For example, in some embodiments, following a single dose (e.g. administered
by slow 1.v. infusion) of the antibody at 1S mg/kg to a cynomolgus monkey, the
antibody is present in plasma of the subject at a concentration greater than or equal to
the neutralization ECS0 for up to 100, up to 200, up to 300, up to 400, up to SO0, up to
600, up to 700, up to 800, up to 900, up to 1000, up to0 1,100, up to 1,200, or up to 1,300
hours, or more.

In some embodiments, following a single dose (¢2.g. administered by slow 1.v.
infusion) of the antibody at 15 mg/ke to a cynomolgus monkey, the antibody is present
in plasma at a concentration greater than or equal to 20 micrograms per mi for over
1,000 hours, over 1,050 hours, over 1,100 hours, over 1,150 hours, over 1,200 hours,

over 1,250 hours, over 1300 hours, or more, or up to about 1,250 hours, or up 1o 1,300

3
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hours, or up to 1,200 hours, or up to 1,100 hours, or up to 1,000 hours. In certain
embodiments, the antibody comprises a neutralization EC50 for RSV of about 20
micrograms (such as, for example, 20 micrograms) per mi, optionally in an i vifro
neutralization assay and/or in a cynomolgus monkey.

In some embodiments, following a single dose of the antibody (e.g
administered by slow i.v. infusion) at 15 mg/kg to a cynomolgus monkey, the antibody
is present in plasma at a concentration greater than or equal to 20 micrograms per ml for
over 10 days, over 20 days, over 30 days, over 40 days, over 50 days, or forup to 55
days, or for up to 30 days, or for up to 60 days. In certain embodiments, the antibody
comprises a neutralization ECS0 for RSV of about 20 micrograms {such as, for
example, 20 micrograms) per ml, optionally in an in vifro neutralization assay and/or in
a cynomolgus monkey.

In some embodiments, at 113 days following a single dose of the antibody or
anttbody composition {e.g. administered by slow v, infusion) at 15 mgkgtoa
cynomolgus monkey, the antibody is present in plasma at a concentration between 2
micrograms per ml and 10 micrograms per i, or between 2 micrograms per ml and 7
micrograms per mi, or about 2, about 3, about 4, about 5, about 6, or about 7
micrograms per mi.

In some embodiments, following a single dose of the antibody or antibody
composition {e.g. administered by slow 1.v. infusion} at 15 mg/kg to a cynomolgus
monkey, the antibody is present in plasma in accordance with any one or more of the

concentrations at a given timne according to Table A,

Table A. Antibody Cencentration in Cynomolgus Monkey Plasma Over Time

Following a Single Dose of Antibody or Antibody Composition at 15 mo/'ke

Auntibody Plasma Concentration {micrograms/mL)} Days following the
Stngle Dose of

Antibody

Greater than or about 100, or in a range from about 70 to 10

about 150, or in a range from about 70 to about 200, orin a

[P8]
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Antibody Plasma Concentration {micrograms/mi} Days following the
Single Dose of

Antibody

range from about 70 o about 120, or inn a range from about
30 to about 150, or about 70, about 80, about 90, about 100,
about 110, about 120, about 130, about 140, or about 150,

about 160, about 170, about 180, about 190, or about 200

About 100, or in a range from about 50 to about 100, or 20

about 30, about 60, about 70, about 80, or about 90

I a range from about 40 to about 80, or tn a range from 30
about 40 to about 70, or about 40, about 45, about 50, about

55, about 60, about 65, about 70, or about 75, or about 80

ir a range from about 20 to about 50, or in a range from 40
about 20 to about 60, or in a range from about 30 to about
S0, or in a range from about 30 to about 60, or about 20,
about 25, about 30, about 35, about 40, about 45, about 50,

about 55, or about 60

I a range from about 20 to about 40, or tn a range from 50
about 25 10 40, or about 20, about 25, about 30, about 35, or

about 40

ir a range from about 15 to about 30, or in a range from 60

about 20 to 30, or about 15, about 20, about 25, or about 30

In a range from about 15 o about 20, or about 15, about 16, 70

about 17, about 18, about 19, or about 20

In a range from about 10 to about 19, or in a range from 80
about 10 to about 18, or in a range from about 11 to about
18, or in a range from about 11 to about 19, or about 10,

about 11, about 12, about 13, about 14, about 15, about 16,

about 17, about 18, or about 19
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Antibody Plasma Concentration {micrograms/mi} Days following the

Single Dose of

Antibody
in a range from about 8 to about 11, or in a range from § to 90
11, or in a range from about 8 to about 12, or tn a range from
& to 12, or about 8, about 9, about 10, about 11, or about 12
fn a range {rom about 6 to about 9, or 1n a ravge from 6 t0 9, 100
or about 6, about 7, about 8, or about @
In a range from about 4 to about 7, or in a range trom 4 t0 7, 110

or in a range from about 5 o about 7, or aboui 4, about 5,
fend b k

about 6, or about 7

Plasma conceniration of an antibody can be quantified using, for example,
DsCavi-based antigen capture ELISA. The presence of virus or viral load in a subject
{e.g. RSV in a cynomolgus monkey) can be assessed using known techniques and a
sample such as, for instance, a nasal swab.

In some embodiments, the antibodies do not elicit an anti-drug avtibody (ADA)
response in cynomolgus monkeys; for example, as measured at day 56 following
administration of a single dose of an antibody or antibody composition at 15 mg/kg by
slow 1v. infusion.

Also provided are polynucleotides that encode the antibodies vectors, host cells,
and related compositions, as well as methods of using the antibodies, nucleic acids,
vectors, host celis, and related compositions to prevent or treat {e.g., reduce, delay,
eliminate, or prevent) a paramyxovirus infection in a subject and/or in the manufacture

of a medicament for preventing or treating a paramyxovirus mfection in a subject.

Prior to setting forth this disclosure in more detail, it may be helptul to an
understanding thereof to provide definitions of certain terms to be used herein.
Additional definitions are set forth throughout this disclosure.

in the present description, any concentration range, perceniage range, ratio

range, or integer range 1s to be understood to 1nclude the value of any integer within the

(¥
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recited range and, when appropriate, fractions thereof {such as one tenth and one
hundredth of an integer), unless otherwise indicated. Also, any number range recited
herein relating to any physical feature, such as polymer subuniis, size or thickness, are
to be understood to include any integer within the recited range, unless otherwise
indicated. As used herein, the term "about” means + 20% of the indicated range, value,
or struciure, unless otherwise indicated. It should be understood that the ferms "a" and
"an” as used herein refer to "one or more" of the enumerated components. The use of
the alternative {e.g., "or"} should be understood to mean either one, both, or any
combination thereof of the alternatives. As used herein, the terms "include,” "have,”
and "comprise” are used synonymously, which terms and variants thereof are intended
to be construed as non-liraiting.

"Optional" or "optionally” means that the subsequently described element,
component, event, or circumstance may or may not occur, and that the description
includes instances in which the element, component, event, or circumstance occurs and
instances in which they do not.

In addition, it should be understood that the wndividual constructs, or groups of
constructs, derived from the various combinations of the structures and subunits
described herein, are disclosed by the present application to the same extent as if each
construct or group of constructs was set forth individually. Thus, selection of particular
structures or particular subunits is within the scope of the present disclosure.

The term "consisting essentially of" 13 not equivalent to "comprising" and refers
to the specified materials or steps of a claim, or to those that do not materially affect the
basic characteristics of a claimed subject matter. For example, a protetn domain,
region, or module {e.g., a binding domain) or a protein "couvsisis essentially of" a
particular amino acid sequence when the amino acid sequence of a domain, region,
module, or protein includes extensions, deletions, mutations, or a combination thereof
{e.g., amino acids at the amino- or carboxy-terminus or between domains) that, in
combination, contribute to at most 20% {e.g., at most 15%, 10%, 8%, 6%, 5%, 4%, 3%,
2% or 1%;} of the length of a domain, region, module, or protein and do not

substantially affect (i e, do not reduce the activity by more than 50%, such as no more
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than 40%, 30%, 25%, 20%, 15%, 10%, 5%, or 1%) the activity of the domain(s),
region(s), module(s), or protein {e.g., the target binding affinity of a binding protein).

As used herein, "amino acid” refers to natrally occurring and synthetic amino
acids, as well as amino acid analogs and amino acid mimetics that function in a manner
similar to the naturally occurring amino acids. Naturally occurring amino acids are
those encoded by the gevetic code, as well as those amino acids that are later modified,
e.g., hydroxyproline, y-carboxvglutamate, and O-phosphoserine. Amino acid analogs
refer to compounds that have the same basic chemical structure as a naturally occurring
amino acid, 7.e., an a~carbon that 1s bound to a hydrogen, a carboxyl group, an amino
group, and an R group, e. 2., homoserine, norleucine, methionine sulfoxide, methionine
methyl sulforvurn. Such analogs have modified R groups {e.g., norleucine) or modified
peptide backbones, but retain the same basic chemical structure as a naturally occurring
aming actd. Amino acid mimetics refer to chemical compounds that have a structure
that 1s different from the general chemical structure of an amino acid, but that functions
inn a manner sinular to a naturally occurring amino acid.

As used herein, "routation” refers to a change n the sequence of a nucleie acid
molecule or polypeptide molecule as compared to a reference or wild-type nucleic acid
molecule or polypeptide molecule, respectively. A mutation can result in several
different types of change in sequence, including substitution, 1sertion or deletion of
nucleotide(s) or amino acid(s}.

A "conservative substitution” refers to amino acid substitutions that do not
significantly affect or alter binding characteristics of a particular protein. Generally,
conservative substitutions are ones in which a substituted amino acid residue is replaced
with an aroino acid residue having a simoilar side chain. Conservative substitutions
include a substitution found in one of the following groups: Group 1. Alanine (Ala or
A}, Glycine (Gly or ), Serine (Ser or S}, Threonine {Thr or T); Group 2: Aspartic acid
{Asp or D), Glutamic acid (Glu or Z); Group 3: Asparagine {(Asn or N}, Glutamine (Gln
or ), Group 4. Arginine {(Arg or R}, Lysine (Lys or K}, Histidine (His or H); Group §:
Isoleucine (lle or 1), Leucine (Leu or L}, Methionine (Met or M), Valine (Val or V), and

Group 6: Phenylalanine (Phe or F), Tyrosine (Tyr or Y), Tryptophan (Trp or W)
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Additionally or alternatively, amino acids can be grouped into conservative substitution
groups by stmilar function, chemical structure, or composition {e.g., acidic, basic,
aliphatic, aromatic, or sulfur-containing). For example, an aliphatic grouping may
include, for purposes of substitution, Gly, Ala, Val, Leu, and He. Other conservative
substitutions groups inchude: sulfur-containing: Met and Cysteine (Cys or C); acidic:
Asp, Glu, Asn, and Gln; small aliphatic, noupolar or shightly polar residues: Ala, Ser,
Thr, Pro, and Gly; polar, negatively charged residues and their amides: Asp, Asn, Gly,
and Gln; polar, positively charged residues: His, Arg, and Lys; large aliphatic, nonpolar
residues: Met, Leu, fle, Val, and Cys; and large aromatic residues: Phe, Tyr, and Trp.
Additional tnformation can be found 1o Creighton (1984) Proteins, W .H. Freeman and
Company.

As used herein, "protein” or "polypeptide” refers to a polymer of aming acid
residues. Proteins apply to naturally occurring amino acid polymers, as well as to
amino acid polymers in which one or more amino acid residue is an artificial chemical
mimetic of a corresponding naturally occurring amino acid, and non-naturally occurring
amino acid polymers.

"Nucleic acid molecule” or "polynuclectide” or "polynucleic acid” refersto a
polymerte compound including covalently linked nucleotides, which can be made up of
natural subunits {e.g., purine or pyrimidine bases) or non-natural subunits {e.g.,
morpholine ring). Purine bases include adenine, guanine, hypoxanthine, and xanthine,
and pyrimidine bases include uracil, thymine, and cytosine. Nucleic acid molecules
include polyribonucleic acid (RNA}, which includes mRNA, microRNA, siRNA | viral
genomic RNA, and synthetic RNA, and polydeoxyribonucieic acid (DNA), which
includes cDNA, genoroic DNA, and synthetic DNA, either of which may be single or
double stranded. If single-stranded, the nucleic acid molecule may be the coding strand
ot non-coding {(anti-sense) strand. A nucleic acid molecule encoding an amino acid
sequence includes all nucleotide sequences that encode the same amino acid sequence.
Some versions of the nucleotide sequences may also include intron{s) to the extent that

the intron{s) would be rernoved through co- or posi-transcriptional mechanisms. 1o

el
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other words, different nucleotide sequences may encode the same amino acid sequence
as the result of the redundancy or degeneracy of the genetic code, or by splicing.

In some embodiments, the polynucleotide (e.g. mRNA) comprises a modified
nucleoside, a cap-1 structure, a cap-2 structure, or any combination thereof. In certain
embodiments, the polynucleotide comprises a pseudouridine, a N6-methyladenonsing, a
S-methyleytidine, a 2-thiouridine, ot any combination thereof. In some embodiments,
the pseudouridine comprises N1-methyipseudouridine. These features are known in the
art and are discussed in, for example, Zhang et af. Front fmmunol.,
DOI=103389/fimmu 2019 00594 (2019); Evler eof ol PNAS 116(46); 23068-23071;
PO 10.1073/pnas 1821754116 (2019}, Nance and Meier, ACS Cent. Sci. 2021, 7, 5,
748-756; dot.org/10.102/acscentsct. 1¢00197 (2021), and van Hoecke and Roose, ./
Transiationad Med 17:54 (2019); https://dot.org/10.1186/512967-019-1804-8, which
modified nucleosides and mRNA features are incorporated hergin by reference.

The term "isolated” means that the material 1s removed from its original
environment {¢.g., the natural environment it it is naturally occurring}. For example, a
naturally occurring nucleic acid or polypeptide present in a living animal 1s not isolated,
but the same nucleic acid or polypeptide, separated from some or all of the co-existing
materials in the natural system, is isolated. Such nucleic acid could be part of a vector
and/or such nucleic acid or polypeptide could be part of a composition {e.g., a cell
lysate), and still be isolated in that such vector or composition is not part of the natural
environment for the nucleic acid or polypeptide. "Isolated” can, in some embodiments,
also describe an antibody, polynuclectide, vector, host cell, or composition that is
outside of a subject, such as cutside of a human body.

The term "gene” means the segment of DNA or RNA 1nvolved in producing a
polypeptide chain; in certain contexts, it includes regions preceding and following the
coding region {e.g., 5™ untransiated region {UTR} and 3° UTR) as well as intervening
sequences (introns) between individual coding segments {exons).

As used herein, the term "engineered," "recombinant," or "non-natural” refers to
an organism, mwicroorganism, cell, nucleic acid molecule, or vector that includes at least

one genetic alteration or has been modified by introduction of an exogenous or

9
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heterologous nucleic acid molecule, wherein such alterations or modifications are
introduced by genetic engineering {i.e., human intervention). Such an organism,
microorgamsm, cell, nucleic acid molecule, or vector can also be deseribed as
"moditied". Genetic alterations include, for example, modifications introducing
expressible nuclete acid molecules encoding functional RNA, proteins, fusion proteins
or enzymes, or other nucleic acid molecule additions, deletions, substitutions, or other
functional disruption of a cell’s genetic material. Additional modifications include, for
example, non-coding regulatory regions in which the modifications alter expression of a
polynuclectide, gene, or operon. A polypeptide encoded by an engineered non-natural
nucleic acid molecule can be described as an "engineered” polypeptide.

As used herein, "heterclogous” or "non-endogenous” or "exogenous” refers to
any gene, protein, compound, nucleic acid molecule, or activity that is not native to a
host cell or a subject, or any gene, protein, compound, nucleic acid molecule, or activity
native to a host cell or a subject that has been altered. Heterologous, non-endogenous,
or exogenous includes genes, proteins, compounds, or nucleic acid molecules that have
been mutated or otherwise altered such that the structure, activity, or both 1s different as
between the native and altered genes, proteins, compounds, or nucleic acid molecules.
In certain embodiments, heterclogous, non-endogenous, or exogencus genes, proteins,
or nucleic acid molecules {e.g., receptors, ligands, eic.) may not be endogenous to a
host cell or a subject, but instead nucleic acids encoding such genes, proteins, or nucleic
acid molecules may have been added to a host cell by conjugation, transformation,
transfection, electroporation, or the like, wheretn the added nucleic acid molecule may
integrate into a host cell genome or can exist as extra-chromosomal genetic material
{e.g, as a plasmid or other self-replicating vector). The term “homologous” or
"homolog" refers to a gene, protein, compound, nucleic acid molecule, or activity found
inn or derived from a host cell, species, or strain. For example, a heterologous or
exogenous polynucleotide or gene encoding a polypeptide may be homologous to a
native polynuclectide or gene and encede a homologous polypeptide or activity, but the
polynuclectide or polypeptide may have an aliered structure, sequence, expression

level, or any combination thereof. A non-endogenous polynucleotide or gene, as well
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as the encoded polypeptide or activity, may be from the same species, a different
species, or a combination thereof,

In certain embodiments, a nucleic acid molecule or portion thereof native to a
host cell will be considered heterologous to the host cell if 1t has been altered or
mutated, or a nucleic acid molecule native to a host cell may be considered
heterologous if it has been altered with a heterologous expression control sequence or
has been altered with an endogenous expression control sequence not normally
associated with the nucleic acid molecule native to a host cell. In additicn, the term
"heterologous” can refer to a biological activity that 1s different, altered, or not
endogenous to a host cell. As described herein, more than one heterologous nucleic
acid molecule can be iniroduced tnto a host cell as separate nucleic acid molecules, as a
plurality of individually controlled genes, as a polycistronic nucleic acid molecule, as a
single nucleic acid molecule encoding an antibody (or other polypeptide}, or any
combination thercof.

As used herein, the term "endogencus” or "native” refers to a polynucleotide,
gene, protein, compound, molecule, or activity that is normally present in a host cell or
a subject.

The term "expression”, as used herein, refers to the process by which a
polypeptide 13 produced based oo the encoding sequence of a nucleic acid molecule,
such as a gene. The process may include transcription, posi-transcriptional control,
post-transacriptional modification, transiation, post-transiational control, post-
translational modification, or any combination thereot. An expressed nucleic acid
molecule is typically operably linked to an expression control sequence {e.g., a
promaoter}.

The term "operably linked" refers to the association of two or more nucleic acid
molecuies on a single nucleic acid fragment so that the function of one ts affected by
the other. For example, a promoter is operably linked with a coding sequence when it is
capable of affecting the expression of that coding sequence (7., the coding sequence is

under the transcriptional coutrol of the promoter). "Unlinked” means that the associated
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genetic elements are not closely associated with one another and the function of one
does not affect the other.

As described herein, more than one heterologous nucleic acid molecule can be
introduced into a host {e.g. human) or a host cell as separate nucleic acid molecules, as
a plurality of individually controlled genes, as a polycistronic nucleic actd molecule, as
a single nucleic acid molecule encoding a protein {e.g., a heavy chain of an antibody),
or any combination thereof. When two or more heterologous nucleic acid molecules
are introduced inte a host or a host cell, it is understood that the two or more
heterologous nucleic acid molecules can be introduced as a single nucleic acid molecule
{e.g., on a single vector}, on separate vectors, integrated into the host chromosome at a
single site or roultiple sites, or any combination thereof  The number of referenced
heterclogous nucleic acid molecules or protein activities refers to the number of
encoding nucleic acid molecules or the number of protein activities, not the number of
separate nucleic acid molecules introduced into a host or a host cell.

The term "construct” refers to any polynucleoctide that contains a recombinant
nucleic acid molecule (or, when the context clearly wndicates, a protein of the present
disclosure). A {polynucleotide) construct may be present in a vector {e.g., a bacterial
vector, a viral vector) or may be integrated into a genome. A "vector” 18 a nucleic acid
molecule that is capable of transporting another nucleic acid molecule. Vectors may be,
for example, plasmids, cosmids, viruses, a RNA vector or a linear or circular BDNA or
RNA molecule that may include chromosomal, non-chromosomal, semi-synthetic or
synthetic nucleic acid molecules. Vectors of the present disclosure also include
transposon systems {(e.g., Sleeping Beauty, see, e.g., Geurts et al., Mol Ther. §:108,
2003 Matés ef al., Nat. Genet. 47753, 2009}, Exerplary vectors are those capable of
autonomous replication {eptsomal vector), capable of delivering a polynuclectide to a
cell genome (e.g., viral vector), or capable of expressing nucleic acid molecules o
which they are linked {expression vectors).

As used herein, "expression vector” or "vector” refers to a DNA construct
containing a nucleic acid molecule that 1s operably linked to & suitable control sequence

capable of effecting the expression of the nucleic acid molecule in a suitable host. Such
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control sequences include a promoter to effect transcription, an optional operator
sequence to control such transcription, a sequence encoding suitable mRNA ribosome
binding sites, and sequences which control termination of transcription and translation.
The vector may be a plasmid, a phage particle, a virus, or simply a potential genomic
insert. Ounce transtormed into a suttable host, the vector may replicate and function
ndependently of the host genome, or may, in soroe instances, integrate into the genome
itself or deliver the polynuclectide contained in the vector into the genome without the
vector sequence. In the present specification, "plasmid,” "expression plasmid,” "virus,"
and "vector” are often used interchangeably.

The term "introduced” in the context of inserting a nucleic acid molecule into a
cell, means "transfection”, "transformation,” or "ransduction” and includes reference to
the incorporation of a nucleic acid molecule into a eukaryotic or prokaryatic cell
wherein the nucleic acid molecule may be incorporated into the genome of a cell {e.g.,
chromosome, plasmid, plastid, or mitochondrial DNA), converted into an autonomous
replicon, or transiently expressed {e.g., transfected mRINA).

In certain emboduments, polynucieotides of the preseut disclosure may be
operatively linked to certain elements of a vector. For example, polynucleotide
sequences that are needed to effect the expression and processing of coding sequences
to which they are ligated may be operatively inked. Hxpression conirol sequences may
include appropriate transcription initiation, termination, promoter, and enhancer
sequences, efficient RNA processing signals such as splicing and polyadenylation
signals; sequences that stabilize cytoplasmic mRNA; sequences that enhance translation
efficiency (i.e., Kozak consensus sequences); sequences that enhance protein stability;
and possibly sequences that enhavnce protein secretion. Expression control sequences
may be operatively linked if they are contiguous with the gene of interest and
expression control sequences that act in srams or at 3 distance to control the gene of
interest.

in certain embodiments, the vector comprises a plasmid vector or a viral vector
(e.g., a lentiviral vector or a y-retroviral vector). Viral vectors include retrovirus,

adenovirus, parvovirus {e.g., adenc-associated viruses), coronavirys, negative strand
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RNA viruses such as ortho-myxovirus {e.g., influenza virus), rhabdovirus {e.g., rabies
and vesicular stomatitis virus), paramyxovirus {e.g., meastes and Sendat)}, positive
strand RNA viruses such as picornaviras and alphavirus, and double-stranded DNA
viruses inciuding adenovirus, herpesvirus {e.g., Herpes Simplex virus types 1 and 2,
Epstein-Barr virus, cytomegalovirus), and poxvirus {e.g., vaccinia, fowlpox, and
canarypox ). Other viruses include, for example, Norwalk virus, togavirus, flavivirus,
reoviruses, papovavirus, hepadnavirus, and hepatitis virus. Examples of retroviruses
include avian leukosis-sarcoma, mammalian C-type, B-type viruses, B type viruses,
HTLV-BLV group, lentivirus, spurnavirus (Coffin, J. M., Retrovindae: The viruses and
their replication, In Fundamental Virology, Third Edition, B. N. Fields et al | Eds,
Lippincott-Raven Publishers, Philadelphua, 1996).

"Retroviruses" are viruses having an RNA genome, which is reverse-transcribed
into DNA using a reverse transcriptase enzyme, the reverse~transcribed DNA is then
incorporated into the host cell genome. "Gammaretrovirus” refers to a genus of the
retroviridae family. Examples of gammaretroviruses include mouse stem cell virus,
murine leukemia virus, feline leakemia virus, feline sarcoma virus, and avian
reticuloendotheliosis viruses.

"Lentiviral vectors” tnclude HIV-based lentiviral vectors for gene delivery,
which can be integrative or non-integrative, have relatively large packaging capacity,
and can transduce a range of different cell types. Lentiviral vectors are usually
generated following transient transfection of three (packaging, envelope, and transfer}
or more plasmids into producer cells. Like HIV, lentiviral vectors enter the target cell
through the interaction of viral surface glycoproteins with receptors on the cell surface.
Ou entry, the viral RNA undergoes reverse transcription, which 1s mediated by the viral
reverse transcriptase complex. The product of reverse transcription is a double-stranded
linear viral DNA, which is the substrate for viral integration into the DNA of infected
cells.

in certain embodiments, the viral vector can be a gammaretrovirus, e.g.,
Moloney murine leukerota virus (MLV}-derived vectors. To other embodiments, the

viral vector can be a more complex retrovirus-derived vector, e.g., a lentivirus-derived
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vector, HIV-1-derived vectors belong to this category. Other examples include
lentivirus vectors derived from HIV-2, FIV, equine infectious anemia virus, SIV, and
Maedi-Visna virus {ovine lentivirus). Methods of using retroviral and lentiviral viral
vectors and packaging cells for transducing mammalian host cells with viral particles
containing transgenes are known in the art and have been previous described, for
example, in. US Patent 83,119,772, Walchli ef al , PLo8 One 6:327930, 2011, Zhao ef
af | . Immunol 1744415, 2005; Engels ef al |, Hum. Gene Ther. 14:1155, 2003, Frecha
et al., Mol Ther. 181748, 2010, and Verhoeyen ef af, Methods Mol Biol. 50697,
2009, Retroviral and lentiviral vector constructs and expression systems are also
commercially avaifable. Other viral vectors also can be used for polynucieotide delivery
ncluding BNA viral vectors, including, for example adenovirus-based vectors and
adeno-associated virus {AAV-based vectors; vectors derived from herpes simplex
viruses {(HSV3s), including amplicon vectors, replication-defective HSV and attenuated
HSV (Krisky e af., Gene Ther. 5:1517, 1998},

Other vectors that can be used with the compositions and methods of this
disclosure include those derived from baculoviruses and g-viruses. (Jolly, D 1. 1999,
Emerging Viral Vectors. pp 209-40 in Friedmann T. ed. The Development of Human
Gene Therapy. New York: Cold Spring Harbor Lab), or plasmid vectors (such as
sleeping beauty or other transposon vectors).

When a viral vector genome comprises a plurality of polynucieotides to be
expressed in a host cell as separate transcripts, the viral vector may also comprise
additional sequences between the two {or more} transcripts allowing for bicistronic or
multicistronic expression. Examples of such sequences used in viral vectors include
internal ribosome entry sites (IRES), furin cleavage sites, viral ZA peptide, or any
combination thereof.

Plasmid vectors, including DNA-based antibody-encoding plasmid vectors tor
direct administration to a subiect, are described further herein.

As used herein, the term "host" refers to a cell or microorganism targeted for
genetic modification with a heterologous nucleic acid molecule to produce a

polypeptide of interest {e.g., an antibody of the present disclosure). "Host” can also
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refer to a subject to whom a nucleic acid encoding an antibody s administered, and/or
who has a paramyxovirus such as, for example, respiratory syncytial virus,
metapneumoviras, or pueumovitus of mice.

A host cell may include any individual cell or cell culture which may receive a
vector or the incorporation of nucleic acids or express proteins. The term also
encompasses progeny of the host cell, whether genetically or phenotypically the same
or different. Suitable host cells may depend on the vector and may include mammalian
cells, animal cells, human cells, simian cells, insect cells, yeast cells, and bacterial cells.
These cells may be induced to incorporate the vector or other material by use of a viral
vector, transformation via calcium phosphate precipitation, DEAE-dextran,
electroporation, microinjection, or other methods. See, for example, Sambrook et o/,
Molecular Cloning: A Laboratory Manual 2d ed. (Cold Spring Harbor Laboratory,
1989).

"Antigen” or "Ag", as used herein, refers to an immunogenic molecule that
provokes an immune response. This immune response may involve antibody
production, activation of certain immunologically-corupetent cells, activation of
complement, antibody dependent cytotoxicicity, or any combination thereof. An
antigen (immunogenic molecule} may be, for example, a peptide, glycopeptide,
polypeptide, glycopolypeptide, polynucleotide, polysaccharide, ipid, or the like. Itis
readily apparent that an antigen can be synthesized, produced recombinantly, or derived
from a biological sample. Exemplary biological samples that can contain one or more
antigens tnclude tissue samples, stool sarples, cells, biological fluids, or combinations
thereof. Antigens can be produced by cells that have been modified or genetically
engineered to express an antigen. Antigens can also be present in a paramyxovirus
{e.g., an F protein or portion therecof), such as present in a virion, or expressed or
presented on the surface of a cell infected a paramyxovirus.

The term "epitope” or "antigenic epitope” includes any molecule, structure,
amino actd sequence, or protein determinant that is recognized and specifically bound
by a cognate binding molecule, such as an immunoglobulin, or other binding molecule,

domain, or protein. Epitopic determinants generally contain chemically active surface
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groupings of molecules, such as amino acids or sugar side chains, and can have specific
three-dimensional structural characteristics, as well as specific charge characteristics.
Where an antigen is or comprises a peptide or protein, the epitope can be comprised of
consecutive amino acids {e.g., a linear epitope}, or can be comprised of aming acids
from different parts or regions of the protein that are brought 1nto proximity by protein
tolding {(e.g., a discontinuous or couformational epitope)}, or non-contiguous amino

acids that are in close proximity irrespective of protein folding.

Auntibodies

in some embodiments, the present disclosure provides an isolated antibody
comprising: (1) two heavy chain polypeptides each having {i.e. comprising or cousisiing
of) the amino acid sequence of SEQ ID NO 11, and (11) two light chain polypeptides
each having (7.e. comprising or consisting of) the amino acid sequence of SEQ ID
N34

in other embodiments, the present disclosure provides an isolated antibody
comprising: (i} two heavy chain polypeptides each having (i.e. comprising or consisting
of) the amino acid sequence of SEQ ID NO :2; and (11) two light chain polypeptides
each having (7.e. comprising or consisting of} the amino acid sequence of SEQ ID
N34

In still other embodiments, the present disclosure provides an 1solated antibody
comprising: (i} two heavy chain polypeptides each having (i.e. comprising or consisting
of} the amuno acid sequence of SEQ 1D NG .3, and (1) two light chain polypeptides
each having (7.e. comprising or consisting of} the amino acid sequence of SEQ ID
N34

In some embodiments, the present disclosure provides an isolated antibody
comprising: (i} two heavy chain polypeptides each comprising the amino acid sequence
of SEQ ID NG .-6; and (11} two light chain polypeptides each comprising the amino acid
sequence of SEQ D NO .4

In some embodiments, the present disclosure provides an isclated antibody

comprising: (i) two heavy chain polypeptides each comprising the amino acid sequence

[
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of SEQ ID NO.:7; and (it) two light chain polypeptides each comprising the amino acid
sequence of SEQ D NO .4

In some embodiments, the present disclosure provides an isolated antibody
comprising: (i} two heavy chain polypeptides each comprising the amino acid sequence
of SEQ ID NG.:8; and (it} two light chain polypeptides each comprising the amino acid
sequence of SEQ ID NGO .4

The two heavy chain polypeptides of an antibody of the present disclosure
associate to form a homodimer. One of the two heavy chain polypeptides further
associates with one of the two light chain polypeptides, and the other of the two heavy
chain polypeptides further associates with the other of the two light chain polypeptides.

The antibodies are capable of binding to a paramyxovitus and neutralizing avn
infection by the paramyxovirus. The paramyxovirus can be, for example, respiratory
syncytial virus, metapneumovirus, or pngumonia virus of mice.

As used herein, a "neutralizing antibody” is one that can neutralize, 7.¢., prevent,
inhibit, reduce, impede, or interfere with, the ability of a pathogen to initiate and/or
perpetuate an infection in a host. The terms "neuiralizing antibody™ and "an antibody
that neutralizes” or "antibodies that neutralize” are used interchangeably herein. In any
of the presently disclosed embodiments, the antibody is capable of preventing and/or
neutralizing a paramyxovirus wofection tn an 7i vifro model of infection and/or in au in
vive animal model of infection and/or in a human.

Terms understood by those in the art of antibody technology are each given the
meaning acquired in the art, unless expressly defined ditferently herein. For example,
the term "antibody"” refers herein to an intact antibody comprising at least two heavy
() chaiuns (HCs; also called heavy chain polypeptides) and two light (L} chains (LCs;
also called light chain polypeptides)} inter-connected by disulfide bonds (i.e. LC-HC-
HC-LC, as a bivalent tetramer molecule). The term encompasses intact or full-length
antibodies, including antibodies of any class or sub-class, including 1gG and sub-classes
thereof (IgG1, 1g(G2, 1gG3, 1eG4), IgM, IgE IgA| and IgD.

The terms "Vi" or "VL"  and "Va" or "VH" refer to the variable binding region

from an antibody light chain and an antibody heavy chain, respectively. The variable
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binding regions comprise discrete, well-defined sub-regions known as
"complementarity determining regions" (CDRs) and "framework regions" (FRs). The
terms "complementarity determining region,” and "CDR," are synonymous with
"hypervariable region” or "HVR," and refer to sequences of aming acids within
antibody variable regions, which, in general, together confer the antigen specificity
and/or binding aftinity of the antibody, wherein consecutive CDRs (ie., CDRI and
CDR2, CDR2 and CDR3) are separated from one ancther in primary structure by a
framework region. There are three CDRs in each variable region (HCDRT, HCDRZ,
HCDR3; LCDRI, LCDR2, LCDR3; also referred to as CDRHs and CDRLs,
respectively). In certain embodiments, an antibody VH comprises four FRs and three
CDRs as follows: FRI-HCDRI-FR2-HCDR2-FR3-HCDR3-FR4; and an antibody VL
comprises four FRs and three CDRs as follows: FRI-LCDRI1-FR2-LCDR2-FR3-
LCDR3-FR4. In general, the VH and the VL together form the antigen-binding site
through their respective CDRs. However, in some cases, a VH alone, a VL alone, or
one, two, three, four, or five of the CDRs are involved in antigen-binding,

Numsberning of CDR and framework regions may be according to any known
method or scheme, such as, for example, the Kabat, Chothia, EU, IMGT, and AHo
numbering schemes {see, e.g., Kabat er of ., "Sequences of Proteins of Immunological
Interest, US Dept. Health and Human Services, Public Health Service Natiounal
Institutes of Health, 1991, 5% ed.; Chothia and Lesk, J. Mol Biol. 196:901-917 (1987)};
Lefranc er af, Dev. Comp. Immunol. 2755, 2003, Honegger and Plickthun, J Mol
Bio. 309:657-670 (2001}, and the antibody numbering method developed by the
Chemical Computing Group (CCGy; e.g., using Molecular Operating Eavironment
(MOE) software (www. chemcomp.com). Equivalent residue positions can be annotated
and for different molecules to be compared using Antigen receptor Numbering And
Receptor Classification (ANARCH) software tool (2016, Bioinformatics 15:298-300),
Accordingly, identification of CDRs of an exemplary variable domain (VH or VL)
sequence as provided herein according to one numbering scheme is not exclusive of an
anttbody comprising CDRs of the same varable domain as determined using a different

numbering scheme.
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The term "CL" refers to an "immunoglobulin light chain constant region” or a
"light chain constant region," 7.e., a constant region from an antibody light chain. The
term "CH" refers to an "unmunoglobulin heavy chain constant region” or a "heavy
chain constant region,” which is further divisible, depending on the antibady isotype
into CHI, CHZ, and CH3 (IgA, Igh, 1g(G), or CHI, CHZ, CH3, and CH4 domains (IgE,
Igh). The Fcregion of an antibody heavy chain is described further berein. In any of
the presently disclosed embodiments, an antibody of the present disclosure comprises a
Cl,aCH1, aCHZ, and a CH3.

A "Fab" (fragment antigen binding) 1s the part of an antibody that binds to
antigens and includes the variable region and CHI of the heavy chain linked to the light
chain via one or more inter-chain disulfide bond. Each Fab fragment 1s monovalent
with respect to antigen binding, 7.¢, it has a single antigen-binding site. Pepsin
treatment of an antibody yields a singie large F{ab')2 fragment that roughly corresponds
to two disultide linked Fab fragments having divalent antigen-binding activity and 1s
still capable of cross-linking antigen. Both the Fab and F(ab’)2 are examples of
"antigen-binding fragments." Fab' fragments differ from Fab fragmeuts by having an
additional few residues at the carboxy terminus of the CH1 domain including one or
more cysteines from the antibody hinge region. Fab'-SH is the designation herein for
Fab'in which the cysteine residue(s) of the coostant domains bear a free thiol group.
F(ab")2 antibody fragments originally were produced as pairs of Fab' fragments that
have hinge cysteines between them. Uther chemical couplings of antibody fragments
are also known.

"Fv'is a small antibody fragment that contains a complete antigen-recognition
and antigen-binding site. Thus fragrment generally counsists of a dimer of one heavy- and
one light-chain variable region domain in tight, non-covalent association. However,
even a single vartable domain {or half of an Fv comprising only three CDRs specific for
an antigen) has the ability to recognize and bind antigen, although sometimes at a lower
affinity than the entire binding site.

Presently disclosed antibodies comprise a Fe polypeptide. An "Fe" dimer

comprises the carboxy-terminal portions (i.e., the CH2 and CH3 domains of IgG) of
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both antibody H chains held together by disulfides. Antibody "effector functions” refer
to those biological activities attributable to the Fc region {a native sequence Fc region
or amino acid sequence variant Fc region) of an antibody, and vary with the antibody
isotype. Examples of antibody effector functions include: Clq binding and complement
dependent cytotoxicity; Fe receptor binding, antibody-dependent cell-mediated
cyiotoxicity (ADCCY; phagocytosis; down regulation of cell surface receptors (e.g., B
cell receptor); and B cell activation.

In some embodiments, an antibody comprises a Fe polypeptide comprising
mutations selected from (EU numbering with reference to human IgG1): G236A;
823913, A330L; and I332E; or a combination comprising any two or more of the same;
e.g., S239D/I332E, S239D/A330L/1332E, G236A/S2391¥1332E, G236A/A330L/1332E
{(also referred to herein as "GAALIE");, or GZ36A/SZ309D/A330L/I332E. In some
embodiments, the Fc polypeptide or fragment thereof does not comprise S239D. In
some embodiments, the Fo polypeptide or fragment thereof comprises S at position 239,
GAALIE improves binding affinity to FeRylla and FeyR1a and reduces binding
affinity to FeyRIb.

In certain embodiments, the Fc polypeptide comprises one or more amino acid
a pH of about 6.0} and, in some embodiments, thereby extend in vive half-iife of a
molecule comprising the Fe polypeptide (e.g., as compared to a reference Fc
polypeptide or antibody that is otherwise the same but does not comprise the
modification{s}}. In certain embodiments, the Fe polypeptide comprises or is derived
from a Ig(s {e.g., 1gG1) Fe and a half-life-extending mutation comprises any one or
more of M42BL: N434S: N434H, N434A; N434S: M252Y: 8254T; T256F; T2500;
P2571 Q3115 D376V, T307A; E380A (EU numbering with reference to human IgG1).
in certain embodiments, a half-life-extending mutation comprises M4281/N434S (also
referred to herein as "MLNS" or “LS”). In certain embodiments, a half-life-extending
mutation comprises M252Y/S254T/T256E. In certain embodiments, a halt-life-
extending mutation comprises T250Q/M4281. In certain embodiments, a half-life-

extending mutation comprises P237V(Q3111 In certain embodiments, a halt-life-
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extending mutation comprises P2S7TVN434H. In certain embodiments, a halt-life-
extending mutation comprises D376V/N434H. In certain embodiments, a half-life-
extending mutation comprises T307A/E3R0A/NA34A.

In some embodiments, an antibody includes a Fc polypeptide that comprises the
substitution mutations M4281/N4345. In some embodiments, an antibody includes a
Fc polypeptide that comprises the substitution mutations G236A/A3301L/1332E. In
certain embodiments, an antibody includes a {e.g, 1gG1) Fc polypeptide that comprises
a (3236A mutation, an A330L mutation, and a I332E mutation {GAALIE), and does not
comprise a 32390 mutation {¢.g., comprises a native S at position 239}, In particular
embodiments, an antibody includes an Fe polypeptide that comprises the substitution
mutations: M4281L/N4348 and G236A/A330L/I332E, and optionally does not comprise
S239D. In certain embodiments, an antibody includes a Fc polypeptide that comprises
the substitution mutations: M4281/N434S and GZ36A/SZ39D/A330L/1332E (EU
numbering with reference to human IgGl).

it will be understood that, for example, production in a mammalian cell line can
remove one ot more C-termunal lysine of an antibody heavy chain polypeptide (see,
e.g., Liveraf mAbs 6(5):1145-1154 (2014)). Accordingly, an antibody of the present
disclosure can comprise a heavy chain polypeptide wherein a C-terminal lysine residue
is present or is absent, in other words, encompassed are embodiments where the C-
terminal residue of a heavy chain polypeptide is not a lysine, and embodiments where a
lysing is the C-terminal residue. In certain embodiments, a composition comprises a
plurality of an antibody of the present disclosure, wherein one or more antibody does
not comprise a lysine residue at the C-terminal end of the heavy chain polypeptide, and
wherein one or more antibody comprises a lysine residue at the C-termunal end of the
heavy chain polypeptide.

Accordingly, in some embodiments, the present disclosure provides an isolated
antibody comprising: (i} two heavy chain polypeptides each comprising the amino acid
sequence of SEQ I NO 6, SEQ ID NO .7 or SEQ ID NG.8; and (i1} two light chain

polypeptides each compristng the amino acid sequence of SEQ ID NG 4.
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In certain embodiments, the antibody comprises a mutation that alters
glycosylation, wherein the mutation that alters glycosylation comprises N297A,
N297Q, or N297G, and/or the antibody 1s partiaily or fully aglycosylated and/or is
partially or fully afiicosylated. Host cell lines and methods of making partially or fully
aglycosylated or partially or fully afucosylated antibodies are known (see, e.g., PCT
Publication No. WO 2016/181357; Suzuki ef af. Clin. Cancer Kes. 13(6).1875-82
(2007}, Huang er al. MAbs 6:1-12 (2018}). Fucosylation of an antibody can be effected
by introducing amino acid mutations to introduce or disrupt a fucosylation site; by
expressing the antibody in a host cell which has been genetically engineered to lack the
ability {or have an inhibited or compromised ability) to fucosylate the antibody; by
expressing the antibody under conditions 1o which a host cell 1s impaired in its ability to
tucosylate the antibody {e.g., in the presence of 2-fluoro-L-fucose (2FF)), or the like.

In certain embodiments, an antibody: is afucosylated; has been produced ina
host cell that is incapable of fucosylation or that is inhibited in its ability to fucosylate
the antibody; has been produced under conditions that inhibit fucosylation thereof by a
host cell; or any combivation thereof.

In certain embodiments, the antibody 1s capable of eliciting continued protection
in vivo in a subject even once no detectable levels of the antibody can be found in the
subject {(7.¢., when the antibody has been cleared from the subject following
administration}. Such protection is referred to herein as a vaccinal effect. Without
wishing to be bound by theory, it 1s believed that dendritic cells can internalize
complexes of antibody and antigen and thereafier induce or contribute to an endogenous
immune response against antigen. In certain embodiments, an antibody comprises one
or more modifications, such as, for example, mutations in the Fe comprising G236A,
A330L, and I332E, that are capable of activating dendritic cells that may induce, e.g, T
cell immunity o the antigen.

In any of the presently disclosed embodiments, the antibody can be monoclonal.
The term "monocional antibody" (mAb) as used herein refers to an antibody obtained
from a population of substantially homogeneous antibodies, 7.¢ | individual antibodies

comprising the population are identical except for possible naturally occurring
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mutations that may be present, in some cases in minor amounts. Monoclonal antibodies
are highly specific, being directed against a single antigenic site. Furthermore, in
contrast to polyclonal antibody preparations that include different antibodies directed
against different epitopes, each monoclonal antibody is directed against a single epitope
of the antigen. In addition to their specificity, the monoclonal antibodies are
advantageous 1u that they may be synthesized uncontaminated by other antibodies. The
term "monocional” is not to be construed as requiring production of the antibody by any
particular method. For example, monoclonal antibodies usetul in the present invention
may be prepared by the hybridoma methodology first described by Kohler ef o/, Nature
256:495 (1975}, or may be made using recombinant DNA methods tn bacterial,
eukaryotic animal, or plant cells (see, e.g., US Pat No. 4,816,567} Monoclonal
antibodies may also be isolated from phage antibody libraries using the techniques
described in Clackson ef ol Nature, 352:624-628 {1991} and Marks ef al., J. Mol.
Biol | 222:581-597 (1991}, for example. Monoclonal antibodies may also be obtained
using methods disclosed in PCT Publication No. WO 2004/076677A2.

A "human antibody” 18 an antibody containing only sequences that are present in
an antibody that is produced by a human. However, as used herein, human antibodies
may comprise residues or modifications not found in a naturally oceurring human
anttbody (e.g., an antibody that is 1solated from a human), including those modifications
and variant sequences described herein. These are typically made to further refine or
enhance antibody performance. In some instances, human antibodies are produced by
transgenic animals. For example, see¢ U S Pat Nos. 5,770,429; 6,596,541 and

7,049,426,

Polynucieotides, Vectors, and Hoxst cells

in ancther aspect, the present disciosure provides isolated polynucieotides that
encode any of the presently disclosed antibodies or a portion thereof {e.g., a CDR, a
VH, a VL, a heavy chain, or a light chain). Disclosed polynucleotides include, for

example, those that encode a heavy chain of an antibody, a light chain of an antibody, a
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heavy chain and a light chain of an antibody, or two heavy chains and two light chains
of an antibody.

In certain embodiments, the polynucleotide s codon-optimized for expression in
a host cell. From a known a coding sequence, codon optimization can be performed
using known techniques and tools, e.g., using the GenScript® OptimiumGene ™ tool or
Gene Synthesis by Gene Ant® (ThermoFisher), see also Scholten et ol Clin. Immunol,
££9:135, 2006). Codon-optimized sequences include sequences that are partially
codon-optimized (i.e., one or a plurality of codons is optimized for expression in the
host celly and those that are fully codon-optimized.

it will also be appreciated that polynucleotides encoding antibodies of the
present disclosure roay possess different nucleotide sequences while still encoding a
same antibody due to, for example, the degeneracy of the genetic code, splicing, and the
like.

It will be appreciated that in certain embodiments, a polynucleotide encoding an
antibody or portion thereot'1s comprised in a polynucleotide that includes other
sequences and/or features for, e.g., expression of the antibody or portion thereof 1n a
host cell. Exemplary features include a promoter sequence, a polyadenylation
sequence, a sequence that encodes a signal peptide {e.g., located at the N-terminus of an
expressed antibody heavy chaio or fight chan), or the like.

i any of the presently disclosed embodiments, the polynucieoctide can comprise
deoxyribonucleic acid (DNA) or sibonucleic acid (RNA). In some embodiments, the
RNA comprises messenger RNA (mRNA}

In some embodiments, the polynucleotide comprises a modified nucleoside, a
cap-1 structure, a cap-~2 structure, or any combination thereof. In certain embodiments,
the polynuclectide comprises a pseudouridine, a N6-methyladenonsine, a 5-
methylcytidine, a 2-thiouridine, or any combination thereof. In some embodiments, the
pseudouridine comprises Ni-methylpseudouridine.

Vectors are also provided, wherein the vectors comprise or contain a
polynuclectide as disclosed herein. A vecior can coruprise any one or more of the

vectors disclosed herein. In particular embodiments, a vector is provided that

b2
i
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comprises a DNA plasmid construct encoding the antibody or a portion thereof (e.g.,
so-called "DMAb"; see, e.g., Muthumani er al. | J Infect Dis. 214(3):369-378 {2016);
Muthumani ef af, Hum Vaccin fmmunother 9:2253-2262 (2013)); Flingai et of., Sci
Rep. 5:12616 (2015); and Blliott ef ol | NP.J Vaccines 18 (2017}, which antibody-coding
DINA constructs and related methods of use, including administration of the same, are
wncorporated herein by reference). In certain embodiments, a DNA plasmid construct
comprises a single open reading frame encoding a heavy chain and a light chain {or a
VH and a VL} of the antibody wherein the sequence encoding the heavy chain and the
sequence encoding the light chain are optionally separated by polynucleotide encoding
a protease cieavage site and/or by a polynucleotide encoding a self-cleaving peptide. In
some embodiments, the substituent components of the antibody are encoded by a
polynucleotide comprised in a single plasmid. In other embodiments, the substituent
components of the antibody are encoded by a polynuclectide comprised in two or more
plasmids {e.g., a first plasmid comprises a polynucleotide encoding a heavy chain, VH,
or VH+CH, and a second plasmid comprises a polynuclestide encoding the cognate
light chain, VL, or VLACL}. An exemplary expression vector 1s pVax1, available from
Invitrogen® A DNA plasmid of the present disclosure can be delivered to a subject by,
tor example, electroporation {e.g., intramuscular electroporation), or with an
appropriate formulation {e.g., hyaluronidase). In some embodiments, a vector of the
present disclosure comprises a nucleotide sequence encoding a signal peptide. The
signal peptide may or may not be present {(e.g., can be enzymatically cleaved from) on
the mature antibody. In some embodiments, a vector of the present disclosure
comprises a polyadenylation signal sequence.

In some embodiments, a vector of the present disclosure comprises a CMV
promaoter.

In some embodiments, a method is provided that comprises administering fo a
subject a first polynucleotide (e.g., mRNA) encoding an antibody heavy chain, a VH, or
a Fd (VH + CHI), and adninistering to the subject a second pelynuclectide (e g,

mRNA) encoding the cognate antibody light chain, VL, or VL+CL.



923

19

i5

20

25

30

CA 03210502 2023-08-01

WO 2022/173745 PCT/US2022/015652

In some embodiments, a polynucleotide (e g., mRINA) 1s provided that encodes
a heavy chain and a light chain of an antibody. In some embodiments, a polynucleotide
{e.g, mRNA) 13 provided that encodes two heavy chains and two light chains of an
antibody. See, e.g Li, JQ, Zhang, ZR | Zhang, HQ. et al. Intranasal delivery of
replicating mRNA encoding neutralizing antibody against SARS-CoV-2 infection in
mice. Sig Transduct Target Ther 6, 369 (2021). hitps://do1.org/10.1038/s41392-021-
00783-1, the antibody-encoding mRNA constructs, vectors, and related techniques of
which are incorporated herein by reference. In some embodiments, a polynucleotide is
delivered to a subject via an alphavirus replicon particlie (VRP) delivery system. In
some embodiments, a replicon comprises a modified VEEV replicon comprising two
subgenomic promoters. In some embodiments, a polynucleotide or replicon can
translate simuitaneously the heavy chain (or VH, or VH+1} and the light chain {or VL,
or VLACL) of an antibody. In some embodiments, a method 18 provided that comprises
delivering to a subject such a polynucleotide or replicon.

in a further aspect, the present disclosure also provides a host cell expressing an
anttbody according to the present disclosure; or comprising or containing a vector ot
polynucleotide according the present disclosure.

Examples of such celis include but are not limited to, eukaryotic celis, e g, yeast
cells, animal cells, insect cells, plant cells; and prokaryotic cells, including £, cofi. In
some embodiments, the cells are mammalian cells. In certain such embodiments, the
cells are a mammalian cell line such as CHO cells {e.g., DHFR-~ CHO cells (Urlaub ef
al., PNAS 77:4216 (1930)), human embryonic kidney cells (e.g., HEK293T cells),

PER C0 cells, YO cells, Sp2/0 cells. NSO cells, human liver cells, e g Hepa RG cells,
myeloma cells or bybridoma cells. Other examples of mammalian host cell lines
include mouse sertoli cells (e.g, TM4 cells); monkey kidney CV1 line transformed by
SV40 {COS-Ty, baby hamster kidney cells (BHK), African green monkey kidney cells
{(VERQ-76); monkey kidney cells (CV1); human cervical carcinoma cells (HELAY;
human lung cells (W 138}, human liver cells (Hep G2); canine kidney cells (MDCK;
buffalo rat liver cells (BRL 3A); mouse mammary tumor (MMT 060562); TRI

cells; MRC 5 celis; and FS4 cells. Mammalian host cell lines suitable for antibody

-3
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production also include those described in, for example, Yazaki and Wu, Methods in
Moleculor Biology, Vol 248 (B. K. C. Lo, ed., Humana Press, Totowa, N.J.}, pp. 255-
268 (2003).

in certain embodiments, a host cell is a prokaryotic cell, such as an 7 cofi. The
expression of peptides in prokaryotic cells such as £ cofi is well established (see, e.g.,
Pluckthun, A. Bio/Technology 9:545-551 (1991}, For example, antibodies may be
produced in bacteria, in particular when glycosylation and Fe effector function are not
needed. For expression of antibody polypeptides in bacteria, see, e.g, U.S. Pat. Nos.
5,648,237 5,789.199: and 5,840,523

i particular embodiments, the cell may be transfected with a vector according
to the present description with an expression vector. The term "trausfection” refers to
the introduction of nucleic acid molecuies, such as DNA or RNA {e.g. mRNA)
molecules, into cells, such as into eukaryotic cells. In the context of the present
description, the term "transfection” encompasses any method known to the skilled
person for introducing nucleic acid molecules into cells, such as into eukaryotic cells,
including into mammalian cells. Such methods encompass, for example,
clectroporation, lipofection, e.g., based on cationic lipids and/or liposomes, calcium
phosphate precipitation, nanoparticle based transfection, virus based transfection, or
transfection based on cationic polymers, such as DEAE-dextran or polyethylenimine,
efc. In certain embodiments, the introduction is non-viral,

Moreover, host cells of the present disclosure may be transfected stably or
transiently with a vector according to the present disclosure, e.g. for expressing an
anttbody according to the present disclosure. In such embodiments, the cells may be
stably transfected with the vector as described herein. Alternatively, cells may be
transiently transfected with a vector according to the present disclosure encoding an
antibody as disclosed berein. In any of the presently disclosed embodiments, a
polynucleotide may be heterologous to the host cell.

Accordingly, the present disclosure also provides recombinant host cells that
heterologously express an antibody the present disclosure. For example, the cell may

be of a species that 18 different to the species from which the antibody was tully or



923

19

i5

20

25

30

CA 03210502 2023-08-01

WO 2022/173745 PCT/US2022/015652

partially obtained {e.g., CHO cells expressing a human antibody or an enginecred
human antibody). In some embaodiments, the cell type of the host cell does not express
the antibody 1n nature. Moreover, the host cell may tropart a post-translational
modification (PTM; e.g., glvcosylation or fucosylation) on the antibody that is not
present in a native state of the antibody {or in a native state of a parent antibody from
which the antibody was engineered or derived). Such a PTM may result in a functional
difference {e.g., reduced immunogenicity). Accordingly, an antibody of the present
disclosure that is produced by a host cell as disclosed herein may include one or more
post-translational modification that 1s distinct from the antibody (or parent antibody) in
its native state {e.g., a human antibody produced by a CHO cell can comprise a more
post-translational modification that is distinet from the antibody when 1solated from the
human and/or produced by the native human B cell or plasma cell}.

Insect cells useful expressing a binding protein of the present disclosure are
known in the art and include, for example, Spodopiera frugipera St9 cells, Trichoplusia
ni BTI-TNSE1-4 cells, and Spodoptera frugipera SESWTO1 “Mimic™” cells. See, e.g.,
Palmberger ef of., J. Biotechnol. 153(3-4).160-166 (2011). Numerous baculoviral
strains have been identified which may be used in conjunction with insect cells,
particularly for transfection of Spodopiera frugiperda cells,

Eukaryotic microbes such as filamentous fungt or yeast are also suitable hosts
for cloning or expressing protein-encoding vectors, and inciude fungi and yeast strains
with "humanized" glycosylation pathways, resulting in the production of an antibody
with a partially or fully human glycosylation pattern. See¢ Gerngross, Nat.

Biotech. 22:1405-1414 (2004}, Li et al, Nat. Biotech. 24:210-215 {2006).

Plant cells can also be utilized as hosts for expressing an antibody of the present
disclosure. For example, PLANTIBODIES™ technology (described in, for example,
U.S. Pat. Nos. 5,959,177, 6,040,498, 6,420,548, 7,125,97&; and 6,417,429) employs
transgenic plants to produce antibodies.

in certain embodiments, the host cell comprises a mammalian cell. In particular
embodiments, the host cell is a CHO cell, a HEK293 celi, a PER . Co cell, a YO celi, a

Sp2/0 cell, a NSO cell, a human liver cell, a myeloma cell, or a hybridoma cell.
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In a related aspect, the present disclosure provides methods for producing an
antibody, wherein the methods comprise culturing a host cell of the present disclosure
under conditions and for a fime sufficient to produce the antibody. Methods usetul for
isolating and purifying recombinantly produced antibedies, by way of example, may
include obtaining supernatants from suitable host cell/vector systems that secrete the
recombinant antibody into culture media and then concenirating the media using a
commercially available filter. Following concentration, the concentrate may be applied
10 a single suttable purification matrix or to a series of suitable matrices, such as an
atfinity matrix or an ion exchange resin. One or more reverse phase HPLC steps may
be employed to further purify a recombinant polypeptide. These purification methods
may also be employed wheu isolating an timmunogen from its natural environment.
Methods for large scale production of one or more of the isolated/recombinant antibody
described herein include batch cell culture, which is monitored and controlled to
maintain appropriate culture conditions. Purification of soluble antibodies may be
performed according to methods described herein and known in the art and that

comport with laws and guidelines of domestic and foreign regulatory agencies.

Compositions

Also provided herein are compositions that comprise any one of more of the
presently disclosed auntibodies, polynucleotides, vectors, ot host cells, singly or in any
combination, and can further comprise a pharmaceutically acceptable carrier, excipient,
or dituent. Carriers, exciptents, and diluents are discussed in further detail herein.

In certain embodiments, a composition comprises a plurality of an antibody of
the present disclosure, wherein one or more antibody of the plurality does not comprise
a bysine residue at the C-terroinal end of the heavy chain polypeptide, and wherein one
or more antibody of the plurality comprises a lysine residue at the C-terminal end of the
heavy chain polypeptide.

In certain embodiments, a compostiion comprises a first vector comprising a
first plasmid, and a second vector comprising a second plasmid, wherein the first

plasmid comprises a polynucleotide encoding a heavy chain, VH, or VH+CH, and a
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second plasmid comprises a polynuclectide encoding the cognate light chain, VL, or
VE+CL of the antibody. In certain embodiments, a composition comprises a
polynuclectide {e.g., mRNA) coupled to a suitable delivery vebicle or carrier.
Exemplary vehicles or carriers for administration to a human subject include a lipid or
lipid-derived delivery vehicie, such as a liposome, solid lipid nanoparticle, oily
suspension, submicron hipid emulsion, hpid microbubble, 1nverse hipid micelle, cochlear
liposome, liptd microtubule, lipid microcylinder, or lipid nanoparticle (LNP or a
nanoscale platform (see, e.g., Li ef af. Wilery Interdiscip Rev. Nanomed
Nanohiotechnol, 11221530 (2019)). Principles, reagents, and techniques for
designing appropriate mRNA and and formulating mRNA-LNP and delivering the same
are described in, for example, Pacdi ef af. (J Controf Release 277345-351 (2015));
Thess ef al. (Mol Ther 23. 1456-1464 (2015)); Thran ef al. (EMBO Mol Med
9{10).1434-1448 (2017}, Kose er al. {Sci. Immunol. 4 eaaw6647 (2019}, and Sabnis ef
al. (Mol Ther. 26:1509-1519 (2018)), which technigues, include capping, codon
optimization, nucleoside modification, purification of mRNA, incorporation of the
mRNA mto stable lipid nanoparticles {e.g., tonizable cationic
lipid/phosphatidylcholine/cholesterol/ PEG-lipid; ionizable ipid:distearoyl
PC:cholesterol polyethyviene glvcol lipid), and subcutaneous, intramuscular,
intradermal, intravenous, intraperitoneal, and intratracheal admimstration of the same,

are incorporated herein by reference.
Methods and Uses

Also provided herein are methods for use of an antibody, nucleic acid, vector,
cell, or composition of the present disclosure in the diagnosis of a paramyxovirus {e.g.,
in a human subject, or in a sample obtained from a human subject}.

Methods of diagnosis {e.g., in vifro, ex vive) may include contacting an antibody
with a sample. Such samples may be isolated from a subject, for example an isolated
fissue sample taken from, for example, nasal passages, sinus cavities, salivary glands,
lung, liver, pancreas, kidney, ear, eye, placenta, alimentary tract, heart, ovaries,
pituitary, adrenals, thyroid, brain, skin or blood. The methods of diagnosis may also

include the detection of an antigen/antibody complex, in particular following the
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contacting of an antibody with a sarmple. Such a detection step can be performed at the
bench, i.e. without any contact to the human or animal body. Examples of detection
methods are well-known to the person skilled in the art and tnclude, e.g., ELISA
{enzyme-linked immunosorbent assay}, including direct, indirect, and sandwich ELISA
Also provided herein are methods of treating a subject using an antibody of the
present disclosure, or a composition comprising the same, or a nucleic acid, vector, or
host cell of the present disclosure, or a composition comprising the same, wherein the
subject has, ts believed to have, or is at risk for having an infection by a paramyxovirus,
such as, for exarnple, respiratory syncytial virus, metapneumovirus, Or pucumonia virus
of mice. "Treat,” "treatment.” or "ameliorate” refers 1o medical management of a
disease, disorder, or condition of a subject {e.g., a human or non-human mammal, such
as a primate, horse, cat, dog, goat, mouse, or rat}. In general, an appropriate dose or
treatment regimen comprising an antibody, nucleie acid, vector, host cell, or
composition of the present disclosure is administered in an amount sufficient to elicit a
therapeutic or prophvlactic benefit. Therapeutic or prophylactic/preventive benefit
includes improved chinical outcome; lessening or alleviation of syraptoms associated
with a disease; decreased occurrence of symptoms; improved quality of life; longer
disease-free status; diminishment of extent of disease, stabilization of disease state;
delay or prevention of disease progression; remission; survival, prolonged survival; or
any combination thereof. In certain embodiments, therapeutic or
prophylactic/preventive benefit includes reduction or prevention of hospitalization for
treatment of a paramyxovirus tnfection (e, in a statistically significant manner). In
certain embodiments, therapeutic or prophylactic/preventive benefit includes a reduced
duration of hospitalization for treatment of a paramyxovirus infection (e, ina
statistically significant manner). In certain embodiments, therapeutic or
prophylactic/preventive benefit includes a reduced or abrogated need for respiratory
intervention, such as intubation and/or the use of a respirator device. In certain
embodiments, therapeutic or prophylactic/preventive benefit includes reversing a late-

stage disease pathology and/or reducing mortality.
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A "therapeutically effective amount” or "effective amount” of an antibody,
polynucleotide, vector, host cell, or composition of this disclosure refers to an amount
of the composition or molecule sufficient to result in a therapeutic effect, mcluding
improved chinical cutcome; lessening or alleviation of symptoms assoctated with a
disease; decreased occurrence of symptoms; improved quality of fife; longer disease-
free status; diminishment of extent of disease; stabilization of disease state; delay of
disease progression; remission; survival; or prolonged survival in a statistically
significant manner. When referring to an individual active ingredient, administered
alone, a therapeutically etfective amount refers to the effects of that ingredient or cell
expressing that ingredient alone. When referring to a combination, a therapeutically
effective amount refers to the combined amounts of active ingredients or combined
adjunctive active ingredient with a cell expressing an active ingredient that results in a
therapeutic effect, whether administered serially, sequentially, or simultaneously.

Accordingly, in certain embodiments, methods are provided for treating a
paramyxovirus {e.g., RSV, MPV, or PVM) infection in a subject, wherein the methods
comprise administering to the subject an effective amount of an antibody,
polynucleotide, vector, host cell, or composition as disclosed herein,

Subjects that can be treated by the present disclosure are, in general, human and
other primate subjects, such as monkeys and apes for veterinary medicine purposes.
{Other model organisms, such as mice and rats, may also be treated according to the
present disclosure. In any of the aforementioned embodiments, the subject may be a
human subject. The subjects can be male or female and can be any suitable age,
including infant, juventle, adolescent, adult, and geriatric subjects.

In certain embodiments, a human subject treated according to the present
disclosure is an infant, a child, an adolescent, a young adult, an adult of middie age, or
an elderly person. In certain embodiments, a buman subject treated according to the
present disclosure is less than 1 year old, oris 1 to 5 years old, or is between 5 and 125
vears old {e.g., 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 05,
100, 108, 110, 115, or 125 years old, including any and all ages therein or

therebetween). In certain embodiments, a human subject treated according to the
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present disclosure 15 0-19 years old, 0-21 years old, 20-44 years old, 45-54 years old,
55-04 years old, 65-74 vears old, 75-84 years old, or 85 years old, or older. In some
embodiments, a subject is a pediatric subject. Pediatric subjects include persons aged
21 or younger at the time of diagnosis or treatment. In particular embodiments, the
human subject is 45-54 vears old, 55-04 vears old, 65-74 vears old, 75-84 vears old, or
85 years old, or older. In some embodiments, the human subject is male. In some
embodiments, the human subject is female.

In certain embodiments, treatment is administered as peri-exposure prophylaxis.

Typical routes of administering the presently disclosed compositions thus
include, without limitation, oral, topical, transdermal, inhalation, parenteral, sublingual,
buccal, rectal, vaginal, and intranasal. The term "parenteral®, as used herein, mcludes
subcutaneous injections, intravenous, intramuscular, intrasternal injection or infusion
techniques. In certain embodiments, adminisiering comprises administering by a route
that 1s selected from oral, intravenous, parenteral, intragastric, intrapleural,
intrapulmonary, intrarectal, intradermal, intraperitoneal, intratumoral, subcutaneous,
topical, transdermal, intracisternal, intrathecal, intranasal, and intramuscular. In
particular embodiments, a method comprises orally administening the antibody,
polynuclectide, vector, host cell, or composition to the subject.

Pharmaceutical compositions according to certain embodiments of the present
invention are formulated so as to allow the active ingredients contained therein to be
bicavailable upon administration of the composition to a patient. Compositions that
will be administered to a subject or patient may take the form of one or more dosage
units, where for example, a tablet may be a single dosage unit, and a container of a
herein described an antibody in aerosol form may hold a plurality of dosage units.
Actual methods of preparing such dosage forms are known, or will be apparent, to those
skilled in this art; for example, see Remington: The Science and Practice of Pharmacy,
20th Edition (Philadelphia College of Pharmacy and Science, 2000}, The composition
to be administered will, in any event, contain an effective amount of an antibody,
polynuclectide, vector, host cell, or composition of the present disclosure, for treatment

of a disease or condition of interest in accordance with teachings herein.
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A composition may be in the form of a solid or liquid. In some embodiments,
the carrier{s) are particulate, so that the compositions are, for example, in tablet or
powder form. The carrier(s) may be liquid, with the compositions beiug, for example,
an oral oil, injectable liquid or an aerosol, which is useful in, for example, inhalatory
administration. When intended for oral administration, the pharmaceutical composition
is preferably in etther solid or hquid form, where semi solid, semi liguid, suspension
and gel forms are included within the forms considered herein as either solid or hiquid.

As a solid composttion for oral administration, the pharmaceutical composition
may be formulated into a powder, granule, compressed tablet, pill, capsule, chewing
gum, wafer or the like. Such a solid composition will typically contain one or more
inert diluents or edible carriers. In addition, one or more of the following may be
present: binders such as carboxymethvicellulose, ethyl cellulose, microcrystalline
cellulose, gum tragacanth or gelatin; excipients such as starch, lactose or dextrins,
disintegrating agents such as alginic acid, sodium alginate, Primogel, corn starch and
the like; fubricants such as magnesium stearate or Sterotex; glidants such as colloidal
silicon dioxide; sweetening agents such as sucrose or saccharin; a flavoring agent such
as peppermint, methyl salicylate or orange flavoring, and a coloring agent. When the
composition is in the form of a capsule, for example, a gelatin capsule, it may contain,
in addition to materials of the above type, a liquid carrier such as polyethylene glycol or
oil.

The composition may be in the form of a hiquid, for example, an elixir, syrup,
solution, emulsion or suspension. The hquid may be for oral adminstration or for
deltvery by injection, as two examples. When intended for oral administration,
preferred compositions contain, in addition to the present compounds, one or more of a
sweetening agent, preservatives, dye/colorant and flavor enhancer. In a composition
intended to be administered by injection, one or more of a surfactant, preservative,
wetting agent, dispersing agent, suspending agent, buffer, stabilizer and 1sotonic agent
may be included.

Liquid pharmaceutical compositions, whether they be solutions, suspensious or

other like form, may tnclude one or more of the following adjuvants: sterile diluents
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such as water for injection, saline solution, preferably physiological saline, Ringer’s
solution, isotonic sodium chioride, fixed oils such as synthetic mono or diglycerides
which may serve as the solvent ot suspending medium, polyethylene glycols, glycerin,
propylene glycol or other solvents; antibacterial agents such as benzy! alcchol or methyi
paraben; antioxidants such as ascorbic acid or sodium bisuifite; chelating agents such as
ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and
agents for the adjustment of tonicity such as sodium chloride or dextrose. The
parenteral preparation can be enclosed in ampoules, disposable syringes or multiple
dose vials made of glass or plastic. Physiological saline is a preferred adjuvant. An
injectable pharmaceutical composition is preferably sterile.

A higuid composition intended for either parenteral or oral administration should
contain an amount of an antibody as herein disclosed such that a suitable dosage will be
obtained. Typically, this amount i3 at feast 0.01% of the antibody in the compuosition.
When intended for oral administration, this amount may be varied to be between 0.1
and about 70% of the weight of the composition. Certain oral pharmaceutical
compositions contain between about 4% and about 75% of the antibody. In certain
embodiments, pharmaceutical compositions and preparations according to the present
invention are prepared s0 that a parenteral dosage unit contains between 0.01 to 10% by
weight of antibody prior to dilution,

The composition may be intended for topical administration, in which case the
carrier may suitably comprise a solution, emulsion, ointment or gel base. The base, for
example, may comprise one or more of the following: petrolatum, lanolin,
polyethylene glycols, bee wax, mineral ¢il, diluents such as water and alcohol, and
ernulsifiers and stabilizers. Thickening agents may be present in a composition for
topical administration. H intended for transdermal administration, the composition may
include a transdermal patch or iontophoresis device. The pharmaceutical composition
may be intended for rectal administration, in the form, for example, of a suppository,
which will melt in the rectum and release the drug. The composition for rectal
adrotoistration may contain an oleaginous base as a suitable nonirritating excipient.

Such bases include, without limitation, lanolin, cocoa butter and polyethylene glycol.
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A composition may include various materials which modify the physical form
of a solid or liquid dosage unit. For example, the composition may include materials
that form a coating shell around the active togredients. The materials that form the
coating shell are typically inert, and may be selected from, for example, sugar, shellac,
and other enteric coating agents. Alternatively, the active ingredients may be encased
in a gelatin capsule. The composition in solid or hiquad form may include an agent that
binds to the antibody of the disclosure and thereby assists in the delivery of the
compound. Suiiable agents that may act in this capacity include monocional or
polvelonal antibodies, one or more proteins or a liposome. The composition may
consist essentially of dosage units that can be administered as an aerosol. The term
aerosol 15 used to denote a variety of systerns ranging from those of colloidal nature o
systems consisting of pressurized packages. Delivery may be by a liquefied or
compressed gas or by a suitable pump system that dispenses the active ingredientis.
Acrosols may be delivered in single phase, bi phasic, or tri phasic systers in order to
deliver the active ingredient(s}). Delivery of the aerosol includes the necessary
container, activators, valves, subcontainers, and the like, which together may form a kit
One of ordinary skall in the art, without undue experimentation, may determineg
preferred aerosols.

ft will be understood that compositions of the present disclosure also encompass
carrier molecules for polynucleotides, as described herein {e. g, lipid nanoparticles,
nanoscale delivery platforms, and the like}.

The pharmaceutical compositions may be prepared by methodology well known
in the pharmaceutical art. For example, a composition intended to be administered by
injection can be prepared by combining a composition that comprises an antibody as
described herein and optionally, one or more of salts, buffers and/or stabilizers, with
sterile, distilled water so as to form a solution. A surfactant may be added to facilitate
the formation of a homogeneous solution or suspension. Surfactants are compounds
that non-covalently interact with the peptide composition so as to facilitate dissolution

or homogeneous suspension of the antibody in the aqueous delivery system.

(9]
-3



923

19

i5

30

CA 03210502 2023-08-01

WO 2022/173745 PCT/US2022/015652

In general, an appropriate dose and treatment regimen provide the
composition(s) in an amount sufficient to provide therapeutic and/or prophylactic
benetit (such as described herein, ncluding an improved clinical outcorne {e.g., a longer
disease-free and/or overall survival, or a lessening of symptom severity}. For
prophylactic use, a dose should be sufficient to prevent, delay the onset of, or diminish
the seventy of a disease associated with disease or disorder. Prophylactic benefit of the
compositions administered according to the methods described herein can be
determined by performing pre-chinical {including in vifro and in vivo animal studies)
and clinical studies and analyzing data obtained therefrom by appropriate statistical,
biclogical, and clinical methods and techniques, all of which can readily be practiced by
a person skilled in the art.

Compositions are administered in an effective amount (e.g, to treat a
paramyxovirus infection), which will vary depending upon a variety of factors
including the activity of the specific compound employed; the metabolic stability and
length of action of the compound, the age, body weight, general health, sex, and diet of
the subject; the mode and time of administration; the rate of excretion, the drug
combination; the severity of the particular disorder or condition; and the subject
undergoing therapy. In certain embodiments, tollowing administration of therapies
according to the formulations and methods of this disclosure, test subjects will exhibit
about a 10% up to about a 99% reduction in one or more symptoms associated with the
disease or disorder betng treated as compared 1o placebo-treated or other suitable
control subjects.

Generally, a therapeutically effective daily dose of an antibody is (for a 70 kg
mammal} from about 0.001 mg/kg (i.e., 0.07 mg) to about 100 mg/kg (e, 7.0 g}
preferably a therapeutically effective dose is (for a 70 kg mammal} from about 0.01
mg/kg (.e., 0.7 mg) to about S0 mg/kg (F.e, 3.5 g); more preferably a therapeutically
effective dose is (for a 70 kg mammal) from about | mg/kg (7.¢., 70 mg) to about 25
mg/kg (i.e., 1.75 g). For polynucleoctides, vectors, host cells, and related compositions
of the present disclosure, a therapeutically effective dose may be different than for an

antibody.
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In certain embodiments, a method comprises administering the antibody,
polynucleotide, vector, host cell, or composition to the subjectat 2,3, 4,5, 6,7, 8,9, 10
fimes, or more,

in certain embodiments, a method comprises administering the antibody,
polynucleotide, vector, host cell, or composition to the subject a plurality of times,
wherein a second or successive administration is performed at about 6, about 7, about 8,
about 9, about 10, about 11, about 12, about 24, about 48, about 74, about 96 hours, or
more, following a first or prior administration, respectively.

In certain embodiments, a method comprises administering the antibody,
polynucleotide, vector, host cell, or composttion at igast one time prior to the subject
being infected by a paramyxovitus.

Compositions comprising an antibody, polynucleotide, vector, host cell, or
composition of the present disclosure may also be administered simultanecusly with,
prior to, or after admuinistration of one or more other therapeutic agents. Such
combination therapy may include administration of a single pharmaceutical deosage
tormulation which contains a compound of the tnvention and one or more additional
active agents, as well as administration of compositions comprising an antibody of the
disclosure and each active agent in its own separate dosage formulation. For example,
an antibody as described herein and the other active agent can be administered to the
patient together in a single oral dosage composition such as a tablet or capsule, or each
agent administered in separate oral dosage formulations. Simtilarly, an antibody as
described herein and the other active agent can be administered to the subject together
in a single parenteral dosage composition such as in a saline solution or other
physiologically acceptable solution, or each agent admimstered in separate parenteral
dosage formulations. Where separate dosage formulations are used, the compositions
comprising an antibody and one or more additional active agents can be administered at
essentially the same time, i.¢, concurrently, or at separately staggered times, e,
sequentially and in any order; combination therapy is understood to include all these

regimens.
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In certain embodiments, a combination therapy is provided that comprises one
or more antibody (or one or more nucleic acid, host cell, vector, or composition} of the
present disclosure and one or more anti-inflaromatory agent and/or one or more anti-
viral agent. In particular embodiments, the one or more anti-inflammatory agent
comprises a corticosteroid such as, for example, dexamethasone, prednisone, or the like.
o some embodiments, the one or more anti-inflammatory agents comprise a cytokine
antagonist such as, for example, an antibody that binds to 116 (such as siltuximab), or to
IL-6R (such as tocilizumab), or to 1L-18, IL-7, IL-8, {L.-9, 1L-10, FGF, G-CSF, GM-
CSF, IFN-y, IP-10, MCP-1, MIP-1A, MIP1-B, PDGR, TNF-a, or VEGF. In some
embodiments, anti-inflammatory agents such as ruxolitinib and/or anakinra are used. In
some embodiments, the one or more anti-viral agents corprise nucleotide analogs or
nucelotide analog prodrugs such as, for example, remdesivir, sofosbuvir, acyclovir, and
zidovadine. In particular embodiments, an anti-viral agent comprises lopinavir,
oseltamivir, peramivir, zanamivir, ritonavir, favipiravir, or any combination thereof. In
some embodimens, a combination therapy comprises leronlimab. Anti-inflammatory
agents for use in a combination therapy of the present disclosure also include non-
steroidal anti-inflammatory drugs (NSATDS). It will be appreciated that tn such a
combination therapy, the one or more antibody {or one or more nucleic actd, host cell,
vector, or composition} and the one or more anti-inflammatory agent and/or one or the
more antiviral agent can be administered in any order and any sequence, or together.

in some embodiments, an antibody (or one or more nucleic acid, host cell,
vector, or composition} 1s administered to a subject who has previously recetved one or
more anti-inflammatory agent and/or one or more antiviral agent. In some
embodiments, one ot more anti-intlammatory agent and/or one or more antiviral agent
is administered to a subject who has previously received an antibody {or one or more
nucleic acid, host cell, vector, or composition).

In a related aspect, uses of the presently disclosed antibodies, vectors, host cells,

and compositions are provided.
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In certain embodiments, an antibody, polynucleotide, vector, host cell, or
composition is provided for use in a method of freating a paramyxovirus infection in a
subject.

in certain embodiments, an antibody, polynuclectide, vector, host cell, or
composition is provided for use in a method of manutfacturing or preparing a

medicament for ireating a paramyxovirus infection in a subject.

Table 1. Sequences

SEQ ID
Seguence Description NO Sequence

EVQLVESGGGLVEPGGSLRLSCA
ASGFTFSSYSMNWVRQAPGKGLE
WYVSSISASSSYSDYADSAKGRETIS
RDNAKTSLFLOMNSLRAEDTAIYF
CARARATGQYSSITPYFDIWGOQGTL
YTVSSASTKGPSVEPLAPSSKETSG
GTAALGCLVEDYIPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSS
VVTVESSSLGTOQTYICNVNHKPSN
TEYVDKRVEPKSCDKTHTCPPCPAP
ELLGGPSVELFPPRKPKDTLMISRTP
EVICVVVDVSHEDPEVKINWYYVY
DOGVEVHNAKTKPREEQYNSTYRV
VSVLTVLHODWLNGKEYKCKVS
NKALPAPIEKTISKAKGQOQPREPQV
YTLPPSREEMTKNQGYSLTCLVKGE
YPSDIAVEWESNGOPENNYRTTPP
VLDSDGSFFLYSKLTVDKSRWQO(

HC of RSV _Ab MLNS 1

41



WO 2022/173745

CA 03210502 2023-08-01

PCT/US2022/015652

Segquence Description

SEQID
NE.

Sequence

ONVEFSCSVLHEALHSHYTOKSLSL
SPGK

HC of RSV_Ab_GAALIE

[N

EVQLVESGGGLVEPGGSLRLSCA
ASGEFTFSSYSMNWVROAPGRGLE
WVSSISASSSYSDYADSAKGRETIS
RONAKTSLFLOMNSLRAEDTAIYF
CARARATGYSSITPYFDIWGOQGTL
VIVSSASTKGPSVEPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSS

/VTVPSSSLOTQTYICNYNHKPSN
TKYDERVEPKSCDRKTHTCPPCPAPR
ELLAGPSVFLFPPKPKDTLMISRTP
EVICVVVDVSHEDPEVKFNWYV
DOGVEVHNAKTKPREEQYNSTYRV
VSVLTVLHODWLNGKEYKCKVS
NKALPLPEEKTISKAKGOQPREPOQV
YTEPPSREEMTKNOVSLTCLVEGE
YPSDIAVEWESNGQGPENNYKTTPP
VLDSDGSFFLYSKLTVDESRWQQ
OGNVEFSCSYMHEALHNHYTGKSLS
LSPGK

HC of RSV _Ab
MLNS GAALIE

EVQLVESGGGLVKPGGSLRLSCA

ASGFTESSYSMNWVROAPGEGLE
WVSSISASSSYSDYADSAKGRETIS
RONAKTSLFLOMNSLRAEDTAIYE
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Segquence Description

SEQID
NE.

Sequence

CARARATGQYSSITPYFDIWGOQGTL
YTVSSASTKGPSVEPLAPSSKETSG
GTAALGCLVEDYIPEPVTVSWNS
GALTSGVHTFPAVLOSSGLYSLSS
VVTVESSSLGTOQTYICNVNHKPSN
TEYVDKRVEPKSCDKTHTCPPCPAP
ELLAGPSVFLFPPKPKDTLMISRTP
EVICVVVDVSHEDPEVKINWYYVY
DGVEVHNAKTKPREEQYNSTYRV
VSVLTVLHODWLNGKEYKCKVS
NKALPLPEEKTISKAKGOPREPQV
YTLPPSREEMTKNQGYSLTCLVKGE
YPSDIAVEWESNGOQPENNYKTTPP
VLDSDGSFFLYSKLTVDKSRWQG
GNVESCSVLHEALHSHYTOQKSLSL
SPGK

LC of RSV _Ab,
RSV Ab MLNS,

RSV _Ab GAALIE, and
RSV Ab MLNS GAALIE

QSVVTOPPSVSGAPGORVTISCTG
SSENIGAGYDVHWYOQLPGTAPK
LLIYDNNNRPSGVPDRFSASKSGT
SASLAITGLOAEDEADYYCOSYD
RSLSGVFGTGTKVIVLGOPK AAP
SYTLFPPSSEELQANKATLYCLISD
FYPGAVTVAWKADSSPVKAGVET
TTPSKQSNNKYAASRSYLSLTPEQ
WKSHRSYSCQVTHEGSTVEKTVA
PTECS
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Segquence Description

SEQID
NE.

Sequence

HC of RSV_Ab

EVOQLVESGGOGLVKPGGSLRESCA
ASGEFTFSSYSMNWVROAPGRGLE
WVSSISASSSYSDYADSAKGRETIS
RONAKTSLFLOMNSLRAEDTAIYF
CARARATGYSSITPYFDIWGOQGTL
VIVSSASTKGPSVEPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVESWNS
GALTSGVHTFPAVLQSSGLYSLSS

/VTVPSSSLOTQTYICNYNHKPSN
TKYDERVEPKSCDRKTHTCPPCPAPR
ELLGGPSVFLFPPKPKDTLMISRTP
EVICVVVDVSHEDPEVEFNWYV
DGVEVHNAKTKPREEQYNSTYRY
YSVLTVLHODWELNGKEYKCKVS
NKALPAPIEKTISKAKGQPREPQV
YTEPPSREEMTKNOVSLTCLVEGE
YPSDIAVEWESNGQGPENNYKTTPP
VLDSDGSFFLYSKLTVDEKSRWOQ
OGNVEFSCSYMHEALHNHYTGKSLS
LSPGK

HC of RSV_Ab MLNS

without C-terminal lysine

EVQLVESGGGLVEKPGGSLRLSCA

ASGFTFSSYSMNWVRQAPGKGLE
WVSSISASSSYSDYADSAKGRFTIS
RDNAKTSLFLOMNSLRAEDTAIYF
CARARATGYSSITPYFDIWGOQGTL
YTVSSASTRKGPSVEPLAPSSKSTSG
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Segquence Description

SEQID
NE.

Sequence

GTAALGCLVKDYFPEPVTVSEWNS
GALTSOGVHTFPAVLOSSGLYSLSS
VVTVESSSLOTOTYICNVNHEPSN
TKVDEKRVEPKSCDKTHTCPPCPAP
ELLGGPSVFLFPPKPKDTLMISRTP
EVICVVVDVSHEDPEVKFNWYV
DGVEVHNAKTKPREEQYNSTYRV
VEIVLTVLHQDWILNGKEYKCKVYS
NKALPAPIEKTISKAKGOPREPQY
YTLPPSREEMTENQVSLTCLVKGF
YPADIAVEWESNGQOQPENNYKTTPP

/LRSDGSFFLY SKLTVDKSRWQGQ
ONVFSCSVLHEALHSHYTQKSLSL
SPG

HC of RSV _Ab_ GAALIE

without C-terminal lysine

-3

EVQLVESGGGLVKPGGSLRLSCA

ASGFTFSSYSMNWVYRQAPGKGLE
WVSSISASSSYSDYADSAKGRFTIS
RDNAKTSLFLOMNSLRAEDTAIYF
CARARATGYSSITPYFDIWGOQGTL
VTIVSSASTKGPSVEPLAPSSKSTSG
GTAALGCLVEDYFPEPVTVSWNS
GALTSOGVHTFPAVLOQSSGLYSLSS

VVTVESSSLGTOTYICNVNHKPSN
TRVDKRVEPKSCDKTHTCPPCPAP
ELLAGPSVFLFPPKPKDTLMISRTP
EVICVVVDVSHEDPEVKIFNWYV

DGVEVHNAKTKPREEQYNSTYRY
VSVLTVLHOQDWLNGKEYKCKVYS
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Segquence Description

SEQID
NE.

Sequence

NKALPLPEEKTISKAKGQPREPQV
YTEPPSREEMTKNOQVSLTCLVEGE
YPSDIAVEWESNGOQPENNYKTTPP
VLDSDGSFFLYSKLTVDKSRWQG

GNVEFSCSVMHEALHENHYTOQKSLS

LSPG

HC of RSV _Ab
MLNS GAALIE without

C-ternunal lysine

EVQLVESGGGLVEPGGSLRLSCA
ASGEFTFSSYSMNWVROAPGRGLE
WVSSISASSSYSDYADSAKGRETIS
RONAKTSLFLOMNSLRAEDTAIYF
CARARATGYSSITPYFDIWGOQGTL
VIVSSASTKGPSVEPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVESWNS
GALTSGVHTFPAVLQSSGLYSLSS
VVTVPSSSLGTOTYICNVNHKPSN
TKYDERVEPKSCDRKTHTCPPCPAPR
ELLAGPSVFLFPPKPKDTLMISRTP
EVICVVVDVSHEDPEVKFNWYV
DGVEVHNAKTKPREEQYNSTYRY
VSVLTVLHODWLNGKEYKCKVS
NKALPLPEEKTISKAKGOQPREPOQV
YTEPPSREEMTKNOVSLTCLVEGE
YPSDIAVEWESNGQGPENNYKTTPP
VLDSDGSFFLYSKLTVDEKSRWOQ
ONVEFSCSVLHEALHSHYTOKSLSL
SPG
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The present disclosure also provides the following non-limiting enumerated
Embodiments.

Embodiment 1. An antibody comprising: (i) two heavy chain
polypeptides each having the amino acid sequence of SEQ ID NG o1 and (i1) two light
chain polypeptides each having the aminoc acid sequence of SEQ ID NGO .4,

Embodiment 2. An antibody coruprising: (1) two heavy chain
polypeptides each having the amino acid sequence of SEQ ID NQO.:2; and (1) two light
chain polypeptides each having the amino acid sequence of SEQ ID NO. 4.

Embodiment 3. An antibody comprising: (i} two heavy chain
polypeptides each having the amino acid sequence of SE{} 1B NG .:3; and
(11} two light chain polypeptides each having the amino acid sequence of SEQ 1D
NQO. 4.

Embodiment 4. Aug antibody comprising: (i) two heavy chain
polypeptides each comprising the amino acid sequence of SEQ ID NGO 16, and (i1} two
light chain polypeptides each comprising the aminoc acid sequence of SEQ ID NO .4

Embodiment 5. An antibody coruprising: (1) two heavy chain
polypeptides each comprising the amino acid sequence of SEQ ID NO..7; and (i1) two
light chain polypeptides each comprising the amino acid sequence of SEQ D NO..4.

Embodiment 6. An antibody comprising: (i) two heavy chain
polypeptides each comprising the amino acid sequence of SEQ ID NG .8, and (i1} two
light chain polypeptides each comprising the amino acid sequence of SEQ ID NO.:4

Embodiment 7. An isolated polynucleotide encoding: (1) the antibody of
any one of Embodiments 1-6; (i1} a heavy chain of the antibody of any one of
Embodiments 1-6; (1) a light chato of the antibody of any one of Embodiments 1-6; or
{(iv} a heavy chain of the antibody of any one of Embodiments 1-6 and a light chain of
the antibody of any one of Embodiments 1-6.

Embodiment 8. The polymucleotide of Embodiment 7, wherein the
polynucleotide comprises DNA or RNA, wherein, optionally, the RNA comprises
mRNA, wherein, further optionally, the mRNA comprises a modified nucleoside, a cap-

1 structure, a cap-2 structure, or any combination thereof and/or comprises a
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pseudouridine, a No-methyladenonsine, a S-methyleytidine, a 2-thiouridine, or any
combination thereof.

Embodiment 9. A vector comprising the polynucleotide of Embodument 7
or 8.

Embodiment 10. A host cell comprising the polynucleotide of Embodiment
7 or 8 or the vector of Embodiment 9.

Embodiment 11 A composition comprising the antibody of any one of
Embodiments 1-6, the polynuclectide of Embodiment 7 or 8, the vector of Embodiment
9, and/or the host cell of Embodiment 10, and a pharmaceutically acceptable carrier,
excipient, or diluent.

Embodiment 12. A method of preventing a pararoyxovirus infection in a
subject, comprising administering to the subject an effective amount of the antibody of

~r
]
i

any one of Embodiments 1-6; the polynucleotide of Embodiment 7 or 8; the vector of
Embodiment 9; the host cell of Embodiment 10; and/or the composition of Embodiment
11

Embodiment 13 A method of treating a paramyxovirus infection in a
subject, comprising adrministering to the subject an effective amount of: the antibody of

~r
]
i

any one of Embodiments 1-6; the polynucleotide of Embodiment 7 or 8; the vector of
Embodiment 9; the host cell of Embodiment 10, and/or the composition of Ernbodiment
11

Embodiment 14 The method of Embodiment 12 or 13, wherein the
PAramyxovirus Comprises respiratory syncytial virus, metapneumovisus,
prewmoniavirus of mice, or any combination thereof.

Embodiment 185 The antibody of any one of Embodiments 1-6, the
polynuclectide of Embodiment 7 or &, the vector of Embodiment 9, the host cell of
Embodiment 10, and/or the composition of Embodiment 11, for use in a method of
preventing paramyxovirus infection in a subject, wherein, optionally, the
paramyxovirus comprises respiratory syncytial virus, metapneumovirus,

preumoniavirus of mice, or any combination thereof.
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Embodiment 16. The antibody of any one of Embodiments 1-6, the
polynucleotide of Embodiment 7 or 8, the vector of Embodiment 9, the host cell of
Embodiment 10, and/or the composition of Ernbodiment 11, for use in a method of
treating paramyxovirus infection in a subject, wherein, opticnally, the paramyxovirus
comprises respiratory syncytial virus, metapneumovirus, pneumoniavirus of mice, or
any combination thereof

Embodiment 17 The antibody of any one of Embodiments 1-6, the
polynucleotide of Embodiment 7 or 8, the vector of Embodiment 9, the host cell of
Embodiment 10, and/or the composition of Ermnbodiment 11, for use in the manufacture
of a medicament for preventing a paramyxovirus infection in a subject, wherein,
optionally, the pararayxovirus comprises respiratory syncytial virus, metapneumovitus,
preumoniavirus of mice, or any combination thereof.

Embodiment 18, The antibody of any one of Embodiments 1-6, the

~
II

polynuclectide of Embodiment 7 or 8, the vector of Emnbodiment 9, the host cell of
Embodiment 10, and/or the composition of Embodiment 11, for use in the manufacture
of a medicament for treating a paramyxovirus infection in a subject, wherein,
optionally, the paramyxovirus comprises respiratory syncytial virus, metapneurnovirus,
prewmoniavirus of mice, or any combination thereof.

Embodiment 19 A method of making the antibody of any one of
Embodiments 1-6, the method comprising culturing a host cell expressing the antibody
under conditions and for a time sufficient {o produce the antibody.

Embodiment 20. The method of Embodiment 19, further comprising

isolating and/or purifying the antibody.
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EXAMPLES

EXAMPLE §

PHARMACOKINETICS STUDY

RSV Ab neutralizes RSV, MPV | and PVM in vifro and in vivo in mice. Anin
vivo study was performed using cynomolgus monkeys to evaluate the stability of
RSV _Ab (IgGl with HC: SEQ ID NG..5; LC: SEQ ID NO.:4) and RSV _Ab MLNS
{(1gG1 with HC: SEQ ID NO.:1; LC: SEQ ID NO..4). The study design is shown in
Figure 1. Data are shown in Figures 2 and 3. As shown 1o Figure 2, following a dose
of 15 mg/kg (slow 1.v. infusion} RSV_Ab MLNS, RSV Ab MINS was present in
plasma at concentrations exceeding 20 micrograms per mi past 1000 hours post-dose,
including past 1250 hours post-dose. By comparison, RSV _Ab was present at lower
concentrations. As shown in Figure 3, RSV_Ab MINS had better stability over a

longer period of time as compared to RSV _Ab.

EXAMPLE 2

PROPHYLACTIC AND THERAPEUTIC USE OF RSY_AB MLNS

RSY Ab MLNS, RSV Ab GAALIE (IgGt with HC: SEQ ID NG .:2; LC: SEG
ID NO.:4), or RSV _Ab MLNS GAALIE (IgG1 with HC: SEQ [D NO.:3; LC: SEQ ID
NO.:4) 15 administered prophylactically to human subjects at risk for contracting RSV,

and therapeutically to human subjects with RSV,

The various embodiments described above can be combined to provide further
embodiments. All of the US. patents, U.S. patent application publications, U5, patent

applications, foreign patents, foreign patent applications and non-patent publications
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referred to in this specification and/or listed in the Application Data Sheet, including
U.S. Patent Application No. 63/147,676, filed on February 9, 2021, are incorporated
herein by reference, in their entirety. Aspects of the embodiments can be moditied, if
necessary to employ concepts of the various patents, applications and publications to

provide vet further embodiments.

These and other changes can be made to the embodiments in light of the above-
detailed description. In general, in the following claims, the terms used should not be
construed to limit the claims to the specific embodiments disclosed in the specification
and the claims, but should be construed to include all possible embodiments along with
the full scope of equivalents to which such claims are entitied. Accordingly, the claims

are not limited by the disclosure.
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CLAIMS

What 1s claimed is:

i Au antibody comprising:

{i} two heavy chain polypeptides each having the amino acid sequence of
SEGHY NG T, and

(i1}  two hight chain polypeptides each having the amino acid sequence of

SEQ ID NO.4.

2. An antibody comprising:
{t) two heavy chain polypeptides each having the amino acid sequence of

SEQ ID NQ.:Z; and

(it}  two light chain polypeptides each having the amino acid sequence of
SEQ ID NG.4.

3. An antibody comprising:

{1 two heavy chain polypeptides each having the amino acid sequence of
SEQ ID NO..3; and
{11} two hight chain polypeptides each having the amino acid sequence of

SEQ D NO.4.

4. An antibody coruprising

{t) two heavy chain polypeptides each comprising the amino acid sequence
of SEQ 1D NGO L6, and

(it}  two light chain polypeptides cach comprising the amino acid sequence of

SEQ D NG 4.

W
N2
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(¥l

An antibody comprising:

{i} two heavy chain polypeptides each comprising the amino acid sequence
of SEQ ID NO..7, and

(i}  two light chain polypeptides each comprising the amino acid sequence of

SEQ IDNO.4.

6. An antibody comprising:
{t) two heavy chain polypeptides each comprising the amino acid sequence
of SEQ ID NGO .8, and

{ii}  two light chain polypeptides each comprising the amino acid sequence of

SEQ D NO. 4.

7. An isolated polynucleotide encoding:
(1) the antibody of any one of claims 1-6;

{i1} a heavy chain of the antibody of any one of claims 1-6;

(i1t}  alight chain of the antibody of any one of claims 1-6; or

(ivy  aheavy chain of the antibody of any one of clairus 1-6 and a light chain
of the antibody of any one of claims 1-6.

8. The polynucleotide of claim 7, wherein the polynucleotide comprises
DNA or RNA, wherein, optionally, the RNA comprises mRNA, wheretn, further
optionally, the mRNA comprises a modified nucleoside, a cap-1 structure, a cap-2
structure, or any combination thereot and/or comprises a pseudouridineg, a N6~

methyladenonsioe, a S-methyleviidine, a 2-thiouridine, or any combination thereof
Y : yicy : M

9 A vector comprising the polynucleotide of ¢laim 7 or &

=y
i

10. A host cell comprising the polynuclestide of claim 7 or 8 or the vector of

claim 9,
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1. A composition comprising the antibody of any one of claims 1-6, the
polynucleotide of claim 7 or &, the vector of claim 9, and/or the host celi of claim 10,

and a pharmaceutically acceptable carrier, excipient, or diluent.

12, A method of preventing a paramyxovirus infection in a subject,
comprising administering to the subject an effective amount of: the antibody of any cue
of claims 1-6; the polynucleotide of claim 7 or 8; the vector of claim 9; the host cell of

claim 10; and/or the composition of claim 11

13, A method of treating a paramyxovirus infection in a subject, comprising
administering io the subject an effective arvount oft the antibody of any one of claims
1-6; the polynuclectide of claim 7 or §; the vector of claim 9; the host cell of claim 10;

and/or the composition of claim 11,

14. The method of claim 12 or 13, wherein the paramyxovirus comprises
respitatory syncytial viras, metapneumovirus, pneurnoniavirus of mice, or any

combination thereof

1S, The auntibody of any oune of clairos 1-6, the polynucleotide of clairo 7 or
8, the vector of claim 9, the host cell of claim 10, and/or the composition of claim 11,
for use in a method of preventing paramyxovirus infection in a subject, wherein,
optionally, the paramyxovirus comprises respiratory syneytial virus, metapneumovirus,

prewmoniavirus of mice, or any combination thereof.

16.  The antibody of any one of claims 1-6, the polynucleotide of claim 7 or
8, the vector of claim 9, the host cell of claim 10, and/or the composition of claim 11,
tor use in a method of treating paramyxovirus infection in a subject, wherein,
optionally, the paramyxovirus comprises respiratory syncytial virus, metapneumovirus,

preumoniavirus of mice, or any combination thereof.
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17, The antibody of any one of claims 1-6, the polynucleotide of claim 7 or

8, the vector of claim 9, the host cell of claim 10, and/or the compeosition of claim 11,
for use 1 the manufacture of a medicament for preventing a paramyxovitus infection in
a subject, wherein, optionally, the paramyxovirus comprises respiratory syncytial virus,

metapneumovirus, pneumontavirus of mice, or any combination thereof.

18.  The antibody of any one of claims 1-6, the polynucleotide of claim 7 or
8, the vector of claim 9, the host cell of claim 10, and/or the composition of claim 11,
for use in the manufacture of a medicament for treating a paramyxovirus infection in a
subject, wherein, optionally, the paramyxovirus comprises respiratory syneviial virus,

metapneumovitus, pueumontaviras of mice, or any combination thereof.

19, A method of making the antibody of any one of claims 1-6, the method
comprising culturing a host cell expressing the antibody under conditions and for a time

sufficient to produce the antibody.

20. The method of claim 19, further comprising isolating and/or purifying

the antibody.

[
W
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