23/05/2022, 04:02

DIV Contents

US 20210260182A1

a9 United States
a2y Patent Application Publication

Lederman et al.

(10) Pub. No.: US 2021/0260182 A1
43) Pub. Date: Aug. 26, 2021

(54)

(7D

(72)

€2y
(22)

(60)

Genomic representation of HPXV
Accession # KY349117 (See also US 2018/0251736)

Genomic representation of VACV
Accession # MN374381 {See also WO 2019/213452)

5/23/2022 04:02:12

RECOMBINANT POXVIRUS BASED
VACCINE AGAINST SARS-COV-2 VIRUS

Applicants:Scott J. Goebel, Frederick, MD (US);
David Evans, Edmonton (CA); Ryan
Noyce, Edmonton (CA); Tonix
Pharmaceuticals Holding Corp.,
Chatham, NJ (US); The Governors of
the University of Alberta, Edmonton
(CA)

Inventors: Seth Lederman, South Dartmouth, MA

(US); Scott J. Goebel, Frederick, MD

(US); David Evans, Edmonton (CA);

Ryan Noyce, Edmonton (CA)

Appl. No.: 17/187,678
Filed: Feb. 26, 2021
Related U.S. Application Data

Provisional application No. 63/114,514, filed on Nov.
16, 2020, provisional application No. 62/981,997,
filed on Feb. 26, 2020.

(GD

(52)

7

Publication Classification

Int. CI.

A6IK 39215 (2006.01)

CI2N 7/00 (2006.01)

CI2N 15/85 (2006.01)

U.S. CL

CPC ............. AG6IK 39/215 (2013.01); CI2N 7/00

(2013.01); A61K 2039/70 (2013.01); CI2N
2710/24134 (2013.01); CI2N 15/85 (2013.01)

ABSTRACT

The invention relates in various aspects to a recombinant
poxvirus comprising a nucleic acid encoding a SARS-CoV-2
virus protein, methods for producing such viruses and the
use of such viruses. The recombinant poxviruses are well
suited, among others, as protective virus vaccines against
SARS-CoV-2 virus.
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Figure 21B
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RECOMBINANT POXVIRUS BASED
VACCINE AGAINST SARS-COV-2 VIRUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority and benefit from
U.S. Provisional Application No. 62/981,997, filed Feb. 26,
2020 and U.S. Provisional Application No. 63/114,514, filed
Nov. 16, 2020, the contents of which are hereby incorpo-
rated by reference in its entirety.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing
which has been submitted electronically in ASCII format
and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on Feb. 26, 2021, is named 104545-
0047-101-SL.txt and is 766,062 bytes in size.

BACKGROUND OF THE DISCLOSURE

[0003] On Dec. 31, 2019 the Wuhan Health Commission
reported a cluster of atypical pneumonia cases in the city of
Wuhan, China. The first patients began experiencing symp-
toms of illness in mid-December 2019. Clinical isolates
were found to contain a novel coronavirus. As of Jan. 28,
2020, there are in excess of 4,500 laboratory-confirmed
cases, with >100 known deaths. The novel coronavirus is
currently referred to as SARS-CoV-2 or 2019-nCoV and is
related to Severe Acute Respiratory Syndrome coronavirus
(SARS-CoV), although with only approximately 80% simi-
larity at the nucleotide level. Ralph et al. J Infect Dev Ctries.
2020 Jan. 31; 14(1):3-17.

[0004] Coronaviruses are enveloped single stranded RNA
viruses with positive-sense RNA genomes ranging from
25.5 to ~32 kb in length. The spherical virus particles range
from 70-120 nm in diameter with four structural proteins.

[0005] Despite the fact that a much effort is currently
being invested into methods of providing vaccines and
delivery vectors for SARS-CoV-2, there is still a need to
provide additional and improved approaches against this
coronavirus.

SUMMARY OF THE DISCLOSURE

[0006] An aspect of the present disclosure provides a
recombinant poxvirus comprising a nucleic acid encoding a
SARS-CoV-2 virus protein, methods for producing such
viruses and the use of such viruses, for example, as immu-
nogens, in immunogenic formulations against SARS-CoV-2
virus. Another aspect of the present disclosure provides a
recombinant synthetic poxvirus comprising a nucleic acid
encoding a SARS-CoV-2 virus protein, methods for produc-
ing such viruses and the use of such viruses, for example, as
immunogens, in immunogenic formulations against SARS-
CoV-2 virus. In some embodiments, the synthetic poxvi-
ruses are assembled and replicated from chemically synthe-
sized DNA which are safe, reproducible and free of
contaminants. Because chemical genome synthesis is not
dependent on a natural template, a plethora of structural and
functional modifications of the viral genome are possible.
Chemical genome synthesis is particularly useful when a
natural template is not available for genetic replication or
modification by conventional molecular biology methods.

[0007] In one aspect, the disclosure relates to recombinant
poxviruses comprising a nucleic acid encoding a SARS-

5/23/2022 04:02:12
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CoV-2 virus protein, wherein the SARS-CoV-2 protein is
selected from the group consisting of the spike protein (S),
the membrane protein (M) and the nucleocapsid protein (N),
or combinations of two or more of said proteins.

[0008] In another aspect, the disclosure relates to pharma-
ceutical compositions comprising the recombinant poxvi-
ruses of the disclosure.

[0009] In another aspect, the disclosure relates to cells
infected with the recombinant poxviruses of the disclosure.
[0010] In another aspect, the disclosure relates to methods
for selecting a cell that expresses a SARS-CoV-2 virus
protein, comprising infecting said cell with the recombinant
poxvirus of the disclosure and selecting the infected cell
expressing said SARS-CoV-2 virus protein.

[0011] In another aspect, the disclosure relates to methods
of inducing an immune response against a SARS-CoV-2
virus in a subject in need or at risk therefor, comprising
administering to said subject an immunologically effective
amount of a recombinant poxvirus of the disclosure.
[0012] In another aspect, the disclosure relates to methods
of generating the recombinant poxviruses of the disclosure,
the methods comprising: (a) infecting a host cell with a
poxvirus; (b) transfecting the infected cell of step (a) with a
nucleic acid encoding a SARS-CoV-2 virus protein to gen-
erate a recombinant poxvirus; and (c) selecting a recombi-
nant poxvirus, wherein the nucleic acid encoding a SARS-
CoV-2 virus protein is located, upon transfection, in a region
of the poxvirus that is not essential for the replication of the
poxvirus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] For the purpose of illustrating the disclosure that
are shown in the drawings and various embodiment(s) of
this disclosure. It should be understood, however, that the
disclosure is not limited to the precise arrangements and
instrumentalities shown in the drawings.

[0014] FIG. 1. Schematic representation of the linear
dsDNA synthetic HPXV (GenBank accession Number
KY349117) and synthetic VACV (synVACV) (GenBank
accession Number MN974381) genomes. The Thymidine
Kinase (TK) gene locus is depicted in orange. The TK gene
locus in HPXV is located at genome positions: 92077-92610
with gene ID HPXV095 (SEQ ID NO: 1). The TK gene
locus in VACYV is located at genome positions: 83823-84344
with gene ID synVACV_105 (SEQ ID NO: 2).

[0015] FIG. 2. Schematic representation of the TK gene
locus (HPXV095) of HPXV of approximately 4 kb, located
between the HPXV094 and HPXV096 flanking regions.
[0016] FIG. 3. Sequence alignment of the TK gene locus
of synthetic HPXV and synthetic VACV ACAM2000, where
it is shown that the nucleotide similarity is around 99%. FIG.
3 refers to SEQ ID NOs: 34-36, respectively, in order of
appearance.

[0017] FIG. 4. Schematic representation of the linear
dsDNA HPXV, showing the generation of the PCR fragment
encoding the SARS-CoV-2 expression cassette. The expres-
sion cassette is introduced in the TK gene locus of the
HPXV genome and comprises the SARS-CoV2 Spike S
gene that is operatively linked to a vaccinia virus early and
late promoter inserted upstream of the SARS-CoV-2 Spike
S gene.

[0018] FIG. 5. Schematic representation of the HPXV and
VACV, ACAM 2000 rescue viruses and the insertion of the
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[0033] FIGS. 20A and 20B. Viral growth curves in BSC-
40 cells infected with a synthetic horsepox virus (HPXV)
over time. FIG. 20A shows viral titer (PFU/mL) measured in
cells infected with TNX-801, scHPXVA095%7-2? TNX-
1800a-1, scHPXVA20072-57 or TNX-1800b-2; FIG. 20B
shows fold change from input in infected cells.

[0034] FIGS. 21A and 21B. Viral growth curves in BSC-
40 cells infected with a synthetic vaccinia virus (VACV)
over time. FIG. 21A shows viral titer (PFU/mL) measured in
cells infected with TNX-1200, TNX-2200 or
synVACVAA2K1057727%; FIG. 21B shows fold change
from input in infected cells.

[0035] FIG. 22. Schematic representation of a linear
dsDNA HPXYV, showing the generation of a PCR fragment
encoding a SARS-CoV-2 expression cassette. The expres-
sion cassette is introduced into the TK gene locus of the
HPXV genome and comprises a DNA encoding the SARS-
CoV2 Spike S gene protein that is operatively linked to a
vaccinia virus early and late promoter inserted upstream of
the SARS-CoV-2 Spike S DNA. The expression cassette
further comprises a 1 kb HPXV left flanking arm (e.g.,
HPXV092, HPXV093 and HPXV094) and a 1 kb HPXV
right flanking arm (e.g.. HPXV096).
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ratory Manual, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. (1998); Coligan et al., Short Protocols
in Protein Science, John Wiley & Sons, N'Y (2003); Short
Protocols in Molecular Biology (Wiley and Sons, 1999).
[0038] Enzymatic reactions and purification techniques
are performed according to manufacturer’s specifications, as
commonly accomplished in the art or as described herein.
The nomenclatures used in connection with, and the labo-
ratory procedures and techniques of, analytical chemistry,
biochemistry, immunology, molecular biology, synthetic
organic chemistry, and medicinal and pharmaceutical chem-
istry described herein are those well-known and commonly
used in the art. Standard techniques are used for chemical
syntheses, and chemical analyses.

[0039] Throughout this specification and embodiments,
the word “comprise,” or variations such as “comprises” or
“comprising,” will be understood to imply the inclusion of
a stated integer or group of integers but not the exclusion of
any other integer or group of integers.

[0040] The term “including” is used to mean “including
but not limited to.” “Including” and “including but not
limited to” are used interchangeably.

[0041] Any example(s) following the term “e.g.” or “for
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modified nucleotides or bases, and/or their analogs, or any
substrate that can be incorporated into a chain by DNA or
RNA polymerase. A polynucleotide may comprise modified
nucleotides, such as methylated nucleotides and their ana-
logs. If present, modification to the nucleotide structure may
be imparted before or after assembly of the chain. The
sequence of nucleotides may be interrupted by non-nucleo-
tide components. A polynucleotide may be further modified
after polymerization, such as by conjugation with a labeling
component. Other types of modifications include, for
example, “caps”, substitution of one or more of the naturally
occurring nucleotides with an analog; internucleotide modi-
fications such as, for example, those with uncharged link-
ages (e.g., methyl phosphonates, phosphotriesters, phospho-
amidates, carbamates, etc.) and with charged linkages (e.g.,
phosphorothioates, phosphorodithioates, etc.); those con-
taining pendant moieties, such as, for example, proteins
(e.g., nucleases, toxins, antibodies, signal peptides, poly-L-
lysine, etc.); those with intercalators (e.g., acridine, pso-
ralen, etc.); those containing chelators (e.g., metals, radio-
active metals, boron, oxidative metals, etc.); those
containing alkylators; those with modified linkages (e.g.,

alnha anomeric nucleic acids ete ¥ as well as nnmodified
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modifications known in the art. It is understood that the
polypeptides can occur as single chains or associated chains.
[0060] “Percent (%) sequence identity” or “sequence %
identical to” with respect to a reference polypeptide (or
nucleotide) sequence is defined as the percentage of amino
acid residues (or nucleic acids) in a candidate sequence that
are identical with the amino acid residues (or nucleic acids)
in the reference polypeptide (nucleotide) sequence, after
aligning the sequences and introducing gaps, if necessary, to
achieve the maximum percent sequence identity, and not
considering any conservative substitutions as part of the
sequence identity. Alignment for purposes of determining
percent amino acid sequence identity can be achieved in
various ways that are within the skill in the art, for instance,
using publicly available computer software such as BLAST,
BLAST-2, ALIGN or Megalign (DNASTAR) software.
Those skilled in the art can determine appropriate param-
eters for aligning sequences, including any algorithms
needed to achieve maximal alignment over the full length of
the sequences being compared.

[0061] As outlined elsewhere herein, certain positions of
the viral genome can be altered. By “position” as used herein

ic maoant a lacatinn in tha aanama cannanca (Carreacnanding
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[0065] As used herein, the term “residue” in the context of
a polypeptide refers to an amino-acid unit in the linear
polypeptide chain. It is what remains of each amino acid, i.e.
—NH-—CHR—C—, after water is removed in the formation

of the nolvnentide from a-amino-acids ie NH?2-CHR—
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known organism. The sequences can be incorporated in their
native form or can be modified in any way to obtain a desired
activity. For example, the sequences can comprise inser-
tions, deletions or substitutions. A viral vector can also
incornorate an ingertion site for an exacenons nolviele-
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[0077] In some embodiments, the poxvirus belongs to the
Chordopoxvirinae subfamily. In some embodiments, the
poxvirus belongs to a genus of Chordopoxvirinae subfamily
selected from Avipoxvirus, Capripoxvirus, Cervidpoxvirus,
Crocodylipoxvirus, Leporipoxvirus, Molluscipoxvirus,
Orthopoxvirus, Parapoxvirus, Suipoxvirus, or Yatapoxvirus.
In some embodiments, the recombinant poxvirus is an
Orthopoxvirus. In some embodiments, the Orthopoxvirus is
selected from the group consisting of camelpox virus
(CMLV), cowpox virus (CPXV), ectromelia virus (ECTV,
“mousepox agent”), horsepox virus (HPXV), monkeypox
virus (MPXV), rabbitpox virus (RPXV), raccoonpox virus,
skunkpox virus, Taterapox virus, Uasin Gishu disease virus,
vaccinia virus (VACV), variola virus (VARV) and volepox
virus (VPV). In some embodiments, the poxvirus is a
Parapoxvirus. In some embodiments, the Parapoxvirus is
selected from orf virus (ORFV), pseudocowpox virus
(PCPV), bovine popular stomatitis virus (BPSV), squirrel
parapoxvirus (SPPV), red deer parapoxvirus, Ausdyk virus,
Chamois contagious ecythema virus, reindeer parapoxvirus,
or sealpox virus. In some embodiments, the poxvirus is a
Molluscipoxvirus. In some embodiments, the Molluscipox-
virus is molluscum contagiousum virus (MCV). In some
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etc.). In some embodiments, the modifications may include
the attenuation or deletion of one or more virulence factors.
In some embodiments, the modifications may include the
addition or insertion of one or more virulence regulatory
genes or gene-encoding regulatory factors.

[0079] Traditionally, the terminal hairpins of poxviruses
have been difficult to clone and to sequence. As a result,
some of the published genome sequences (e.g., VACV,
ACAM 2000 and HPXV MNR-76) are incomplete. The
published sequence of the HPXV genome is likewise incom-
plete, probably missing ~60 bp from the terminal ends. In an
exemplary embodiment, 129 nt ssDNA fragments were
chemically synthesized using the published sequence of the
VACYV terminal hairpins as a guide and ligated onto dsDNA
fragments comprising left and right ends of the HPXV
genome. In some embodiments, the terminal hairpins of the
poxvirus of the disclosure are derived from VACV. In some
embodiments, the terminal hairpins are derived from CMLYV,
CPXV, ECTV, HPXV, MPXV, RPXYV, raccoonpox virus,
skunkpox virus, Taterapox virus, Uasin Gishu disease virus
or VPV. In some embodiments, the terminal hairpins are
based on the terminal hairpins of any poxvirus whose
oenome has heen comnletelv seanenced or a namiral isolate
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Tsp451, TspMI, TspRI, Tth1111, Xbal, Xeml, Xhol, Xmal,
Xmnl, or Zral. It is understood that any desired restriction
site(s) or combination of restriction sites may be inserted
into the genome or mutated and/or eliminated from the
genome. In some embodiments, one or more Aarl sites are
deleted from the viral genome. In some embodiments, one or
more Bsal sites are deleted from the viral genome. In some
embodiments, one or more restriction sites are completely
eliminated from the genome (e.g. all the Aarl sites in the
viral genome may be eliminated). In some embodiments,
one or more Aval restriction sites are introduced into the
viral genome. In some embodiments, one or more Stul sites
are introduced into the viral genome. In some embodiments,
the one or more modifications may include the incorporation
of recombineering targets including but not limited to loxP
or FRT sites.

[0081] In some embodiments, the poxvirus modifications
may include the introduction of fluorescence markers such
as but not limited to green fluorescent protein (GFP),
enhanced GFP, yellow fluorescent protein (YFP), cyan/blue
fluorescent protein (BFP), red fluorescent protein (RFP), or
variants thereof, etc.; selectable markers such as but not

limited to drug resistance markers (e.g. E. coli xanthine-
onanine nhosnhorihogvl transferase oene (ont) Strentomv-
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about 90%, about 95%, about 96%, about 97%, about 98%,
about 99%, over 99%, or 100% of the synthetic poxviral
genome is derived from chemically synthesized DNA. In
some embodiments, the poxviral genome is derived from a
combination of chemically synthesized DNA and naturally
occurring DNA.

[0084] The number of overlapping DNA fragments used to
generate the synthetic poxvirus will depend on the size of the
poxviral genome. Practical considerations such as reduction
in recombination efficiency as the number of fragments
increases on the one hand and difficulties in synthesizing
very large DNA fragments as the number of fragments
decreases on the other hand will also inform the number of
overlapping fragments used. In some embodiments, the
synthetic poxviral genome may be synthesized as a single
fragment. In some embodiments, the synthetic poxviral
genome is assembled from 2-14 overlapping DNA frag-
ments. In some embodiments, the synthetic poxviral genome
is assembled from 4-12 overlapping DNA fragments. In
some embodiments, the synthetic poxviral genome is
assembled from 6-10 overlapping DNA fragments. In some
embodiments, the synthetic poxviral genome is assembled
from 8-12 overlapping DNA fragments. In some embodi-

ments the svnthetic noxviral cenome is ascemhled from 10
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fragments range in size is from about 4000 bp to 40000 bp.
In some embodiments, the fragments range in size is from
about 5000 bp to 35000 bp. In some embodiments, the
largest fragments are about 20000 bp, 21000 bp, 22000 bp,
23000 bp, 24 000 bp, 25000 bp, 26000 bp, 27000 bp, 28000
bp, 29000 bp, 30000 bp, 31000 bp, 32000 bp, 33000 bp,
34000 bp, 35000 bp, 36000 bp, 37000 bp, 38000 bp, 39000
bp, 40000 bp, 41000 bp, 42000 bp, 43000 bp, 44000 bp,
45000 bp, 46000 bp, 47000 bp, 43000 bp, 49000 bp, or
50000 bp. In some embodiments, a scHPXV is reactivated
from 10 chemically synthesized overlapping double-
stranded DNA fragments ranging in size from about 8500 bp
to about 32000 bp (Table 2).

[0087] The poxviruses of the present disclosure can be
propagated in any substrate that allows the virus to grow to
titers that permit the uses of the recombinant poxvirus
described herein. The poxvirus of the present disclosure may
be grown in cells (e.g. avian cells, bat cells, bovine cells,
camel cells, canary cells, cat cells, deer cells, equine cells,
fowl cells, gerbil cells, goat cells, human cells, monkey
cells, pig cells, rabbit cells, raccoon cells, seal cells, sheep
cells, skunk cells, vole cells, etc.) that are susceptible to
infection by the poxviruses. In some embodiments, the
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sizing overlapping DNA fragments that correspond to sub-
stantially all of the viral genome of the poxvirus and,
optionally, chemically synthesizing the terminal hairpin
loops from another virus or from another strain of virus; (ii)
transfecting the overlapping DNA fragments into helper
virus-infected cells; (iii) culturing said cells to produce a
mixture of helper virus and synthetic poxvirus particles in
said cells; and (iv) plating the mixture on host cells specific
to the poxvirus to recover the synthetic poxvirus.

[0089] In some embodiments, the method of producing a
synthetic horsepox virus comprises a step of (i) chemically
synthesizing overlapping DNA fragments that correspond to
substantially all of the viral genome of the horsepox virus
and chemically synthesizing the terminal hairpin loops from
another poxvirus (such as VACYV, strain WB or NYCBH
clone ACAM 2000); (ii) transfecting the overlapping DNA
fragments into helper virus-infected cells; (iii) culturing said
cells to produce a mixture of helper virus and synthetic
horsepox virus particles in said cells; and (iv) plating the
mixture on host cells specific to the horsepox virus to
recover the synthetic horsepox virus.

[0090] In some embodiments, the poxvirus is a synthetic

horsepox virus. In some embodiments, the synthetic horse-
D s e T L A D A JP
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(N), or combinations of two or more of said proteins. In [0097] In some embodiments, the nucleotide sequence

some embodiments, the nucleotide sequence of the SARS- encoding the S protein is modified with reference to a wild

CoV-2 virus is anv one of the nublished eenome seauences. tvne nucleotide seauence. In some embodiments. the amino
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protein (protein N of Wuhan-HU-1, Accession LC521925.1;
SEQ ID NO: 11). In some embodiments, the amino acid
sequence of the N protein is modified with reference to the
wild type protein (protein N of Wuhan-HU-1, Accession
MN988668.1; SEQ ID NO: 49).

[0100] In some embodiments, the nucleic acid sequence
encoding the SARS-CoV-2 virus protein is modified with
reference to the wild type protein. In some embodiments, the
nucleic acid sequence encoding the SARS-CoV-2 virus
protein is modified with reference to the wild type protein
(SEQ ID NO: 9). In some embodiments, the nucleic acid
sequence encoding the SARS-CoV-2 virus protein is modi-
fied with reference to the wild type protein (SEQ ID NO:
47). In some embodiments, the nucleic acid sequence encod-
ing the SARS-CoV-2 virus protein is modified with refer-
ence to the wild type protein for efficient expression of
transgenes in poxviruses. In some embodiments, the heter-
ologous gene coding sequences containing the vaccinia
Early Transcription Terminator Signal (ETTS) (TTTTTNT;
also called TsNT (SEQ ID NO: 14)) are removed. See Earl
et al. Journal of Virology, 1990; 2448-2451; incorporated
herein by reference in its entirety. In some embodiments, the
poxvirus genome retains two overlapping endogenous

TITTCO Tin nmsmna amahadlvnnintn tha hatnvwalancasin cromn andla~
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start site and the ATG. In some embodiments, the spacer is
160 nucleotides long, resulting in enhanced levels of expres-
sion. See FIG. 9. See Di Pilato et al. Journal of General
Virology (2015), 96, 2360-2371; incorporated herein by
reference in its entirety. In some embodiments, the vaccinia
virus late promoter and the spacer comprises the sequence
set forth in SEQ ID NO: 39. In some embodiments, the
vaccinia virus late promoter and the spacer is the sequence
set forth in SEQ ID NO: 39.

[0103] In some embodiments, the protein of the SARS-
CoV-2 is inserted into a non-essential gene for replication. In
some embodiments, the SARS-CoV-2 protein is inserted
into the Thymidine Kinase (TK) locus (Gene ID HPXV(95;
positions 992077-92610; SEQ ID NO: 1) of the horsepox
virus or the synthetic horsepox virus. In some embodiments,
the SARS-CoV-2 protein is inserted into the Thymidine
Kinase (TK) locus (Gene ID synVACV_105; positions
83823-84344; SEQ ID NO: 2) of the vaccinia virus or the
synthetic vaccinia virus. The TK locus provides a stable
insertion site for foreign genes of interest. The TK locus also
provides a selection marker to identify those clones where
the nucleic acid encoding a SARS-CoV-2 protein has been
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Methods of the Disclosure

[0109] Any of the synthetic poxviruses disclosed in US
2018/0251736 and WO 2019/213452, may be used in any of
the methods disclosed herein.

[0110] Any of the recombinant poxviruses comprising a
nucleic acid encoding a SARS-CoV-2 virus protein
described in the present disclosure may be used in any of the
methods disclosed herein.

[0111] In one aspect, the disclosure relates to a method for
selecting a cell that expresses a SARS-CoV-2 virus protein,
comprising infecting said cell with the recombinant poxvirus
of the disclosure and selecting the infected cell expressing
said SARS-CoV-2 virus protein.

[0112] Inanother aspect, the disclosure relates to a method
of inducing an immune response against a SARS-CoV-2
virus in a subject, comprising administering to said subject
an immunologically effective amount of the recombinant
poxvirus of the disclosure.

[0113] Inanother aspect, the disclosure relates to a method
of generating a recombinant poxvirus of the disclosure, the
method comprising:

(a) Infecting a host cell with a poxvirus;

(b) Transfecting the infected cell of step (a) with a nucleic

acid encoding a SARS-CoV-2 virus protein to generate a
recomhinant noxvirms: and
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virus. In some embodiments, the recombinant poxvirus is
useful towards the method of inducing an immune response
against a SARS-CoV-2 virus in a subject, wherein the
immunologically effective amount of a recombinant poxvi-
rus is capable of protecting the subject from SARS-CoV-2
virus. In some embodiments, the recombinant poxvirus is
useful towards the method of inducing an immune response
against a SARS-CoV-2 virus in a subject, wherein the
immunologically effective amount of a recombinant poxvi-
rus reduces or prevents the progression of the virus after
SARS-CoV-2 infection in the subject. In some embodi-
ments, the recombinant poxvirus is useful towards the
method of inducing an immune response against a SARS-
CoV-2 virus in a subject, wherein the immune response is a
T-cell immune response.

[0116] Insome embodiments, the recombinant poxvirus is
useful towards the method of inducing an immune response
against a SARS-CoV-2 virus and a poxvirus comprising
administering to said subject an immunologically effective
amount of a recombinant poxvirus or pharmaceutical com-
position. In some embodiments, the recombinant poxvirus is
useful towards the method of inducing an immune response
against the SARS-CoV-2 virus and the poxvirus, wherein
said immunologically effective amount of the recombinant
poxvirus is administered by scarification. In some embodi-
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virus. In some embodiments, the recombinant poxvirus is
useful towards the method of inducing T cell immunity
against the SARS-CoV-2 virus, wherein the immunologi-
cally effective amount of a recombinant poxvirus reduces or
prevents the progression of the virus after SARS-CoV-2
infection in the subject.

[0118] In some embodiments, the recombinant poxvirus is
useful towards the method of inducing T cell immunity
against a SARS-CoV-2 virus and a poxvirus comprising
administering to a subject an immunologically effective
amount of the recombinant poxvirus reduces or pharmaceu-
tical composition. In some embodiments, the recombinant
poxvirus is useful towards the method of inducing T cell
immunity against the SARS-CoV-2 virus and the poxvirus,
wherein said immunologically effective amount of the
recombinant poxvirus is administered by scarification. In
some embodiments, the recombinant poxvirus is useful
towards the method of inducing T cell immunity against the
SARS-CoV-2 virus and the poxvirus, wherein the immuno-
logically effective amount of a recombinant poxvirus is
capable of protecting the subject from the SARS-CoV-2
virus and the poxvirus. In some embodiments, the recom-

binant poxvirus is useful towards the method of inducing T
cell immunity acainet the SARQ.(CAV.? virme and the nove
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cell immunity against the SARS-CoV-2 virus and the pox-
virus, wherein the poxvirus is vaccinia virus, variola, horse-
pox virus or monkeypox virus.

[0119] Insome embodiments, the recombinant poxvirus is
useful towards the method of reducing or preventing the
progression of a SARS-CoV-2 virus infection in a subject in
need or at risk thereof comprising administering to said
subject an immunologically effective amount of the recom-
binant poxvirus or pharmaceutical composition.

[0120] Insome embodiments, the recombinant poxvirus is
useful towards the method of reducing or preventing the
progression of a SARS-CoV-2 virus and a poxvirus infection
in a subject in risk thereof comprising administering to said
subject an immunologically effective amount of the recom-
binant poxvirus or pharmaceutical composition. In some
embodiments, the recombinant poxvirus is useful towards
the method of reducing or preventing the progression of the
SARS-CoV-2 virus and the poxvirus infection, wherein the
poxvirus is vaccinia virus, variola, horsepox virus or mon-
keypox virus.

[0121] Insome embodiments, the recombinant poxvirus is
useful for a vaccine against a SARS-CoV-2 virus comprising
a recombinant virus or a pharmaceutical composition.

[0122] Insome embodiments, the recombinant poxvirus is
neafinl far a hivalent vaccine acainet a SARQ(TAVLY vime
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Examples

Example 1. Generation of the Synthetic Horsepox
Virus

[0123] The synthetic horsepox virus (scHPXV) is gener-
ated following the methods disclosed in US 2018/0251736,
incorporated herein by reference in its entirety.

[0124] The design of the synthetic HPXV genome is based
on the previously described genome sequence for HPXV
(strain MNR-76; GenBank accession DQ792504) (Tulman
E R, Delhon G, Afonso C L, Lu Z, Zsak L, Sandybaev N T,
et al. Genome of horsepox virus. Journal of virology. 2006;
80(18):9244-58). The 212,633 bp genome is divided into 10
overlapping fragments. These fragments are designed so that
they shared at least 1.0 kbp of overlapping sequence (i.e.
homology) with each adjacent fragment, to provide sites
where homologous recombination will drive the assembly of
full-length genomes. The fragments generated are shown in
Table 2. These overlapping sequences will provide sufficient
homology to accurately carry out recombination between the
co-transfected fragments

TABLE 2

HPXV genome fragments for use to generate the

5/23/2022 04:02:12
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other helper viruses (such as, but not limited to, fowlpox
virus) may be used. In some embodiments, different cell
combinations may be used.

[0127] BGMK cells are infected with SFV at a MOI of 0.5
and then transfected with 5 pg of digested GA_HPXV
fragments 2 h later. Five days post transfection, all of the
infectious particles are recovered by cell lysis and re-plated
on BSC-40 cells, which only efficiently support growth of
HPXV. The resulting reactivated scHPXV YFP-gpt::095
plaques are visualized under a fluorescence microscope. The
visualization is enabled by the yfp/gpt selectable marker in
the HPXV095/12R locus within Frag_3. Virus plaques are
detected in BSC-40 monolayers within 48 h of transfection.
The efficiency of recovering scHPXV YFP-gpt::095 is
dependent on a number of factors, including DNA transfec-
tion efficiency, but ranges up to a few PFU/ug of DNA
transfected.

[0128] A yfp/gpt cassette under the control of a poxvirus
early late promoter is also introduced into the HPXV200
locus within GA_Fragment_7, so that reactivation of HPXV
(scHPXV YFP-gpt::200) will be easy to visualize under a
fluorescence microscope. SFV-catalyzed recombination and
reactivation of poxvirus DNA to assemble recombinant
poxviruses has previously been described (Yao X D et al.
Journal of virology. 2003; 77(13):7281-90; and Yao X D et

Page 81 of 94

81/94



23/05/2022, 04:02 DIV Contents

5/23/2022 04:02:12 Page 82 of 94

https://ppubs.uspto.gov/pubwebapp/ 82/94



23/05/2022, 04:02

US 2021/0260182 Al

[0139] For efficient expression of transgenes from poxvi-
rus vectors, heterologous gene coding sequences containing
the vaccinia Early Transcription Terminator Signal (ETTS)
should be removed, in one embodiment of this disclosure,
through coding silent mutagenesis to generate full length
transcripts during the early phase of the infection. These
sequences have the following sequence: TTTTTNT (T5NT);
SEQ ID NO: 14. Removing the ETTS in the S protein coding
sequence can positively impact the generation of robust
immune responses. See Earl P L et al. J Virol. 1990 May;
64(5):2448-51.

[0140] Examples of other mutations introduced in the S
protein (SEQ ID NO: 47) in other embodiments of this
disclosure are the following: D614G, S943P, K986P and
V987P. One or more of these mutations can be introduced in
the S protein in those embodiments.

[0141] Poxvirus replication occurs in the cytoplasm of the
infected cell. The viruses do not enter the nucleus of the
infected cell during the replication cycle, and therefore do
not utilize the host cell transcriptional apparatus. Because of
the cytoplasmic location of replication, poxviruses encode
their own transcriptional machinery including the viral RNA
polymerase and their own regulatory promoter recognition
signals. Therefore, for efficient high-level expression from

5/23/2022 04:02:12
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SARS-CoV-2 S gene expression cassette” is performed
24 hours post-infection. Recombination of the expres-
sion cassette occurs through the left and right flanking
arms and the expression cassette is inserted into the TK
gene locus. Accordingly, HPXV-095 TK locus is
knocked-out and the expression cassette is inserted in
the TK gene locus. After 30 min at 25° C., 7.2 ml of
Eagle medium containing 8% fetal bovine serum was
added and the monolayer was incubated for 3.5 hr at
37° C. The culture medium was then removed and
replaced by 8 ml fresh Eagle medium containing 8%
fetal bovine serum and the incubation was continued at
37° C. for two days. Cells were scraped from the
bottles, pelleted by centrifugation (2,000xg, 5 min) and
resuspended in 0.5 ml of Eagle medium containing
2.5% fetal bovine serum.

[0146] (c) The transfected cells are harvested 48 hours

post-infection and the progeny virus of recombinant
synthetic horsepoxvirus comprising the engineered
SARS-CoV-2 S gene and the synthetic VACV is
released of with repeated cycles of freeze/thaw.

[0147] (d) Selection of recombinant viruses. Thymidine

kinase negative poxvirus recombinants are selected by
wlamna aceav in TR ralle o n TR™ Varn calle e TR
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SARS-CoV2 Spike (ProSci) or anti-VACV 13 antibodies.
Primary antibody binding was detected by blotting the
membrane with IRDye secondary antibodies detectable at
800 nm or 680 nm channels (LI-COR). The SARS CoV2
Spike antibody detected different forms of the SARS-CoV-2
Spike protein including the full-length, glycosylated full-
length, cleaved, and multimeric forms.

[0160] Viral genomic DNA from
SYNVACVAA2K 10554RSCov2-SPIKE-coznm (TNX-2200)
clones 1.1.1.1.1 and 2.1.1.1.1 was isolated and the DNA was
sequenced using Next Generation Sequencing (NGS) with
the Illumina MiSeq platform. The sequencing data were
analyzed by de novo assembly and mapped to reference
software using the CLC Genomics Workbench software

(Qiagen).

Example 9. Generation of Synthetic Horsepox
Virus TNX-1800a

[0161] The YFP-GPT selectable marker in the scHPXV
(see Example 7) thymidine kinase (TK) locus (also referred
to as the HPXV095 gene locus) was replaced using, for
example, homologous recombination with a codon-opti-
mized SARS-CoV-2 Spike (SARS-CoV-2-co) nucleotide
sequence to generate the synthetic vaccinia virus TNX-

1QNNA MNinn Avaminlamr smvanadiien i6 ac FAallaseora
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Reverse Primer 5'-3": CCTCATTTGCACTTTCTGGTTC
(SEQ ID NO: 59)) that amplify the HPXV095 gene locus
was performed to confirm that the SARS-Spike-co gene was
inserted into the HPXV095 locus. The viral genomic DNA
was subsequently isolated from a preparation of sucrose-
purified virus particles and used in Next Generation
Sequencing with the Illumina MiSeq platform. The
sequence data was analyzed by de novo assembly and
mapped to reference software using the CLC Genomics
Workbench software (Qiagen).

Example 10. Generation of Synthetic Horsepox
Virus TNX-1800b

[0165] The YFP-GPT selectable marker in the scHPXV
(see Example 7) HPXV200 gene locus (also referred to as
the Variola virus B22R homolog locus) was replaced using,
for example, homologous recombination with a codon-
optimized SARS-CoV-2 Spike (SARS-CoV-2-co) nucleo-
tide sequence to generate the synthetic vaccinia virus TNX-
1800b. One exemplary procedure is as follows.

[0166] Approximately 20 pgrams of plasmid containing
SARS-CoV-2-Spike-co flanked by approximately 400
nucleotides homologous to the HPXV200 gene was linear-

ized using the restriction enzyme, Sacl. Following restric-
4+imnm Anmmvrmman Aicanticnn tha Larnwisrad wlanaaid wraa Aritlanen
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7-9) and cell controls (CC; columns 10-12). At least two QC Example 13. Viral Growth Curves Measured in

plate were used per assay. Test and QC plates were incubated Cells Infected with Recombinant Poxvirus

at 37° C. for 2-2.5 hours in a 5% CO, incubator. After Engineered SARS-CoV-2 S Protein

incubation, aliquots of mixtures (sera and virus) for both test

and QC plates (including controls) were transferred onto the [0175] BSC-40, Hela and HEK 293 cells were seeded

96-well plates pre-seeded with Vero E6 cell and incubated
for 72+4 hours. Following incubation, plates were removed
from the incubator and allowed to rest at room temperature
for 20-40 minutes. 100 uL of Cell Titer-Glo (Promega) was
added to all wells in the plates, gently mixed and incubated
at room temperature for 10-30 minutes. Luminescence was
read using an appropriate photometer. Plate cut-off values
were calculated using the following formula:

(Average of VC wells+Average of CC wells)/2

Samples with luminescence above or below the plate cut-off
are positive and negative for neutralizing antibody, respec-
tively. The individual replicate is assigned a titer that is the
reciprocal of the dilution of the last positive dilution (i.e.,
1:80=is reported as a titer of 80). Titers are reported as

into a 6-well plate and subsequently infected with TNX-801,
TNX-1800, TNX-1200, or TNX-2200 at a MOI of 0.01.
After 48 hours of infection, cells were fixed and stained with
5% formaldehyde containing crystal violet. BSC-40 cells
infected with TNX-801 and TNX-1800 had a significant
cytopathic effect, while HelLa and HEK 293 cells showed
minor and no cytopathic effect, respectively (FIG. 18).
BSC-40 HeLa and HEK293 cells infected with TNX-1200
and TNX-2200 had a significant cytopathic effect in all
infected cell lines (FIG. 18). Viral titer (PFU/mL) in BSC-
40, HeLLa and HEK 293 cells was measured over time after
24, 48 and 72 hours of infection with TNX-801, TNX-1800,
TNX-1200, or TNX-2200 (FIGS. 19A-D), which corre-
sponds to the cytopathic effect of the viruses as represented
in FIG. 18.

median and geometric mean titers of the accepted replicate [0176]  BSC-40 cells were infected with HIPXV clones
. (e.g, _TNX-801, scHPXVAQ95-¢ TNX-1800a-1,
titers. . scHPXVA200772" or TNX-1800b-2; (FIGS. 20A-B)) or
[0174] Table 6 shows the level of anti-SARS-CoV-2 neu- VACV clones (e.g., TNX-IZOO, TNX-2200 or

tralizing titers measured in vaccinated AGMs after 14 days
of a single vaccination. The AGMs vaccinated with TNX-
1800b-2 and TNX1800a-1 generated neutralizing titers (z1:
40 titer) of antibodies against SARS-CoV-2. The TNX-801
(an scHPXV not carrying the S protein expression cassette)
vaccinated control animals and the placebo group did not
generate anti-SARS-CoV-2 neutralizing titers (<1:10 titer).
Both the 2.9x10° PFU and 1.06x10° PFU doses of TNX-801
and TNX-1800 were well-tolerated.

TABLE 6,

synVACVAA2K10577-¢7%;, (FIGS. 21A-B)) at a MOI of
0.01. Viral titer (PFU/mL) was measured at 0, 3, 6, 12, 24,
48 and 72 hours to determine viral growth in infected cells.
The presence of SARS-CoV-2 Spike protein slows HPXV
clone viral growth by approximately 0.5 log, while it slows
VACYV clone viral growth by approximately 1 log.

[0177] The cytopathic effect seen in Vero cells and BSC-
40 cells infected with the various HPXV and VACV clones
shows that these cell lines can be used to manufacture the
viruses (e.g., TNX-1800 and TNX-801).

Anti-SARS-CoV-2 neutralizing titers in vaccinated African Green Monkeys

Geometric
Animal HPXV Mean Titer
Number strain Dose Titer 1 Titer 2 Median (GMT)
3M 16982 TNX- 2.9 x 10° 640 20 NQ NQ
D15 1800b-2
3M 16976 TNX- 2.9 x 106 640 320 480 452.55

D15 1800b-2
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[0184] At day 41, the vaccinated AGMS were apesthetizgd TABLE 9-continued
and challenged (also referred to as inoculated) with approxi-
mately 2x10° TCIDs,/animal wild-type SARS-CoV-2 via RT-gPCR of SARS-CoV-2 Copy Number
the 1. intranasal and 2. intratracheal route. The volume of per ml. from Tracheal Lavage
virus was sp}it evenly between each of the two routes (1 mL Day 41 Day 47
per route with a 1x106 TCIDs,/mL virus stock). For the HPXV Dose  Animal (Copy number  (Copy number
intranasal route, AGMs were anesthetized and inoculated by strain (PFU)  Number per mL) per mL)
slowly pipetting 500 uL into each are followed by inhala- TNX-801 1.06 x 106 2M 16980  0.00E+00 4.50E+04
tion. For the intratracheal route, AGMs were anesthetized, 2M 16983 0.00E+00 0.00E+00
and a tube was inserted into the trachea. After the end of the 2F 16985 0.00E+00 3.95E+05
tube was situated approximately at the mid-point of the o 2F 16991 0.00E+00 1.72E+04
h . trinin the i late with the virus was TNX- 2.9 x 105 3M 16982 0.00E+00 0.00E+00
trachea, a syringe containing the inocula Lrus 1800b-2 3M 16976  0.00E+00 0.00E+00
attached to the tube and the inoculate was slowly instilled 3F 16988 0.00E+00 0.00E+00
into the trachea followed by an equal volume of PBS to flush  JF 16995 0.00E+00 0.00E+00
the tube. After the AGMs were inoculated, the animal was TNX- 1.06 x 107 4M 16973 0.00E+00 8.42E+02
. . 1800b-2 4M 16972 0.00E+00 0.00E+00
returned to its home cage and monitored for recovery from 4T 16989 0.00E+00 0.00E400
the anesthesia. 4F 16990 0.00E+00 0.00E+00
[0185] An oropharyngeal swab specimen and a tracheal TNX- 0.6 x 105 5M 16979 0.00E+00 0.00E+00
lavage specimen were collected on Day 41 and Day 47 from 1800a-1 SM 16981 0.00E+00 9.34E+03
the inoculated AGMs. The specimens were processed by ;F: }gggg 8'885:88 222%:82
RT-gPCR methods to measure SARS-CoV-2 copy number. Vehicle Not  6M 16978 0.00E+00 LO1E+03
Table 8 shows the SARS-CoV-2 copy number from oropha-  control applicable 6M 16974 0.00E+00 8.13E+03
ryngeal swab specimens. Table 9 shows the SARS-CoV-2 6F16987 0.00E+00 1A3E+04
copy number from tracheal lavage specimens. At Day 47, 6F16984 0.00E+00 1.17E+03

AGMs vaccinated with TNX-1800b-2 and TNX-1800a-1
developed protective immunity against SARS-CoV-2.
TABLE 8

Exemplary Embodiments
RT-qPCR of SARS-CoV-2 Copy Number

fur Swab frorn Orophary npeal Swebh [0186] 1. A recombinant poxvirus comprising a nucleic
Day 41 Day 47 acid encoding a SARS-CoV-2 virus protein, wherein
HPXV Dose  Animal (Copy number  (Copy number the SARS-CoV-2 protein is selected from the group
strain (PFU)  Number per swab) per swab) consisting of the spike protein (S), the membrane
TNX-R01 20 % 105 1M 16977 0 00F+00 2 SOR+06A protein (M) and the nucleocapsid protein (N), or com-
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ONC1, Lister GL-ONC2, Lister GL-ONC3, Lister GL-
ONC4, Lister CTC1, Lister IMG2 (Turbo FP635),

IHD-W, LC16ml18, Lederle, Tashkent clone TKT3,
Tachkent clone TKT4 TISKR Fwvang Praha T.-TVP
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(synVACVAA2K 10554RS-Cov2-Spike-coy - TNX-2200
clone 1.1.1.1.1, TNX-2200 clone 2.1.1.1.1, TNX-1800

(scHPXVA20054RS-COV2-spike-coy - TNX-1800a, TNX-
1R00a-1 TNX-1R00h and TNX-1R00h-?
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(synVACVAA2K 1Q554RS-Corz-Spike-coy TNX-2200
clone 1.1.1.1.1, TNX-2200 clone 2.1.1.1.1, TNX-1800
(scHPXVA20( RS- cOv2-Spike-coy ' TNX_1800a, TNX-
1800a-1, TNX-1800b, and TNX-1800b-2.

[0226] 41.The method for selecting a cell that expresses
a SARS-CoV-2 virus protein according to embodiment
39, wherein the recombinant poxvirus comprises any
one of SEQ ID Nos: 63, 64 or 65.

[0227] 42.The method for selecting a cell that expresses
a SARS-CoV-2 virus protein according to embodiment
40, wherein the recombinant poxvirus is TNX-1800b-
2.

[0228] 43. The method for selecting a cell that expresses
a SARS-CoV-2 virus protein according to embodiment
40, wherein the recombinant poxvirus is TNX-1800a-1.

[0229] 44. A method of inducing an immune response
against a SARS-CoV-2 virus in a subject, comprising
administering to said subject an immunologically
effective amount of the recombinant poxvirus accord-
ing to any one of embodiments 1-24 or the pharma-
ceutical composition according to any one of embodi-
ments 25-29.

[0230] 45. The method of inducing an immune response
against a SARS-CoV-2 virus in a subject according to
embodiment 44, wherein said immunologically effec-
tive amount of the recombinant poxvirus is adminis-
tered hv scarification
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[0238] 53. The method of inducing an immune response
against the SARS-CoV-2 virus and the poxvirus
according to embodiment 50, wherein the immunologi-
cally effective amount of a recombinant poxvirus is
capable of protecting the subject from the SARS-
CoV-2 virus and the poxvirus.

[0239] 54. The method of inducing an immune response
against the SARS-CoV-2 virus and the poxvirus
according to embodiment 50, wherein the immunologi-
cally effective amount of a recombinant poxvirus
reduces or prevents the progression of the SARS-
CoV-2 virus infection and/or the poxvirus infection in
the subject.

[0240] 55. The method of inducing an immune response
against the SARS-CoV-2 virus and the poxvirus
according to embodiment 50, wherein the immune
response is a T-cell immune response.

[0241] 56. The method of inducing an immune response
against the SARS-CoV-2 virus and the poxvirus
according to any one of embodiments 50-55, wherein
the poxvirus is vaccinia virus, variola, horsepox virus
or monkeypox virus.

[0242] 57. A method of inducing T cell immunity
against a SARS-CoV-2 virus comprising administering
to said subject an immunologically effective amount of
a recombinant poxvirus according to any one of
embodiments 1-24 or the pharmaceutical comnosition
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cally effective amount of a recombinant poxvirus
reduces or prevents the progression of the SARS-
CoV-2 infection and/or poxvirus infection in the sub-
ject.

[0250] 65. The method of inducing T cell immunity
against the SARS-CoV-2 virus and the poxvirus
according to any one of embodiments 61-64, wherein
the poxvirus is vaccinia virus, variola, horsepox virus
or monkeypox virus.

[0251] 66. A method of generating a recombinant pox-
virus according to any one of embodiments 1-65, the
method comprising:

[0252] (a) Infecting a host cell with a poxvirus;

[0253] (b) Transfecting the infected cell of step (a)
with a nucleic acid encoding a SARS-CoV-2 virus
protein to generate a recombinant poxvirus; and

[0254] (c) Selecting a recombinant poxvirus, wherein
the nucleic acid encoding a SARS-CoV-2 virus pro-
tein is located, upon transfection, in a region of the
poxvirus that is not essential for the replication of the
poxvirus.

[0255] 67. The method according to any one of embodi-
ments 39-66, wherein the SARS-CoV-2 protein is
selected from the group consisting of the S spike
protein, the M protein and the N protein, or combina-
tions of two or more of said proteins.

[0256] 68. The method according to any one of embodi-
ments 39-67, wherein the poxvirus is an orthopoxvirus.

[0257] 69. The method according to embodiment 68,
wherein the orthopoxvirus is selected from the group
consisting of camelpox (CMLV) virus, cowpox virus
(CPXV), ectromelia virus (ECTV), horsepox virus
(HPXV), monkeypox virus (MPXV), vaccinia virus
(VACV), variola virus (VARV), rabbitpox virus
(RPXYV), raccoon poxvirus, skunkpox virus, Taterapox
virus, Uasin Gishu disease virus and volepox virus.

[0258] 70. The method according to embodiment 68,
wherein the orthopoxvirus is a horsepox virus.

[0259] 71. The method according to embodiment 70,
wherein the horsepox virus is strain MNR-76.

[0260] 72. The method according to embodiment 68,
wherein the orthopoxvirus is a vaccinia virus.

[0261] 73. The method according to embodiment 72,
wherein the vaccinia virus is selected from the group of
strains consisting of: Western Reserve, Western
Reserve Clone 3, Tian Tian, Tian Tian clone TP5, Tian
Tian clone TP3, NYCBH, NYCBH clone Acambis
2000, Wyeth, Copenhagen, Lister, Lister 107, Lister-
LO, Lister GL-ONCI1, Lister GL-ONC2, Lister GL-
ONC3, Lister GL-ONC4, Lister CTCI1, Lister IMG2
(Turbo FP635), IHD-W, LC16m18, Lederle, Tashkent
clone TKT3, Tashkent clone TKT4, USSR, Evans,
Praha, L-IVP, V-VET1 or LIVP 6.1.1, Ikeda, EM-63,
Malbran, Duke, 3737, CV-1, Connaught Laboratories,
Serro 2, CM-01, NYCBH Dryvax clone DPP13,
NYCBH Dryvax clone DPP15, NYCBH Dryvax clone
DPP20, NYCBH Dryvax clone DPP17, NYCBH Dry-
vax clone DPP21, VACV-IOC, Chorioallantoid Vac-
cinia virus Ankara (CVA), Modified vaccinia Ankara
(MVA), and MVA-BN.

[0262] 74.The method according to any one of embodi-
ments 39-73, wherein the nucleic acid encoding a
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SARS-CoV-2 virus protein is located in a region of the
poxvirus that is not essential for replication of the
poxvirus.

[0263] 75. The method according to embodiment 74,
wherein the nucleic acid encoding a SARS-CoV-2 virus
protein is located in the thymidine kinase (TK) gene
locus of the poxvirus.

[0264] 76. The method according to embodiment 74,
wherein the nucleic acid encoding a SARS-CoV-2 virus
protein is located in the B22R homolog gene locus of
the poxvirus.

[0265] 77. The method according to any one of embodi-
ments 39-76, wherein the nucleic acid encoding a
SARS-CoV-2 virus protein is operatively linked to a
promoter.

[0266] 78. The method according to embodiment 77,
wherein the promoter is a poxvirus specific promoter.

[0267] 79. The method according to embodiment 78,
wherein the poxvirus specific promoter is a vaccinia
virus early promoter.

[0268] 80. The method according to embodiment 78,
wherein the poxvirus specific promoter is a vaccinia
virus late promoter.

[0269] 81. The method according to embodiment 78,
wherein the poxvirus specific promoter is a tandem of
a vaccinia virus early and late promoter.

[0270] 82. The method according to any one of embodi-
ments 39-81, wherein the poxvirus is a synthetic pox-
virus.

[0271] 83. A method of reducing or preventing the
progression of a SARS-CoV-2 virus infection in a
subject in need or at risk thereof comprising adminis-
tering to said subject an immunologically effective
amount of the recombinant poxvirus according to any
one of embodiments 1-24 or the pharmaceutical com-
position according to any one of embodiments 25-29.

[0272] 84. A method of reducing or preventing the
progression of a SARS-CoV-2 virus and a poxvirus
infection in a subject in need or at risk thereof com-
prising administering to said subject an immunologi-
cally effective amount of the recombinant poxvirus
according to any one of embodiments 1-24 or the
pharmaceutical composition of any one of embodi-
ments 25-29.

[0273] 85. The method of reducing or preventing the
progression of a SARS-CoV-2 virus and a poxvirus,
wherein the poxvirus is vaccinia virus, variola, horse-
pox virus or monkeypox virus.

[0274] 86. A vaccine against a SARS-CoV-2 virus com-
prising a recombinant virus according to embodiments
1-24 or a pharmaceutical composition according to
embodiments 25-29.

[0275] 87. A bivalent vaccine against a SARS-CoV-2
virus and a poxvirus comprising a recombinant virus
according to embodiments 1-24 or a pharmaceutical
composition according to embodiments 25-29.

[0276] 88. A bivalent vaccine against a SARS-CoV-2
virus and a poxvirus, wherein the poxvirus is a vaccinia
virus, variola, horsepox virus or monkeypox.
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SEQUENCE LISTING

The patent application contains a lengthy “Sequence Listing” section. A copy of the “Sequence Listing” is available in
electronic form from the USPTO web site (https://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US20210260182A1).
An electronic copy of the “Sequence Listing” will also be available from the USPTO upon request and payment of the

fee set forth in 37 CFR 1.19(b)(3).

1. A recombinant poxvirus comprising a nucleic acid
encoding a SARS-CoV-2 virus protein, wherein the SARS-
CoV-2 protein is selected from the group consisting of the
spike protein (S), the membrane protein (M) and the nucleo-
capsid protein (N), or combinations of two or more of said
proteins.

2. The recombinant poxvirus according to claim 1,
wherein the poxvirus is an orthopoxvirus.

3. The recombinant poxvirus according to claim 2,
wherein the orthopoxvirus is selected from the group con-
sisting of camelpox (CMLV) virus, cowpox virus (CPXV),
ectromelia virus (ECTV), horsepox virus (HPXV), monkey-
pox virus (MPXV), vaccinia virus (VACV), variola virus
(VARV), rabbitpox virus (RPXV), raccoon poxvirus,
skunkpox virus, Taterapox virus, Uasin Gishu disease virus
and volepox virus.

4. The recombinant poxvirus according to claim 2,
wherein the orthopoxvirus is a horsepox virus or a vaccinia
virus.

5. The recombinant poxvirus according to claim 4,
wherein the horsepox virus is strain MNR-76 and wherein
the vaccinia virus is selected from the group of strains
consisting of: Western Reserve, Western Reserve Clone 3,
Tian Tian, Tian Tian clone TPS5, Tian Tian clone TP3,
NYCBH, NYCBH clone Acambis 2000 (ACAM 2000),
Wyeth, Copenhagen, Lister, Lister 107, Lister-LO, Lister
GL-ONC1, Lister GL-ONC2, Lister GL-ONC3, Lister GL-
ONCH4, Lister CTC1, Lister IMG2 (Turbo FP635), IHD-W,
LC16m18, Lederle, Tashkent clone TKT3, Tashkent clone
TKT4, USSR, Evans, Praha, L-IVP, V-VET1 or LIVP 6.1.1,
Tkeda, EM-63, Malbran, Duke, 3737, CV-1, Connaught
Laboratories, Serro 2, CM-01, NYCBH Dryvax clone
DPP13, NYCBH Dryvax clone DPP15, NYCBH Dryvax
clone DPP20, NYCBH Dryvax clone DPP17, NYCBH
Dryvax clone DPP21, VACV-IOC, Mulford 1902, Chorio-
allantoid Vaccinia virus Ankara (CVA), Modified vaccinia
Ankara (MVA), and MVA-BN.

6-7. (canceled)

8. The recombinant poxvirus according to claim 1,
wherein the SARS-CoV-2 protein is the S protein.

9. The recombinant poxvirus according to claim 1,
wherein the amino acid sequence of the SARS-CoV-2 virus
protein is modified with reference to a wild type protein or
modified to infect mice.

10. (canceled)

11. The recombinant poxvirus according to claim 8,
wherein the amino acid sequence of the SARS-CoV-2 virus
S protein comprises one or more substitutions selected from
Y459H, D614G, S943P, K986P and VI987P, with reference
to a wild type S protein (SEQ ID NO: 47).

5/23/2022 04:02:12

https://ppubs.uspto.gov/pubwebapp/

12. The recombinant poxvirus according to claim 1,
wherein the nucleic acid encoding the SARS-CoV-2 virus
protein is located in a region of the poxvirus that is not
essential for replication of the poxvirus.

13. The recombinant poxvirus according to claim 12,
wherein the nucleic acid encoding a SARS-CoV-2 virus
protein is located in the thymidine kinase (TK) gene locus of
the poxvirus or in the B22R homolog gene locus of the
poxvirus.

14. (canceled)

15. The recombinant poxvirus according to claim 1,
wherein the nucleic acid encoding the SARS-CoV-2 virus
protein is operatively linked to a promoter.

16. The recombinant poxvirus according to claim 15,
wherein the promoter is a poxvirus-specific promoter.

17. The recombinant poxvirus according to claim 16,
wherein the poxvirus specific promoter is a vaccinia virus
early promoter, a vaccinia virus late promoter, or a tandem
of a vaccinia virus early and late promoter.

18-19. (canceled)

20. The recombinant poxvirus according to claim 1,
wherein the poxvirus is a synthetic poxvirus.

21. The recombinant poxvirus according to claim 20,
wherein the synthetic poxvirus is selected from the group
consisting of TNX-2200 (synVACVAA2K1(Q554RS-cor=
Spike-co), TNX-2200 clone 1.1.1.1.1, TNX-2200 clone 2.1.1.
1.1, TNX-1800 (scHPXVA20Q54RScOV2-Spike-coy  TNX.-
1800a, TNX-1800a-1, TNX-1800b, and TNX-1800b-2.

22. The recombinant poxvirus according to claim 21,
wherein the recombinant poxvirus is TNX-1800b-2 or TNX-
1800a-1.

23. (canceled)

24. The recombinant poxvirus according to claim 20,
wherein the synthetic poxvirus comprises any one of SEQ
ID NOs: 63, 64 or 65.

25. A pharmaceutical composition comprising a recom-
binant poxvirus according to claim 1 and a pharmaceutically
acceptable carrier.

26-29. (canceled)

30. A cell infected with a recombinant poxvirus according
to claim 1, wherein the cell is an adherent cell or a suspen-
sion cell.

31. The cell according to claim 30, wherein the cell is a
mammalian cell or an avian cell.

32. The cell according to claim 31, wherein the mamma-
lian cell is a Vero cell, a Vero E6 cell, a BSC-40 cell, a Vero
adherent cell, a Vero suspension cell, a BHK-21 cell, an
ACE2 Knockout Vero cell, or an MRC-5 cell, and wherein
the avian cell is a chicken embryo fibroblast, a duck embryo-
derived cell, an EB66® cell, an AGE1.CRpIX® cell, or a
DEF-1 cell.
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33-38. (canceled)

39. A method for selecting a cell that expresses a SARS-
CoV-2 virus protein, comprising infecting a cell with a
recombinant poxvirus according to claim 1 and selecting the
infected cell expressing said SARS-CoV-2 virus protein.

40-43. (canceled)

44. A method of inducing an immune response against a
SARS-CoV-2 virus or a SARS-CoV-2 virus and a poxvirus
in a subject, comprising administering to said subject an
immunologically effective amount of the recombinant pox-
virus according to claim 1.

45. The method of inducing an immune response against
a SARS-CoV-2 virus or a SARS-CoV-2 virus and a poxvirus
in a subject according to claim 44, wherein said immuno-
logically effective amount of the recombinant poxvirus is
administered by scarification.

46. The method of inducing an immune response against
a SARS-CoV-2 virus or a SARS-CoV-2 virus and a poxvirus
in a subject according to claim 44, wherein said immune
response comprises antibodies that are capable of neutral-
izing the SARS-CoV-2 virus or a SARS-CoV-2 virus and a
poxvirus.

47. The method of inducing an immune response against
a SARS-CoV-2 virus or a SARS-CoV-2 virus and a poxvirus
in a subject according to claim 44, wherein the immuno-
logically effective amount of a recombinant poxvirus is
capable of protecting the subject from SARS-CoV-2 virus or
a SARS-CoV-2 virus and a poxvirus, or reducing or pre-
venting the progression of a SARS-CoV-2 virus or a SARS-
COV-2 and poxvirus infection in the subject.

48. (canceled)

49. The method of inducing an immune response against
a SARS-CoV-2 virus or a SARS-CoV-2 virus and a poxvirus
in a subject according to claim 44, wherein the immune
response is a T-cell immune response.

50-55. (canceled)

56. The method of inducing an immune response against
a SARS-CoV-2 virus or a SARS-CoV-2 virus and a poxvirus
according to claim 44, wherein the poxvirus is vaccinia
virus, variola, horsepox virus or monkeypox virus.

57. A method of inducing T cell immunity against a
SARS-CoV-2 virus or a SARS-CoV-2 virus and a poxvirus
comprising administering to said subject an immunologi-
cally effective amount of a recombinant poxvirus according
to claim 1.

5/23/2022 04:02:12

https://ppubs.uspto.gov/pubwebapp/

DIV Contents

Aug. 26, 2021

58. The method of inducing T cell immunity against a
SARS-CoV-2 virus or a SARS-CoV-2 virus and a poxvirus
according to claim 57, wherein said immunologically effec-
tive amount of the recombinant poxvirus is administered by
scarification.
59. The method of inducing T cell immunity against a
SARS-CoV-2 virus or a SARS-CoV-2 virus and a poxvirus
according to claim 57, wherein the immunologically effec-
tive amount of a recombinant poxvirus is capable of pro-
tecting the subject from SARS-CoV-2 virus or a SARS-
CoV-2 virus and a poxvirus, or reduces or prevents the
progression of a SARS-CoV-2 virus or a SARS-CoV-2 and
a poxvirus infection in the subject.
60-64. (canceled)
65. The method of inducing T cell immunity against a
SARS-CoV-2 virus or SARS-CoV-2 virus and a poxvirus
according to claim 57, wherein the poxvirus is vaccinia
virus, variola, horsepox virus or monkeypox virus.
66. A method of generating a recombinant poxvirus
according to claim 1, the method comprising:
(a) Infecting a host cell with a poxvirus;
(b) Transfecting the infected cell of step (a) with a nucleic
acid encoding a SARS-CoV-2 virus protein to generate
a recombinant poxvirus; and

(c) Selecting a recombinant poxvirus, wherein the nucleic
acid encoding a SARS-CoV-2 virus protein is located,
upon transfection, in a region of the poxvirus that is not
essential for the replication of the poxvirus.

67-82. (canceled)

83. A method of reducing or preventing the progression of
a SARS-CoV-2 virus infection or a SARS-CoV-2 and pox-
virus infection in a subject in need or at risk thereof
comprising administering to said subject an immunologi-
cally effective amount of the recombinant poxvirus accord-
ing to claim 1.

84-85. (canceled)

86. A vaccine against a SARS-CoV-2 virus comprising a
recombinant virus according to claim 1.

87. A bivalent vaccine against a SARS-CoV-2 virus and a
poxvirus comprising a recombinant virus according to claim
1

88. (canceled)
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