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A NEW ONCOLYTIC VIRUS PLATFORM TO TREAT CANCERS WITH MYXOMA
VIRUS

CROSS REFERENCE
[0001] This application claims the benefit of U.S. provisional application No. 62/894,925, filed
September 2, 2019, and U.S. provisional application No. 62/944,233, filed December 5, 2019,

each of which is incorporated herein 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 September 1, 2020, is named 42206-721 601 SL.txt and is 72,925 bytes in size.

STATEMENT AS TO FEDERALLY SPONSORED RESEARCH
[0003] This invention was made with government support under P50 CA186781 awarded by the

National Institutes of Health. The government has certain rights in the invention.

FIELD
[0004] Disclosed herein are recombinant myxoma viruses (MYXVs), nucleic acid constructs

encoding recombinant MY XVs, and methods of use thereof.

BACKGROUND
[0005] Current treatments used to treat various types of cancer tend to work by poisoning or
killing the cancerous cell, but treatments that are toxic to cancer cells typically tend to be
toxic to healthy cells as well. Moreover, the heterogenous nature of tumors is one of the
primary reasons that effective treatments for cancer remain elusive. Current mainstream
therapies such as chemotherapy and radiotherapy tend to be used within a narrow therapeutic
window of toxicity. These types of therapies have limited applicability due to the varying

types of tumor cells and the limited window in which these treatments can be administered.

SUMMARY
[0006] Disclosed herein in some aspects is a myxoma virus (MY XV) having enhanced anti-cancer
activity, wherein the myxoma virus is genetically engineered to attenuate an activity or expression
level of its M 153 protein.
[0007] In certain embodiments, the activity or the expression level of the M153 protein is
attenuated at least 80%. Alternatively and/or additionally, MYXYV is engineered to introduce a

mutation in a nucleic acid encoding the M153 protein, wherein the mutation comprises an
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insertion, deletion, or substitution mutation. In some embodiments, the mutation enhances cell
immune response activity in relation to a wild-type M 153 protein. In certain embodiments, at least
a portion of a nucleic acid encoding the M153 protein in MY XV genome is knocked out. In some
embodiments, the MY XV comprises an inhibitory molecule targeting M 153 transcript that thereby
attenuates the M 153 protein expression. In some embodiments, the inhibitory molecule is an
inhibitory RNA. In some embodiments, the inhibitory RNA comprises dSRNA, siRNA, antisense
RNA, or miRNA. In some embodiments, the MYXYV further comprises a nucleic acid encoding a
non-viral molecule. In some embodiments, the non-viral molecule is tumor necrosis factor alpha
(TNFa). In some embodiments, the TNFa, is human TNFa. In some embodiments, the TNFa is a
soluble peptide. In some embodiments, the TNFa is a membrane- or surface-bound peptide. In
some embodiments, the TNFa further enhances the anti-cancer activity of the MYXV by
activating anti-tumor immune cells or inducing cancer cell death. In some embodiments, the non-
viral molecule is interleukin-12 (IL-12). In some embodiments, the IL-12 is human IL 12. In some
embodiments, the IL-12 is a soluble peptide. In some embodiments, the IL-12 is a membrane- or
surface-bound peptide. In some embodiments, the IL.-12 further enhances the anti-cancer activity
of the MYXYV by promoting immune cell differentiation or eliciting immune cell cytotoxicity. In
some embodiments, the IL-12 comprises an IL-12a subunit and an IL-12f subunit. In some
embodiments, the IL-12a subunit and the IL-12 subunit are joined by a polypeptide linker. In
some embodiments, the polypeptide linker is an elastin linker. In some embodiments, the non-
viral molecule is decorin. In some embodiments, the decorin is human decorin. In some
embodiments, the decorin is a soluble peptide. In some embodiments, the decorin is a membrane-
or surface-bound peptide. In some embodiments, the decorin further enhances the anti-cancer
activity of the MYXYV by blocking or decreasing TGF-p signaling. In some embodiments, the
nucleic acid encodes at least two molecules selected from a group consisting of TNFaq, IL-12, and
decorin. In some embodiments, the nucleic acid encodes TNFa, IL-12, and decorin. In some
embodiments, the MY XYV is derived from a Lausanne strain.

[0008] Disclosed herein, in some aspects, is a composition comprising a MYXYV of any of the
above embodiments, and a pharmaceutically acceptable carrier or excipient.

[0009] In some embodiments, the composition is formulated for systemic administration. In some
embodiments, the composition is formulated for local administration. In some embodiments, the
composition is formulated for parenteral administration.

[0010] Disclosed herein, in some aspects is a composition comprising a plurality of cells treated
ex vivo by the MYXYV of any of the above embodiments, wherein the plurality of cells comprises

peripheral blood mononuclear cells (PBMCs), bone marrow (BM) cells, or a combination thereof.
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[0011] Disclosed herein, in some aspects is a method of inhibiting, alleviating, or preventing a
cancer in a subject in need thereof, comprising administering to the subject the MYXYV or the
composition of any one of the above embodiments.

[0012] In some embodiments, the subject has, is suspected of having, or is at risk of having the
cancer, and wherein the method further comprises selecting the subject. In some embodiments,
the subject is a human. In some embodiments, the administration is systemic administration. In
some embodiments, the administration reduces cancer cell viability, or activates immunogenic
cell death in the cancer. In some embodiments, the administration improves the subject’s survival.
In some embodiments, the cancer comprises a solid tumor. In some embodiments, the cancer is
an osteosarcoma, triple negative breast cancer, or melanoma. In some embodiments, the cancer
has metastasized to a location in the subject. In some embodiments, the location comprises a lung,
a brain, a liver and/or a lymph node of the subject. In some embodiments, the method further
comprises administering to the subject an additional therapeutic agent. In some embodiments, the
additional therapeutic agent is an immune checkpoint modulator. In some embodiments, the
additional therapeutic agent is administered to the subject before administering the composition.
In some embodiments, the additional therapeutic agent is administered to the subject after
administering the composition. In some embodiments, the additional therapeutic agent is
administered to the subject as a combination with the composition. In some embodiments, the
composition comprising the plurality of cells is administered to the subject, wherein the plurality
of cells comprises cells that are autologous to the subject. In some embodiments, the composition
comprising the plurality of cells is administered to the subject, wherein the plurality of cells
comprises cells that are allogenic to the subject.

[0013] Disclosed herein, in some aspects is a recombinant nucleic acid comprising at least a
portion of MY XYV genome, wherein the MY XV genome is modified to reduce expression of M 153
gene. In some embodiments, the recombinant nucleic acid comprises DNA. In some embodiments,
the portion of MYXV genome is modified to knock out at least a portion of the M153 gene in the
portion of MYXYV genome. In some embodiments, the recombinant MYXV genome comprises a
first nucleic acid encoding TNFa. In some embodiments, the TNFa is human TNFa. In some
embodiments, the first nucleic acid replaces or is adjacent to an M135R gene of the MYXV
genome. In some embodiments, the first nucleic acid is inserted between an M135R gene and an
M136R gene of the MY XV genome. In some embodiments, expression of the first nucleic acid is
driven by a poxvirus synthetic early/late (sE/L) promoter. In some embodiments, the recombinant
MYXYV genome comprises a second nucleic acid encoding interleukin-12 subunit alpha (IL-12a.).
In some embodiments, the IL-12a is human IL-12a. In some embodiments, expression of IL-12a

is driven by an internal ribosome entry site (IRES). In some embodiments, the second nucleic acid
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IL-12a disrupts the expression of the M 153 gene of the MYXV genome. In some embodiments,
the recombinant MYXV genome comprises a third nucleic acid encoding an interleukin-12
subunit beta (IL-12f). In some embodiments, the IL-123 is human IL-12f3. In some embodiments,
expression of the third nucleic acid is driven by an sE/L promoter. In some embodiments, the third
nucleic acid disrupts the expression of the M153 gene of the MYXV genome. In some
embodiments, the recombinant MY XV genome comprises a fourth nucleic acid encoding decorin.
In some embodiments, the decorin is human decorin. In some embodiments, expression of the
fourth nucleic acid is driven by an sE/L promoter. In some embodiments, the fourth nucleic acid
disrupts expression of the M153 gene of the MYXV genome. In some embodiments, the
recombinant MY XV genome further comprises a fifth nucleic acid encoding a reporter tag. In
some embodiments, the reporter tag comprises a green fluorescent protein (GFP). In some
embodiments, expression of the fifth nucleic acid is driven by an sE/L promoter. In some
embodiments, the recombinant nucleic acid further comprises a sixth nucleic acid encoding a
second reporter tag. In some embodiments, the second reporter tag comprises a red fluorescent
protein (RFP). In some embodiments, expression of the sixth nucleic acid is driven by a poxvirus
P11 late promoter. In some embodiments, the recombinant nucleic acid comprises a vMyx-hTNFa
cassette, optionally comprising GFP. In some embodiments, the recombinant nucleic acid
comprises an hDecorin-hIL-12 cassette, optionally comprising dsRed. In some embodiments, the
recombinant nucleic acid comprises or consists of a vMyx-hTNFa-hDecorin-hIL-12-M153KO
(vMyx-Triple) cassette, optionally comprising dsRed and/or GFP.

[0014] Disclosed herein, in some aspects, is a recombinant MY XV comprising the recombinant
nucleic acid of any of the above embodiments.

[0015] Disclosed herein, in some aspects, is a method of inhibiting, alleviating, or preventing a
cancer in a subject in need thereof, comprising administering to the subject the recombinant
nucleic acid or the recombinant MYXV of any one of the preceding embodiments,

[0016] In some embodiments, the subject has, is suspected of having, or is at risk of having the
cancer, and wherein the method further comprises selecting the subject. In some embodiments,
the subject is a human. In some embodiments, the administration is systemic administration. In
some embodiments, the administration reduces cell viability, or activates immunogenic cell death
in the cancer. In some embodiments, the administration is performed in a dose and a schedule
effective to increase expression of at least two cytokines in PBMCs of the subject. In some
embodiments, the administration is performed in a dose and a schedule effective to increase
expression of at least two cytokines in cancer cells in the subject. In some embodiments, the at
least two cytokines comprise IFN-y, IL-2, IL-6, IL-10, IL-12, or TNF-a. In some embodiments,

the administration is performed in a dose and a schedule effective to reduce volume of the cancer
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by at least 10%. In some embodiments, wherein the administration is performed in a dose and a
schedule effective to reduce growth of the cancer by at least 10%.
[0017] Disclosed herein, in some aspects, is a myxoma virus (MYXYV) having enhanced anti-
cancer activity, wherein the MY XYV is genetically engineered to attenuate an activity or expression
level of its M 153 protein.
[0018] In some embodiments, the activity or the expression level of the M 153 protein is attenuated
at least 80%. In some embodiments, the MYXYV is engineered to introduce a mutation in a nucleic
acid encoding the M153 protein, wherein the mutation comprises an insertion, deletion, or
substitution mutation. In some embodiments, at least a portion of a nucleic acid encoding the
M153 protein in MYXV genome is knocked out. In some embodiments, the MYXV comprises an
inhibitory molecule targeting M153 transcript that thereby attenuates the M153 protein
expression, wherein the inhibitory molecule comprises dsRNA, siRNA, antisense RNA, or
miRNA. In some embodiments, the MYXYV is further genetically engineered to express a non-
viral molecule. In some embodiments, the non-viral molecule is a cytokine or a cell matrix protein.
In some embodiments, the non-viral molecule is tumor necrosis factor alpha (TNFa), interleukin-
12 subunit alpha (IL-12a), interleukin-12 subunit beta (IL-12p), or decorin. In some embodiments,
the non-viral molecule is a human protein. In some embodiments, the MYXV expresses at least
two non-viral molecules selected from a group consisting of TNFa, IL 12a, IL-12f3, and decorin.
[0019] Disclosed herein, in some aspects is a composition comprising a plurality of cells treated
ex vivo by a MYXYV, wherein the MYXYV is genetically engineered to attenuate an activity or
expression level of its M153 protein, and to express a non-viral molecule.
[0020] In some embodiments, the plurality of cells comprises peripheral blood mononuclear cells
(PBMCs), bone marrow (BM) cells, or a combination thereof.
[0021] Disclosed herein, in some aspects, is recombinant nucleic acid comprising at least a portion
of MYXYV genome, wherein the portion of the MYXV genome is modified to reduce expression
of M153 gene.
[0022] In some embodiments, the portion of MYXV genome is modified to knock out at least a
portion of the M153 gene in the portion of MYXV genome. In some embodiments, the
recombinant nucleic acid comprises a nucleic acid encoding a non-viral molecule. In some
embodiments, the non-viral molecule is human TNFa, human IL-120 (WTNFa), human IL-128, or
human decorin. In some embodiments, the nucleic acid encoding the non-viral molecule
comprises a vMyx-hTNFa cassette, and the nucleic acid encoding the non-viral molecule replaces
or is adjacent to an M135R gene of the MYXV genome. In some embodiments, the nucleic acid
encoding the non-viral molecule comprises a vMyx-hTNFa cassette, and the nucleic acid

encoding the non-viral molecule is inserted between an M135R gene and an M136R gene of the
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MYXV genome. In some embodiments, the nucleic acid encoding the non-viral molecule
comprises an hDecorin-hIL-12 cassette, and the nucleic acid encoding the non-viral molecule
replaces at least a portion of the M153 gene of the MYXV genome. In some embodiments, the
nucleic acid encoding the non-viral molecule comprises a vMyx-hTNFa-hDecorin-hIL-12-
M153KO (vMyx-Triple) cassette.

[0023] Disclosed herein, in some aspects is a method of inhibiting, alleviating, or preventing a
cancer in a subject in need thereof, comprising administering to the subject a MYXYV or a plurality
of cells treated with the MYXYV, wherein the MYXYV is genetically engineered to attenuate an
activity or expression level of its M 153 protein.

[0024] In some embodiments, the MY XYV is further genetically engineered to express a non-viral
molecule. In some embodiments, the non-viral molecule is tumor necrosis factor alpha (TNFa),
interleukin-12 subunit alpha (IL-12a), interleukin-12 subunit beta (IL-12p), or decorin. In some
embodiments, the MYXYV or the plurality of cells is administered by systemic administration. In
some embodiments, the administration reduces tumor cell viability, or activates immunogenic cell
death in the cancer. In some embodiments, the cancer is a solid tumor, an osteosarcoma, triple
negative breast cancer, or melanoma. In some embodiments, the cancer has metastasized to a lung,
abrain, a liver or a lymph node in the subject. In some embodiments, the method further comprises
administering to the subject an immune checkpoint modulator. In some embodiments, the
administration is performed in a dose and a schedule effective to increase expression of at least
two cytokines in PBMC or cancer cells of the subject, wherein the at least two cytokines comprise
IFN-y, IL-2, IL-6, IL-10, IL-12, or TNF-a. In some embodiments, the administration is performed
in a dose and a schedule effective to reduce volume of the cancer at least 10%.

[0025] Disclosed herein, in some aspects, is a myxoma virus (MYXV) having enhanced anti-
cancer activity, wherein the myxoma virus is genetically engineered to attenuate an activity or
expression level of its M 153 protein.

[0026] In some embodiments, the activity or the expression level of the M 153 protein is attenuated
at least 80%. In some embodiments, the MYXYV is engineered to introduce a mutation to in a
nucleic acid encoding the M 153 protein, wherein the mutation comprises an insertion, deletion,
or substitution mutation. In some embodiments, at least a portion of a nucleic acid encoding the
M153 protein in MYXV genome is knocked out. In some embodiments, the MYXV comprises an
inhibitory molecule targeting M153 transcript that thereby attenuates the M153 protein
expression, wherein the inhibitory molecule comprises dsRNA, siRNA, antisense RNA, or
miRNA. In some embodiments, the MY XYV further comprises a nucleic acid encoding a non-viral
molecule. In some embodiments, the non-viral molecule is tumor necrosis factor alpha (TNFa),

interleukin-12 subunit alpha (IL-12a), interleukin-12 subunit beta (IL-12p), or decorin. In some
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embodiments, the non-viral molecule is a human protein. In some embodiments, the nucleic acid
encodes at least two non-viral molecules selected from a group consisting of TNFa, IL 12a, IL-
123, and decorin.

[0027] Disclosed herein, in some aspects, is a composition comprising a plurality of cells treated
ex vivo by a MYXYV, wherein the MYXYV is genetically engineered to attenuate an activity or
expression level of its M153 protein, and wherein the plurality of cells comprises peripheral blood
mononuclear cells (PBMCs), bone marrow (BM) cells, or a combination thereof.

[0028] In some embodiments, the composition is for use in inhibiting, alleviating, or preventing
a cancer in a subject in need thereof, wherein the plurality of cells comprises cells that are
autologous to the subject. In some embodiments, the composition is for use in inhibiting,
alleviating, or preventing a cancer in a subject in need thereof, wherein the plurality of cells
comprises cells that are allogeneic to the subject.

[0029] Disclosed herein, in some aspects, is a MYXV for use in inhibiting, alleviating, or
preventing a cancer in a subject in need thereof, wherein the MY XYV is genetically engineered to
attenuate an activity or expression level of its M153 protein.

[0030] In some embodiments, the MYXV 1is administered to the subject by systemic
administration. In some embodiments, the MYXV reduces cancer cell viability, or activates
immunogenic cell death in the cancer. In some embodiments, the cancer is a solid tumor, an
osteosarcoma, triple negative breast cancer, or melanoma. In some embodiments, the cancer has
metastasized to a lung, a brain, a liver or a lymph node in the subject. In some embodiments, the
MYXV is administered to the subject with an immune checkpoint modulator. In some
embodiments, the MY XV is administered in a dose and a schedule effective to increase expression
of at least two cytokines in PBMC or cancer cells of the subject, wherein the at least two cytokines
comprise [FN-y, IL-2, IL-6, IL-10, IL-12, or TNF-a. In some embodiments, the MYXV is
administered in a dose and a schedule effective to reduce volume of the cancer at least 10%.
[0031] Disclosed herein, in some aspects is a recombinant nucleic acid comprising at least a
portion of MYXV genome, wherein the portion of the MYXV genome is modified to reduce
expression of M153.

[0032] In some embodiments, the portion of MYXV genome is modified to knock out at least a
portion of the M153 gene in the portion of MYXV genome. In some embodiments, the
recombinant nucleic acid comprises a nucleic acid encoding a non-viral molecule. In some
embodiments, the non-viral molecule is tumor necrosis factor alpha (TNFa), interleukin-12
subunit alpha (IL-12a), interleukin-12 subunit beta (IL-12p), or decorin. In some embodiments,
the non-viral molecule is a human protein. In some embodiments, the nucleic acid encoding the

non-viral molecule is inserted between an M135R gene and an M136R gene of the MYXV
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genome. In some embodiments, the nucleic acid encoding the non-viral molecule is inserted to
replace at least a portion of the M153 gene of the MYXYV genome. In some embodiments, the
nucleic acid encoding the non-viral molecule comprises a vMyx-hTNFo cassette, optionally
comprising GFP, and the nucleic acid encoding the non-viral molecule replaces or is adjacent to
an M 135R gene of the MYXYV genome. In some embodiments, the nucleic acid encoding the non-
viral molecule comprises a vMyx-hTNFa cassette, and the nucleic acid encoding the non-viral
molecule is inserted between an M135R gene and an M136R gene of the MY XV genome. In some
embodiments, the nucleic acid encoding the non-viral molecule comprises an hDecorin-hIL-12
cassette, optionally comprising dsRed, and the nucleic acid encoding the non-viral molecule
replaces at least a portion of the M153 gene of the MYXV genome. In some embodiments, the
nucleic acid encoding the non-viral molecule comprises a vMyx-hTNFa-hDecorin-hIL-12-

M153KO (vMyx-Triple) cassette, optionally comprising dsRed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The novel features of certain embodiments of the invention are set forth with particularity
in the appended claims. A better understanding of the features and advantages of the present
invention will be obtained by reference to the following detailed description that sets forth
illustrative embodiments, in which the principles of the invention are utilized, and the
accompanying drawings of which:

[0034] Fig. 1A is a schematic diagram showing construction of recombinant nucleic acids that
can be used to generate myxoma viruses (MYXYV) disclosed herein. The top image depicts a
recombinant nucleic acid that comprises a vMyx-hTNFa-GFP cassette, and an M 153 locus. The
recombinant nucleic acid can be present in the genome of a MY XYV of the disclosure, for example,
a vMyx-hTNFa-GFP virus. The middle image shows a recombinant nucleic acid comprising the
hDecorin-hIL-12-dsRed cassette with flanking sequences that correspond to sequences that flank
the M153 gene in the MYXV genome (M152 and M154). This recombinant nucleic acid can be
present in a recombination plasmid that can be introduced into MYXV to generate a modified
recombinant virus. The bottom image shows a modified vMyx-Triple recombinant nucleic acid.
The recombinant nucleic acid can be present in the genome of a MYXYV of the disclosure. For
example, the recombination plasmid depicted in the middle image can be introduced into a MY XV
(e.g., by infecting RK13 cells with vMyx-hTNFa-GFP virus, and transfecting the cells with the
recombination plasmid). Recombination can occur to generate the vMyx-Triple recombinant
nucleic acid. Recombinant viruses that comprise the vMyx-Triple recombinant nucleic acid can

be identified and purified based on a selection marker, for example, dsRed.
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[0035] Fig. 1B is a schematic of the M153 locus in recombinant nucleic acids, which can be
modified with a mutation or a transgene insertion. Recombinant nucleic acids with a modified
M 153 locus can be introduced into a MY XV genome using methods disclosed herein.

[0036] Figs. 2A-2D are images of agarose gels showing genetic control of recombinant MYXV
constructs. Fig. 2A shows genomic viral DNA from vMyx-Triple construct clones using primers
to confirm presence of hDecorin-hIL-12. Fig. 2B shows the presence of hTNFa. Fig. 2C shows
the modification at locus M153 and purity of the vMyx-Triple construct. Fig. 2D shows the
absence of M 153 and purity of recombinant vMyx-Triple constructs. Lane 1 includes DNA from
MYXV-Lau or the expression plasmid for hDec-Hil12 and hTNF. MM represents known size
DNA ladder.

[0037] Figs. 3A-3C are images of western blots showing protein expression of the transgenes in
vMyx-Triple viruses. The western blot analysis was performed on cell lysates and supernatants
from vMyx-Triple virus-infected cells, using specific antibodies to confirm protein expression of
the three transgenes hTNF (Fig. 3A), hDecorin (Fig. 3B), and hIL-12 (Fig. 3C).

[0038] Fig. 4 is a chart showing a single-step growth analysis of recombinant vMyx-Triple
viruses. The replication capacities in RK13 cells of vMyx-Triple viruses was similar to the
parental virus vMyx-TNF-GFP. MOI = 1.

[0039] Figs. SA and SB are graphs showing results of a cell viability assay. The cell killing
capacity of a vMyx-Triple virus was tested in two different cell lines: CT26 (murine colon
carcinoma) and HELA (human cervical cancer). Cells were infected at MOI=10 for 48hrs, and
then the MTS assay was performed.

[0040] Fig. 6 is a chart showing cell death induced by viral infection with a wild type MY XYV or
a M153KO MYXYV, and showing cell death in untreated B16F10 cells (mock).

[0041] Figs. 7A and 7B are graphs showing immunogenic cell death induced by M153KO MYXV
in B16F10 murine cells in vifro. Fig. 7A shows ATP release caused by Doxorubicin (positive
control), a wt MYXYV, and a M153KO MYXYV at different hours post infection (p.i.). When no
bar is present, the level of ATP was below the limit of detection for the assay. Fig. 7B shows a
quantitative representation of calreticulin ecto-expression for untreated (mock), doxorubicin-
treated (positive control), a M135K0O MY XV-infected, and a M153KO MY XV-infected cells.
The data quantify ecto-expression per cell based on confocal images taken 36 hrs post-treatment,
with signal normalized to a nuclear stain (DAPI) that represents each cell.

[0042] Fig. 8 is a chart showing a survival curve in a metastatic melanoma mouse model (B16F10)
when mice were left untreated (control; middle line), treated with a M153KO MYXYV (153KO;
line extending to the right) or treated with a M135KO MYXYV as a second control (M135KO; left
line). Days p.i. = days post implantation.
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[0043] Figs. 9A-9D show the concentration of cytokines in the supernatants of Vero cells infected
with MYXV of the disclosure. Fig. 9A shows TNF concentration. Fig. 9B shows Decorin
concentration. Fig. 9C shows human IL-12 concentration. Fig. 9D shows murine IL-12
concentration. When no bar is present, the level of the analyte was below the limit of detection for
the assay.

[0044] Fig. 10A shows the viability of 1929 cells after exposure to supernatants of Vero cells
infected with MYXYV of the disclosure, which is indicative of TNF biological activity.

[0045] Fig. 10B shows the expression of a reporter gene after exposure of HEK Blue IL-12 cells
to supernatants of Vero cells infected with MY XYV of the disclosure. When no bar is present, the
level of the analyte was below the limit of detection for the assay.

[0046] Fig. 11A shows viability of cells from human acute myeloid leukemia patients after
incubation with vMyx- GFP for 6 days.

[0047] Fig. 11B shows viability of cells from human acute myeloid leukemia patients after
incubation with vMyx-Triple for 6 days.

[0048] Fig. 12A shows the concentrations of cytokines in the supernatants of human PBMCs
infected with the indicated MYXYV at an MOI of 10, at 4 hours post-infection. Mean +/- SD is
plotted. When no bar is present, the level of the analyte was below the limit of detection for the
assay.

[0049] Fig. 12B shows the concentrations of cytokines in the supernatants of human PBMCs
infected with the indicated MYXYV at an MOI of 10, at 16 hours post-infection. Mean +/- SD is
plotted. When no bar is present, the level of the analyte was below the limit of detection for the
assay.

[0050] Fig. 13A plots the volume of NCI-H1971 (lung cancer) xenograft tumors over time in
immunodeficient mice that were treated with the indicated doses of vMyx -Triple once per week
(QW).

[0051] Fig. 13B plots the volume of A673 (sarcoma) xenograft tumors over time in
immunodeficient mice that were treated with the indicated doses of vMyx -Triple once per week
(QW), every 4 days (Q4D), or every 2 days (Q2D).

[0052] Fig. 13C plots the volume of SJSA (sarcoma) xenograft tumors over time in
immunodeficient mice that were treated with the indicated doses of vMyx -Triple once per week
(QW, every 4 days (Q4D), or every 2 days (Q2D).

[0053] Fig. 14A shows the concentrations of IL.-12 and TNF-a detected in serum and tumor tissue
from immunodeficient mice bearing SISA-1 tumors. The mice were treated with vMyx-Triple via

the intravenous (IV) or intra-tumoral (IT) routes, and samples collected at 4 hours (4H) or 24
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hours (24H) post-treatment. Mean+SD is plotted. When no bar is present, the level of the analyte
was below the limit of detection for the assay.

[0054] Fig. 14B shows the concentrations of IL-12 and TNF-a detected in serum and tumor tissue
from immunodeficient mice bearing A673 tumors. The mice were treated with vMyx Triple via
the intravenous (IV) or intra-tumoral (IT) routes, and samples collected at 4 hours (4H) or 24
hours (24H) post-treatment. Mean+SD is plotted. When no bar is present, the level of the analyte
was below the limit of detection for the assay.

[0055] Fig. 15 plots tumor volume over time for CS7BL/6 mice implanted with B16-F10 mouse
melanoma cells, and treated with TNF-expressing MY XV that had M153 and M 135 knocked out
(TNF135/153 KO) or TNF-expressing MY XV with wild type copies of both genes (TNF135/153
WT).

[0056] Fig. 16A and Fig. 16B plot tumor volume and survival over time for C57BL/6 mice
implanted with MC38 mouse colorectal cancer cells. Animals were treated via intratumoral (IT)
injection of 2x10” FFU/dose once every 4 days for four doses with the indicated myxoma virus.
msTriple low refers to a vMyx-Triple that expresses murine rather than human IL-12, at a
relatively low level. msTriple high refers to a vMyx-Triple that expresses murine IL-12 at a
relatively higher level. The msTriple viruses also express human Decorin and TNF, and have the
M153 gene knocked out. GFP refers to vMyx-GFP, which does not encode any of the cytokines,
and contains an intact M153 gene. Tumor volume measurements were recorded three times per
week, and are plotted in Fig. 16A. Survival is plotted in Fig. 16B.

[0057] Fig. 17A and Fig. 17B plot tumor volume and survival over time for C57BL/6 mice
implanted with B16-F10 mouse melanoma cells. Animals were treated via intratumoral injection
of 2x10” FFU/dose on Day 1 and Day 8 with the indicated myxoma virus. msTriple low refers to
a vMyx-Triple that expresses murine rather than human IL-12, at a relatively low level. msTriple
high refers to a vMyx-Triple that expresses murine IL-12 at a relatively higher level. The msTriple
viruses also express human Decorin and TNF, and have the M153 gene knocked out. GFP refers
to vMyx-GFP, which does not encode any of the cytokines, and contains an intact M 153 gene.
Tumor volume measurements were recorded three times per week, and are plotted in Fig. 17A.
Survival is plotted in Fig. 17B.

[0058] Fig. 18A plots tumor volume over time for C57BL/6 mice implanted with B16-F10 mouse
melanoma cells, and treated with the indicated doses of msTriple high, a MY XYV that expresses a
relatively high level of murine IL-12, also expresses human Decorin and human TNF, and has the

M153 gene knocked out. The virus was administered intratumorally (IT) or intravenously (IV).
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[0059] Fig. 18B plots tumor volume over time for Balb/c mice implanted with CT26 mouse
colorectal cancer cells, and treated with the indicated doses of msTriple high. The virus was
administered intratumorally (IT) or intravenously (IV).

[0060] Fig. 19 displays survival curves of Balb/c mice implanted with K7M2 sarcoma cells.
Groups of mice were treated via injection into the retro-orbital sinus of 2x10” FFU/dose of the
vMyx-mouse Triple (low IL-12), and/or with intraperitoneal injections of anti-PD-1 or anti-PD-
L1 antibodies at 10 mg/kg.

[0061] Fig. 20A plots tumor volume over time of C57BL/6 mice implanted with MC38 mouse
colorectal cancer cells. Groups of animals were treated via intratumoral injection of 2x10’
FFU/dose of vMyx-mouse Triple (low IL-12) on day 1 and day 8 post-randomization, and/or with
anti-PD-1 antibody at 10 mg/kg, once every four days for four doses. Circles connected by solid
lines: vehicle-treated; squares: vMyx-mouse Triple alone; circles with dashed line; anti-PD-1;
triangles: combination of vMyx-mouse Triple and anti-PD-1.

[0062] Fig. 20B plots survival of the groups in Fig. 20A.

DETAILED DESCRIPTION
[0063] Described herein are oncolytic viruses, specifically oncolytic poxviruses such as oncolytic
myxoma viruses. Myxoma viruses can be referred to herein as MYXV or vMyx. In some
embodiments, the MY XYV is genetically engineered to attenuate an activity or expression level
engineered to inactivate, disrupt, or attenuate expression of an M 153 gene or protein, for example,
genetically engineered to attenuate an activity or expression level of the M153 gene or protein.
The modification to the myxoma virus as described herein has unexpectedly improved the
oncolytic activity of the MYXV when compared with unmodified MYXV, MYXYV that contain
an intact wild type M153 gene, or MY XV with modification at another gene locus. In addition to
modification at the M153 locus, the MYXYV can also include one or more transgenes that encode
non-viral molecules, such as a TNFa, IL-12, and/or decorin to further enhance the oncolytic
activity, increase an anti-tumor immune response, or decrease adverse side effects of the MYXV.
[0064] Some embodiments relate to triple transgene-armed oncolytic viruses such as MYXVs,
and methods of their use for treatment of cancers, such as metastatic cancers. Some embodiments
include a recombinant MY XYV construct that expresses 3 human transgenes: a human cytokine
(hTNF) that improves the efficacy of the treatment of cancers that metastasize to the lung or other
parts of the body, an hIL-12 that can amplify anti-tumor immune responses, and a human Decorin
(hDecorin) that blocks TGF-beta signaling within tumor beds. In some embodiments, the viruses

disclosed here have a knockout (e.g., deletion or disruption) of the myxoma virus M153 gene or
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at least a portion thereof, which in some embodiments also improves the anti-tumor immune
responses following therapy with these virus constructs. Some embodiments relate to nucleic acid
constructs such as virus triple-transgene constructs that encode the MYXVs. In some
embodiments, the transgenes and other modifications to the MYXV improve cancer therapy

efficacy.

Definitions
[0065] The section headings used herein are for organizational purposes only and are not to be
construed as limiting the subject matter described.
[0066] The following explanations of terms are provided for the purpose of describing particular
embodiments and examples only and is not intended to be limiting.

[0067] As used herein, the singular forms "a," "an," and "the" are intended to include the plural
forms as well, unless the context clearly indicates otherwise.

[0068] As used herein, the term "and/or" refers to and encompasses any and all possible
combinations of one or more of the associated listed items, as well as the lack of combinations
when interpreted in the alternative ("or"

[0069] As used herein, "one or more" or at least one can mean one, two, three, four, five, six,
seven, eight, nine, ten or more, up to any number.

[0070] An "effective amount" or "therapeutically effective amount" refers to an amount of a
compound or composition of this invention that is sufficient to produce a desired effect, which
can be a therapeutic and/or beneficial effect.

[0071] A "subject in need thereof" or "a subject in need of" is a subject known to have, or is
suspected of having a disease, or condition, such as a cancer.

[0072] As used herein, the term “inhibiting” or “treating” a disease refers to inhibiting the full
development of a disease or condition. "Treatment" refers to a therapeutic intervention that
ameliorates a sign or symptom of a disease or pathological condition after it has begun to develop.
The term "ameliorating," with reference to a disease or pathological condition, refers to any
observable beneficial effect of the treatment. The beneficial effect can be evidenced, for example,
by a delayed onset of clinical symptoms of the disease in a susceptible subject, a reduction in
severity of some or all clinical symptoms of the disease, a slower progression of the disease, such
a metastasis, an improvement in the overall health or well-being of the subject, or by other
parameters well known in the art that are specific to the particular disease. A "prophylactic"
treatment is a treatment administered to a subject who does not exhibit signs of a disease or
exhibits only early signs for the purpose of decreasing the risk of developing pathology, for

example metastatic cancer.
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[0073] MYXV may infect cells that have a deficient innate anti-viral response. Having “a
deficient innate anti-viral response” as used herein refers to a cell that, when exposed to a virus or
when invaded by a virus, does not induce anti-viral defense mechanisms, which can include
inhibition of viral replication, production of interferon, induction of the interferon response
pathway, and apoptosis. The term includes a cell, such as a cancer cell, that has a reduced or
defective innate anti-viral response upon exposure to or infection by a virus as compared to a
normal cell, for example, a non-infected, or non-cancer cell. This includes a cell that is non-
responsive to interferon and a cell that has a reduced or defective apoptotic response or induction
of the apoptotic pathway. The deficiency may be due to various causes, including infection,
genetic defect, or environmental stress. It will however be understood that when the deficiency is
caused by a pre-existing infection, superinfection by MY XV may be excluded and a skilled person
can readily identify such instances. A skilled person can readily determine without undue
experimentation whether any given cell type has a deficient innate anti-viral response and
therefore is susceptible to infection by MYXV. Thus, in certain embodiments, the MYXYV is
capable of infecting cells that have a deficient innate anti-viral response. In certain embodiments,
the cells are non-responsive to interferon. In specific embodiments, the cell is a mammalian cancer
cell. In certain embodiments, the cell is a human cancer cell including a human solid tumor cell.
In certain embodiments, the cells that have a deficient innate anti-viral response comprise cancer

cells.

Engineered Myxoma Viruses

[0074] Disclosed herein, in certain embodiments, are myxoma viruses (MYXVs). The MYXV
may comprise a wild-type strain of MYXV or it may comprise a genetically modified strain of
MYXV. In some embodiments, the MYXV comprises a Lausanne strain. In some embodiments,
the Lausanne strain of MYXV comprises GenBank Accession Number AF170726.2, published
on July 11, 2019.

[0075] In some instances, the MY XV comprises a South American MY XYV strain that circulates
in Sylvilagus brasiliensis. In some instances, the MY XV comprises a Californian MYXYV strain
that circulates in Sylvilagus bachmani. In some instances, the MYXV comprises 6918, an
attenuated Spanish field strain that comprises modifications in genes MOO9L, MO36L, M135R,
and M148R (for example, GenBank Accession number EU552530, published on July 11, 2019).
In some instances, the MYXV comprises 6918VP60-T2 (GenBank Accession Number
EUS52531, published on July 11, 2019). In some instances, the MYXV comprises a Standard
laboratory Strain (SLS). In some embodiments, the MY XV comprises a nucleic acid construct or

MYXYV genome as described herein.
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[0076] In some instances, the MY XV comprises at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%, such as
between 95% and 98%, 95% and 99%, including 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% nucleic acid sequence identity to a sequence disclosed in Cameron, et al.,, “The
complete DNA sequence of Myxoma Virus,” Virology 264: 298-318 (1999), which is
incorporated by reference for such disclosure. In some cases, the MY XV comprises the sequence
disclosed in Cameron, et al., “The complete DNA sequence of Myxoma Virus,” Virology 264:
298-318 (1999).

[0077] In some embodiments, the MYXVs are engineered to inactivate or attenuate an activity or
expression level of a viral gene or protein. In some embodiments, the viral gene or protein is
M153. In some embodiments, the inactivated or attenuated activity or expression level of the viral
gene or protein results in the MY XV exhibiting enhanced anti-cancer activity in relation to a wild-
type MYXYV, or in relation to a MYXV not having the inactivated or attenuated activity or
expression level of the viral gene or protein, for example, a MYXYV that comprises a wild type
M153 gene and/or expresses a wild type M153 protein. In some embodiments, the MYXV is
engineered to inactivate or attenuate an activity or expression level of more than one viral gene or
protein.

[0078] In some embodiments, the MYXV comprises a nucleic acid that encodes a non-viral
molecule, for example, a transgene that encodes a cytokine. In some embodiments, the MYXV
includes a transgene such as a transgene described herein. In some embodiments, the transgene
encodes a tumor necrosis factor (TNF, e.g., TNFa), an interleukin-12 (IL-12), or a decorin. In
some embodiments, the MYXV includes one, two, three, or more transgenes. In some
embodiments, one or more transgenes are knocked in to a MY XYV genome. In some embodiments,
a transgene disrupts a gene in the MYXV genome, for example, a transgene inserted within or
replaces part of the gene in the MYXYV genome, thereby disrupting expression of the gene and/or
the protein it encodes. Such a disruption can be referred to as a knockout (KO).

[0079] The MYXV may be modified to produce any non-viral molecule (e.g., modified to carry
any transgene) that enhances the anticancer effect of the MYXV. Such a non-viral molecule can
be involved in triggering apoptosis, or in targeting the infected cell for immune destruction, such
as a non-viral molecule that stimulates a response to interferon (e.g., repairs a lack of response to
interferon), or that results in the expression of a cell surface marker that stimulates an antibody
response, such as a pathogen-associated molecular pattern, for example, a bacterial cell surface
antigen. The MYXYV can also be modified to produce a non-viral molecule involved in shutting
off the neoplastic or cancer cell's proliferation and growth, thereby preventing the cells from

dividing. In some embodiments, the MYXV is modified to produce therapeutic non-viral
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molecules, such as molecules involved in the synthesis of chemotherapeutic agents, or it can be
modified to have increased replication levels in cells of the particular species from which the cells
to be inhibited or killed are derived, for example, human cells.

[0080] In some embodiments, the MYXYV includes a recombinant construct that encodes or
expresses one, two, or three separate non-viral molecules, for example, human transgenes (e.g.,
human TNF, human Decorin and human IL-12). In some embodiments, the recombinant construct
further encodes or expresses one or more reporter tags, for example, fluorescent proteins such as
eGFP and dsRed.

[0081] In some embodiments, the MYXYV is genetically engineered to attenuate an activity or
expression level of its M153 gene or protein, for example, comprises a disruption of the viral
M153 gene (M153-knockout: M153KO). In some embodiments, attenuating the activity or
expression level of M153 improves the MHC-dependent anti-tumor immune responses to virus-
infected cancer cells. In some embodiments, the MYXVs comprise oncolytic viruses for use in
treating cancer. Some embodiments combine a M153KO backbone with the immune-enhancing
properties of transgenes disclosed herein to enhance the oncolytic properties of the MYXV.
[0082] In some embodiments, the MYXV encodes a TNF (e.g., TNFa) transgene, an IL-12
transgene, a decorin transgene, or any combination of two or more of those. In some embodiments,
the MYXYV includes a TNF (e.g., TNFa) transgene, an IL-12 transgene, and a decorin transgene.
In some such embodiments, upon administration of such an MY XV to a subject, the TNF activates
and jump-starts the innate and acquired arms of the anti-tumor immune system and promotes
cancer cell death in a by-stander paracrine-like manner. In some embodiments, the IL.-12 amplifies
the resulting anti-cancer innate and adaptive immune responses. In some embodiments, the
decorin interrupts local immunosuppressive actions mediated by TGF-B, thus enhancing the
actions of both TNF and IL-12 and promoting the anti-cancer immune response. In some
embodiments, the synergistic actions of the three transgenes plus the effects of MY XYV in the
tumor microenvironment (TME) increase the immunotherapeutic potential of oncolytic MYXV
vectors. In some embodiments, the addition of the human transgenes that encode non-viral
molecules (WTNF, hIL-12, and/or hDecorin) to the MYXV genome improves the MYXV’s
capacity to trigger robust anti-tumor immune responses in the tumor microenvironment (TME).
[0083] In some embodiments, the MY XYV is modified to enhance the ease of detection of infection
state. For example, the MY XV may be genetically modified to express a marker that can be readily
detected by phase contrast microscopy, fluorescence microscopy or by radioimaging. The marker
can be an expressed fluorescent protein or an expressed enzyme that is involved in a colorimetric
or radiolabeling reaction. In some embodiments, the marker includes a gene product that interrupts

or inhibits a particular function of the cells being tested.
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[0084] In some embodiments, the engineered MY XV comprises a fluorescent protein. Exemplary
fluorescent proteins include blue/UV proteins such as TagBFP, Azurite, Sirus, or Sapphire; cyan
proteins such as ECFP, cerulean, or mTurquoise; green proteins such as green fluorescent protein
(GFP), Emerald, mUKG, mWasabi, or Clover; yellow proteins such as EYFP, citrine, venus, or
SYFP2; orange proteins such as monomeric Kusabira-Orange, mKO2, or mOrange; red proteins
such as dsRed, mRaspberrym mCherry, mStrawberry, mTangerine, tdTomato, mApple, or
mRuby; photoactivatible proteins such as PA-GFP, PAmCherryl, or PATagRFP; and
photoswitchable proteins such as Dropna. In some embodiments, the MY XYV includes more than
one fluorescent protein. In some embodiments the engineered MYXV does not encode a
fluorescent protein.

[0085] In some embodiments, the MYXV comprises a vMyx-hTNFa-GFP-hDecorin-hIL-12-
dsRed-M153KO (vMyx-Triple or vMyx-Triple-red) construct, and is a vMyx-Triple virus. In
some embodiments, the MYXV comprises a vMyx-hTNFa-GFP-hDecorin-hIL-12-M153KO
(vMyx-Triple-white) construct, and is a vMyx-Triple-white virus.

[0086] In some embodiments, the MY XYV comprises a modification at or adjacent to one or more
genes associated with rabbit cell tropism. In some instances, the one or more genes associated
with rabbit cell tropism comprises M11L, M063, M135R, M136R, M-T2, M-T4, M-T5, or M-T7.
In some instances, the one or more genes associated with rabbit cell tropism comprise M135R,
M136R, or a combination thereof.

[0087] The MYXYV may be prepared using standard techniques known in the art. For example,
the virus may be prepared by infecting cultured rabbit cells, or immortalized permissive human or
primate cells, with the MY XYV strain that is to be used, allowing the infection to progress such that
the virus replicates in the cultured cells and can be released by standard methods known in the art
for disrupting the cell surface and thereby releasing the virus particles for harvesting. Once
harvested, the virus titer may be determined by infecting a confluent lawn of rabbit cells and

performing a plaque assay.

M153 Modification

[0088] The M153 gene product is an E3-Ubiquitin ligase that may participate in the down
regulation of diverse cellular receptors and proteins, for example, degradation of MHC Class I
and CD4 in human cells. In some embodiments, a MYXYV of the disclosure has an attenuated
activity and/or expression level of M153 protein. In some embodiments, an attenuated activity
and/or expression level of M153 protein can enhance presentation of immune epitopes, for
example, MHC-dependent presentation of viral and/or cancer immune peptides. Enhanced

presentation of immune epitopes by infected cancer cells can elicit stronger immune responses,
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including anti-cancer T cell responses, such as anti-cancer CD8+ T cell responses. In some
embodiments, an attenuated activity and/or expression level of M153 protein increases direct
antigen presentation from M153KO virus-infected tumor cells by MHC-I, and enhances immune
activation mediated by the MYXV.

[0089] In some embodiments, the MY XV comprises a modification of an M153 gene. In some
instances, the modification is a mutation that attenuates an activity or expression level of a protein
encoded by the M153 gene (e.g., impairs the function of the protein encoded by the M153 gene).
[0090] In some instances, the mutation is a deletion, for example, a deletion that attenuates an
activity or expression level of a protein encoded by the M153 gene. In some embodiments, the
mutation is a deletion of at least about 1%, at least about 5%, at least about 10%, at least about
20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least about
70%, at least about 80%, at least about 90%, at least about 95%, at least about 97%, or at least
about 99%, of the nucleic acid sequence of the M153 gene. In some embodiments, the mutation
is a deletion of the entire M153 gene. In some cases, the modification is a partial deletion, for
example, a deletion of about 10%, about 20%, about 30%, about 40%, about 50%, about 60%,
about 70%, about 80%, about 90%, or about 95% of the nucleic acid sequence of the M153 gene.
In some embodiments, the deletion is a deletion of at least 1, at least 2, at least 3, at least 4, at least
5, at least 7, at least 10, at least 20, at least 30, at least 40, at least 50, at least 60, at least 70, at
least 100, at least 200, or at least 300 nucleic acids. In some embodiments, the deletion disrupts a
promoter (e.g., a promoter that drives expression of M153 in a wild type MYXV). In some
embodiments, the deletion introduces a stop codon into the M 153 gene sequence, for example, a
premature stop codon that prevents expression of a full length M 153 transcript and/or protein.

[0091] In some instances, the mutation is an insertion, for example, an insertion that attenuates an
activity or expression level of a protein encoded by the M153 gene. In some embodiments, the
insertion comprises a transgene that encodes a non-viral molecule, for example, a transgene that
encodes TNF, decorin, IL-12, or a combination thereof. In some embodiments, the insertion
comprises two transgenes. In some embodiments, the insertion comprises three transgenes. The
transgene(s) can disrupt (e.g., interrupt) the viral M153 gene and attenuate an activity or
expression level of a MI153 transcript and/or protein. In some embodiments, the insertion
comprises a transgene that encodes TNF. In some embodiments, the insertion comprises a
transgene that encodes IL-12. In some embodiments, the insertion comprises a transgene that
encodes decorin. In some embodiments, the insertion comprises a transgene that encodes TNF and
a transgene that encodes IL-12. In some embodiments, the insertion comprises a transgene that
encodes TNF and a transgene that encodes decorin. In some embodiments, the insertion comprises

a transgene that encodes IL-12 and a transgene that encodes decorin. In some embodiments, the
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insertion comprises a transgene that encodes TNF, a transgene that encodes IL-12, and a transgene
that encodes decorin. In some embodiments, the insertion comprises one or more promoters. In
some embodiments, the insertion disrupts a promoter (e.g., a promoter that drives expression of
M153 in a wild type MYXV). In some embodiments, combining M153 gene disruption with
transgene expression improves the anti-tumor properties of the resulting recombinant virus.
[0092] In some embodiments, the insertion is an insertion of at least 1, at least 2, at least 3, at least
4, at least 5, at least 7, at least 10, at least 20, at least 30, at least 40, at least 50, at least 60, at least
70, at least 100, at least 200, at least 300, at least 400, at least 500, at least 600, at least 700, at
least 800, at least 900, at least 1000, at least 1500, or at least 2000 nucleic acids.

[0093] In some embodiments, the insertion introduces a stop codon into the M153 gene sequence,
for example, a premature stop codon that prevents expression of a full length M153 transcript
and/or protein. In some embodiments, the insertion alters the reading frame of the M153 gene
sequence, thereby disrupting expression of the M 153 transcript and/or protein.

[0094] In some instances, the mutation is a substitution, for example, a substitution that attenuates
an activity or expression level of a protein encoded by the M 153 gene. In some embodiments, at
least 1, at least 2, at least 3, at least 4, at least 5, at least 7, at least 10, at least 20, at least 30 nucleic
acids are substituted. In some embodiments, the substitution introduces a stop codon into the
M 153 gene sequence, for example, a premature stop codon that prevents expression of a full length
M 153 transcript and/or protein. In some embodiments, the substitution disrupts a promoter (e.g.,
a promoter that drives expression of M153 in a wild type MYXYV).

[0095] In some embodiments, a modification or mutation disclosed herein attenuates the activity
level of the M 153 gene and/or protein by at least about 10%, at least about 20%, at least about
30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at least about
80%, at least about 90%, at least about 95%, at least about 97%, or at least about 99% relative to
a wild type MYXYV, or a MYXYV that encodes a functional wild type M153.

[0096] In some embodiments, a modification or mutation disclosed herein attenuates the
expression level of the M 153 gene and/or protein by at least about 10%, at least about 20%, at
least about 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at
least about 80%, at least about 90%, at least about 95%, at least about 97%, or at least about 99%
relative to a wild type MY XYV, or a MY XV that encodes a functional wild type M153.

[0097] In some embodiments, a MY XYV disclosed herein has an activity level of the M153 protein
that is attenuated by at least about 10%, at least about 20%, at least about 30%, at least about 40%,
at least about 50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%,
at least about 95%, at least about 97%, or at least about 99% relative to a wild type MYXYV, or a
MYXYV that encodes a functional wild type M153.
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[0098] In some embodiments, a MY XYV disclosed herein has an expression level of the M153
gene and/or protein that is attenuated by at least about 10%, at least about 20%, at least about
30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at least about
80%, at least about 90%, at least about 95%, at least about 97%, or at least about 99% relative to
a wild type MYXYV, or a MYXYV that encodes a functional wild type M153.

TNF

[0099] In some embodiments, the MYXV comprises (e.g., encodes) a non-viral molecule, for
example, comprises a transgene that encodes tumor necrosis factor (TNF) protein. In some
embodiments, the TNF protein is a TNFa protein. In some embodiments, the TNFa protein is a
human TNFa protein. In some embodiments, the TNFa, protein is soluble. In some embodiments,
the TNFa protein is membrane- or surface-bound. In some embodiments, the TNFa protein
enhances the anti-cancer activity of the MY XV by activating anti-tumor immune cells or inducing
cancer cell death.

[0100] In some embodiments, the TNFa is encoded by a gene that replaces or is adjacent to an
MI135R gene of the MYXV genome. In some embodiments, the TNFa gene is inserted between
an M135R gene and an M136R gene of the MYXV genome. In some embodiments, the TNFa
gene is inserted in the intergenic region between an M135R gene and an M136R gene of the
MYXYV genome. In some embodiments, the TNFa is encoded by a gene that replaces or disrupts
an M153 gene of the MYXYV genome. In some embodiments, the TNFa gene replaces or disrupts
an M153 gene of the MY XV genome.

[0101] In some embodiments, expression of the TNFa gene is driven by a promoter such as a
poxvirus synthetic early/late (SE/L) promoter. In some embodiments, expression of the TNFo gene
is driven by an internal ribosome entry site (IRES). TNF is a cytokine that is part of the innate
inflammatory immune response. In some embodiments, TNF participates in amplifying the
acquired (e.g., adaptive) immune responses. TNF can be expressed as a cell surface immune ligand
and it can also be secreted as a cleaved soluble trimeric cytokine when produced in specific cells
that express the converting proteolytic enzymes (such as TACE) that catalyze cleavage and release
of the soluble ligand, for example that are expressed at high levels in cells of the myeloid lineage.
One TNF effector pathway is the induction of cellular death through the TNF Receptor-1 (TNFR1)
pathway. In some embodiments, induction of the TNFR1 pathway by TNF leads to apoptosis or
necroptosis. In some embodiments, TNF activates the innate and adaptive immune responses, for
example, by activating anti-tumor CD8" T cells and NK cells.

[0102] Despite the early hope that systemic administration of soluble TNF may function in

humans as a potent anti-tumor drug, some clinical trials showed that the secreted cytokine caused
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severe systemic toxicities in patients treated systemically with the soluble ligand. Additionally,
the systemic TNF treatment did not induce the dramatic anti-tumor effects in patients that was
reported preclinically. A virally derived expression of TNF, e.g., the cell surface membrane form
of TNF, may improve local cancer cell death by eliciting a greater degree of bystander cell killing
in the tumor microenvironment, and also stimulate various classes of immune cells residing within
the same tumor beds, while minimizing systemic TNF-mediated adverse toxic effects.

[0103] In some instances, the TNF protein comprises at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to the sequence illustrated in
UniProtKB-P01375, published on July 3, 2019 (Entry version 247). In some instances, the TNF
protein comprises between 95% and 98%, or 95% and 99% sequence identity to the sequence
illustrated in UniProtKB-P01375, published on July 3, 2019 (Entry version 247). In some
instances, the TNF protein comprises about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, or about 99% sequence identity to the sequence
illustrated in UniProtKB-P01375, published on July 3, 2019 (Entry version 247). In some
embodiments, the TNF protein comprises the sequence illustrated in UniProtKB-P0O1375,
published on July 3, 2019 (Entry version 247).

[0104] In some instances, the TNF protein comprises at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to residues 77-233 of UniProtKB-
P01375. In some instances, the TNF protein comprises between 95% and 98%, or 95% and 99%
sequence identity to residues 77-233 of UniProtKB-P01375. In some instances, the TNF protein
comprises about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%,
about 97%, about 98%, or about 99% sequence identity to residues 77-233 of UniProtKB-P01375.
In some embodiments, the TNF protein comprises residues 77-233 of UniProtKB-P01375.
[0105] In some instances, the TNF protein is encoded by a gene comprising at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to SEQ ID NO: 12
or SEQ ID NO: 24. In some instances, the TNF protein is encoded by a gene comprising between
95% and 98%, or 95% and 99% sequence identity SEQ ID NO: 12 or SEQ ID NO: 24. In some
instances, the TNF protein is encoded by a gene comprising about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, or about 99% sequence
identity to SEQ ID NO: 12 or SEQ ID NO: 24. In some embodiments, the TNF protein is encoded
by a gene comprising or consisting of SEQ ID NO: 12 or SEQ ID NO: 24. In some embodiments,
the TNF is encoded by a gene comprising the sequence of SEQ ID NO: 12 or SEQ ID NO: 24. In
some embodiments, the gene encoding the TNF comprises a sequence that is 70%, 75%, 80%,

85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%, or a range of percentages
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defined by any two of the aforementioned percentages, identical to that of SEQ ID NO: 12 or SEQ
ID NO: 24.
[0106] In some instances, the TNF protein comprises at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% sequence identity to SEQ ID NO: 31 or residues 77-233
of SEQ ID NO: 31. In some instances, the TNF protein comprises between 95% and 98%, or 95%
and 99% sequence identity to SEQ ID NO: 31 or residues 77-233 of SEQ ID NO: 31. In some
instances, the TNF protein comprises about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, or about 99% sequence identity to SEQ ID NO:
31 or residues 77-233 of SEQ ID NO: 31. In some embodiments, the TNF protein comprises SEQ
ID NO: 31 or residues 77-233 of SEQ ID NO: 31.

1L-12

[0107] In some embodiments, the MYXV comprises (e.g., encodes) a non-viral molecule, for
example, comprises a transgene that encodes interleukin-12 (IL-12) protein. In some
embodiments, the [L-12 protein is a human IL-12 protein. In some embodiments, the IL-12 protein
is soluble. In some embodiments, the IL-12 protein is membrane- or surface-bound. In some
embodiments, the IL-12 protein further enhances the anti-cancer activity of the MYXV by
promoting immune cell differentiation or eliciting immune cell cytotoxicity.

[0108] In some embodiments, IL-12 comprises an IL12a subunit (p35 subunit). In some
embodiments, the IL-12a subunit is encoded by an IL-12a gene. In some embodiments, the IL-
120 gene is a human IL-12a gene. In some embodiments, the IL-12a gene is driven by an IRES.
In some embodiments, the IL-12a gene is driven by a promoter such as an sE/L promoter. In some
embodiments, IL-12a gene replaces or disrupts the M153 gene. In some embodiments, IL-12a
gene is inserted in the intergenic region between an M135R gene and an M136R gene of the
MYXYV genome.

[0109] In some embodiments, IL-12 comprises an IL12p (p40) subunit. In some embodiments,
the IL-12p subunit is encoded by an IL-12P gene. In some embodiment, the IL-12 gene is a
human IL-12 gene. In some embodiments, the IL-12B gene is driven by an IRES. In some
embodiments, the IL-12f gene is driven by a promoter such as an sE/L promoter. In some
embodiments, IL-12[ gene replaces or disrupts an MY XV M153 gene. In some embodiments, IL-
12 gene is inserted in the intergenic region between an M135R gene and an M136R gene of the
MYXYV genome.

[0110] In some embodiments, IL-12 comprises an IL.12a, subunit and an IL-12f subunit. In some
embodiments the IL12a subunit and the IL-12f subunit are covalently linked. In some

embodiments the IL120 subunit and the IL-12p subunit are not covalently linked. In some
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embodiments the IL12a subunit and the IL-12f subunit are expressed as one transcript. In some
embodiments the IL12a subunit and the IL-12 subunit are expressed as one polypeptide, for
example, with a peptide linker joining the two subunits. A linker sequence can be, for example, 1,
2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31,32, 33, 34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 amino acid residues
in length. A linker can be at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7,
at least 8, at least 9, or at least 10 amino acid residues in length. A linker can be at most 4, at most
5, at most 6, at most 7, at most 8, at most 9, at most 10, at most 15, at most 20, at most 25, at most
30, at most 40, or at most 50 amino acid residues in length. A flexible linker can have a sequence
containing stretches of glycine and serine residues. The small size of the glycine and serine
residues provides flexibility, and allows for mobility of the connected functional domains. The
incorporation of serine or threonine can maintain the stability of the linker in aqueous solutions
by forming hydrogen bonds with the water molecules, thereby reducing unfavorable interactions
between the linker and protein moieties. Flexible linkers can also contain additional amino acids
such as threonine and alanine to maintain flexibility, as well as polar amino acids such as lysine
and glutamine to improve solubility. A rigid linker can have, for example, an alpha helix-structure.
An alpha-helical rigid linker can act as a spacer between protein domains. A linker can comprise
any of the sequences of SEQ ID NOs: 33-43, or repeats thereof. SEQ ID NOs: 33-38 and 43
provide examples flexible linker sequences. SEQ ID NOs: 39-42 provide examples of rigid linker
sequences.

[0111] In some embodiments, the MYXYV expresses a relatively low level of IL-12. Relatively
lower expression of IL-12 can be achieved, for example, by use of an IRES sequence between the
sequences that encode the IL-12 subunits. In some embodiments, the MYXV expresses a
relatively high level of IL-12. Relatively higher expression of IL-12 can be achieved, for example,
by use of a suitable linker that joins the subunits of IL-12 in a single polypeptide, for example, an
elastin linker, such as the linker of SEQ ID NO: 43.

[0112] In some embodiments, a level of IL-12 expression can be as determined by the assay of
example 6. For example, vero cells can be infected with a MYXYV of the disclosure at an MOI of
1, supernatant can be harvested at 24 hours post-infection, and the amount of IL-12 can be
measured by ELISA. In some embodiments, a low level of IL-12 expression can be less than 50,
less than 40, less than 30, less than 20, less than 10, or less than 5 ng/mL of IL-12 as determined
by the assay of example 6. In some embodiments, a high level of IL-12 expression can be more
than 20, more than 30, more than 40, more than 50, more than 60, more than 70, more than 80,

more than 90, more than 100, or more than 150 ng/mL of IL.-12 as determined by the assay of
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example 6. In some embodiments, a high level of IL-12 expression can be more than 20 ng/mL of
IL-12, and a low level of IL-12 expression can be less than 20 ng/mL of IL-12.

[0113] In some embodiments, one or both of the IL.-12 subunits can be truncated. An example of
an IL-12 with a truncated subunit is provided in SEQ ID NO: 50, which comprises mouse I1L-12
B (SEQ ID NO: 51), an elastin linker (SEQ ID NO: 43), and a truncated mouse IL-12 A (SEQ ID
NO: 52).

[0114] IL-12 is a cytokine. In some embodiments, IL-12 promotes T helper type 1 (Thl)
differentiation, and enhances the cytotoxicity of natural killer (NK) cells and cytotoxic T
lymphocytes (CTLs). In some embodiments, the actions of this IL-12 create an improved
interconnection between the elements of innate and adaptive immunity to promote an anti-cancer
immune response. In some embodiments, due to this bridging the innate and adaptive immunity,
IL-12 enhances the anti-tumor effects of the MYXV. In some embodiments, IL-112 potently
stimulates production of IFN-y (a cytokine that coordinates mechanisms of anticancer defense),
thereby enhancing the anti-tumor effects of the MYXV.

[0115] Clinical trials of systemic delivery of recombinant IL-12 cytokine therapy have not
induced satisfactory outcomes in cancer patients due to toxicity events, the transient nature of
systemically administered IL-12, and tumor-induced immunosuppression. Nevertheless, viruses
expressing IL-12 locally within the tumor microenvironment (TME) may result in potent
antitumor efficacy. In some embodiments, expression of IL-12 from an oncolytic virus that is
restricted to tumor beds, such that the transgenes are expressed locally within the TME, reduces
the toxic effects associated with the systemic delivery of this cytokine. Thus, in some
embodiments, the co-expression of the two subunits of IL-12 improves the anti-tumor immunity
induced by armed-MYXYV against different type of cancers.

[0116] In some instances, the IL.12a, subunit comprises at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% sequence identity to SEQ ID NO: 28, residues 35-253
of SEQ ID NO: 28, or residues 57-253 of SEQ ID NO: 28. In some instances, the IL12a subunit
comprises between 95% and 98%, or 95% and 99% sequence identity to SEQ ID NO: 28, residues
35-253 of SEQ ID NO: 28, or residues 57-253 of SEQ ID NO: 28. In some instances, the IL12a
subunit comprises about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about
96%, about 97%, about 98%, or about 99% sequence identity to SEQ ID NO: 28, residues 35-253
of SEQ ID NO: 28, or residues 57-253 of SEQ ID NO: 28. In some embodiments, the IL12a
subunit comprises SEQ ID NO: 28, residues 35-253 of SEQ ID NO: 28, or residues 57-253 of
SEQ ID NO: 28.

[0117] In some instances, the IL-123 subunit comprises at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% sequence identity to SEQ ID NO: 29 or residues 23-
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328 of SEQ ID NO: 29. In some instances, the IL-123 subunit comprises between 95% and 98%,
or 95% and 99% sequence identity to SEQ ID NO: 29 or residues 23-328 of SEQ ID NO: 29. In
some instances, the IL-12 subunit comprises about 90%, about 91%, about 92%, about 93%,
about 94%, about 95%, about 96%, about 97%, about 98%, or about 99% sequence identity to
SEQ ID NO: 29 or residues 23-328 of SEQ ID NO: 29. In some embodiments, the IL-12 subunit
comprises SEQ ID NO: 29 or residues 23-328 of SEQ ID NO: 29.

Decorin

[0118] In some embodiments, the MYXV comprises (e.g., encodes) a non-viral molecule, for
example, comprises a transgene that encodes decorin. In some embodiments, the decorin protein
is a human decorin protein. In some embodiments, the decorin protein is soluble. In some
embodiments, the decorin protein is membrane- or surface-bound. In some embodiments, the
decorin protein enhances the anti-cancer activity of the MY XYV by blocking or decreasing TGF-3
signaling.

[0119] In some embodiments, the decorin protein is encoded by a decorin gene. In some
embodiments, the decorin gene is a human decorin gene. In some embodiments, the decorin gene
is driven by an IRES. In some embodiments, the decorin gene is driven by a promoter such as an
sE/L promoter. In some embodiments, the decorin gene replaces or disrupts an M153 gene. In
some embodiments, the decorin gene is inserted in the intergenic region between an M135R gene
and an M136R gene of the MYXYV genome.

[0120] Decorin is a member of the extracellular matrix proteoglycans family that exists and
functions within stromal tissues and epithelial cells. In some embodiments, decorin affects the
biology of different types of cancer by directly or indirectly targeting signaling molecules
involved in cell growth, survival, metastasis and/or angiogenesis. In some embodiments, decorin
blocks TGF-B-induced signaling. In some embodiments, TGF-f is a cytokine that contributes to
immune suppression in some tumor microenvironments (TMEs). In some cases, TGF-3 converts
effector T-cells, which may otherwise recognize and attack cancer cells, into regulatory
(suppressor) T-cells, which instead turn off the innate inflammatory reactions and acquired
immune pathways needed to recognize and eliminate the cancer cells. In multiple type of cancers,
parts of the TGF-f signaling pathways are mutated, and this cytokine no longer controls at least
some of the cell targets. These cancer cells may proliferate and increase their endogenous
production of TGF-3, which may act on the surrounding stromal cells, immune cells, endothelial
and smooth-muscle, causing local immunosuppression within the cancer tissue and tumor bed

angiogenesis, which makes the cancer even more invasive. Hence, in some embodiments, an
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oncolytic MYXYV vector expressing decorin blocks TGF- directly within the TME and thereby
induces a stronger anti-tumor immune response than a MY XV not expressing the decorin.

[0121] Additionally, decorin can inhibit tumor cell growth and proliferation. Viral delivery of
decorin into various solid tumors may directly counteract tumorigenesis. In some embodiments,
decorin is used as an anti-cancer target for at least some types of cancer that are protected by the
local over-expression of TGF-p.

[0122] In some embodiments, the decorin is encoded by a gene comprising the sequence of SEQ
ID NO: 25. In some embodiments, the gene encoding the decorin comprises a sequence that is
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%, or a
range of percentages defined by any two of the aforementioned percentages, identical to that of
SEQ ID NO: 25. In some instances, the decorin is encoded by a gene comprising at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to SEQ ID
NO: 25. In some instances, the decorin is encoded by a gene comprising between 95% and 98%,
or 95% and 99% sequence identity to SEQ ID NO: 25. In some instances, the decorin is encoded
by a gene comprising about 90%, about 91%, about 92%, about 93%, about 94%, about 95%,
about 96%, about 97%, about 98%, or about 99% sequence identity to SEQ ID NO: 25.

[0123] In some instances, the decorin protein comprises at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% sequence identity to residues 31-359 of SEQ ID NO:
14, or any one of SEQ ID NOs: 14-19. In some instances, the decorin protein comprises between
95% and 98%, or 95% and 99% sequence identity to residues 31-359 of SEQ ID NO: 14, or any
one of SEQ ID NOs: 14-19. In some instances, the decorin protein comprises about 90%, about
91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, or about
99% sequence identity to residues 31-359 of SEQ ID NO: 14, or any one of SEQ ID NOs: 14-19.
In some embodiments, the decorin protein comprises residues 31-359 of SEQ ID NO: 14, or any

one of SEQ ID NOs: 14-19.

Recombinant Nucleic Acids

[0124] Disclosed herein, in certain embodiments, are recombinant nucleic acids. Some
embodiments relate to a recombinant nucleic acid comprising at least a portion of a MYXV
genome. In some embodiments, the recombinant nucleic acid comprises DNA. In some
embodiments, the MYXYV genome or the portion of the MYXV genome is modified to reduce
expression of M153 gene. In some embodiments, the M153 gene is modified to knock out at least
a portion of the M153 gene in the MY XYV genome.

[0125] In some embodiments, the recombinant nucleic acid is engineered to introduce a mutation

to the M 153 gene. The mutation can comprise, for example, an insertion, deletion, substation, or
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a combination thereof. In some embodiments, the recombinant nucleic acid comprises a gene
knock-in where the M 153 gene is disrupted.
[0126] In some embodiments, the recombinant nucleic acid comprises a nucleic acid that encodes
a non-viral molecule. In some embodiments, the recombinant nucleic acid comprises 1, 2, 3, 4, 5,
6,7, 8,9, 10, or more nucleic acid that encode non-viral molecule, for example, transgenes that
encode proteins.
[0127] In some embodiments, the recombinant nucleic acid comprises a nucleic acid that encodes
tumor necrosis factor alpha (TNFa). In some embodiments, the TNFa is a human TNFa. In some
embodiments, the nucleic acid that encodes the TNFa replaces or is adjacent to an M135R gene
of the MYXYV genome. In some embodiments, the nucleic acid that encodes the TNFa is inserted
between an M135R gene and an M136R gene of the MYXV genome. In some embodiments,
expression of TNFa is driven by a poxvirus synthetic early/late (sE/L) promoter. In some
embodiments, the nucleic acid that encodes the TNFa replaces or is adjacent to an M 153 gene of
the MY XV genome.
[0128] In some embodiments, the recombinant nucleic acid comprises a nucleic acid that encodes
an interleukin-12 subunit alpha (IL-12a). In some embodiments, the IL-120 is @ human IL-12a.
In some embodiments, expression of the IL-12a is driven by an internal ribosome entry site
(IRES). In some embodiments, the nucleic acid that encodes IL-12a disrupts expression of an
M153 gene of the MYXV genome.
[0129] In some embodiments, the recombinant nucleic acid comprises a nucleic acid that encodes
an interleukin-12 subunit beta (IL-12B). In some embodiments, the IL-12p is a human IL-12f3
gene. In some embodiments, expression of the IL-12 is driven by an sE/L promoter. In some
embodiments, the nucleic acid that encodes IL-12f disrupts expression of an M153 gene of the
MYXYV genome. In some embodiments, the nucleic acid that encodes IL-12f and the nucleic acid
that encodes IL-12a both disrupt expression of an M 153 gene of the MYXYV genome.
[0130] In some embodiments, the recombinant nucleic acid comprises a nucleic acid that encodes
decorin. In some embodiments, the decorin is a human decorin. In some embodiments, expression
of the decorin is driven by an sE/L promoter. In some embodiments, the recombinant nucleic acid
comprises a nucleic acid that encodes decorin disrupts expression of an M153 gene of the MYXV
genome.
[0131] In some embodiments, the recombinant nucleic acid comprises a nucleic acid that encodes
a reporter tag, for example, a fluorescent protein. In some embodiments, the reporter tag comprises
a green fluorescent protein (GFP). In some embodiments, expression of the reporter tag is driven
by an sE/L promoter. In some embodiments, the recombinant nucleic acid further comprises a

nucleic acid that encodes a second reporter tag. In some embodiments, the second reporter tag
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comprises a red fluorescent protein (RFP), e.g., dsRed. In some embodiments, expression of the
second reporter tag is driven by a poxvirus P11 late promoter. In some embodiments, the nucleic
acid that encodes the second reporter tag disrupts expression of an M153 gene of the MYXV
genome.
[0132] In some embodiments, the recombinant nucleic acid comprises a vMyx-hTNFa cassette,
optionally comprising GFP. In some embodiments, the recombinant nucleic acid comprises an
hDecorin-hIL-12 cassette, optionally comprising dsRed. In some embodiments, the recombinant
nucleic acid comprises or consists of a vMyx-hTNFa-hDecorin-hIL-12-M153KO (vMyx-Triple)
cassette, optionally comprising GFP and/or dsRed.

Composition and Administration

[0133] Disclosed herein, in certain embodiments, are compositions comprising a MYXV as
described herein. In some embodiments, the composition comprises a pharmaceutical
composition. In some embodiments, the composition comprises a pharmaceutically acceptable
carrier or excipient.

[0134] In some embodiments, the pharmaceutically acceptable carrier comprises an injectable
fluid such as water, physiological saline, balanced salt solutions, aqueous dextrose, glycerol or the
like. In some embodiments, the composition comprises a solid composition such as a powder, pill,
tablet, or capsule. In some embodiments such as those including solid compositions, the
pharmaceutically acceptable carrier comprises mannitol, lactose, starch, or magnesium stearate.
In some embodiments, the pharmaceutically acceptable carrier comprises a biologically-neutral
carrier. In some embodiments, the composition comprises wetting or emulsifying agents,
preservatives, and pH buffering agents and the like, for example sodium acetate or sorbitan
monolaurate.

[0135] In some embodiments, the identity or proportion of the pharmaceutically acceptable carrier
or excipient is determined based on a route of administration, compatibility with a live virus, or
standard pharmaceutical practice. In some embodiments, the pharmaceutical composition is
formulated with components that do not significantly impair the biological properties of the
MYXV. The pharmaceutical composition can be prepared by known methods for the preparation
of pharmaceutically acceptable compositions suitable for administration to subjects, such that an
effective quantity of the active substance or substances is combined in a mixture with a
pharmaceutically acceptable vehicle. In some embodiments, the composition includes solutions
of the MYXYV in association with one or more pharmaceutically acceptable excipient, vehicles, or
diluents, and contained in buffer solutions with a suitable pH and iso-osmotic with physiological

fluids.
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[0136] In some embodiments, the pharmaceutical composition is formulated for administration to
a subject. The pharmaceutical composition may be administered to a subject in a variety of forms
depending on the selected route of administration, as will be understood by those skilled in the
art. In some instances, the pharmaceutical composition is administered systemically, or formulated
for systemic administration. In some embodiments, the pharmaceutical composition is
administered locally, or formulated for local administration.

[0137] In some embodiments, the pharmaceutical composition is administered parenterally, or
formulated for parenteral administration. Examples of parenteral administration include
intravenous, intratumoral, intraperitoneal, subcutaneous, intramuscular, transepithelial, nasal,
intrapulmonary, intrathecal, rectal and topical modes of administration. Parenteral administration
may be by continuous infusion over a selected period of time.

[0138] In some embodiments, the pharmaceutical composition is administered orally, or
formulated for oral administration. The pharmaceutical composition may be administered orally,
for example, with an inert diluent or with a carrier, or it may be enclosed in hard or soft shell
gelatin capsules, or it may be compressed into tablets. For oral therapeutic administration, the
MY XV may be incorporated with an excipient and be used in the form of ingestible tablets, buccal
tablets, troches, capsules, elixirs, suspensions, syrups, wafers and the like.

[0139] Solutions of MYXV may be prepared in a physiologically suitable buffer. In some
embodiments, under ordinary conditions of storage and use, these preparations contain a
preservative to prevent the growth of microorganisms, but that will not inactivate the live virus.
In some embodiments, a dose of the pharmaceutical composition to be used depends on the
particular condition being treated, the severity of the condition, the individual subject parameters
including age, physical condition, size and weight, the duration of the treatment, the nature of
concurrent therapy (if any), the specific route of administration and other similar factors that are
within the knowledge and expertise of the health practitioner. In certain embodiments, the
therapeutic virus may be freeze dried for storage at room temperature.

[0140] The pharmaceutical compositions may additionally contain additional therapeutic agents,
such as additional anti-cancer agents. In some embodiments, the compositions include a
chemotherapeutic agent. The chemotherapeutic agent, for example, may be substantially any
agent, which exhibits an oncolytic effect against cancer cells or neoplastic cells of the subject and
that does not inhibit or diminish the tumor killing effect of the MYXV. For example, the
chemotherapeutic agent may be, without limitation, an anthracycline, an alkylating agent, an alkyl
sulfonate, an aziridine, an ethylenimine, a methylmelamine, a nitrogen mustard, a nitrosourea, an
antibiotic, an antimetabolite, a folic acid analogue, a purine analogue, a pyrimidine analogue, an

enzyme, a podophyllotoxin, a platinum-containing agent or a cytokine. Preferably, the
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chemotherapeutic agent is one that is known to be effective against the particular cell type that is
cancerous or neoplastic. In some cases, the additional therapeutic agent comprises an immune
checkpoint modulator.

[0141] In some embodiments, the composition comprises peripheral blood mononuclear cells
(PBMCs), bone marrow (BM) cells, or a combination thereof treated ex vivo by an MYXV as
described herein. In some embodiments, the PBMCs, BM cells, or a combination thereof comprise
autologous cells. In some embodiments, the PBMCs, BM cells, or a combination thereof are
obtained from an allogeneic donor. In some embodiments, the PBMCs, BM cells, or a combination

thereof are obtained from heterologous donors.

Methods of Use

[0142] Disclosed herein, in certain embodiments, are methods of inhibiting, alleviating, or
preventing a cancer in a subject in need thereof, comprising administering to the subject a
composition or pharmaceutical composition as described herein. In certain embodiments, the
method includes administering to a subject, such as a human subject, a MY XV as described herein,
thereby treating and/or inhibiting the cancer in the subject in need thereof.

[0143] Some embodiments include prophylactic treatment with the MYXV. In some
embodiments, the subject has, is suspected of having, or is at risk of having the cancer. Some
embodiments include selecting the subject suspected of having. Some embodiments include
selecting the subject at risk of having the cancer. In some embodiments, the subject has the cancer.
In some embodiments, the methods include selecting the subject with the cancer.

[0144] In some embodiments, the subject is a human. In some embodiments, the subject is a
patient. In some embodiments, the subject is an animal or nonhuman animal. Examples of
nonhuman animals include vertebrates such as mammals and non-mammals. Some examples of
mammals include nonhuman primates, sheep, dog, cat, horse, cow, and rodents such as mice and
rats.

[0145] In some embodiments, the cancer is a solid tumor. Examples of solid tumors such as
sarcomas and carcinomas include but are not limited to fibrosarcoma, myxosarcoma, liposarcoma,
chondrosarcoma, osteosarcoma, osteogenic sarcoma, and other sarcomas, synovioma,
mesothelioma, Ewing's sarcoma, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma,
lymphoid malignancy, pancreatic cancer, breast cancer, lung cancers, non-small cell lung cancer,
ovarian cancer, prostate cancer, hepatocellular carcinoma, squamous cell carcinoma, basal cell
carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary
carcinoma, papillary adenocarcinomas, medullary carcinoma, bronchogenic carcinoma, renal cell

carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma, Wilms' tumor, cervical cancer,
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testicular tumor, bladder carcinoma, and CNS tumors (such as a glioma, astrocytoma,
medulloblastoma, craniopharyogioma, ependymoma, pinealoma, hemangioblastoma, acoustic
neuroma, oligodendroglioma, menangioma, melanoma, neuroblastoma and retinoblastoma). In
some embodiments, the cancer comprises an osteosarcoma, triple negative breast cancer, or
melanoma.

[0146] In some embodiments, the cancer has metastasized to a location in the subject. In some
embodiments, the location comprises a lung, a brain, a liver and/or a lymph node of the subject.
[0147] In some embodiments, the cancer comprises a hematologic cancer such as Hodgkin’s
lymphoma or non-Hodgkin’s lymphoma. In some embodiments, the hematologic cancers include
B-cell or T-cell hematologic cancer.

[0148] In some embodiments, the composition reduces cancer cell wviability, or activates
immunogenic cell death in the cancer. In some embodiments, the cancer is inhibited, alleviated,
or prevented upon administration of the composition. In some embodiments, the administration
improves the subject’s survival.

[0149] MYXYV or the composition comprising the MYXV can be administered to the subject
using standard methods of administration. In some embodiments, the virus or the composition
comprising the virus is administered systemically (e.g., IV injection). In some embodiments, the
virus or the composition comprising the virus is administered by injection at the disease site (e.g.,
intratumorally). In some embodiments, the virus or the composition comprising the virus is
administered orally or parenterally, or by any standard method known in the art. In certain
embodiments, the MYXYV or the composition comprising the MYXYV is administered at a site of
a tumor and/or metastasis.

[0150] The MY XYV can be administered initially in a suitable amount that may be adjusted as
required, depending on the clinical response of the subject. The effective amount of virus can be
determined empirically and depends on the maximal amount of the MYXV that can be
administered safely, and the minimal amount of the virus that produces the desired result.

[0151] The concentration of virus to be administered may vary depending on the virulence of the
particular strain of MYXYV that is to be administered and on the nature of the cells that are being
targeted. In one embodiment, a dose of less than about 3x 10'° focus forming units ("ffu"), also
called “infectious units”, is administered to a human subject, in various embodiments, between
about 10% to about 10°pfu, between about 10 to about 107 pfu, between about 10° to about 10°
pfu, or between about 10* to about 10° pfu may be administered in a single dose.

[0152] In some embodiments, the MYXYV is administered at a dose and schedule effective to
increase expression of a cytokine by immune cells (e.g., PBMCs) in the subject. The expression

of a cytokine by immune cells can be increased, for example, by at least about 10%, at least about
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20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least about
70%, at least about 80%, at least about 90%, at least about 2-fold, at least about 5-fold, at least
about 10-fold, at least about 50-fold, at least about 100-fold, at least about 1000-fold, or at least
about 1000-fold. In some embodiments, the MYXYV is administered at a dose and schedule
effective to increase expression of two, three, four, five, six, or more cytokines by immune cells
in the subject. In some embodiments, the MY XYV is administered at a dose and schedule effective
to increase expression of at least one, at least two, at least three, at least four, at least five, at least
six, or more cytokines by immune cells in the subject. The cytokines can comprise, for example,
IFN-y, IL-2, IL-6, IL-10, IL-12, TNF-qa, or any combination thereof In some embodiments,
expression of TNF-a is increased. In some embodiments, expression of IL-12 is increased. In
some embodiments, expression of decorin is increased. In some embodiments, expression of IFN-
y 1s increased.

[0153] In some embodiments, the MYXYV is administered at a dose and schedule effective to
increase expression of a cytokine by cancer cells in the subject. The expression of a cytokine by
cancer cells can be increased, for example, by at least about 10%, at least about 20%, at least about
30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at least about
80%, at least about 90%, at least about 2-fold, at least about 5-fold, at least about 10-fold, at least
about 50-fold, at least about 100-fold, at least about 1000-fold, or at least about 1000-fold. In some
embodiments, the MY XV is administered at a dose and schedule effective to increase expression
of two, three, four, five, six, or more cytokines by cancer cells in the subject. In some
embodiments, the MY XV is administered at a dose and schedule effective to increase expression
of at least one, at least two, at least three, at least four, at least five, at least six, or more cytokines
by cancer cells in the subject. The cytokines can comprise, for example, IFN-y, IL-2, IL-6, IL-10,
IL-12, TNF-q, or any combination thereof. In some embodiments, expression of TNF-a is
increased. In some embodiments, expression of IL-12 is increased. In some embodiments,
expression of decorin is increased. In some embodiments, expression of IFN-y is increased.
[0154] In some embodiments, the MYXYV is administered at a dose and schedule effective to
reduce the volume of a tumor in the subject. The volume of the tumor can be reduced, for example,
by at least about 5%, at least about 10%, at least about 20%, at least about 30%, at least about
40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, or at least
about 90%.

[0155] In some embodiments, the MYXYV is administered at a dose and schedule effective to
reduce the rate of tumor or cancer cell growth in the subject. The rate of tumor or cancer cell

growth can be reduced, for example, by at least about 5%, at least about 10%, at least about 20%,
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at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%,
at least about 80%, or at least about 90%

[0156] The MYXYV can be administered as a sole therapy or may be administered in combination
with other therapies, including chemotherapy, immunotherapy and/or radiation therapy. For
example, the MYXV can be administered either prior to or following surgical removal of a
primary tumor or prior to, concurrently with or following treatment such as administration of
radiotherapy or conventional chemotherapeutic drugs. In some embodiments, the MYXV can be
administered at least 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 1.5 weeks, 2 weeks, or
3 weeks before the other therapy. In some embodiments, the MYXV can be administered at least
1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 1.5 weeks, 2 weeks, or 3 weeks after the
other therapy. In some embodiments, the MY XYV can be administered within 1 day, 2 days, 3 days,
4 days, 5 days, 6 days, or 7 days of the other therapy. In some embodiments, the MYXV can be
administered concurrently with the other therapy.

[0157] Some embodiments further comprise administering to the subject an additional therapeutic
agent. In some embodiments, the additional therapeutic agent is an immune checkpoint modulator.
In some embodiments, the additional therapeutic agent is administered to the subject before
administering the composition. In some embodiments, the additional therapeutic agent is
administered to the subject after administering the composition. In some embodiments, the
additional therapeutic agent is administered to the subject as a combination with the composition.
[0158] In some embodiments, the additional therapeutic agent comprises an immune modulator,
for example, an immune checkpoint modulator or inhibitor. Exemplary immune checkpoint
modulators include, but are not limited to, PD-L1 inhibitors such as durvalumab (Imfinzi) from
AstraZeneca, atezolizumab (MPDL3280A) from Genentech, avelumab from EMD Serono/Pfizer,
CX-072 from CytomX Therapeutics, FAZ053 from Novartis Pharmaceuticals, KNO35 from 3D
Medicine/Alphamab, LY3300054 from Eli Lilly, or M7824 (anti-PD-L1/TGFbeta trap) from
EMD Serono; PD-L2 inhibitors such as GlaxoSmithKline’s AMP-224 (Amplimmune), and
rHIgM12B7; PD-1 inhibitors such as nivolumab (Opdivo) from Bristol-Myers Squibb,
pembrolizumab (Keytruda) from Merck, AGEN 2034 from Agenus, BGB-A317 from BeiGene,
BI-754091 from Boehringer-Ingelheim Pharmaceuticals, CBT-501 (genolimzumab) from CBT
Pharmaceuticals, INCSHR1210 from Incyte, JNJ-63723283 from Janssen Research &
Development, MEDIO680 from MedIlmmune, MGA 012 from MacroGenics, PDR0O0O1 from
Novartis Pharmaceuticals, PF-06801591 from Pfizer, REGN2810 (SAR439684) from Regeneron
Pharmaceuticals/Sanofi, or TSR-042 from TESARO; CTLA-4 inhibitors such as ipilimumab (also
known as Yervoy®, MDX-010, BMS-734016 and MDX-101) from Bristol Meyers Squibb,
tremelimumab (CP-675,2006, ticilimumab) from Pfizer, or AGEN 1884 from Agenus; LAG3
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inhibitors such as BMS-986016 from Bristol-Myers Squibb, IMP701 from Novartis
Pharmaceuticals, LAG525 from Novartis Pharmaceuticals, or REGN3767 from Regeneron
Pharmaceuticals; B7-H3 inhibitors such as enoblituzumab (MGA271) from MacroGenics; KIR
inhibitors such as Lirilumab (IPH2101; BMS-986015) from Innate Pharma; CD137 inhibitors
such as urelumab (BMS-663513, Bristol-Myers Squibb), PF-05082566 (anti-4-1BB, PF-2566,
Pfizer), or XmADb-5592 (Xencor); PS inhibitors such as Bavituximab; and inhibitors such as an
antibody or fragments (e.g., a monoclonal antibody, a human, humanized, or chimeric antibody)
thereof, RNAi1 molecules, or small molecules to TIM3, CD52, CD30, CD20, CD33, CD27, 0X40,
GITR, ICOS, BTLA (CD272), CD160, 2B4, LAIR1, TIGHT, LIGHT, DR3, CD226, CD2, or
SLAM.

[0159] Further disclosed is a delivery strategy where the therapeutic MY XYV virus is first adsorbed
ex vivo to mixed leukocytes from either bone marrow or peripheral blood mononuclear cells prior
to infusion, such as re-infusion back, into the cancer patient. In this strategy, MYXV can be
delivered to metastatic cancer sites via migration of leukocytes pre-infected with virus ex vivo.
This systemic delivery method is sometimes called “ex vivo virotherapy”, or EVV (aka EV2),
because the virus is first delivered to isolated leukocytes prior to infusion into the patient. The
MYXYV construct and this delivery strategy may significantly reduce tumor burden and increase
survival in a subject in need thereof. In some embodiments, the BM or PBMC cells are adsorbed
with MYXYV constructs for one hour ex vivo, and then the MY XV-loaded leukocytes are infused
back into the recipient.

[0160] In certain embodiments, the mononuclear peripheral blood cells and/or bone marrow cells
are obtained from the subject, for example as autologous cells. In some embodiments, the
mononuclear peripheral blood cells and/or bone marrow cells are obtained from one or more
allogeneic donors, for example, a donor that is matched to the recipient for at least 1, at least 2, at
least 3, at least 4, at least 5, at least 6, at least 7, or at least 8 HL A alleles (such as one or both
copies of HLA-A, HLA-B, HLA-A, and/or HLA-DR alleles). HLA alleles can be types, for
example, using DNA-based methods. In some embodiments, the mononuclear peripheral blood

cells and/or bone marrow cells are obtained from one or more heterologous donors.
EXAMPLES

[0161] These examples are provided for illustrative purposes only and not to limit the scope of

the claims provided herein.
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Example 1 — Virus Construction

[0162] Recombinant plasmids were designed for insertion of hDecorin, and hIL12 nucleic acid
sequences at the myxoma virus M153 locus, with or without a dsRed nucleic acid sequence. A
human Decorin gene was PCR amplified from a cDNA ORF clone from OHu16408 (GenScript).
Human subunits IL-12 p35 and p40 were obtained from vMyx-hulL-12-GFP described in Journal
of Virology, Nov. 2007, P. 12704-12708, the disclosure of which is incorporated herein by
reference. A red fluorescent protein (dsRed) gene was inserted immediately downstream of a
hDecorin-hIL-12 expression cassette, and its expression was driven by a poxvirus P11 late
promoter. This recombinant nucleic acid is referred to as vMyx-Triple or vMyx-Triple-red. The
dsRed served as a fluorescent marker for MYXV replication in vitro and in vivo, as MYXV
infection could be monitored by live imaging of dsRed expression. A second version of this
recombinant nucleic acid was made that lacked the dsRed marker (referred to as vMyx-Triple-
white).

[0163] Fig. 1A diagrams construction of a vMyx-Triple recombinant nucleic acid. The top image
depicts a vMyx-hTNFa-GFP genome and the insertion site (M153 locus) of the expressing
hDecorin-hIL-12-dsRed cassette. The middle image shows the hDecorin-hIL-12-dsRed cassette,
and the bottom image shows a vMyx-Triple construct. Decorin and IL-12 transgenes in the
hDecorin-hIL-12-dsRed cassette were expressed under the control of a poxvirus synthetic
early/late promoter (sE/L), while expression of dsRed was controlled by the poxvirus late
promoter, P11. The vMyx-Triple-white construct is identical to vMyx-Triple-red but lacks the
dsRed cassette.

[0164] To create the vMyx-Triple and vMyx-Triple-white viruses, a recombinant plasmid was
first constructed using Gateway System (ThermoFisher Scientific). Upstream and downstream
hybridizing sequences were amplified by PCR to generate entry clones by Gateway BP
recombination with appropriate pPDONR vectors. The final recombinant plasmid was constructed
by recombining three entry clones with a destination vector in a sequential manner. The hDecorin-
hIL12-dsRed expression cassette was inserted into the MYXYV genome by infecting RK 13 cells
with vMyx-hTNFa-GFP virus and then transfecting with an appropriate recombination plasmid.
Multiple rounds of foci purification were conducted to obtain pure stocks of recombinant virus,
using the fluorescent dsRed protein as a selection marker. The presence of the transgenes was
confirmed by PCR (Figs. 2A and 2B) using specific primers for hTNF, hDecorin and hIL-12. This
PCR analysis shown in these figures verified that transgenes were present in various vMyx-Triple
clones, and the bands shown in the figures were at the expected sizes. Table 1 includes primer

sequences used in generating the constructs.
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Table 1
SEl\?OID Name Primer Sequence
1 — GGGGACAACTTTTCTATACAAAGTTGCCAAAAATTGA
- AATTTTATTTTTTTTTTTTGGGA
, VINE R GGGGACACCTTTATTATACAAAGTTGAGGGCAATGAT
= CCCAAAGT

GGGACAACTTTTCTATACAAAGTTGCCAAAATTGAAA

3 AttB4r hDCN F | TTTTATTTTTTTTTTTTGGAATATAAATAATGAAGGCC
ACTATCATCCTCC
CTGGATCTATCAACAGGAGTCCAAGCTTACTTATAGTT

4 hDCN R Over TCCGAGTTG
GCTTGGACTCCTGTTGATAGATCCAGAAAAATTGAAA

5 hIL12 F Over | TTTTATTTTTTTTTTTTGGAATATAAATAATGTGTCACC
AGCAGTTGGTCATC
GGGGACAACTTTATTATACAAAGTTGTITAGGAAGCA

6 AB3r hILIZ R e A GATAGCTCATC

; Bl Misa F | OGGGACAAGTTTGTACAAAAAAGCAGGCTCGTAGACG

M2 E | cGGTGTTTCTATCC

GGGGACCACTTTGTACAAGAAAGCTGGGTAAACGTAA

8 MIS4-attB2-R | -\ ccgraAcTGCC

9 MI53-F ATGGCTACTGTTGTAAACATGG

10 M153-Rev CTAAGCGGGTGACTCCACGACG

[0165] The purity of the recombinant vMyx-Triple and vMyx-Triple-white viruses, and the lack
of M153, was confirmed by PCR using the appropriate primer sets (Figs. 2C and 2D). The PCR
analysis shown in Fig. 2C verified that the clones were clean of wild type virus, by using primers
in the flanking regions of 135 and 136 genes. A western blot confirmed protein expression of the
three transgenes (Figs. 3A-3C). Thus, recombinant MY XVs expressing transgenic human TNFo,
decorin, and IL-12, and lacking M 153, were generated (vMyx-Triple). Antibodies used to detect
transgene expression were as follows: human TNF-a: Monoclonal Mouse IgG1 Clone # 28401
(MAB610-100, R&D Systems); human Decorin: Rabbit polyclonal antibody (ab175404, Abcam),
human IL-12: Rabbit polyclonal to IL-12 p70 antibody (ab25105, Abcam).

[0166] Recombinant MY XYV that expresses mouse IL-12 rather than human IL-12 were generated
using the same Gateway System (ThermoFisher Scientific)as used for the viruses expressing
human IL-12. A virus that expresses relatively lower levels of mouse IL-12 was generated using
a synthetic early/late promoter with an IRES sequence between the subunits of IL-12 (msTriple
IL-12 low), and a vMyxv-msTriple that expresses relatively higher levels of mouse IL-12 was
generated using a synthetic early/late promoter with mouse IL.-12 that contained an Elastin linker

between the subunits of IL-12 (msTriple IL-12 high).
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Example 2 — Replication and Cell Killing Capacity of Recombinant MYXV

[0167] The replication capacity of the vMyx-Triple virus prepared in Example 1 was tested in
RK13 cells. The replication capacity of vMyx-Triple virus was similar to the parental vMyx-
hTNFa-GFP virus (Fig. 4). Thus, a recombinant MYXV expressing transgenic human TNFa,
decorin, and IL-12, and lacking M 153, eftectively replicated in host cells.

[0168] Next, the cell killing capacity of the vMyx-Triple virus was tested in two different cell
lines: CT26 (colon carcinoma) and HELA (human cervical cancer (Figs. SA and 5B). To measure
cell viability (and thus infer cytotoxicity), a CellTiter 96® AQueous One Solution Cell
Proliferation Assay (MTS) was used (Promega, USA). CT26 and HELA cells were infected with
the different viruses for 48 hr at a multiplicity of infection (MOI) of 10. After 48 hours, a
tetrazolium substrate (MTS) was added to the CT26 and HELA cells and an A490 formazan
product produced in viable cells was measured using a microplate reader after 2 hr of incubation.
Each sample was quantified in triplicate and a total of two independent experiments were
performed. The vMyx-Triple virus induced similar levels of cell death in both cell lines, as
compared with the parental virus vMyx-hTNFa, and also as compared with vMyx-GFP. There
was a trend towards increased cancer cell killing by the vMyx-Triple virus compared to the other
viruses. Thus, a recombinant MY XV expressing transgenic human TNFa, decorin, and IL-12,

and lacking M 153, was cytotoxic to cancer cells.

Example 3 — Replication and Cell Killing Capacity of Recombinant MYXV

[0169] Fig. 1B diagrams the M 153 locus, which can be modified in recombinant nucleic acids
and MYXYV of the disclosure. The modification can include a mutation in the M 153 sequence, for
example, an insertion, a deletion, a substitution, or a combination thereof. The modification can
attenuate an activity or expression level of M153. The modification can include deletion of M153
gene and/or replacement of M153 gene with one or more transgenes. The replacement gene can
be selected from hTNFa, hDecorin, IL-12, or another transgene that help enhance the oncolytic
activity or decrease adverse side effects of the MYXV.

[0170] To create the vMyx constructs, a recombinant plasmid can be first constructed using
Gateway System (ThermoFisher Scientific). Upstream and downstream hybridizing sequences are
amplified by PCR to generate entry clones by Gateway BP recombination with appropriate
pDONR vectors. The final recombinant plasmid is constructed by recombining one or more entry
clones with a destination vector in a sequential manner. The recombinant plasmid is inserted into
the MYXYV genome by infecting RK 13 cells with vMyx and then transfecting with an appropriate

recombination plasmid. Multiple rounds of foci purification are conducted to obtain pure stocks
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of recombinant virus. A selection marker can be used, such as a fluorescent protein, for example,
dsRed. The presence of the transgenes can be confirmed by PCR and/or sequencing.

[0171] An M153 knockout virus can be constructed in this manner. The recombinant plasmid can
be designed to contain sequences that flank the sequence of the M153 gene, without the M153
gene sequence. Optionally, an expression cassette for a fluorescent protein can be included. The
M153 knockout can be generated by infecting RK 13 cells with MYXYV, and transfecting the cells
with the recombination plasmid. Multiple rounds of foci purification are conducted to obtain pure
stocks of M153KO virus, optionally using the fluorescent protein as a selection marker. The M153
knockout and purity of the virus is confirmed via PCR analysis using suitable primers.

[0172] The replication capacity of the modified vMyx virus can be tested in RK13 cells. The
replication capacity of a modified vMyx virus can be similar to the parental vMyx virus. Next, the
cell killing capacity of the modified vMyx virus is tested in two different cancer cell lines. To
measure cell viability (and thus infer cytotoxicity), a CellTiter 96® AQueous One Solution Cell
Proliferation Assay (MTS) is used (Promega, USA). Cancer cells are infected with the different
viruses for 48 hr at MOI=10. After 48 hours, a tetrazolium substrate (MTS) is added to the cells
and an A490 formazan product produced in viable cells is measured using a microplate reader
after 2 hr of incubation. Each sample is quantified in triplicate and a total of two independent
experiments is performed. The modified vMyx virus can induce similar levels of cell death in both
cell lines, or higher levels of cell death, as compared with the parental virus vMyx, and also as

compared with vMyx-GFP.

Example 4— In Vitro Results with M153KO MYXV

[0173] Therapeutic transgenes can be added to MYXV at two types of genomic loci: as a
disruption construct within protein coding genes, such that the recombinant virus is a genetic
“knockout” of that virus gene, or else at “innocuous” intergenic locus that is predicted to not affect
the biology or oncolytic potential of the recombinant virus. When endogenous virus genes are
knocked out, it is possible that the new knockout construct will differ from the parental virus in
terms of its oncolytic capacity against cancer cells, independent of which transgenes are inserted
into the locus.

[0174] The M153 gene of MYXV encodes an immunoregulatory protein from a family of E3-
Ubiquitin ligases that participates in the down-regulation of diverse cellular receptors, including
MHC class- and CD4 proteins. Without wishing to be bound by theory, inactivation or
knockdown of M153 can result in enhanced expression of MHC-I dependent immune epitopes,
for example, increased direct presentation of viral and/or tumor antigens, thereby increasing

recognition of virally infected celis (e.g., cancer cells) by host T cells. This allows a myxoma
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virus with an inactivated M153 gene to be used as an oncolytic vector. The data in this and the
following example indicate that a M 153 knockout myxoma virus (M153KO MYXYV) backbone
exhibited higher oncolytic activity in vifro and in vivo than a parental MY XV with an intact M 153
gene in an immunocompetent model. As such, a M153KO MY XV without a transgene exhibited
a greater oncolytic activity than the parental MYXV or wt MYXV. In addition, M153KO MYXV
with one or more transgenes can also exhibit an enhanced oncolytic activity than the parental
MYXV or wt MYXV.
{6175} In B16F10 cells, a murine melanoma cell line, a M153KO MY XYV was tested for induction
of cell killing compared to a wild-type myxoma virus that contains an intact wild type M153 {wt
MYXV). This MIS3KO MYXV did not include hTNFa, hDecorin, hlL-12ZA, or hiL-12B
transgenes. The M1533K0O MYXYV reduced cell viability in the B16F10 cells to a greater extent
than the wt MY XV at early time points post-infection, up to approximately 36 hours post-infection
{(Fig. 6). These results suggest that a MY XV with the M 153 inactivation or knockdown induces
cell death to a greater extent than a wild type or a MY XYV without the M 153 1nactivation.
{8176] Based on this result, the possibility that the M153KO virus may induce a specific type of
cell death, called Immunogenic Cell Death (ICD), was evaluated to determine the potential of the
MI53KO MYXV as an oncolytic vector to induce ICD in cancer cells. There are different
hallmarks i vitro that can indicate induction of ICD, which can stimulate the immune system (for
example, the adaptive immune system). In this case, two signals were the focus of this
investigation: release of ATP to the extracellular environment, and expression of calreticulin on
the surface of the cell or ecto-expression.
{0177} The release of ATP from dying cells can indicate ICD. ATP release observed after
infection with the wt MY XV was not significantly different from negative controls. On the other
hand, the amount of ATP released after infection with the M153K0O MY XV was higher than in
untreated cells, and up to about four-fold higher than for cells infected by wt MYXV (see, Fig.
7A, for example, the peak value at 10 hours post-infection}. The peak result from MI153KO
MYXYV infection was similar to the peak values obtained with a drug-induced positive control
{Doxorubicin}, but at a later time (Fig. 7A, see results at 6-10 hrs post-infection). Thus, a MY XV
with an inactivation or knockdown of M153 has superior oncolytic properties compared to a wt
MYXV or compared to a MYXV without the M153 inactivation or knockdown. In particular, a
MYXV with the M153 inactivation or knockdown induces immunogenic cell death to a greater
extent than a MY XV without the M153 inactivation or knockdown or a WT MYXV.
[0178] Calreticulin is usually expressed within the endoplasmic reticulum, but where ICD is
occurring, it can be expressed on the cell surface (ecto-expression). Ecto-expression of calreticulin

was evaluated using confocal microscopy and quantified using a ratio of the signal of the
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calreticulin observed per signal of a nuclear stain (DAPI) that represents each cell. In this case,
the M135KO MY XV was used as a representation of an unarmed virus with a genetic knockout
lesion in an unrelated viral gene (M135) that does not alter cell killing caused by the parental
MYXYV and behaves similarly to wt MYXYV in this regard. The induction of ecto-expression of
calreticulin higher in M153KO MYXV-infected cells than in M135KO MYXV-infected or
Doxorubicin-treated cells (Fig. 7B).

[0179] Overall, these results showed that the M153KO MYXYV can induce hallmarks of ICD in
B16F10 cells in vitro, and may induce the immune system (e.g., the adaptive immune system)
when used in vivo. Thus, a MYXV with a M153 inactivation or knockdown induces ICD in
melanoma or cancer cells. A MYXYV with a M153 inactivation or knockdown can also stimulate

the immune system (e.g., the adaptive immune system).

Example 5 — In Vivo Results with M153KO MYXV

[0180] Additionally, studies were performed with a syngeneic metastatic melanoma mouse
model, using the same murine cancer cell line, BI6F10, as used for the in vifro studies. In this
case, C57BL/6 mice were seeded via intravenous injections in the tail vein with B16F10 cells to
induce dispersed metastatic melanoma lesions in the lungs. Three days after implantation of the
melanoma cells, mice were treated with 2x107 ffu of M153KO MYXV or a saline control via
intravenous injections in the retro-orbital area. Mice treated with one dose of the M153KO virus
showed fewer signs of metastatic disease, and survived longer than the control mice (Fig. 8). The
MI135KO MYXV contains a gene knockout in an unrelated virus gene involved in rabbit
pathogenesis, and is used as a control here to measure any oncolytic effects caused by the virus in
the absence of M153KO. In this model, M153KO virus provided significantly longer term survival
compared to untreated control mice, but the M135KO virus did not.

[0181] These results show that M153KO MY XYV can be used as an oncolytic vector platform with
superior anti-cancer effects compared to a parental MY XV with an intact M153 gene or compared
to a wt MYXV. Thus, a MYXV with a M153 inactivation or knockdown prolongs survival in a
subject with cancer (for example, melanoma). The cancer or melanoma can be metastatic. The
mice treated with M153 knockout showed significant improvement in survival rate and survival

length than the control group

Example 6 — Transgene expression by infected cells
[0182] This example demonstrates that cells infected with myxoma viruses of the disclosure
secrete TNF, Decorin, and IL-12, and further demonstrates that the secreted TNF and IL-12 have

biological activity.
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[0183] Vero cells were infected with vMyx-Triple (huTriple red and huTriple white), msTriple
IL12 low, msTriple IL-12 hi, each at an MOI of 1. As a control, cells were infected with vMyx-
GFP, which does not encode any of the cytokines, and contains an intact M153 gene. After 24
hours, supernatant was harvested and ELISA assays conducted to determine the concentration of
each of the cytokines in supernatant (Figs 9A-9D). The results demonstrate that cells infected with
the various vMyx-Triple viruses secrete TNF (Fig. 9A), Decorin (Fig. 9B), and IL-12 (Fig. 9C —
human IL-12; Fig. 9D — murine IL-12). In contrast, the cytokines were not detected in mock-
infected cells, or cells infected with vMyx-GFP. Infection with msTriple IL-12 hi was shown to
elicit higher expression of mouse IL-12 than infection with msTriple IL-12 low.

[0184] To test whether the TNF secreted by infected cells was biologically active, an assay was
conducted utilizing L929 cells, which are sensitive TNF, and lose viability upon sufficient
exposure to biologically active TNF. L.292 cells were exposed to supernatants from Vero cells that
had been infected with the indicated viruses. As shown in Fig. 10A, cells infected with the various
vMyx-Triple viruses generate biologically-active TNF, while cells infected with vMyx-GFP do
not. These results show that MYXYV of the disclosure that encode TNF can elicit expression of
biologically active TNF.

[0185] To test whether the IL-12 secreted by infected cells was biologically active, a HEK Blue
IL-12 reporter assay was conducted. The HEK Blue IL-12 cells express a reporter gene in response
to biologically active IL-12, and the reporter gene can be detected using a colorimetric assay. As
shown in Fig. 10B, supernatants from Vero cells infected with the vMyx-Triple viruses elicited
reporter gene expression, while controls, including supernatants from cells infected with vMyx-
GFP, did not. These results show that MYXV of the disclosure that encode IL-12 can elicit

expression of biologically active IL-12.

Example 7 — Inhibition of growth of cancer cell lines in vitro by vMyx-Triple
[0186] The ability of vMyx-Triple to inhibit growth of multiple cancer cell lines was evaluated in
vitro. Cells were infected at multiplicities of infection (MOI) of 0.1, 1, or 10 focus forming units
(FFU) per cell. After incubation for 72 hours, cell viability was tested using a CellTiter-Glo Cell
Viability Assay, and mean growth inhibition was determined. The results showed that vMyx-
Triple could inhibit growth of a range of human and mouse cancer cell lines derived from different

tissues. Results are provided in Table 2.

Table 2
Cell Line Tissue Type Mean Growth Inhibition (%)
vMyx-Triple
0.1 ffu/cell 1 ffu/cell 10 ffu/cell
MDA-MB-231 Human Breast 0.40 4.65 47.95
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MDA-MB-468 Human Breast 2.35 1.60 45.90
HCT-116 Human Colon 0.80 2.20 5.80
COLO 205 Human Colon 2.95 12.45 71.30
RPMI-8226 Human Myeloma 0.00 13.30 87.35
CCRF-CEM Human Leukemia 24.85 25.35 39.35
SK-MEL-28 Human Melanoma 0.65 4.20 56.90
A375 Human Melanoma 0.00 8.70 62.60
AS549 Human NSCLC 4.35 11.10 66.15
H460 Human NSCLC 3.55 4.90 21.50
OVCAR-3 Human Ovarian 5.30 0.70 1.75
SKOV-3 Human Ovarian 6.20 23.15 71.75
ASPC-1 Human Pancreas 16.55 18.75 48.70
Capan-1 Human Pancreas 1.30 1.05 3.25
PC-3 Human Prostate 0.30 2.15 33.15
DU-145 Human Prostate 435 5.60 43.00
786-0 Human Renal 1.45 2.00 69.05
RXF-393 Human Renal 1.30 4.95 29.15
Hep3B Human Liver 2.40 3.55 12.00
Hep-G2 Human Liver 4.70 8.45 63.60
MBT-2 Murine Bladder 16.25 32.30 57.90
4T-1 Murine Breast 0.05 0.35 10.75
CT-26 Murine Colon 6.30 25.40 39.75
C-1498 Murine AML 1.50 1.20 1.30
B16-F10 Murine Melanoma 2.15 9.55 18.20
TC-1 Murine Lung 0.95 4.35 41.30
LL/2 Murine Lung 0.95 2.05 6.75
Pan02 Murine Pancreas 0.00 0.00 25.50
Hepa 1-6 Murine Liver 0.85 1.60 46.75
RENCA Murine Renal Cell 1.60 0.20 75.55
MC38 Murine Colon 3.85 20.25 81.85

[0187] To further characterize the ability of vMyx-Triple to inhibit growth of cancer cell lines, in

vitro, 17 human lung cancer cell lines were infected at 9 different multiplicities of infection

ranging from 0.01 FFU/cell to 100 FFU/cell. After incubation for 72 hours, cell viability was

assessed using a CellTiter-Glo Cell Viability Assay. ECso was calculated for each cell line, as the

MOI that achieved 50% of maximum growth inhibition, as determined by curve fit using non-

linear regression analysis via GraphPad Prism software. The vMyx-Triple demonstrated inhibition

of a number of the human lung cancer tumor cell lines, with EC50s shown in Table 3.

Table 3
Cell Line Tissue Type Mean EC,, (ffu/cell)
H1650 Human NSCLC 17.20
H1975 Human NSCLC 473
H358 Human NSCLC 11.18
H441 Human NSCLC 33.37
HCC827 Human NSCLC > 100*
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LK-2 Human Squamous Cell Lung 19.94
NCI-H226 Human Squamous Cell Lung 10.14
SK-MES-1 Human Squamous Cell Lung 5.59
H720 Human Lung Carcinoma > 100*
H3820 Human Lung Adenocarcinoma 5.61
A427 Human Lung Carcinoma 8.13
H209 Human SCLC > 100*
H69 Human SCLC 12.54
SHP-77 Human SCLC > 100*
H1963 Human SCLC 94.88"
A549 Human NSCLC 5.60
H2228 Human NSCLC 53.76
*Value was averaged using > 100 ffu/cell value for both trial results.
"Value was averaged using >100 ffu/cell value for one trial result.

[0188] To further characterize the ability of vMyx-Triple to inhibit growth of cancer cell lines in
vitro, 8 human sarcoma cell lines were infected at 9 different multiplicities of infection ranging
from 0.01 FFU/cell to 100 FFU/cell. After incubation for 72 hours, cell viability was assessed
using a CellTiter-Glo Cell Viability Assay. ECso was calculated for each cell line, as the MOI that
achieved 50% of maximum growth inhibition, as determined by curve fit using non-linear
regression analysis via GraphPad Prism software. The vMyx-Triple demonstrated inhibition of a

number of the human sarcoma cell lines, with EC50s shown in Table 4.

Table 4
Cell Line Tissue Type Mean EC_, (ffu/cell)
143B Human Osteosarcoma 17.76
A204 Human Rhabdomyosarcoma 1.51
A673 Human Ewing's Sarcoma 7.26
HS822T Human Ewing's Sarcoma >100*
HT-1080 Human Fibrosarcoma 20.93
KHOS/NP Human Osteosarcoma 30.48
SJISA-1 Human Osteosarcoma 541
SK-ES-1 Human Sarcoma 14.40

*Value was averaged using > 100 ffu/cell value for both trial results.

Example 8 — inhibition of human acute myeloid leukemia samples ex vivo by vMyx-Triple

[0189] The ability of vMyx-Triple to kill human cancer cells from patients was tested. Acute

myeloid leukemia (AML) samples from human patients were exposed to vMyx-Triple, or the

parental virus vMyx-GFP ex vivo, at 6 different multiplicities of infection (MOI) ranging from

0.01 FFU/cell to 100 FFU/cell. After incubation for 6 days of continuous culture, cell viability
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was tested using a CellTiter-Glo Cell Viability Assay. ICso was calculated for each sample, as the
MOI that achieved 50% of maximum growth inhibition, as determined by curve fit using non-
linear regression analysis via GraphPad Prism software.

[0190] As shown in Fig. 11A, no ICso could be calculated for two of three samples exposed to the
parental virus, while an ICso of 19660 was calculated for the other sample. As shown in Fig. 11B,
vMyx-Triple exhibited superior inhibition of human AML samples, with the ICsos calculated at
4.203, 6.524, and 10.25. The results show that vMyx-Triple can inhibit the growth of cancer cells
from human cancer patients, and exhibits superior anti-cancer effects compared to the parental

virus which lacks TNF, Decorin and IL-12, and which contains an intact wild type M153 gene.

Example 9 — Cytokine production by MYXYV infected PBMCs

[0191] The ability of vMyx-Triple to elicit cytokine production by human peripheral blood
mononuclear cells (PBMCs) was tested. Human PBMCs were infected with MYXYV, each at an
MOI of 10. The MYXYV used were vMyx-Triple (“Human triple”), parental virus vMyx-GFP
(“Parental MYXV?”), vMyx-hTNFa-GFP (“TNF single”), and a MY XYV that expresses TNF on the
cell surface (“Membrane bound TNF”). The MYXYV that expresses TNF on the cell surface
encodes the TNFa of SEQ ID NO: 45, which contains an altered TNFa sequence that will remain
membrane bound.

[0192] Untreated PBMCs were used as a negative control, and PBMCs activated by anti-
CD3/anti-CD28 co-stimulation were used as a positive control. At 4 hours and 16 hours post-
infection, supernatant was harvested, and analyzed for the concentration of IFN-y, IL-10, IL-
12p70, IL-2, IL-4, and TNFa using MesoScale Discovery (MSD) U-Plex 6-assay 96-Well
SECTOR plates. Fig. 12A illustrates the mean (+/-SD) concentrations of the cytokines in
supernatant at 4 hours post-infection, while Fig. 12B illustrates the mean (+/-SD) concentrations
of the cytokines in supernatant at 16 hours post-infection. Where no bar is present, this indicates
the cytokine level was below the limit of detection for the assay.

[0193] The results demonstrate that the vMyx-Triple virus elicits production of cytokines by
human PBMCs, including IL-12 and TNFa. The levels of IL-12 observed in response to infection
with vMyx-Triple were higher than levels observed for any of the other viruses. Additionally,
higher levels of IFN-y were observed in response to the vMyx-Triple virus, particularly at 4 hours

post-infection.

Example 10 — Anti-cancer activity of vMyx-Triple in human xenograft tumor models
[0194] The ability of vMYX Triple to inhibit growth of human tumors in vivo was tested in

xenograft models. The human cancer cell lines NCI-H1971 (lung cancer), A673 (sarcoma), and
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SJISA-1 (sarcoma) were implanted with 5 million tumor cells per mouse subcutaneously into the
flanks of immunodeficient mice (athymic nude mice for NCI-H1975 and SJSA-1, CD17.SCID
mice for A673). Tumor bearing animals were randomized into treatment groups of 7-8 animals
per group with an average tumor volume of 100-150mm?. Animals were treated with intratumoral
injection of vMyx-Triple at doses of 1x10” focus forming units (FFU) or 2x10” FFU. Doses were
administered once per week (QW), once every 4 days (Q4D), or once every two days (Q2D).
Tumor volume and body weight were measured three times per week.

[0195] Fig. 13A plots the volume of NCI-H1971 (lung cancer) xenograft tumors over time,
showing that intra-tumoral injection of vMYX Triple inhibits tumor growth in a dose-dependent
manner in this model.

[0196] Fig. 13B plots the volume of A673 (sarcoma) xenograft tumors over time, showing that
administering vMYX Triple more frequently results in greater inhibition of tumor growth in this
model.

[0197] Fig. 13C plots the volume of SJSA-1 (sarcoma) xenograft tumors over time, showing that
administering vMYX Triple more frequently results in greater inhibition of tumor growth in this
model.

[0198] These results demonstrate that vMY X-Triple can inhibit growth of human tumors in vivo,

even in the context of an immunodeficient host.

Example 11 — IL-12 and TNFa production in human xenograft tumor models

[0199] The ability of vMYX Triple to elicit IL-12 and TNFa production in vivo was tested in
xenograft models. The human sarcoma cancer cell lines SJISA-1 and A673 were implanted
subcutaneously into the flanks of immunodeficient mice (athymic nude mice for SJSA-1,
CD17.SCID mice for A673). Tumor bearing animals were treated via intratumoral (IT) or
intravenous (IV) injection of 2x10” FFU of vMYX Triple on day 1 post-implant (n=3 animals per
group). Serum samples were collected 4 and 24 hours post-treatment. Tumors were collected at
24 hours post treatment and processed for cytokine measurement. Cytokine analysis was
performed using MesoScale Discovery (MSD) U-Plex 6-assay 96-Well SECTOR plates.

[0200] Fig. 14A shows the concentrations of IL-12 and TNFa detected in serum at 4 and 24 hours
post-treatment, and in tumors at 24 hours post-treatment, in animals bearing SJSA-1 tumors.
Mean+SD is plotted. When no bar is present, the level of the analyte was below the limit of
detection for the assay.

[0201] Fig. 14B shows the concentrations of IL.-12 and TNFa detected in serum at 4 and 24 hours

post-treatment, and in tumors at 24 hours post-treatment, in animals bearing A673 tumors.
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Mean+SD is plotted. When no bar is present, the level of the analyte was below the limit of
detection for the assay.

[0202] The results demonstrate that intravenous and intra-tumor treatment with vMY X Triple can
elicit IL-12 and TNFa production within tumors, as well as increasing levels of the cytokines in

circulation.

Example 12 — Anti-tumor efficacy of M153KO MYXY in vivo
[0203] This example compared the degree of tumor growth inhibition achieved by a MYXV with
the M153 gene knocked out versus a MYXV that expresses a wild type M153. Both MYXV
viruses contained transgenes for expression of TNF inserted in between the M135 and M136
region.
[0204] B16-F10 mouse melanoma cells were implanted into C57BL/6 mice. Tumor bearing
animals were randomized into treatment groups of 8 animals per group with an average tumor
volume of 75-100mm?. Animals were treated via intratumoral injection of the indicated myxoma
virus at 2x10” FFU/dose on day 1 and day 8 post-randomization.
[0205] Fig. 15 plots tumor volume over time, and shows that the virus with M 153 knocked out
inhibited tumor growth to a greater extent than the virus that expresses wild type M153.

Example 13 — Anti-tumor efficacy of vMYX mouse Triple in an MC38 cancer model
[0206] The anti-cancer efficacy of vMyx-Triple was evaluated in an MC38 mouse model.
C57BL/6 mice were implanted with MC38 mouse colorectal cancer cells. Tumor-bearing animals
were randomized into treatment groups of 8 animals per group with an average tumor volume of
75-100 mm?. Animals were treated via intratumoral (IT) injection of 2x107 FFU/dose once every
4 days for four doses with the indicated myxoma virus.

[0207] msTriple low refers to a vMyx-Triple that expresses murine rather than human IL-12, ata
relatively low level. msTriple high refers to a vMyx-Triple that expresses murine rather than
human IL-12, at a relatively higher level (as a single polypeptide with an elastin linker joining the
IL-12 subunits). The msTriple viruses also express human Decorin and TNF, and have the M153
gene knocked out. GFP refers to vMyx-GFP, which does not encode any of the cytokines, and
contains an intact wild type M 153 gene.

[0208] Tumor volume measurements were recorded three times per week, and are plotted in Fig.
16A. Survival is plotted in Fig. 16B. Survival endpoints were met when tumor volume was >
1500mm?® (for an individual animal), or when the animal met IACUC guidelines for terminal

sacrifice.
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[0209] These results show that MY XYV can inhibit tumor growth in vivo, and that the MYXYV that

expresses higher levels of mouse IL-12 exhibits greater inhibition of tumor growth in this model.

Example 14 — Anti-tumor efficacy of vMYX mouse Triple in a B16-F10 cancer model
[0210] The anti-cancer efficacy of vMyx-Triple that expresses mouse IL-12 was evaluated in a
B16-F10 mouse model. C57BL/6 mice were implanted with B16-F10 mouse melanoma cells.
Tumor bearing animals were randomized into treatment groups of 8 animals per group with an
average tumor volume of 75-100 mm®. Animals were treated via intratumoral injection of 2x10’
FFU/dose on Day 1 and Day 8 with the indicated myxoma virus.

[0211] msTriple low refers to a vMyx-Triple that expresses murine rather than human IL-12, ata
relatively low level. msTriple high refers to a vMyx-Triple that expresses murine rather than
human IL-12, at a relatively higher level (as a single polypeptide with an elastin linker joining the
IL-12 subunits). The msTriple viruses also express human Decorin and TNF, and have the M153
gene knocked out. GFP refers to vMyx-GFP, which does not encode any of the cytokines, and
contains an intact M153 gene.

[0212] Tumor volume measurements were recorded three times per week, and are plotted in 17A.
Survival is plotted in Fig. 17B. Survival endpoints were met when tumor volume was > 1500 mm?
(for an individual animal), or when the animal met IACUC guidelines for terminal sacrifice.
[0213] The results show that MY XYV can inhibit tumor growth in vivo and enhance survival. The
MYXYV that expresses higher levels of mouse IL-12 exhibited greater inhibition of tumor growth

in this model, and conferred a greater survival benefit compared to the other two myxoma viruses.

Example 15 - vMYX mouse Triple as a cancer therapy by intravenous versus intratumoral
routes of administration
[0214] The anti-tumor efficacy of vMyx mouse Triple was evaluated in mouse syngeneic cancer
models, with comparison of intravenous and intratumoral routes of administration. CS7BL/6 mice
were implanted subcutaneously with B16-F10 melanoma cells, and Balb/c mice were implanted
subcutaneously with CT26 colorectal cancer cells. Tumor bearing animals were randomized into
treatment groups of 8 animals per group with an average tumor volume of 75-100 mm®. Animals
were treated via intratumoral (IT) or intravenous (IV) injection msTriple high, a MYXYV that
expresses a relatively high level of murine IL-12 (as a single polypeptide with an elastin linker
joining the IL-12 subunits). msTriple high also express human Decorin and TNF, and has the
M153 gene knocked out. Four doses of 2x107 focus forming units (FFU) or 1x10® FFU were
administered to each mouse, with doses administered every four days. Tumor volume

measurements were recorded three times per week.
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[0215] Fig. 18A shows tumor volumes of the C57BL/6 mice with B16-F10 tumors.
[0216] Fig. 18B shows tumor volumes of the Balb/c mice with CT26 tumors.
[0217] msTriple high inhibited tumor growth at all doses and routes of administration tested
compared to vehicle control. In the B16-F10 model, intra-tumoral injection of 2 x 10’ FFU per
dose exhibited greater inhibition of tumor growth than intravenous administration at either 1 x 10®

or 2 x 10’ FFU per dose.

Example 16 — vMYX mouse Triple plus immune checkpoint inhibitor combination therapy
[0218] Balb/c mice were implanted with K7M2 sarcoma cells via intravenous injection into the
tail vein. Starting on day 3 post tumor inoculation, animals (n=10 per group) were treated via
injection into the retro-orbital sinus of 2x107 FFU/dose of the vMyx-mouse Triple (low IL-12).
This myxoma virus expresses human Decorin, human TNF, and a relatively low level of mouse
IL-12. vMyx-mouse Triple (low IL-12) also has the M153 gene knocked out. The virus was
administered once every four days for four doses. Some groups were injected intraperitoneally
with anti-PD-1 or anti-PD-L1 antibodies at 10 mg/kg, once every four days for four doses.
[0219] Fig. 19 displays survival curves the groups. All animals in the untreated control group had
succumbed to infection by approximately day 80 post-implant. At day 130 post-implant,
approximately 30-40% of animals that received anti-PD-1 or anti-PD-L1 had survived, over 50%
of animals treated with vMyx-mouse Triple (low IL-12) had survived, and animals treated with a
combination of vMyx-mouse Triple (low IL-12) and either anti-PD-1 or anti-PD-L1 exhibited the
highest survival, with more than about 80% alive.

[0220] These data show that myxoma viruses of the disclosure can improve survival of subjects
with cancer, and that combination therapy with immune checkpoint inhibitors can improve
survival further still.

[0221] In a separate experiment, C57BL/6 mice were implanted with MC38 mouse colorectal
cancer cells subcutaneously on the flank. Tumor bearing animals were randomized into treatment
groups of 8 animals per group with an average tumor volume of 75-100mm?.

[0222] Animals were treated via intratumoral injection of 2x10’ FFU/dose on day 1 and day 8
post-randomization with vMyx-mouse Triple (low IL-12). Some groups were injected
intraperitoneally with anti-PD-1 antibody at 10 mg/kg, once every four days for four doses. Tumor
volume and body weight was measured three times per week.

[0223] Fig. 20A plots tumor volume over time. Tumor volume for vehicle-treated control mice is
shown by circles connected by solid lines. Mice treated with vMyx-mouse Triple alone (squares)
exhibited reduced tumor volume and delayed tumor growth compared to vehicle-treated controls,

as did mice treated with anti-PD-1 alone (circles with dashed line). The greatest inhibition of
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tumor growth was observed in the group that received both vMyx-mouse Triple and anti-PD-1

(triangles).

[0224] Fig. 20B shows survival curves for the groups. Similar to tumor volume, the group that

received both vMyx-mouse Triple and anti-PD-1 exhibited the best survival profile.

[0225] These data show that myxoma viruses of the disclosure can inhibit tumor growth and

enhance survival of subjects with cancer, and that combination therapy with an immune

checkpoint inhibitors can have a synergistic effect.

ADDITIONAL SEQUENCES

[0226] Exemplary sequences corresponding to the compositions and methods described herein

are shown in Table 5.

Table 5

SEQ
ID NO

Name

Sequence

11

Synthetic early/late
promoter

TTAAAAATTGAAATTTTATTTTTTTTTTTTGGAATATAA
ATA

54

Synthetic early/late
promoter

AAAAATTGAAATTTTATTTTTTTTTTTTGGAATATAAA
TA

12

hTNFa

ATGAGCACTGAAAGCATGATCCGGGACGTGGAGCTGG
CCGAGGAGGCGCTCCCCAAGAAGACAGGGGGGCCCC
AGGGCTCCAGGCGGTGCTTGTTCCTCAGCCTCTTCTCC
TTCCTGATCGTGGCAGGCGCCACCACGCTCTTCTGCCT
GCTGCACTTTGGAGTGATCGGCCCCCAGAGGGAAGAG
TTCCCCAGGGACCTCTCTCTAATCAGCCCTCTGGCCCA
GGCAGTCAGATCATCTTCTCGAACCCCGAGTGACAAG
CCTGTAGCCCATGTTGTAGCAAACCCTCAAGCTGAGG
GGCAGCTCCAGTGGCTGAACCGCCGGGCCAATGCCCT
CCTGGCCAATGGCGTGGAGCTGAGAGATAACCAGCTG
GTGGTGCCATCAGAGGGCCTGTACCTCATCTACTCCCA
GGTCCTCTTCAAGGGCCAAGGCTGCCCCTCCACCCATG
TGCTCCTCACCCACACCATCAGCCGCATCGCCGTCTCC
TACCAGACCAAGGTCAACCTCCTCTCTGCCATCAAGA
GCCCCTGCCAGAGGGAGACCCCAGAGGGGGCTGAGG
CCAAGCCCTGGTATGAGCCCATCTATCTGGGAGGGGT
CTTCCAGCTGGAGAAGGGTGACCGACTCAGCGCTGAG
ATCAATCGGCCCGACTATCTCGACTTTGCCGAGTCTGG
GCAGGTCTACTTTGGGATCATTGCCCTGTGA

13

GFP

ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGG
TGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGG
CCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGAT
GCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCA
CCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGT
GACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGC
TACCCCGACCACATGAAGCAGCACGACTTCTTCAAGT
CCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCAT
CTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCC
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GAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCA
TCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAA
CATCCTGGGGCACAAGCTGGAGTACAACTACAACAGC
CACAACGTCTATATCATGGCCGACAAGCAGAAGAACG
GCATCAAGGTGAACTTCAAGATCCGCCACAACATCGA
GGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAG
AACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCG
ACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAA
AGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTG
GAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGG
ACGAGCTGTACAAGTAA

14

Human Decorin,
isoform A

MKATIILLLLAQVSWAGPFQQRGLFDFMLEDEASGIGPE
VPDDRDFEPSLGPVCPFRCQCHLRVVQCSDLGLDKVPKD
LPPDTTLLDLQNNKITEIKDGDFKNLKNLHALILVNNKIS
KVSPGAFTPLVKLERLYLSKNQLKELPEKMPK TLQELRA
HENEITK VRK VTFNGLNQMIVIELGTNPLK SSGIENGAFQ
GMKKLSYIRIADTNITSIPQGLPPSLTELHLDGNKISRVDA
ASLKGLNNLAKLGLSFNSISAVDNGSLANTPHLRELHLD
NNKLTRVPGGLAEHK YIQVVYLHNNNISVVGSSDFCPPG
HNTKKASYSGVSLFSNPVQYWEIQPSTFRCVYVRSAIQL
GNYK

15

Human Decorin,
isoform B

MKATILLLLAQVSWAGPFQQRGLFDFMLEDEASGIGPE
VPDDRDFEPSLGPVCPFRCQCHLRVVQCSDLELGTNPLK
SSGIENGAFQGMKKLSYIRIADTNITSIPQGLPPSLTELHL
DGNKISRVDAASLKGLNNLAKLGLSFNSISAVDNGSLAN
TPHLRELHLDNNKLTRVPGGLAEHKYIQVVYLHNNNISV
VGSSDFCPPGHNTKKASYSGVSLFSNPVQYWEIQPSTFRC
VYVRSAIQLGNYK

16

Human Decorin,
isoform C

MKATIILLLLAQVSWAGPFQQRGLFDFMLEDEASGIGPE
VPDDRDFEPSLGPVCPFRCQCHLRVVQCSDLGLPPSLTEL
HLDGNKISRVDAASLKGLNNLAKLGLSFNSISAVDNGSL
ANTPHLRELHLDNNKLTRVPGGLAEHKYIQVVYLHNNN
ISVVGSSDFCPPGHNTKKASYSGVSLFSNPVQYWEIQPST
FRCVYVRSAIQLGNYK

17

Huma Decorin,
isoform D

MKATILLLLAQVSWAGPFQQRGLFDFMLEDEASGIGPE
VPDDRDFEPSLGPVCPFRCQCHLRVVQCSDLGLDKVPKD
LPPDTTLLDLOQNNKITEIKDGDFKNLKNLHVVYLHNNNI
SVVGSSDFCPPGHNTKKASYSGVSLFSNPVQYWEIQPSTF
RCVYVRSAIQLGNYK

18

Human Decorin,
isoform E

MKATIILLLLAQVSWAGPFQQRGLFDFMLEDEASGIGPE
VPDDRDFEPSLGPVCPFRCQCHLRVVQCSDLGCLPS

19

Mouse Decorin

MKATLIFFLLAQVSWAGPFEQRGLFDFMLEDEASGIIPYD
PDNPLISMCPYRCQCHLRVVQCSDLGLDKVPWDFPPDTT
LLDLOQNNKITEIKEGAFKNLKDLHTLILVNNKISKISPEAF
KPLVKLERLYLSKNQLKELPEKMPRTLQELRVHENEITK
LRKSDFNGLNNVLVIELGGNPLKNSGIENGAFQGLKSLS
YIRISDTNITAIPQGLPTSLTEVHLDGNKITKVDAPSLKGLI
NLSKLGLSFNSITVMENGSLANVPHLRELHLDNNKLLRV
PAGLAQHKYIQVVYLHNNNISAVGQNDFCRAGHPSRKA
SYSAVSLYGNPVRYWEIFPNTFRCVYVRSAIQLGNYK

20

P11 (promoter)

GAATTTCATTTTGTTTTTTTCTATGCTATAA
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21

IRES (ECMV)

TATGCTAGTACGTCTCTCAAGGATAAGTAAGTAATATT
AAGGTACGGGAGGTATTGGACAGGCCGCAATAAAATA
TCTTTATTTTCATTACATCTGTGTGTTGGTTTTTTGTGT
GAATCGATAGTACTAACATACGCTCTCCATCAAAACA
AAACGAAACAAAACAAACTAGCAAAATAGGCTGTCCC
CAGTGCAAGTGCAGGTGCCAGAACATTTCTCTGGCCT
AACTGGCCGGTACCTGAGCTCTAGTTTCACTTTCCCTA
GTTTCACTTTCCCTAGTTTCACTTTCCCTAGTTTCACTT
TCCCTAGTTTCACTTTCCCCTCGAGGATATCAAGATCT
GGCCTCGGCGGCCAG

22

hu IL-12 A (p35)

ATGTGGCCCCCTGGGTCAGCCTCCCAGCCACCGCCCTC
ACCTGCCGCGGCCACAGGTCTGCATCCAGCGGCTCGC
CCTGTGTCCCTGCAGTGCCGGCTCAGCATGTGTCCAGC
GCGCAGCCTCCTCCTTGTGGCTACCCTGGTCCTCCTGG
ACCACCTCAGTTTGGCCAGAAACCTCCCCGTGGCCACT
CCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCA
AAACCTGCTGAGGGCCGTCAGCAACATGCTCCAGAAG
GCCAGACAAACTCTAGAATTTTACCCTTGCACTTCTGA
AGAGATTGATCATGAAGATATCACAAAAGATAAAACC
AGCACAGTGGAGGCCTGTTTACCATTGGAATTAACCA
AGAATGAGAGTTGCCTAAATTCCAGAGAGACCTCTTT
CATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACC
TCTTTTATGATGGCCCTGTGCCTTAGTAGTATTTATGA
AGACTTGAAGATGTACCAGGTGGAGTTCAAGACCATG
AATGCAAAGCTTCTGATGGATCCTAAGAGGCAGATCT
TTCTAGATCAAAACATGCTGGCAGTTATTGATGAGCTG
ATGCAGGCCCTGAATTTCAACAGTGAGACTGTGCCAC
AAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAACT
AAAATCAAGCTCTGCATACTTCTTCATGCTTTCAGAAT
TCGGGCAGTGACTATTGATAGAGTGATGAGCTATCTG
AATGCTTCCTAA

23

dsRed

ATGGTGCGCTCCTCCAAGAACGTCATCAAGGAGTTCA
TGCGCTTCAAGGTGCGCATGGAGGGCACCGTGAACGG
CCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCG
CCCCTACGAGGGCCACAACACCGTGAAGCTGAAGGTG
ACCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCC
TGTCCCCCCAGTTCCAGTACGGCTCCAAGGTGTACGTG
AAGCACCCCGCCGACATCCCCGACTACAAGAAGCTGT
CCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAA
CTTCGAGGACGGCGGCGTGGTGACCGTGACCCAGGAC
TCCTCCCTGCAGGACGGCTGCTTCATCTACAAGGTGAA
GTTCATCGGCGTGAACTTCCCCTCCGACGGCCCCGTAA
TGCAGAAGAAGACCATGGGCTGGGAGGCCTCCACCGA
GCGCCTGTACCCCCGCGACGGCGTGCTGAAGGGCGAG
ATCCACAAGGCCCTGAAGCTGAAGGACGGCGGCCACT
ACCTGGTGGAGTTCAAGTCCATCTACATGGCCAAGAA
GCCCGTGCAGCTGCCCGGCTACTACTACGTGGACTCC
AAGCTGGACATCACCTCCCACAACGAGGACTACACCA
TCGTGGAGCAGTACGAGCGCACCGAGGGCCGCCACCA
CCTGTITCCTGTAG
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24

Hu TNF-a

ATGAGCACTGAAAGCATGATCCGGGACGTGGAGCTGG
CCGAGGAGGCGCTCCCCAAGAAGACAGGGGGGCCCC
AGGGCTCCAGGCGGTGCTTGTTCCTCAGCCTCTTCTCC
TTCCTGATCGTGGCAGGCGCCACCACGCTCTTCTGCCT
GCTGCACTTTGGAGTGATCGGCCCCCAGAGGGAAGAG
TTCCCCAGGGACCTCTCTCTAATCAGCCCTCTGGCCCA
GGCAGTCAGATCATCTTCTCGAACCCCGAGTGACAAG
CCTGTAGCCCATGTTGTAGCAAACCCTCAAGCTGAGG
GGCAGCTCCAGTGGCTGAACCGCCGGGCCAATGCCCT
CCTGGCCAATGGCGTGGAGCTGAGAGATAACCAGCTG
GTGGTGCCATCAGAGGGCCTGTACCTCATCTACTCCCA
GGTCCTCTTCAAGGGCCAAGGCTGCCCCTCCACCCATG
TGCTCCTCACCCACACCATCAGCCGCATCGCCGTCTCC
TACCAGACCAAGGTCAACCTCCTCTCTGCCATCAAGA
GCCCCTGCCAGAGGGAGACCCCAGAGGGGGCTGAGG
CCAAGCCCTGGTATGAGCCCATCTATCTGGGAGGGGT
CTTCCAGCTGGAGAAGGGTGACCGACTCAGCGCTGAG
ATCAATCGGCCCGACTATCTCGACTTTGCCGAGTCTGG
GCAGGTCTACTTTGGGATCATTGCCCTGTGA

25

Hu Decorin

ATGAAGGCCACTATCATCCTCCTTCTGCTTGCACAAGT
TTCCTGGGCTGGACCGTTTCAACAGAGAGGCTTATTTG
ACTTTATGCTAGAAGATGAGGCTTCTGGGATAGGCCC
AGAAGTTCCTGATGACCGCGACTTCGAGCCCTCCCTA
GGCCCAGTGTGCCCCTTCCGCTGTCAATGCCATCTTCG
AGTGGTCCAGTGTTCTGATTTGGGTCTGGACAAAGTGC
CAAAGGATCTTCCCCCTGACACAACTCTGCTAGACCTG
CAAAACAACAAAATAACCGAAATCAAAGATGGAGAC
TTTAAGAACCTGAAGAACCTTCACGCATTGATTCTTGT
CAACAATAAAATTAGCAAAGTTAGTCCTGGAGCATTT
ACACCTTTGGTGAAGTTGGAACGACTTTATCTGTCCAA
GAATCAGCTGAAGGAATTGCCAGAAAAAATGCCCAAA
ACTCTTCAGGAGCTGCGTGCCCATGAGAATGAGATCA
CCAAAGTGCGAAAAGTTACTTTCAATGGACTGAACCA
GATGATTGTCATAGAACTGGGCACCAATCCGCTGAAG
AGCTCAGGAATTGAAAATGGGGCTTTCCAGGGAATGA
AGAAGCTCTCCTACATCCGCATTGCTGATACCAATATC
ACCAGCATTCCTCAAGGTCTTCCTCCTTCCCTTACGGA
ATTACATCTTGATGGCAACAAAATCAGCAGAGTTGAT
GCAGCTAGCCTGAAAGGACTGAATAATTTGGCTAAGT
TGGGATTGAGTTTCAACAGCATCTCTGCTGTTGACAAT
GGCTCTCTGGCCAACACGCCTCATCTGAGGGAGCTTC
ACTTGGACAACAACAAGCTTACCAGAGTACCTGGTGG
GCTGGCAGAGCATAAGTACATCCAGGTTGTCTACCTTC
ATAACAACAATATCTCTGTAGTTGGATCAAGTGACTTC
TGCCCACCTGGACACAACACCAAAAAGGCTTCTTATT
CGGGTGTGAGTCTTTTCAGCAACCCGGTCCAGTACTGG
GAGATACAGCCATCCACCTTCAGATGTGTCTACGTGC
GCTCTGCCATTCAACTCGGAAACTATAAGTAA

26

Insert vMyx-Triple
red (hu Decorin-hu
11-12-dsRed)

AAAAATTGAAATTTTATTTTTTTTTTTTGGAATATAAA
TAATGAAGGCCACTATCATCCTCCTTCTGCTTGCACAA
GTTTCCTGGGCTGGACCGTTTCAACAGAGAGGCTTATT
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TGACTTTATGCTAGAAGATGAGGCTTCTGGGATAGGC
CCAGAAGTTCCTGATGACCGCGACTTCGAGCCCTCCCT
AGGCCCAGTGTGCCCCTTCCGCTGTCAATGCCATCTTC
GAGTGGTCCAGTGTTCTGATTTGGGTCTGGACAAAGT
GCCAAAGGATCTTCCCCCTGACACAACTCTGCTAGAC
CTGCAAAACAACAAAATAACCGAAATCAAAGATGGA
GACTTTAAGAACCTGAAGAACCTTCACGCATTGATTCT
TGTCAACAATAAAATTAGCAAAGTTAGTCCTGGAGCA
TTTACACCTTTGGTGAAGTTGGAACGACTTTATCTGTC
CAAGAATCAGCTGAAGGAATTGCCAGAAAAAATGCCC
AAAACTCTTCAGGAGCTGCGTGCCCATGAGAATGAGA
TCACCAAAGTGCGAAAAGTTACTTTCAATGGACTGAA
CCAGATGATTGTCATAGAACTGGGCACCAATCCGCTG
AAGAGCTCAGGAATTGAAAATGGGGCTTTCCAGGGAA
TGAAGAAGCTCTCCTACATCCGCATTGCTGATACC
AATATCACCAGCATTCCTCAAGGTCTTCCTCCTTCCCT
TACGGAATTACATCTTGATGGCAACAAAATCAGCAGA
GTTGATGCAGCTAGCCTGAAAGGACTGAATAATTTGG
CTAAGTTGGGATTGAGTTTCAACAGCATCTCTGCTGTT
GACAATGGCTCTCTGGCCAACACGCCTCATCTGAGGG
AGCTTCACTTGGACAACAACAAGCTTACCAGAGTACC
TGGTGGGCTGGCAGAGCATAAGTACATCCAGGTTGTC
TACCTTCATAACAACAATATCTCTGTAGTTGGATCAAG
TGACTTCTGCCCACCTGGACACAACACCAAAAAGGCT
TCTTATTCGGGTGTGAGTCTTTTCAGCAACCCGGTCCA
GTACTGGGAGATACAGCCATCCACCTTCAGATGTGTCT
ACGTGCGCTCTGCCATTCAACTCGGAAACTATAAGTA
AATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCC
TGGTTTTTCTGGCATCTCCCCTCGTGGCCATATGGGAA
CTGAAGAAAGATGTTTATGTCGTAGAATTGGATTGGT
ATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTG
TGACACCCCTGAAGAAGATGGTATCACCTGGACCTTG
GACCAGAGCAGTGAGGTCTTAGGCTCTGGCAAAACCC
TGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCA
GTACACCTGTCACAAAGGAGGCGAGGTTCTAAGCCAT
TCGCTCCTGCTGCTTCACAAAAAGGAAGATGGAATTT
GGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAA
AAATAAGACCTTTCTAAGATGCGAGGCCAAGAATTAT
TCTGGACGTTTCACCTGCTGGTGGCTGACGACAATCAG
TACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGC
TCTTCTGACCCCCAAGGGGTGACGTGCGGAGCTGCTA
CACTCTCTGCAGAGAGAGTCAGAGGGGACAACAAGG
AGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGC
CTGCCCAGCTGCTGAGGAGAGTCTGCCCATTGAGGTC
ATGGTGGATGCCGTTCACAAGCTCAAGTATGAAAACT
ACACCAGCAGCTTCTTCATCAGGGACATCATCAAACC
TGACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAG
AATTCTCGGCAGGTGGAGGTCAGCTGGGAGTACCCTG
ACACCTGGAGTACTCCACATTCCTACTTCTCCCTGACA
TTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAA
AGAAAGATAGAGTCTTCACGGACAAGACCTCAGCCAC
GGTCATCTGCCGCAAAAATGCCAGCATTAGCGTGCGG
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GCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAAT
GGGCATCTGTGCCCTGCAGTTAGTATGCTAGTACGTCT
CTCAAGGATAAGTAAGTAATATTAAGGTACGGGAGGT
ATTGGACAGGCCGCAATAAAATATCTTTATTTTCATTA
CATCTGTGTGTTGGTTTTTTGTGTGAATCGATAGTACT
AACATACGCTCTCCATCAAAACAAAACGAAACAAAAC
AAACTAGCAAAATAGGCTGTCCCCAGTGCAAGTGCAG
GTGCCAGAACATTTCTCTGGCCTAACTGGCCGGTACCT
GAGCTCTAGTTTCACTTTCCCTAGTTTCACTTTCCCTAG
TTTCACTTTCCCTAGTTTCACTTTCCCTAGTTTCACTTT
CCCCTCGAGGATATCAAGATCTGGCCTCGGCGGCCAG
ATGTGGCCCCCTGGGTCAGCCTCCCAGCCACCGCCCTC
ACCTGCCGCGGCCACAGGTCTGCATCCAGCGGCTCGC
CCTGTGTCCCTGCAGTGCCGGCTCAGCATGTGTCCAGC
GCGCAGCCTCCTCCTTGTGGCTACCCTGGTCCTCCTGG
ACCACCTCAGTTTGGCCAGAAACCTCCCCGTGGCCAC
TCCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCC
AAAACCTGCTGAGGGCCGTCAGCAACATGCTCCAGAA
GGCCAGACAAACTCTAGAATTTTACCCTTGCACTTCTG
AAGAGATTGATCATGAAGATATCACAAAAGATAAAAC
CAGCACAGTGGAGGCCTGTTTACCATTGGAATTAACC
AAGAATGAGAGTTGCCTAAATTCCAGAGAGACCTCTT
TCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGAC
CTCTTTTATGATGGCCCTGTGCCTTAGTAGTATTTATG
AAGACTTGAAGATGTACCAGGTGGAGTTCAAGACCAT
GAATGCAAAGCTTCTGATGGATCCTAAGAGGCAGATC
TTTCTAGATCAAAACATGCTGGCAGTTATTGATGAGCT
GATGCAGGCCCTGAATTTCAACAGTGAGACTGTGCCA
CAAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAA
CTAAAATCAAGCTCTGCATACTTCTTCATGCTTTCAGA
ATTCGGGCAGTGACTATTGATAGAGTGATGAGCTATC
TGAATGCTTCCTAAGAATTTCATTTTGTTTTTTTCTATG
CTATAAATGGTGCGCTCCTCCAAGAACGTCATCAAGG
AGTTCATGCGCTTCAAGGTGCGCATGGAGGGCACCGT
GAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGA
GGGCCGCCCCTACGAGGGCCACAACACCGTGAAGCTG
AAGGTGACCAAGGGCGGCCCCCTGCCCTTCGCCTGGG
ACATCCTGTCCCCCCAGTTCCAGTACGGCTCCAAGGTG
TACGTGAAGCACCCCGCCGACATCCCCGACTACAAGA
AGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGT
GATGAACTTCGAGGACGGCGGCGTGGTGACCGTGACC
CAGGACTCCTCCCTGCAGGACGGCTGCTTCATCTACAA
GGTGAAGTTCATCGGCGTGAACTTCCCCTCCGACGGC
CCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCCT
CCACCGAGCGCCTGTACCCCCGCGACGGCGTGCTGAA
GGGCGAGATCCACAAGGCCCTGAAGCTGAAGGACGG
CGGCCACTACCTGGTGGAGTTCAAGTCCATCTACATG
GCCAAGAAGCCCGTGCAGCTGCCCGGCTACTACTACG
TGGACTCCAAGCTGGACATCACCTCCCACAACGAGGA
CTACACCATCGTGGAGCAGTACGAGCGCACCGAGGGC
CGCCACCACCTGTITCCTGTAG
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27

Insert vMyx-Triple
white (hu Decorin-
hu 11-12)

AAAAATTGAAATTTTATTTTTTTTTTTTGGAATATAAA
TAATGAAGGCCACTATCATCCTCCTTCTGCTTGCACAA
GTTTCCTGGGCTGGACCGTTTCAACAGAGAGGCTTATT
TGACTTTATGCTAGAAGATGAGGCTTCTGGGATAGGC
CCAGAAGTTCCTGATGACCGCGACTTCGAGCCCTCCCT
AGGCCCAGTGTGCCCCTTCCGCTGTCAATGCCATCTTC
GAGTGGTCCAGTGTTCTGATTTGGGTCTGGACAAAGT
GCCAAAGGATCTTCCCCCTGACACAACTCTGCTAGAC
CTGCAAAACAACAAAATAACCGAAATCAAAGATGGA
GACTTTAAGAACCTGAAGAACCTTCACGCATTGATTCT
TGTCAACAATAAAATTAGCAAAGTTAGTCCTGGAGCA
TTTACACCTTTGGTGAAGTTGGAACGACTTTATCTGTC
CAAGAATCAGCTGAAGGAATTGCCAGAAAAAATGCCC
AAAACTCTTCAGGAGCTGCGTGCCCATGAGAATGAGA
TCACCAAAGTGCGAAAAGTTACTTTCAATGGACTGAA
CCAGATGATTGTCATAGAACTGGGCACCAATCCGCTG
AAGAGCTCAGGAATTGAAAATGGGGCTTTCCAGGGAA
TGAAGAAGCTCTCCTACATCCGCATTGCTGATACCAAT
ATCACCAGCATTCCTCAAGGTCTTCCTCCTTCCCTTAC
GGAATTACATCTTGATGGCAACAAAATCAGCAGAGTT
GATGCAGCTAGCCTGAAAGGACTGAATAATTTGGCTA
AGTTGGGATTGAGTTTCAACAGCATCTCTGCTGTTGAC
AATGGCTCTCTGGCCAACACGCCTCATCTGAGGGAGC
TTCACTTGGACAACAACAAGCTTACCAGAGTACCTGG
TGGGCTGGCAGAGCATAAGTACATCCAGGTTGTCTAC
CTTCATAACAACAATATCTCTGTAGTTGGATCAAGTGA
CTTCTGCCCACCTGGACACAACACCAAAAAGGCTTCTT
ATTCGGGTGTGAGTCTTTTCAGCAACCCGGTCCAGTAC
TGGGAGATACAGCCATCCACCTTCAGATGTGTCTACGT
GCGCTCTGCCATTCAACTCGGAAACTATAAGTAAATG
TGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGT
TTTTCTGGCATCTCCCCTCGTGGCCATATGGGAACTGA
AGAAAGATGTTTATGTCGTAGAATTGGATTGGTATCC
GGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGAC
ACCCCTGAAGAAGATGGTATCACCTGGACCTTGGACC
AGAGCAGTGAGGTCTTAGGCTCTGGCAAAACCCTGAC
CATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTAC
ACCTGTCACAAAGGAGGCGAGGTTCTAAGCCATTCGC
TCCTGCTGCTTCACAAAAAGGAAGATGGAATTTGGTC
CACTGATATTTTAAAGGACCAGAAAGAACCCAAAAAT
AAGACCTTTCTAAGATGCGAGGCCAAGAATTATTCTG
GACGTTTCACCTGCTGGTGGCTGACGACAATCAGTACT
GATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTT
CTGACCCCCAAGGGGTGACGTGCGGAGCTGCTACACT
CTCTGCAGAGAGAGTCAGAGGGGACAACAAGGAGTA
TGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGC
CCAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGG
TGGATGCCGTTCACAAGCTCAAGTATGAAAACTACAC
CAGCAGCTTCTTCATCAGGGACATCATCAAACCTGAC
CCACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATT
CTCGGCAGGTGGAGGTCAGCTGGGAGTACCCTGACAC
CTGGAGTACTCCACATTCCTACTTCTCCCTGACATTCT
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GCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAAGA
AAGATAGAGTCTTCACGGACAAGACCTCAGCCACGGT
CATCTGCCGCAAAAATGCCAGCATTAGCGTGCGGGCC
CAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGG
CATCTGTGCCCTGCAGTTAGTATGCTAGTACGTCTCTC
AAGGATAAGTAAGTAATATTAAGGTACGGGAGGTATT
GGACAGGCCGCAATAAAATATCTTTATTTTCATTACAT
CTGTGTGTTGGTTTTTTGTGTGAATCGATAGTACTAAC
ATACGCTCTCCATCAAAACAAAACGAAACAAAACAAA
CTAGCAAAATAGGCTGTCCCCAGTGCAAGTGCAGGTG
CCAGAACATTTCTCTGGCCTAACTGGCCGGTACCTGAG
CTCTAGTTTCACTTTCCCTAGTTTCACTTTCCCTAGTTT
CACTTTCCCTAGTTTCACTTTCCCTAGTTTCACTTTCCC
CTCGAGGATATCAAGATCTGGCCTCGGCGGCCAGATG
TGGCCCCCTGGGTCAGCCTCCCAGCCACCGCCCTCACC
TGCCGCGGCCACAGGTCTGCATCCAGCGGCTCGCCCT
GTGTCCCTGCAGTGCCGGCTCAGCATGTGTCCAGCGC
GCAGCCTCCTCCTTGTGGCTACCCTGGTCCTCCTGGAC
CACCTCAGTTTGGCCAGAAACCTCCCCGTGGCCACTCC
AGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAA
AACCTGCTGAGGGCCGTCAGCAACATGCTCCAGAAGG
CCAGACAAACTCTAGAATTTTACCCTTGCACTTCTGAA
GAGATTGATCATGAAGATATCACAAAAGATAAAACCA
GCACAGTGGAGGCCTGTTTACCATTGGAATTAACCAA
GAATGAGAGTTGCCTAAATTCCAGAGAGACCTCTTTC
ATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCT
CTTTTATGATGGCCCTGTGCCTTAGTAGTATTTATGAA
GACTTGAAGATGTACCAGGTGGAGTTCAAGACCATGA
ATGCAAAGCTTCTGATGGATCCTAAGAGGCAGATCTT
TCTAGATCAAAACATGCTGGCAGTTATTGATGAGCTG
ATGCAGGCCCTGAATTTCAACAGTGAGACTGTGCCAC
AAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAACT
AAAATCAAGCTCTGCATACTTCTTCATGCTTTCAGAAT
TCGGGCAGTGACTATTGATAGAGTGATGAGCTATCTG
AATGCTTCCTAA

28

hu IL-12 A (p40)

MWPPGSASQPPPSPAAATGLHPAARPVSLQCRLSMCPAR
SLLLVATLVLLDHLSLARNLPVATPDPGMFPCLHHSQNL
LRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTSTVE
ACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALC
LSSIYEDLKMYQVEFKTMNAKLLMDPKRQIFLDQNMLA
VIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHA
FRIRAVTIDRVMSYLNAS*

29

hu IL-12 B (p35)

MCHQQLVISWFSLVFLASPLVAIWELKKDVYVVELDWY
PDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLTI
QVKEFGDAGQYTCHKGGEVLSHSLLLLHKKEDGIWSTDI
LKDQKEPKNKTFLRCEAKNYSGRFTCWWLTTISTDLTFS
VKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVEC
QEDSACPAAEESLPIEVMVDAVHKLKYENYTSSFFIRDII
KPDPPKNLQLKPLKNSRQVEVSWEYPDTWSTPHSYFSLT
FCVQVQGKSKREKKDRVFTDKTSATVICRKNASISVRAQ
DRYYSSSWSEWASVPCS*
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30

dsRed

MVRSSKNVIKEFMRFKVRMEGTVNGHEFEIEGEGEGRPY
EGHNTVKLKVTKGGPLPFAWDILSPQFQYGSKVYVKHP
ADIPDYKKLSFPEGFKWERVMNFEDGGVVTVTQDSSLQ
DGCFIYKVKFIGVNFPSDGPVMQKKTMGWEASTERLYP
RDGVLKGEIHKALKLKDGGHYLVEFKSIYMAKKPVQLP
GYYYVDSKLDITSHNEDYTIVEQYERTEGRHHLFL

31 hu TNF-a MSTESMIRDVELAEEALPKKTGGPQGSRRCLFLSLFSFLI
VAGATTLFCLLHFGVIGPQREEFPRDLSLISPLAQAVRSSS
RTPSDKPVAHVVANPQAEGQLQWLNRRANALLANGVE
LRDNQLVVPSEGLYLIYSQVLFKGQGCPSTHVLLTHTISR
IAVSYQTKVNLLSAIKSPCQRETPEGAEAKPWYEPIYLGG
VFQLEKGDRLSAEINRPDYLDFAESGQVYFGIIAL

32 Hu Decorin MKATIILLLLAQVSWAGPFQQRGLFDFMLEDEASGIGPE
VPDDRDFEPSLGPVCPFRCQCHLRVVQCSDLGLDKVPKD
LPPDTTLLDLQNNKITEIKDGDFKNLKNLHALILVNNKIS
KVSPGAFTPLVKLERLYLSKNQLKELPEKMPKTLQELRA
HENEITKVRKVTFNGLNQMIVIELGTNPLKSSGIENGAFQ
GMKKLSYIRIADTNITSIPQGLPPSLTELHLDGNKISRVDA
ASLKGLNNLAKLGLSFNSISAVDNGSLANTPHLRELHLD
NNKLTRVPGGLAEHKYIQVVYLHNNNISVVGSSDFCPPG
HNTKKASYSGVSLFSNPVQYWEIQPSTFRCVYVRSAIQL
GNYK*

33 Linker GGGGS

34 Linker GGGS

35 Linker GG

36 Linker KESGSVSSEQLAQFRSLD

37 Linker EGKSSGSGSESKST

38 Linker GSAGSAAGSGEF

39 Linker EAAAK

40 Linker EAAAR

41 Linker PAPAP

42 Linker AEAAAKEAAAKA

43 Linker VPGVGVPGVG

44

hu IL-12 B (p40)

ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCT
GGTTTTTCTGGCATCTCCCCTCGTGGCCATATGGGAAC
TGAAGAAAGATGTTTATGTCGTAGAATTGGATTGGTA
TCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGT
GACACCCCTGAAGAAGATGGTATCACCTGGACCTTGG
ACCAGAGCAGTGAGGTCTTAGGCTCTGGCAAAACCCT
GACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAG
TACACCTGTCACAAAGGAGGCGAGGTTCTAAGCCATT
CGCTCCTGCTGCTTCACAAAAAGGAAGATGGAATTTG
GTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAA
AATAAGACCTTTCTAAGATGCGAGGCCAAGAATTATT
CTGGACGTTTCACCTGCTGGTGGCTGACGACAATCAGT
ACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCT
CTTCTGACCCCCAAGGGGTGACGTGCGGAGCTGCTAC
ACTCTCTGCAGAGAGAGTCAGAGGGGACAACAAGGA
GTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCC
TGCCCAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCA
TGGTGGATGCCGTTCACAAGCTCAAGTATGAAAACTA
CACCAGCAGCTTCTTCATCAGGGACATCATCAAACCT
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GACCCACCCAAGAACTTGCAGCTGAAGCCATTAAAGA
ATTCTCGGCAGGTGGAGGTCAGCTGGGAGTACCCTGA
CACCTGGAGTACTCCACATTCCTACTTCTCCCTGACAT
TCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGAGAAAA
GAAAGATAGAGTCTTCACGGACAAGACCTCAGCCACG
GTCATCTGCCGCAAAAATGCCAGCATTAGCGTGCGGG
CCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATG
GGCATCTGTGCCCTGCAGTTAG

45

Membrane bound
hu TNF-a

MSTESMIRDVELAEEALPKKTGGPQGSRRCLFLSLFSFLI
VAGATTLFCLLHFGVIGPQREEFPRDLSLISPLAQADEPV
AHVVANPQAEGQLQWLNRRANALLANGVELRDNQLVV
PSEGLYLIYSQVLFKGQGCPSTHVLLTHTISRIAVSYQTK
VNLLSAIKSPCQRETPEGAEAKPWYEPIYLGGVFQLEKG
DRLSAEINRPDYLDFAESGQVYFGIIAL

46

Membrane bound
hu TNF-a

ATGAGCACTGAAAGCATGATCCGGGACGTGGAGCTGG
CCGAGGAGGCGCTCCCCAAGAAGACAGGGGGGCCCC
AGGGCTCCAGGCGGTGCTTGTTCCTCAGCCTCTTCTCC
TTCCTGATCGTGGCAGGCGCCACCACGCTCTTCTGCCT
GCTGCACTTTGGAGTGATCGGCCCCCAGAGGGAAGAG
TTCCCCAGGGACCTCTCTCTAATCAGCCCTCTGGCCCA
GGCAGATGAGCCTGTAGCCCATGTTGTAGCAAACCCT
CAAGCTGAGGGGCAGCTCCAGTGGCTGAACCGCCGGG
CCAATGCCCTCCTGGCCAATGGCGTGGAGCTGAGAGA
TAACCAGCTGGTGGTGCCATCAGAGGGCCTGTACCTC
ATCTACTCCCAGGTCCTCTTCAAGGGCCAAGGCTGCCC
CTCCACCCATGTGCTCCTCACCCACACCATCAGCCGCA
TCGCCGTCTCCTACCAGACCAAGGTCAACCTCCTCTCT
GCCATCAAGAGCCCCTGCCAGAGGGAGACCCCAGAGG
GGGCTGAGGCCAAGCCCTGGTATGAGCCCATCTATCT
GGGAGGGGTCTTCCAGCTGGAGAAGGGTGACCGACTC
AGCGCTGAGATCAATCGGCCCGACTATCTCGACTTTGC
CGAGTCTGGGCAGGTCTACTTTGGGATCATTGCCCTGT
AG

47

Insert vMyx-Triple
IL-12 High

(hu Decorin-mo IL-
12-dsRed)

AAAATTGAAATTTTATTTTTTTTTTTTGGAATATAAAT
AATGAAGGCCACTATCATCCTCCTTCTGCTTGCACAAG
TTTCCTGGGCTGG
ACCGTTTCAACAGAGAGGCTTATTTGACTTTATGCTAG
AAGATGAGGCTTCTGGGATAGGCCCAGAAGTTCCTGA
TGACCGCGACTTCGAGCCCTCCCTAGGCCCAGTGTGCC
CCTTCCGCTGTCAATGCCATCTTCGAGTGGTCCAGTGT
TCTGATTTGGGTCTGGACAAAGTGCCAAAGGATCTTCC
CCCTGACACAACTCTGCTAGACCTGCAAAACAACAAA
ATAACCGAAATCAAAGATGGAGACTTTAAGAACCTGA
AGAACCTTCACGCATTGATTCTTGTCAACAATAAAATT
AGCAAAGTTAGTCCTGGAGCATTTACACCTTTGGTGA
AGTTGGAACGACTTTATCTGTCCAAGAATCAGCTGAA
GGAATTGCCAGAAAAAATGCCCAAAACTCTTCAGGAG
CTGCGTGCCCATGAGAATGAGATCACCAAAGTGCGAA
AAGTTACTTTCAATGGACTGAACCAGATGATTGTCATA
GAACTGGGCACCAATCCGCTGAAGAGCTCAGGAATTG
AAAATGGGGCTTTCCAGGGAATGAAGAAGCTCTCCTA
CATCCGCATTGCTGATACCAATATCACCAGCATTCCTC
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AAGGTCTTCCTCCTTCCCTTACGGAATTACATCTTGAT
GGCAACAAAATCAGCAGAGTTGATGCAGCTAGCCTGA
AAGGACTGAATAATTTGGCTAAGTTGGGATTGAGTTT
CAACAGCATCTCTGCTGTTGACAATGGCTCTCTGGCCA
ACACGCCTCATCTGAGGGAGCTTCACTTGGACAACAA
CAAGCTTACCAGAGTACCTGGTGGGCTGGCAGAGCAT
AAGTACATCCAGGTTGTCTACCTTCATAACAACAATAT
CTCTGTAGTTGGATCAAGTGACTTCTGCCCACCTGGAC
ACAACACCAAAAAGGCTTCTTATTCGGGTGTGAGTCTT
TTCAGCAACCCGGTCCAGTACTGGGAGATACAGCCAT
CCACCTTCAGATGTGTCTACGTGCGCTCTGCCATTCAA
CTCGGAAACTATAAGTAAAAAATTGAAATTTTATTTTT
TTTTTTTGGAATATAAATAATGTGTCCTCAGAAGCTAA
CCATCTCCTGGTTTGCCATCGTTTTGCTGGTGTCTCCAC
TCATGGCCATGTGGGAGCTGGAGAAAGACGTTTATGT
TGTAGAGGTGGACTGGACTCCCGATGCCCCTGGAGAA
ACAGTGAACCTCACCTGTGACACGCCTGAAGAAGATG
ACATCACCTGGACCTCAGACCAGAGACATGGAGTCAT
AGGCTCTGGAAAGACCCTGACCATCACTGTCAAAGAG
TTTCTAGATGCTGGCCAGTACACCTGCCACAAAGGAG
GCGAGACTCTGAGCCACTCACATCTGCTGCTCCACAA
GAAGGAAAATGGAATTTGGTCCACTGAAATTTTAAAA
AATTTCAAAAACAAGACTTTCCTGAAGTGTGAAGCAC
CAAATTACTCCGGACGGTTCACGTGCTCATGGCTGGTG
CAAAGAAACATGGACTTGAAGTTCAACATCAAGAGCA
GTAGCAGTTCCCCTGACTCTCGGGCAGTGACATGTGG
AATGGCGTCTCTGTCTGCAGAGAAGGTCACACTGGAC
CAAAGGGACTATGAGAAGTATTCAGTGTCCTGCCAGG
AGGATGTCACCTGCCCAACTGCCGAGGAGACCCTGCC
CATTGAACTGGCGTTGGAAGCACGGCAGCAGAATAAA
TATGAGAACTACAGCACCAGCTTCTTCATCAGGGACA
TCATCAAACCAGACCCGCCCAAGAACTTGCAGATGAA
GCCTTTGAAGAACTCACAGGTGGAGGTCAGCTGGGAG
TACCCTGACTCCTGGAGCACTCCCCATTCCTACTTCTC
CCTCAAGTTCTTTGTTCGAATCCAGCGCAAGAAAGAA
AAGATGAAGGAGACAGAGGAGGGGTGTAACCAGAAA
GGTGCGTTCCTCGTAGAGAAGACATCTACCGAAGTCC
AATGCAAAGGCGGGAATGTCTGCGTGCAAGCTCAGGA
TCGCTATTACAATTCCTCATGCAGCAAGTGGGCATGTG
TTCCCTGCAGGGTCCGATCCGTTCCTGGAGTAGGGGTA
CCTGGAGTGGGCATGGTCAGCGTTCCAACAGCCTCAC
CCTCGGCATCCAGCAGCTCCTCTCAGTGCCGGTCCAGC
ATGTGTCAATCACGCTACCTCCTCTTTTTGGCCACCCT
TGCCCTCCTAAACCACCTCAGTTTGGCCAGGGTCATTC
CAGTCTCTGGACCTGCCAGGTGTCTTAGCCAGTCCCGA
AACCTGCTGAAGACCACAGATGACATGGTGAAGACGG
CCAGAGAAAAACTGAAACATTATTCCTGCACTGCTGA
AGACATCGATCATGAAGAC

48

Insert vMyx-Triple
IL-12 low
(hu Decorin-mo 1II-
12-dsRed)

AAAATTGAAATTTTATTTTTTTTTTTTGGAATATAAAT
AATGAAGGCCACTATCATCCTCCTTCTGCTTGCACAAG
TTTCCTGGGCTGGACCGTTTCAACAGAGAGGCTTATTT
GACTTTATGCTAGAAGATGAGGCTTCTGGGATAGGCC
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CAGAAGTTCCTGATGACCGCGACTTCGAGCCCTCCCTA
GGCCCAGTGTGCCCCTTCCGCTGTCAATGCCATCTTCG
AGTGGTCCAGTGTTCTGATTTGGGTCTGGACAAAGTGC
CAAAGGATCTTCCCCCTGACACAACTCTGCTAGACCTG
CAAAACAACAAAATAACCGAAATCAAAGATGGAGAC
TTTAAGAACCTGAAGAACCTTCACGCATTGATTCTTGT
CAACAATAAAATTAGCAAAGTTAGTCCTGGAGCATTT
ACACCTTTGGTGAAGTTGGAACGACTTTATCTGTCCAA
GAATCAGCTGAAGGAATTGCCAGAAAAAATGCCCAAA
ACTCTTCAGGAGCTGCGTGCCCATGAGAATGAGATCA
CCAAAGTGCGAAAAGTTACTTTCAATGGACTGAACCA
GATGATTGTCATAGAACTGGGCACCAATCCGCTGAAG
AGCTCAGGAATTGAAAATGGGGCTTTCCAGGGAATGA
AGAAGCTCTCCTACATCCGCATTGCTGATACCAATATC
ACCAGCATTCCTCAAGGTCTTCCTCCTTCCCTTACGGA
ATTACATCTTGATGGCAACAAAATCAGCAGAGTTGAT
GCAGCTAGCCTGAAAGGACTGAATAATTTGGCTAAGT
TGGGATTGAGTTTCAACAGCATCTCTGCTGTTGACAAT
GGCTCTCTGGCCAACACGCCTCATCTGAGGGAGCTTC
ACTTGGACAACAACAAGCTTACCAGAGTACCTGGTGG
GCTGGCAGAGCATAAGTACATCCAGGTTGTCTACCTTC
ATAACAACAATATCTCTGTAGTTGGATCAAGTGACTTC
TGCCCACCTGGACACAACACCAAAAAGGCTTCTTATT
CGGGTGTGAGTCTTTTCAGCAACCCGGTCCAGTACTGG
GAGATACAGCCATCCACCTTCAGATGTGTCTACGTGC
GCTCTGCCATTCAACTCGGAAACTATAAGTAAGCTTG
GACTCCTGTTGATAGATCCAGAAAATTGAAATTTTATT
TTTTTTTTTTGGAATATAAATAATGTGTCCTCAGAAGC
TAACCATCTCCTGGTTTGCCATCGTTTTGCTGGTGTCTC
CACTCATGGCCATGTGGGAGCTGGAGAAAGACGTTTA
TGTTGTAGAGGTGGACTGGACTCCCGATGCCCCTGGA
GAAACAGTGAACCTCACCTGTGACACGCCTGAAGAAG
ATGACATCACCTGGACCTCAGACCAGAGACATGGAGT
CATAGGCTCTGGAAAGACCCTGACCATCACTGTCAAA
GAGTTTCTAGATGCTGGCCAGTACACCTGCCACAAAG
GAGGCGAGACTCTGAGCCACTCACATCTGCTGCTCCA
CAAGAAGGAAAATGGAATTTGGTCCACTGAAATTTTA
AAAAATTTCAAAAACAAGACTTTCCTGAAGTGTGAAG
CACCAAATTACTCCGGACGGTTCACGTGCTCATGGCTG
GTGCAAAGAAACATGGACTTGAAGTTCAACATCAAGA
GCAGTAGCAGTTCCCCTGACTCTCGGGCAGTGACATG
TGGAATGGCGTCTCTGTCTGCAGAGAAGGTCACACTG
GACCAAAGGGACTATGAGAAGTATTCAGTGTCCTGCC
AGGAGGATGTCACCTGCCCAACTGCCGAGGAGACCCT
GCCCATTGAACTGGCGTTGGAAGCACGGCAGCAGAAT
AAATATGAGAACTACAGCACCAGCTTCTTCATCAGGG
ACATCATCAAACCAGACCCGCCCAAGAACTTGCAGAT
GAAGCCTTTGAAGAACTCACAGGTGGAGGTCAGCTGG
GAGTACCCTGACTCCTGGAGCACTCCCCATTCCTACTT
CTCCCTCAAGTTCTTTGTTCGAATCCAGCGCAAGAAAG
AAAAGATGAAGGAGACAGAGGAGGGGTGTAACCAGA
AAGGTGCGTTCCTCGTAGAGAAGACATCTACCGAAGT

- 60 -




WO 2021/046125

PCT/US2020/049061

CCAATGCAAAGGCGGGAATGTCTGCGTGCAAGCTCAG
GATCGCTATTACAATTCCTCATGCAGCAAGTGGGCAT
GTGTTCCCTGCAGGGTCCGATCCTAGTATGCTAGTACG
TCTCTCAAGGATAAGTAAGTAATATTAAGGTACGGGA
GGTATTGGACAGGCCGCAATAAAATATCTTTATTTTCA
TTACATCTGTGTGTTGGTTTTTTGTGTGAATCGATAGT
ACTAACATACGCTCTCCATCAAAACAAAACGAAACAA
AACAAACTAGCAAAATAGGCTGTCCCCAGTGCAAGTG
CAGGTGCCAGAACATTTCTCTGGCCTAACTGGCCGGT
ACCTGAGCTCTAGTTTCACTTTCCCTAGTTTCACTTTCC
CTAGTTTCACTTTCCCTAGTTTCACTTTCCCTAGTTTCA
CTTTCCCCTCGAGGATATCAAGATCTGGCCTCGGCGGC
CAGATGGTCAGCGTTCCAACAGCCTCACCCTCGGCAT
CCAGCAGCTCCTCTCAGTGCCGGTCCAGCATGTGTCAA
TCACGCTACCTCCTCTTTTTGGCCACCCTTGCCCTCCTA
AACCACCTCAGTTTGGCCAGGGTCATTCCAGTCTCTGG
ACCTGCCAGGTGTCTTAGCCAGTCCCGAAACCTGCTG
AAGACCACAGATGACATGGTGAAGACGGCCAGAGAA
AAACTGAAACATTATTCCTGCACTGCTGAAGACATCG
ATCATGAAGACATCACACGGGACCAAACCAGCACATT
GAAGACCTGTTTACCACTGGAACTACACAAGAACGAG
AGTTGCCTGGCTACTAGAGAGACTTCTTCCACAACAA
GAGGGAGCTGCCTGCCCCCACAGAAGACGTCTTTGAT
GATGACCCTGTGCCTTGGTAGCATCTATGAGGACTTGA
AGATGTACCAGACAGAGTTCCAGGCCATCAACGCAGC
ACTTCAGAATCACAACCATCAGCAGATCATTCTAGAC
AAGGGCATGCTGGTGGCCATCGATGAGCTGATGCAGT
CTCTGAATCATAATGGCGAGACTCTGCGCCAGAAACC
TCCTGTGGGAGAAGCAGACCCTTACAGAGTGAAAATG
AAGCTCTGCATCCTGCTTCACGCCTTCAGCACCCGCGT
CGTGACCATCAACAGGGTGATGGGCTATCTGAGCTCC
GCCTGAACAACTTTGTATAATAAAGTTGCTGAATTTCA
TTTTGTTTTTTTCTATGCTATAAATGGTGCGCTCCTCCA
AGAACGTCATCAAGGAGTTCATGCGCTTCAAGGTGCG
CATGGAGGGCACCGTGAACGGCCACGAGTTCGAGATC
GAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCCAC
AACACCGTGAAGCTGAAGGTGACCAAGGGCGGCCCCC
TGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCCAG
TACGGCTCCAAGGTGTACGTGAAGCACCCCGCCGACA
TCCCCGACTACAAGAAGCTGTCCTTCCCCGAGGGCTTC
AAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCG
TGGTGACCGTGACCCAGGACTCCTCCCTGCAGGACGG
CTGCTTCATCTACAAGGTGAAGTTCATCGGCGTGAACT
TCCCCTCCGACGGCCCCGTAATGCAGAAGAAGACCAT
GGGCTGGGAGGCCTCCACCGAGCGCCTGTACCCCCGC
GACGGCGTGCTGAAGGGCGAGATCCACAAGGCCCTGA
AGCTGAAGGACGGCGGCCACTACCTGGTGGAGTTCAA
GTCCATCTACATGGCCAAGAAGCCCGTGCAGCTGCCC
GGCTACTACTACGTGGACTCCAAGCTGGACATCACCT
CCCACAACGAGGACTACACCATCGTGGAGCAGTACGA
GCGCACCGAGGGCCGCCACCACCTGTTCCTGTAG
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49

Insert vMY X-
membrane bound
TNF -eGFP

AAAAATTGAAATTTTATTTTTTTTTTTTGGAATATAAA
TAATGAGCACTGAAAGCATGATCCGGGACGTGGAGCT
GGCCGAGGAGGCGCTCCCCAAGAAGACAGGGGGGCC
CCAGGGCTCCAGGCGGTGCTTGTTCCTCAGCCTCTTCT
CCTTCCTGATCGTGGCAGGCGCCACCACGCTCTTCTGC
CTGCTGCACTTTGGAGTGATCGGCCCCCAGAGGGAAG
AGTTCCCCAGGGACCTCTCTCTAATCAGCCCTCTGGCC
CAGGCAGATGAGCCTGTAGCCCATGTTGTAGCAAACC
CTCAAGCTGAGGGGCAGCTCCAGTGGCTGAACCGCCG
GGCCAATGCCCTCCTGGCCAATGGCGTGGAGCTGAGA
GATAACCAGCTGGTGGTGCCATCAGAGGGCCTGTACC
TCATCTACTCCCAGGTCCTCTTCAAGGGCCAAGGCTGC
CCCTCCACCCATGTGCTCCTCACCCACACCATCAGCCG
CATCGCCGTCTCCTACCAGACCAAGGTCAACCTCCTCT
CTGCCATCAAGAGCCCCTGCCAGAGGGAGACCCCAGA
GGGGGCTGAGGCCAAGCCCTGGTATGAGCCCATCTAT
CTGGGAGGGGTCTTCCAGCTGGAGAAGGGTGACCGAC
TCAGCGCTGAGATCAATCGGCCCGACTATCTCGACTTT
GCCGAGTCTGGGCAGGTCTACTTTGGGATCATTGCCCT
GTAGAAAAATTGAAATTTTATTTTTTTTTTTTGGAATA
TAAATAATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGT
AAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAG
GGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCA
TCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCAC
CCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCA
GCCGCTACCCCGACCACATGAAGCAGCACGACTTCTT
CAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGC
ACCATCTTCTTCAAGGACGACGGCAACTACAAGACCC
GCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAA
CCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGAC
GGCAACATCCTGGGGCACAAGCTGGAGTACAACTACA
ACAGCCACAACGTCTATATCATGGCCGACAAGCAGAA
GAACGGCATCAAGGTGAACTTCAAGATCCGCCACAAC
ATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACC
AGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCT
GCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTG
AGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCC
TGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGG
CATGGACGAGCTGTACAAGTAA

50

Mouse IL-12 single
polypeptide

MCPQKLTISWFAIVLLVSPLMAMWELEKDVYVVEVDW
TPDAPGETVNLTCDTPEEDDITWTSDQRHGVIGSGKTLTI
TVKEFLDAGQYTCHKGGETLSHSHLLLHKKENGIW STEI
LKNFKNKTFLKCEAPNYSGRFTCSWLVQRNMDLKFNIK
SSSSSPDSRAVTCGMASLSAEKVTLDQRDYEKYSVSCQE
DVTCPTAEETLPIELALEARQQNKYENYSTSFFIRDIIKPD
PPKNLQMKPLKNSQVEVSWEYPDSWSTPHSYFSLKFFVR
IQRKKEKMKETEEGCNQKGAFLVEKTSTEVQCKGGNVC
VQAQDRYYNSSCSKWACVPCRVRSVPGVGVPGVGMVS
VPTASPSASSSSSQCRSSMCQSRYLLFLATLALLNHLSLA
RVIPVSGPARCLSQSRNLLKTTDDMVKTAREKLKHYSCT
AEDIDHED
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51

Mouse IL-12 B
(p40)

MCPQKLTISWFAIVLLVSPLMAMWELEKDVYVVEVDW
TPDAPGETVNLTCDTPEEDDITWTSDQRHGVIGSGKTLTI
TVKEFLDAGQYTCHKGGETLSHSHLLLHKKENGIWSTEI
LKNFKNKTFLKCEAPNYSGRFTCSWLVQRNMDLKFNIK
SSSSSPDSRAVTCGMASLSAEKVTLDQRDYEKYSVSCQE
DVTCPTAEETLPIELALEARQQNKYENYSTSFFIRDIIKPD
PPKNLQMKPLKNSQVEVSWEYPDSWSTPHSYFSLKFFVR
IQRKKEKMKETEEGCNQKGAFLVEKTSTEVQCKGGNVC
VQAQDRYYNSSCSKWACVPCRVRS

52

Truncated mouse
IL-12 A (p35)

MVSVPTASPSASSSSSQCRSSMCQSRYLLFLATLALLNHL
SLARVIPVSGPARCLSQSRNLLKTTDDMVKTAREKLKHY
SCTAEDIDHED

53

Mouse IL-12A (p35)

MVSVPTASPSASSSSSQCRSSMCQSRYLLFLATLALLNHL
SLARVIPVSGPARCLSQSRNLLKTTDDMVKTAREKLKHY
SCTAEDIDHEDITRDQTSTLKTCLPLELHKNESCLATRET
SSTTRGSCLPPQKTSLMMTLCLGSIYEDLKMYQTEFQAIN
AALQNHNHQQIILDK GMLVAIDELMQSLNHNGETLRQK
PPVGEADPYRVKMKLCILLHAFSTRVVTINRVMGYLSSA

[0227] While preferred embodiments of the present invention have been shown and described

herein, it will be obvious to those skilled in the art that such embodiments are provided by way of

example only. Numerous variations, changes, and substitutions will now occur to those skilled in

the art without departing from the invention. It should be understood that various alternatives to

the embodiments of the invention described herein may be employed in practicing the invention.

It is intended that the following claims define the scope of the invention and that methods and

structures within the scope of these claims and their equivalents be covered thereby.
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CLAIMS
WHAT IS CLAIMED IS:

1. A myxoma virus (MYXV) having enhanced anti-cancer activity, wherein the
myxoma virus is genetically engineered to attenuate an activity or expression level of its M 153
protein.

2. The MYXYV of claim 1, wherein the activity or the expression level of the M153
protein is attenuated at least 80%.

3. The MYXYV of claim 1 or claim 2, wherein the MYXYV is engineered to introduce
a mutation in a nucleic acid encoding the M153 protein, wherein the mutation comprises an
insertion, deletion, or substitution mutation.

4. The MYXYV of claim 3, wherein the mutation enhances cell immune response
activity in relation to a wild-type M 153 protein.

5. The MYXYV of claim 1, wherein at least a portion of a nucleic acid encoding the
M153 protein in MY XV genome is knocked out.

6. The MYXYV of claim 1, wherein the MY XV comprises an inhibitory molecule
targeting M 153 transcript that thereby attenuates the M153 protein expression.

7. The MYXYV of claim 6, wherein the inhibitory molecule is an inhibitory RNA.

8. The MYXYV of claim 7, wherein the inhibitory RNA comprises dSRNA, siRNA,
antisense RNA, or miRNA.

9. The MYXYV of any one of claims 1-8, further comprising a nucleic acid encoding
a non-viral molecule.

10. The MYXYV of claim 9, wherein the non-viral molecule is tumor necrosis factor
alpha (TNFa).

11. The MYXYV of claim 10, wherein the TNFa is human TNFa.

12. The MYXYV of claim 10 or 11, wherein the TNFa is a soluble peptide.

13.  The MYXYV of any of claims 10-12, wherein the TNFa is a membrane- or
surface-bound peptide.

14.  The MYXYV of any of claims 10-13, wherein the TNFo further enhances the anti-
cancer activity of the MYXYV by activating anti-tumor immune cells or inducing cancer cell
death.

15. The MYXYV of claim 9, wherein the non-viral molecule is interleukin-12 (IL-12).

16. The MYXYV of claim 15, wherein the IL-12 is human IL-12.

17. The MYXYV of claim 15 or claim 16, wherein the IL-12 is a soluble peptide.

18. The MYXYV of any one of claims 15-17, wherein the IL-12 is a membrane- or
surface-bound peptide.
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19. The MYXYV of any of claims 15-18, wherein the IL-12 further enhances the anti-
cancer activity of the MYXYV by promoting immune cell differentiation or eliciting immune cell
cytotoxicity.

20. The MYXYV of claim 9, wherein the non-viral molecule is decorin.

21. The MYXYV of claim 20, wherein the decorin is human decorin.

22. The MYXYV of claim 20 or 21, wherein the decorin is a soluble peptide.

23.  The MYXYV of any of claims 20-22, wherein the decorin is a membrane- or
surface-bound peptide.

24.  The MYXYV of any of claims 20-23, wherein the decorin further enhances the
anti-cancer activity of the MYXV by blocking or decreasing TGF-f signaling.

25. The MYXYV of claim 9, wherein the nucleic acid encodes at least two molecules
selected from a group consisting of TNFa, IL-12, and decorin.

26. The MYXYV of claim 9, wherein the nucleic acid encodes TNFaq, IL-12, and
decorin.

27.  The MYXYV of any of claims 1-24, wherein the MYXYV is derived from a
Lausanne strain.

28. A composition comprising a MY XYV of any of claims 1-27, and a

pharmaceutically acceptable carrier or excipient.

29.  The composition of claim 28, formulated for systemic administration.

30.  The composition of claim 28, formulated for local administration.

31.  The composition of any one of claims 28-30, formulated for parenteral
administration.

32. A composition comprising a plurality of cells treated ex vivo by the MYXV of
any one of claims 1-27, wherein the plurality of cells comprises peripheral blood mononuclear
cells (PBMCs), bone marrow (BM) cells, or a combination thereof.

33. A method of inhibiting, alleviating, or preventing a cancer in a subject in need
thereof, comprising administering to the subject the MY XYV of any one of claim 1-27 or the
composition of any one of claims 28-32.

34. The method of claim 33, wherein the subject has, is suspected of having, or is at
risk of having the cancer, and wherein the method further comprises selecting the subject.

35. The method of claim 33 or claim 34, wherein the subject is a human.

36. The method of any one of the claims 33-35, wherein the administration is
systemic administration.

37.  The method of any one of the claims 33-36, wherein the administration reduces

cancer cell viability, or activates immunogenic cell death in the cancer.

-65 -



WO 2021/046125 PCT/US2020/049061

38.  The method of any one of the claims 33-37, wherein the administration improves
the subject’s survival.

39.  The method of any one of the claims 33-38, wherein the cancer comprises a solid
tumor.

40. The method of any one of the claims 33-38, wherein the cancer is an
osteosarcoma, triple negative breast cancer, or melanoma.

41.  The method of any one of the claims 33-40, wherein the cancer has metastasized
to a location in the subject.

42. The method of claim 41, wherein the location comprises a lung, a brain, a liver
and/or a lymph node of the subject.

43. The method of any one of the claims 33-42, further comprising administering to
the subject an additional therapeutic agent.

44.  The method of claim 43, wherein the additional therapeutic agent is an immune
checkpoint modulator.

45. The method of claim 43 or claim 44, wherein the additional therapeutic agent is
administered to the subject before administering the composition.

46. The method of claim 43 or claim 44, wherein the additional therapeutic agent is
administered to the subject after administering the composition.

47. The method of claim 43 or claim 44, wherein the additional therapeutic agent is
administered to the subject as a combination with the composition.

48. The method of any one of claims 33-47, wherein the composition comprising the
plurality of cells is administered to the subject, wherein the plurality of cells comprises cells that
are autologous to the subject.

49. The method of any one of claims 33-47, wherein the composition comprising the
plurality of cells is administered to the subject, wherein the plurality of cells comprises cells that
are allogenic to the subject.

50. A recombinant nucleic acid comprising at least a portion of MYXYV genome,

wherein the MY XYV genome is modified to reduce expression of M153 gene.

51. The recombinant nucleic acid of claim 50, wherein the recombinant nucleic acid
comprises DNA.
52. The recombinant nucleic acid of claim 50 or claim 51, wherein the portion of

MYXYV genome is modified to knock out at least a portion of the M 153 gene in the portion of
MYXYV genome.
53. The recombinant nucleic acid of any of claims 50-52, wherein the recombinant

MYXYV genome comprises a first nucleic acid encoding TNFa.

- 66 -



WO 2021/046125 PCT/US2020/049061

54. The recombinant nucleic acid of claim 53, wherein the TNFa is human TNFa.

55. The recombinant nucleic acid of claim 53 or claim 54, wherein the first nucleic
acid replaces or is adjacent to an M135R gene of the MYXV genome.

56.  The recombinant nucleic acid of any of claims 53-55, wherein first nucleic acid is
inserted between an M135R gene and an M136R gene of the MY XYV genome.

57. The recombinant nucleic acid of any of claims 53-56, wherein expression of the
first nucleic acid is driven by a poxvirus synthetic early/late (sE/L) promoter.

58. The recombinant nucleic acid of any of claims 50-57, wherein the recombinant
MYXYV genome comprises a second nucleic acid encoding interleukin-12 subunit alpha (IL-
120).

59. The recombinant nucleic acid of claim 58, wherein the IL-120 is human IL-12a.

60. The recombinant nucleic acid of claim 58 or claim 59, wherein expression of IL-
120, 1s driven by an internal ribosome entry site (IRES).

61. The recombinant nucleic acid of any of claims 58-60, wherein the second nucleic
acid IL-12a disrupts the expression of the M 153 gene of the MYXYV genome.

62. The recombinant nucleic acid of any of claims 50-61, wherein the recombinant
MYXYV genome comprises a third nucleic acid encoding an interleukin-12 subunit beta (IL-12f3).

63.  The recombinant nucleic acid of claim 62, wherein the IL-12f is human IL-12.

64. The recombinant nucleic acid of claim 62 or claim 63, wherein expression of the
third nucleic acid is driven by an sE/L promoter.

65. The recombinant nucleic acid of any of claims 62-64, wherein the third nucleic
acid disrupts the expression of the M153 gene of the MYXV genome.

66. The recombinant nucleic acid of any of claims 50-65, wherein the recombinant
MYXYV genome comprises a fourth nucleic acid encoding decorin.

67. The recombinant nucleic acid of claim 66, wherein the decorin is human decorin.

68. The recombinant nucleic acid of claim 66 or claim 67, wherein expression of
fourth nucleic acid is driven by an sE/L promoter.

69.  The recombinant nucleic acid of any of claims 66-68, wherein the fourth nucleic
acid disrupts expression of the M153 gene of the MYXV genome.

70.  The recombinant nucleic acid of any of claims 50-69, further comprising a fifth
nucleic acid encoding a reporter tag.

71. The recombinant nucleic acid of claim 70, wherein the reporter tag comprises a
green fluorescent protein (GFP).

72. The recombinant nucleic acid of claim 70 or claim 71, wherein expression of the

fifth nucleic acid is driven by an sE/L promoter.
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73. The recombinant nucleic acid of claim 70, further comprising a sixth nucleic acid
encoding a second reporter tag.

74. The recombinant nucleic acid of claim 73, wherein the second reporter tag
comprises a red fluorescent protein (RFP).

75. The recombinant nucleic acid of claim 73 or claim 74, wherein expression of the
sixth nucleic acid is driven by a poxvirus P11 late promoter.

76. The recombinant nucleic acid of any of claims 50-75, wherein the recombinant
nucleic acid comprises a vMyx-hTNFa cassette, optionally comprising GFP.

77. The recombinant nucleic acid of any of claims 50-76, wherein the recombinant
nucleic acid comprises an hDecorin-hIL-12 cassette, optionally comprising dsRed.

78. The recombinant nucleic acid of any of claims 50-77, wherein the recombinant
nucleic acid comprises or consists of a vMyx-hTNFa-hDecorin-hIL-12-M 153K 0O (vMyx-Triple)
cassette, optionally comprising dsRed and/or GFP.

79. A recombinant MYXV comprising the recombinant nucleic acid of any of claims
50-78.

80. A method of inhibiting, alleviating, or preventing a cancer in a subject in need
thereof, comprising administering to the subject the recombinant nucleic acid of any one of
claims 50-79 or the recombinant MYXYV of claim 79.

81. The method of claim 80, wherein the subject has, is suspected of having, or is at

risk of having the cancer, and wherein the method further comprises selecting the subject.

82. The method of claims 80 or 81, wherein the subject is a human.

83.  The method of any one of claims 80-82, wherein the administration is systemic
administration.

84.  The method of any one of the claims 80-83, wherein the administration reduces

cell viability, or activates immunogenic cell death in the cancer.

85.  The method of any one of the claims 35-49 or any one of claims 80-84, wherein
the administration is performed in a dose and a schedule effective to increase expression of at
least two cytokines in PBMCs of the subject.

86.  The method of any one of the claims 35-49 or any one of claims 80-84, wherein
the administration is performed in a dose and a schedule effective to increase expression of at
least two cytokines in cancer cells in the subject.

87. The method of claim 85 or claim 86, wherein the at least two cytokines comprise

IFN-y, IL-2, IL-6, IL-10, IL-12, or TNF-a.
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88.  The method of any one of the claims 35-49 or any one of claims 80-87, wherein
the administration is performed in a dose and a schedule effective to reduce volume of the
cancer by at least 10%.

89.  The method of any one of the claims 35-49 or any one of claims 80-87, wherein
the administration is performed in a dose and a schedule effective to reduce growth of the cancer
by at least 10%.

90.  The MYXYV of claim 15, wherein the IL-12 comprises an IL-12a subunit and an
IL-12f subunit.

91. The MYXYV of claim 90, wherein the IL-12a subunit and the IL-12f3 subunit are
joined by a polypeptide linker.

92. The MYXYV of claim 91, wherein the polypeptide linker is an elastin linker.

93. The MYXV of claim 15, wherein the MYXV expresses a low level of the IL-12.

94.  The MYXV of claim 15, wherein the MY XV expresses a high level of the IL-12.
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