ONCOLYTIC VIRUSES FOR MODIFIED MHC EXPRESSION

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 63/182,243
filed April 30, 2021, which is incorporated by reference herein in its entirety.

BACKGROUND
[0002] Cancer is the second leading cause of death in the United States. Challenges for
commercially available therapies exists around selective targeting of cancer cells, localized gene
expression, and reaching and modifying the tumor microenvironment (TME). Thus, there remains

a need for improved compositions and methods of use to address these challenges.

BRIEF SUMMARY

[0002a] In one aspect, provided herein is a composition, wherein the composition comprises: an
oncolytic virus, wherein the oncolytic virus comprises a genome modification; wherein the
genome modification comprises an exogenous nucleic acid encoding for an MHC 1 inhibitor,
wherein the MHC I inhibitor comprises vIRF3.

[0002b] In another aspect, provided herein is a pharmaceutical composition comprising the
composition as described herein and a pharmaceutically acceptable excipient.

[0003] Provided herein are compositions, wherein the composition comprises: an oncolytic virus,
wherein the oncolytic virus comprises a genome modification, wherein the genome modification
comprises an exogenous nucleic acid encoding for an MHC I inhibitor. Further provided herein
are compositions, wherein the genome modification further comprises: a deletion or functional
deletion of an endogenous nucleic acid encoding an MHC II inhibitor; or an exogenous nucleic
acid that results in activation or enhanced activation of MHC II presentation. Further provided
herein are compositions, wherein the genome modification further comprises: a deletion or
functional deletion of an endogenous nucleic acid encoding an MHC II inhibitor; and an exogenous
nucleic acid that results in activation or enhanced activation of MHC II presentation. Further
provided herein are compositions, wherein the deletion or functional deletion of the endogenous
nucleic acid encoding the MHC II inhibitor comprises a deletion or functional deletion of a
vaccinia virus gene encoding protein A35. Further provided herein are compositions, wherein the
deletion or functional deletion of the vaccinia virus gene encoding protein A35 is a deletion or
functional deletion of gene WRI158. Further provided herein are compositions, wherein the
exogenous nucleic acid that results in activation or enhanced activation of the MHC II presentation

encodes for a protein selected from: an apoptosis inhibitor protein; a necrotic cell death activator



protein; an autophagy enhancer protein; an asparaginyl endopeptidase; a class II transactivator;
an interferon-gamma; a Toll-like receptor activator; or a dendritic cell maturation activator.
Further provided herein are compositions, wherein the exogenous nucleic acid encodes for the
autophagy enhancer protein, and wherein the autophagy enhancer protein is HMGBI1 or a
functional domain or a variant thereof. Further provided herein are compositions, wherein the
exogenous nucleic acid encodes for the dendritic cell maturation activator, wherein the dendritic
cell maturation activator comprises osteopontin, TNF-alpha, or a functional fragment or variant

thereof. Further provided
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herein are compositions, wherein the protein encoded by the exogenous nucleic acid is fused to a
secretion sequence, a cell permeabilizing domain, or a combination thereof. Further provided
herein are compositions, wherein the oncolytic virus is a poxvirus, an adeno associated virus, an
adenovirus, Newcastle disease virus (NDV), Reovirus (RV), mengovirus, Myxoma virus
(MYXYV), Measles virus (MV), Herpes Simplex virus (HSV), Vaccinia virus (VV), Vesicular
Stomatitis virus (VSV), and Polio virus (PV). Further provided herein are compositions, wherein
the poxvirus comprises a betaentomopoxvirus, a yatapoxvirus, a cervidpoxvirus, a
gammaentomopoxvirus, a leporipoxvirus, a suipoxvirus, a molluscipoxvirus, a
crocodylidpoxvirus, an alphaecntomopoxvirus, a capripoxvirus, an avipoxvirus, or a parapoxvirus.
Further provided herein are compositions, wherein the poxvirus is a vaccinia virus. Further
provided herein are compositions, wherein the MHC I inhibitor causes an inhibition or partial
inhibition of MHC I presentation. Further provided herein are compositions, wherein the
exogenous nucleic acid encoding the MHC T inhibitor comprises a gene encoding one or more
cowpox virus proteins. Further provided herein are compositions, wherein the exogenous nucleic
acid encoding the MHC I inhibitor comprises a gene encoding cowpox protein CPXV012 or a
functional fragment or a variant thereof. Further provided herein are compositions, wherein the
exogenous nucleic acid encoding the MHC I inhibitor comprises a gene encoding cowpox protein
CPXV203 or a functional fragment or a variant thereof. Further provided herein are compositions,
wherein the exogenous nucleic acid encoding the MHC T inhibitor comprises a gene encoding at
least one of: Epstein-Barr virus encoded nuclear antigen 1 protein; Herpes simplex virus encoded
ICP47 protein; Herpes simplex virus encoded UL49.5 protein; Cytomegalovirus encoded US6,
US2, US3, US11, or gp48 protein; Epstein-Barr Virus encoded BNLF2a protein; Adenovirus
encoded E3-19K protein; Human Immunodeficiency Virus or Simian Immunodeficiency Virus
encoded Nef protein; Kaposi’s sarcoma-associated herpesvirus encoded kK3, vIRF3 or kK5
protein; or a dominant negative form of IRF7 or IRF3. Further provided herein are compositions,
wherein the MHC T inhibitor comprises a TAP inhibitor. Further provided herein are compositions,
wherein the TAP inhibitor acts wholly or primarily within infected cells. Further provided herein
are compositions, wherein the genome modification reduces an immune response targeting a virus-
infected tumor cell and increases an immune response targeting cells surrounding the virus-
infected tumor cell. Further provided herein are compositions, further comprising a deletion of a
thymidine kinase gene. Further provided herein are compositions, further comprising an
exogenous nucleic acid encoding a hyaluronidase. Further provided herein are compositions,
wherein the hyaluronidase is PH-20 or HysA. Further provided herein are compositions, wherein
the oncolytic virus is a vaccinia virus, and the vaccinia virus is a Western Reserve strain Vaccinia

virus (ATCC VR-1354), a Copenhagen strain, an IHD strain, a Wyeth strain (ATCC VR-325), a
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NYCBOH strain, a Tian Tan strain, a Lister strain, an Ankara strain (ATCC VR-1508 or ATTC
VR1566), a USSR strain, or an ACAM2000 strain.

[0004] Provided herein are compositions, wherein the composition comprises an oncolytic virus,
wherein the oncolytic virus comprises a genome modification; wherein the genome modification
comprises a deletion or functional deletion of a vaccinia virus gene encoding A35 protein and
insertion of an exogenous gene encoding a cowpox protein CPXVO012 or a cowpox protein
CPXV203. Further provided herein are compositions, wherein the oncolytic virus is a poxvirus,
an adeno associated virus, an adenovirus, Newcastle disease virus (NDV), Reovirus (RV),
mengovirus, Myxoma virus (MYXV), Measles virus (MV), Herpes Simplex virus (HSV),
Vaccinia virus (VV), Vesicular Stomatitis virus (VSV), and Polio virus (PV). Further provided
herein are compositions, wherein the poxvirus comprises a betaentomopoxvirus, a yatapoxvirus, a
cervidpoxvirus, a gammaentomopoxvirus, a leporipoxvirus, a suipoxvirus, a molluscipoxvirus, a
crocodylidpoxvirus, an alphaentomopoxvirus, a capripoxvirus, an avipoxvirus, or a parapoxvirus.
Further provided herein are compositions, wherein the oncolytic virus is a vaccinia virus. Further
provided herein are compositions, wherein the exogenous gene encoding cowpox protein
CPXVO012 is at a locus of the gene encoding A35 protein of a vaccinia virus. Further provided
herein are compositions, wherein the exogenous gene encoding cowpox protein CPXV203 is at a
locus of the gene encoding A35 protein of a vaccinia virus. Further provided herein are
compositions, wherein the genome modification further comprises at least one of: an exogenous
nucleic acid that codes for a chemokine receptor or a functional domain or a variant thereof; or an
exogenous nucleic acid that codes for a cytokine or a functional domain or a variant thereof.
Further provided herein are compositions, comprising the exogenous nucleic acid that codes for a
cytokine or a functional domain or a variant thereof, wherein the cytokine comprises at least one
of: interleukin-2 (IL-2), interleukin-15/ interleukin-15Ra (IL15/IL15Ra), interleukin-7 (IL-7), or
a functional domain or a variant thereof. Further provided herein are compositions, wherein the
genome modification comprises an insertion of an exogenous nucleic acid that codes for a fusion
protein comprising a cytokine and a metabolic modulator protein. Further provided herein are
compositions, comprising the exogenous nucleic acid that codes for the chemokine receptor or a
functional domain or a variant thereof, wherein the chemokine receptor comprises at least one of:
CXCR4, CCR2, or functional domains or variants thereof. Further provided herein are
compositions, wherein the chemokine receptor comprises the CXCR4 or a functional domain or a
variant thereof. Further provided herein are compositions, wherein the chemokine receptor
comprises the CCR2 or a functional domain or a variant thereof, wherein the CCR2 comprises a
wild-type CCR2 or a mutated CCR2. Further provided herein are compositions, wherein the

exogenous nucleic acid that codes for the chemokine receptor or a functional domain or a variant
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thereof comprises a codon optimized sequence. Further provided herein are compositions, wherein
the exogenous nucleic acid that codes for the chemokine receptor or a functional domain or a
variant thereof comprises a non-codon optimized sequence. Further provided herein are
compositions, wherein the genome modification comprises mutation or a complete or a partial
deletion of a viral gene comprising at least one of: A52R, B15R, K7R, A46R, N1L, E3L, K1L,
M2L, C16, N2R, B8R, B18R, or VH1 of a vaccinia virus or a functional domain or fragment or
variant thereof, or any combinations thereof. Further provided herein are compositions, further
comprising a deletion of a thymidine kinase gene. Further provided herein are compositions,
further comprising an exogenous nucleic acid encoding a hyaluronidase. Further provided herein
are compositions, wherein the hyaluronidase is PH-20 or HysA. Further provided herein are
compositions, wherein the oncolytic virus is a vaccinia virus, and the vaccinia virus is a Western
Reserve strain Vaccinia virus (ATCC VR-1354), a Copenhagen strain, an IHD strain, a Wyeth
strain (ATCC VR-325), a NYCBOH strain, a Tian Tan strain, a Lister strain, an Ankara strain
(ATCC VR-1508 or ATTC VR1566), a USSR strain, or an ACAM2000 strain.

[0005] Provided herein are pharmaceutical compositions comprising the composition according
as described herein and a pharmaceutically acceptable excipient. Further provided herein are
pharmaceutical compositions, wherein the excipient comprises one or more of a buffering agent,
a stabilizer, an antioxidant, a binder, a diluent, a dispersing agent, a rate controlling agent, a
lubricant, a glidant, a disintegrant, a plasticizer, a preservative, or any combinations thereof.
Further provided herein are pharmaceutical compositions, wherein the excipient comprises di-
sodium hydrogen phosphate dihydrate, sodium dihydrogen phosphate dihydrate, sodium chloride,
myo-inositol, sorbitol, or any combinations thereof. Further provided herein are pharmaceutical
compositions, wherein the pharmaceutical composition does not comprise a preservative. Further
provided herein are pharmaceutical compositions, further comprising one or more of a
preservative, a diluent, and a carrier. Further provided herein are pharmaceutical compositions,
further comprising an additional active ingredient or a salt thereof. Further provided herein are
pharmaceutical compositions, wherein the excipient is sterile water. Further provided herein are
pharmaceutical compositions, further comprising an additional active ingredient, wherein the
additional active ingredient is an anti-cancer agent or a further oncolytic virus.

[0006] Provided herein are methods of reducing growth of a cancer cell, the methods comprising
administering to a cancer cell: the composition or the pharmaceutical composition as described
herein.

[0007] Provided herein are methods for treating cancer, the method comprising: administering to
a subject having a cancer, the composition or the pharmaceutical composition as described herein.

Further provided herein are methods, wherein the administering comprises an intratumoral
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administration, an intraperitoneal administration, an oral administration, an intravenous
administration, an intranasal administration, a sublingual administration, a rectal administration, a
transdermal administration, or any combination thereof. Further provided herein are methods,
comprising administering a further therapy, wherein the further therapy comprises chemotherapy,
radiation, oncolytic viral therapy with an additional virus, treatment with immunomodulatory
proteins, a CAR T cellular therapy, an anti-cancer agent, or any combinations thercof. Further
provided herein are methods, wherein the further therapy comprises administering an
immunomodulatory agent comprising anti-CD33 antibody and variable region thereof, an anti-
CD11b antibody and variable region thereof, a COX2 inhibitor, a cytokine, a chemokine, an anti-
CTLA4 antibody or an antigen binding fragment thereof, an anti-PD-1 antibody or an antigen
binding fragment thereof, an anti-PD-L1 antibody or an antigen binding fragment thereof, or a
TLR agonist.

[0008] Provided herein are methods of treatment comprising administering to a subject in need
thereof the composition or the pharmaceutical composition as described herein. Further provided
herein are methods, wherein the administering comprises an intratumoral administration. Further
provided herein are methods, wherein the administering comprises a systemic administration.
Further provided herein are methods, wherein the systemic administration comprises at least one
of: an intraperitoneal administration, an oral administration, an intravenous administration, an
intranasal administration, a sublingual administration, a rectal administration, a transdermal
administration, or any combination thereof. Further provided herein are methods, wherein the
subject has a cancer, and wherein the cancer is at least one of: a melanoma, a hepatocellular
carcinoma, a breast cancer, a lung cancer, a non-small lung cancer, a peritoneal cancer, a prostate
cancer, a bladder cancer, an ovarian cancer, a leukemia, a lymphoma, a renal cell carcinoma, a
pancreatic cancer, an epithelial carcinoma, a gastric/ GE junction adenocarcinoma, a cervical
cancer, a colon carcinoma, a colorectal cancer, a duodenal cancer, a pancreatic adenocarcinoma,
an adenoid cystic, a sarcoma, a mesothelioma, a glioblastoma multiforme, a astrocytoma, a
multiple myeloma, a prostate carcinoma, a hepatocellular carcinoma, a cholangiocarcinoma, a
pancreatic adenocarcinoma, a head and neck squamous cell carcinoma, a cervical squamous-cell
carcinoma, an osteosarcoma, an epithelial ovarian carcinoma, an acute lymphoblastic lymphoma,
a myeloproliferative neoplasm, or any combination thereof. Further provided herein are methods,
wherein the composition or the pharmaceutical composition is administered at a dosage from about
10° PFU/mL to about 10'° PFU/mL of the oncolytic virus. Further provided herein are methods,
wherein the composition or the pharmaceutical composition is administered at a dosage of about
3 x 10° PFU/mL of the oncolytic virus. Further provided herein are methods, wherein the

composition or the pharmaceutical composition is administered in three doses, and wherein each
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of the three doses is administered in an amount and period of administration independent of any
other dose. Further provided herein are methods, wherein the three doses are administered at a first
dose, a second dose, and a third dose, and, wherein the first dose is lower than the second dose,
and the second dose is lower than the third dose. Further provided herein are methods, wherein the
three doses are administered at a first dose, a second dose, and a third dose, and wherein the first
dose is higher than the second dose, and the second dose is higher than the third dose. Further
provided herein are methods, wherein the period of administration for the three doses is each,
independently, about 1 day, about 2 days, about 3 days, about 4 days, about 5 days, about 6 days,
about 1 week, about 2 week, about 3 weeks, about 4 weeks, about 6 weeks, about 7 weeks, about
8 weeks, about 9 weeks, about 10, weeks, about 12 weeks, about 4 months, about 5 months, about
6 months, about 7 months, about 8 months, about 9 months, about 10 months, about 11 months or
about 1 year. Further provided herein are methods, wherein the composition or the pharmaceutical
composition independently comprises a liquid dosage form that is administered at a volume from
about 1 mL to about 5 mL, about 5 mL to 10 mL, about 15 mL to about 20 mL, about 25 mL to
about 30 mL, about 30 mL to about 50 mL, about 50 mL to about 100 mL, about 100 mL to 150
mL, about 150 mL to about 200 mL, about 200 mL to about 250 mL, about 250 mL to about 300
mL, about 300 mL to about 350 mL, about 350 mL to about 400 mL, about 400 mL to about 450
mL, about 450 mL to 500 mL, about 500 mL to 750 mL, or about 750 mL to 1000 mL. Further
provided herein are methods, wherein the composition or the pharmaceutical composition is
administered in a liquid dosage form, a solid dosage form, an inhalable dosage form, an intranasal
dosage form, a liposomal formulation, a dosage form comprising nanoparticles, a dosage form
comprising microparticles, a polymeric dosage form, or any combination thereof. Further provided
herein are methods, wherein the composition or the pharmaceutical composition is administered
for a duration of about 1 day, about 2 days, about 3 days, about 4 days, about 5 days, about 6 days,
about 1 week, about 2 week, about 3 weeks, about 4 weeks, about 6 weeks, about 7 weeks, about
8 weeks, about 9 weeks, about 10, weeks, about 12 weeks, about 4 months, about 5 months, about
6 months, about 7 months, about 8 months, about 9 months, about 10 months, about 11 months,
or about 1 year. Further provided herein are methods, wherein the composition or the
pharmaceutical composition is administered once daily, twice daily, once every week, once every
two weeks, or once every three weeks. Further provided herein are methods, wherein the
composition or the pharmaceutical composition is administered as a bolus injection or a slow
infusion. Further provided herein are methods, wherein the administration of the composition or
the pharmaceutical composition results in a first peak viral load after about 1 hour to about 3 days
and a second peak viral load after about 3 days to about 10 days from administration of a first dose.

Further provided herein are methods, comprising administration of a further therapy, wherein the
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further therapy is administered for a duration of about 1 day, about 2 days, about 3 days, about 4
days, about 5 days, about 6 days, about 1 week, about 2 week, about 3 weeks, about 4 weeks, about
6 weeks, about 7 weeks, about 8 weeks, about 9 weeks, about 10, weeks, or about 12 weeks.
Further provided herein are methods, wherein the further therapy is administered once daily, twice
daily, once every 1 day, once every 2 days, once every 3 days, once every 4 days, once every 5
days, once every 6 days, once every 1 week, once every 2 week, once every 3 weeks, once every
4 weeks, once every 6 weeks, once every 7 weeks, once every 8 weeks, once every 9 weeks, once
every 10, weeks, once every 12 weeks, once every 4 months, once every S months, once every 6
months, once every 7 months, once every 8 months, once every 9 months, once every 10 months,
once every 11 months, or once every 1 year. Further provided herein are methods, wherein the
further therapy is administered in a liquid dosage form, a solid dosage form, an inhalable dosage
form, an intranasal dosage form, a liposomal formulation, a dosage form comprising nanoparticles,
a dosage form comprising microparticles, a polymeric dosage form, or any combination thereof.
Further provided herein are methods, wherein the further therapy is administered orally,
intravenously, by an intratumoral injection, by intraperitoneal injection, or by radiation. Further
provided herein are methods, wherein the further therapy comprises chemotherapy, radiation,
oncolytic viral therapy with an additional virus, treatment with immunomodulatory proteins, a
CART cellular therapy, an anti-cancer agent, or any combinations thereof. Further provided herein
are methods, wherein the further therapy comprises administration of an immunomodulatory agent
comprising anti-CD33 antibody and variable region thereof, an anti-CD11b antibody and variable
region thereof, a COX2 inhibitor, a cytokine, a chemokine, an anti-CTLA4 antibody or an antigen
binding fragment thereof, an anti-PD-1 antibody or an antigen binding fragment thereof, an anti-
PD-L1 antibody or an antigen binding fragment thereof, or a TLR agonist. Further provided herein
are methods, wherein the further therapy comprises administration of the anti-cancer agent,
wherein the anti-cancer agent is a chemotherapeutic agent. Further provided herein are methods,
wherein the subject is human.

[0009] Other objects, features and advantages of the present invention will become apparent from
the following detailed description. It should be understood, however, that the detailed description
and the specific examples, while indicating preferred embodiments of the invention, are given by
way of illustration only, since various changes and modifications within the spirit and scope of the

invention will become apparent to those skilled in the art from this detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The novel features of the disclosure are set forth with particularity in the appended claims.
A better understanding of the features and advantages of this disclosure will be obtained by
reference to the following detailed description that sets forth illustrative embodiments, in which
the principles of this disclosure are utilized.

[0011] FIGURE 1 depicts the change in B16 tumor volume, shown in cubic millimeters on the y-
axis, following treatment with vehicle formulated buffer (VFB), or recombinant vaccinia virus
comprising: a TK deletion (HCCTKM); TK and AS52R deletions and substitution of the gene
encoding the A35 protein with a cowpox CPXV012 gene (W0O0434N); or TK and A52R deletions
without insertion of the exogenous nucleic acid (WO416N).

[0012] FIGURES 2A and 2B depict the change in Renca (FIG. 2A) or EMT6 (FIG. 2B) tumor
volume, shown in cubic millimeters on the y-axis, following treatment with vehicle formulated
buffer (VFB), or recombinant vaccinia virus comprising: (1) a TK gene deletion and insertion of
nucleic acid encoding the cowpox virus V012 protein; (2) a WR158 gene deletion and insertion of
nucleic acid encoding the cowpox virus V012 protein; (3) a TK gene deletion and insertion of
nucleic acid encoding dominant negative interferon regulatory factor 7 (dnIRF7); or (4) a TK gene

deletion and insertion of nucleic acid encoding viral interferon regulator factor 3 (VIRF3).

DETAILED DESCRIPTION OF THE DISCLOSURE

[0013] While preferred embodiments of this disclosure 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 this disclosure. It should be understood that various alternatives to the
embodiments of this disclosure described herein may be employed in practicing the disclosure.

[0014] This disclosure provides, in some embodiments, recombinant oncolytic viruses and
methods of using said oncolytic viruses for the treatment of cancer. In some embodiments, the
oncolytic viruses of this disclosure comprise modification in the viral genome encoding exogenous
nucleic acids to enhance the oncolytic immunotherapy by remodeling the tumor microenvironment
and with enhanced systemic delivery. The present disclosure further relates to the composition of

matter comprising such oncolytic viruses and the method of use and kits for cancer treatments.

Certain Definitions

o

[0015] As used herein, the singular forms “a”, “an” and “the,” may refer to both the singular as

well as plural, unless the context clearly indicates otherwise. As used herein, the term “comprises”
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can mean “includes.” Thus, “comprising one or more modifications in the viral genome” may
mean “including at least one of the modifications in the viral” without excluding other elements.
In case of conflict, the present specification, including explanations of terms, will control. In
addition, the materials, methods, and examples are illustrative only and not intended to be limiting,
The term “about” or “approximately” can mean within an acceptable error range for the particular
value as determined by one of ordinary skill in the art, which will depend in part on how the value
is measured or determined, e.g., the limitations of the measurement system. For example, “about”
can mean within 1 or more than 1 standard deviation, per the practice in the given value. Where
particular values are described in the application and claims, unless otherwise stated the term
“about” should be assumed to mean an acceptable error range for the particular value, such as
+10% of the value modified by the term “about”.

[0016] The term “recombinant oncolytic virus” as defined herein include an oncolytic virus strain
engineered to delete or functionally delete one or more endogenous nucleic acid sequences and/or
insert or partially insert one or more exogeneous nucleic acid sequences. The term also includes
the substitution of the one or more endogenous nucleic acid sequences in a viral genome with the
one or more exogeneous nucleic acid at the same or different loci.

[0017] The term “effective amount” as used herein, can refer to an amount of an agent (such as a
recombinant oncolytic virus disclosed herein, as well as other anti-cancer agents) that is sufficient
to effect beneficial or desired results. An effective amount (also referred to as a therapeutically
effective amount) may vary depending upon one or more of: the subject and disease condition
being treated, the weight and age of the subject, the severity of the disease condition, the manner
of administration and the like, which can readily be determined by one of ordinary skill in the art.
The beneficial therapeutic effects can include, but are not limited to, enablement of diagnostic
determinations; amelioration of a disease, symptom, disorder, or pathological condition; reducing
or preventing the onset of a disease, symptom, disorder or condition; and generally counteracting

a disease, symptom, disorder or pathological condition.

Overview

[0018] Provided herein are compositions and methods relating to inhibiting major
histocompatibility complex (MHC) Class I presentation within virally infected cells as a means to
(i) reduce the immune response targeting the virus and virus infected cells while increasing the
immune response targeting the surrounding tumor. Further provided herein are compositions and
methods for recombinant oncolytic viruses engineered to activate major histocompatibility

complex (MHC) Class II presentation throughout the tumor microenvironment, while also helping
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to overcome immune resistance to immune oncology therapies (e.g., immune check point inhibitor
therapies) mediated by tumor-mediated downregulation of MHC II presentation.

[0019] In some embodiments, the recombinant oncolytic virus is a vaccinia virus, wherein the
vaccinia virus can be modified such that the virus (i) is deleted for vaccinia’s natural MHC 11
inhibitor; and (ii) has been engineered to express an MHC I inhibitor from cowpox virus. It is
shown herein, in some aspects, that substitution of vaccinia virus gene WR158 encoding protein
A35 (NCBI Accession No. YP_233040) with a DNA sequence encoding viral promoter P7.5 (SEQ
ID NO: 1) driving expression of cowpox protein CPXV012 (NCBI accession No. NP_619801)
(SEQ ID NO: 2) or with a DNA sequence encoding cowpox protein CPXV203 can result in a
greater therapeutic activity than the same virus without this substitution.

[0020] In some embodiments, the MHC I inhibitor can be selected from one or more of TAP
inhibitors, such as UL49.5; ICP47; US6, BNLF2a.

[0021] In some embodiments, better activation of MHC II presentation can be achieved by other
methods including or excluding the deletion of vaccinia’s natural MHC II inhibitor. These other
methods include but are not limited to modification in the recombinant vaccinia virus such that the
viral genome is modified by insertion of the gene encoding at least one of an apoptosis inhibitor
protein or a necrotic cell death activator protein; an autophagy enhancer protein (e.g., HMGB1);
an asparaginyl endopeptidase; a class II transactivator (CIITA); an interferon-gamma; a Toll-like
receptors (TLR) activator; a dendritic cell (DC) maturation activator (e.g., osteopontin or TNF-
alpha) or Fas ligand.

[0022] In some embodiments, the inhibition of major histocompatibility complex (MHC) Class 1
presentation can be achieved by other methods including or excluding the insertion of a gene from
cowpox virus expressing an MHC I inhibitor. These other methods include but are not limited to
insertion of an exogenous gene in the viral genome from one or more of a MHC 1 inhibitor derived
from a herpesvirus such as Epstein-Barr virus encoded nuclear antigen 1 (EBNA1) or BNLF2a
proteins, Herpes simplex virus encoded ICP47 or UL49.5 proteins, Herpes simplex virus encoded
protein, Human cytomegalovirus (HCMV) encoded US6, US2, US3 USI1 or gp48 proteins,
Epstein-Barr Virus encoded BNLF2a protein, Kaposi’s sarcoma-associated herpesvirus (KSHV)
encoded kK3, vIRF3 or kK5 protein, or dominant negative form of IRF7.

[0023] Other viral proteins that down regulate MHC I include for example Adenovirus encoded
E3-19K protein, Human Immunodeficiency Virus 1 encoded Nef protein, Human
Immunodeficiency Virus 2 encoded Nef protein, and Simian Immunodeficiency Virus 1 encoded

Nef protein.

Oncolytic Viruses
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[0024] Provided herein are compositions comprising an oncolytic virus which is modified.
Modifications include the addition of an exogenous nucleic acid described herein. Further
modifications include the addition of a genomic modification as described herein. Exemplary
oncolytic viruses for inclusion in composition described herein include, without limitation, a
poxvirus, an adeno associated virus, an adenovirus, Newcastle disease virus (NDV), Reovirus
(RV), mengovirus, Myxoma virus (MYXYV), Measles virus (MV), Herpes Simplex virus (HSV),
Vaccinia virus (VV), Vesicular Stomatitis virus (VSV), and Polio virus (PV). These oncolytic
viruses have a proclivity to specifically target cancer cells, and upon virus replication cause
significant cell death and tumor regression. In some embodiments, oncolytic viruses as described
herein, kill cancer or tumor cells through mechanisms such as the direct lysis of said cells, by
stimulating immune response towards said cells, apoptosis, expression of toxic proteins, autophagy
and shut-down of protein synthesis, induction of anti-tumoral immunity, or any combinations
thereof. In some embodiments, the poxvirus comprises a betaentomopoxvirus, a yatapoxvirus, a
cervidpoxvirus, a gammaentomopoxvirus, a leporipoxvirus, a suipoxvirus, a molluscipoxvirus, a
crocodylidpoxvirus, an alphaecntomopoxvirus, a capripoxvirus, an avipoxvirus, or a parapoxvirus.
In some embodiments, the pox virus comprises a vaccinia virus. In some embodiments, the pox
virus is a vaccinia virus.

[0025] Based on these approaches, there is also provided compositions and methods for tumor
therapy such that immune response targeting infected cells in the tumor is reduced and instead
uninfected tumor cells are better targeted (e.g., this approach can reduce anti-viral immunity in
favor of anti-tumor immune response).

[0026] Provided herein are recombinant viruses incorporating genome modification, including
insertions, mutations or deletions, as well as insertion of exogenous genes described herein. In
some embodiments, such modifications are generated by spontaneous recombination with a
transfer vector. For example ,the vector, which can be a circular plasmid or linear DNA fragment,
can comprise a desired DNA sequence to be added to the viral genome followed by a gene
encoding a floxxed fluorescent reporter protein under a strong viral promoter. Such components
can be flanked by 200 to 1000 bases in length of DNA sequence homologous to viral genomic
DNA immediately preceding, and immediately following the desired integration site, which direct
site-specific integration of the vector payload plus reporter. Purified vector DNA is transfected
into a virus-susceptible adherent cell line, for example: 143B seeded at approximately one million
cells in a single well of a 6-well cell culture plate. Transfected cells are then infected with a virus
into which the vector DNA is intended to integrate. Recombination between the vector and viral
genome occurs spontaneously during viral replication. One to three days post-infection,

recombinant virus (alongside parental virus) is harvested from the transfected cells by removing
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medium and lysing the cell monolayer. Recombinant virus is purified from parental virus by
plaque selection. Multi-well plates (e.g., 96-well, treated for adherent cell culture) are seeded with
between 1.2 x 10* - 3.0 x 107 cells per well on the day of plaque selection. Lysate comprising a
mixture of recombinant and parental virus is sonicated, then diluted in cell culture medium and
distributed between wells in the top row of a seeded 96-well plate. Medium from the infected row
is mixed and transferred into the next adjacent row of cells in the plate. The process of serial
dilution is performed for all rows in the selection plate. Infected plates are stored in a cell culture
incubator for two to three days to allow plaques to develop. Plaques formed by recombinant virus
are fluorescent due to reporter gene expression and are identified using a fluorescence microscope.
Recombinant plaques are picked manually using a single-channel micropipette - typically 0.5 to
3.0 microliters of material are picked from each plaque. Preferred plaques are round, uniform in
reporter intensity, and alone within their well. Picked plaques are frozen, thawed, then diluted and
used to infect additional 96-well selection plates. A pure population (wholly GFP-positive) of
recombinant plaques is achieved after several rounds of selection. The reporter gene is then deleted
from the viral genome by transfecting cells with a vector that encodes cre recombinase under a
viral promoter. Transfected cells are infected with reporter-positive virus, allowing expressed cre
to remove the floxxed reporter. Reporter-free virus is purified by plaque selection in the same

manner as previous described, targeting GFP-lacking plaques that are alone in their wells.

Recombinant Vaccinia Viruses

[0027] In some embodiments, the oncolytic virus is a vaccinia virus. As used interchangeably
herein, the term “recombinant vaccinia virus” or a “recombinant vaccinia virus,” can relate to a
vaccinia virus that has been modified. Example modifications include, without limitation,
introducing viral backbone mutations, to express genes/peptides of a vaccinia virus, or deleting
genes, where the modification facilitates among other things, an increased immune response. In
some embodiments, introducing a viral backbone mutation comprises a complete deletion or a
partial deletion of one or more virulence genes, or substitutions with one or more viral virulence
genes (non-limiting examples include genes that are known to inhibit cytokines involved in the
Th1 immune response, or in innate immune signaling, or inhibitors of other components of the
immune response, or with vaccinia virulence genes exchanged with more or less potent genes of
equivalent function from other poxviruses).

[0028] Modifications in the genome of the virus can be at one or more locations within the
genome. In some embodiments, modifications in the genome of the virus are located contiguously
in the genome. In some embodiments, modifications in the genome of the virus are distributed

throughout the genome.
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[0029] Exemplary vaccinia viruses include, without limitation, the following strains for
modification by inclusion of a fusion construct described herein: Western Reserve Vaccinia virus
(ATCC VR-1354), Vaccinia virus Ankara (ATCC VR-1508), Vaccinia virus Ankara (ATCC VR-
1566), Vaccinia virus strain Wyeth (ATCC VR-1536), or Vaccinia virus Wyeth (ATCC VR-325).
Furthermore, in some embodiments the recombinant vaccinia viruses are modified versions of a
wild type or attenuated vaccinia virus strain. Nonlimiting examples of vaccinia virus strains
include Western Reserve strain of vaccinia virus, Copenhagen strain, Wyeth (NYCBOH) strain,
Tian Tan strain, Lister, USSR, Ankara, NYVAC strain, and recombinant vaccinia virus Ankara
(MVA). Additional exemplary strains for inclusion in compositions described herein are, without
limitation, Western Reserve strain Vaccinia virus, a Copenhagen strain, an IHD strain, a Wyeth
strain, a NYCBOH strain, a Tian Tan strain, a Lister strain, an Ankara strain, a USSR strain, or an
ACAM2000 strain. The base vaccinia virus strain modified as set forth herein may itself comprise
one or more mutation relative to its parent strain, for example, but not limited to, one or more of
the following: deletion in TK (also referred to herein as "TK-"); deletion in AS52 (also referred to
herein as “A52-). An exemplary vaccinia virus is Western Reserve vaccinia viruses. Any known
vaccinia virus, or modifications thereof that correspond to those provided herein or known to those

of skill in the art are also covered in the scope of this application.

Modification that Inhibits MHC I Presentation

[0030] Presentation of peptides on Major Histocompatibility Complex I, or MHC 1, is a pathway
in which peptides are presented on cells to alert the immune system to virally infected cells. For
example, an infected cell may present a viral peptide on MHC 1, thereby alerting cytotoxic T
lymphocytes to destroy these cells. Upon infection of a host with a recombinant oncolytic virus,
presentation of peptides on MHC I can be inhibited.

[0031] Provided herein, in some embodiments of this disclosure, are modifications of the
recombinant oncolytic virus that provide inhibition or partial inhibition of MHC I presentation.
The modification can comprise an insertion or partial insertion of an exogenous MHC I inhibitor.
The insertion of the MHC I inhibitor can be provided by an exogenous nucleic acid that encodes
said MHC I inhibitor. The exogenous nucleic acid encoding said MHC I inhibitor can be inserted
into a nucleic acid sequence of an oncolytic viral genome such as the cowpox virus. In certain
instances, the MHC I inhibitor is inserted into a non-coding region. In other instances, the inhibitor
is inserted into a nucleic acid sequence encoding a viral protein of the oncolytic virus. In certain
instances, the MHC I inhibitor is inserted into a region of the oncolytic viral genome that allows

the virus to replicate in tumor cells. In certain instances, concerning the cowpox virus, the MHC 1
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inhibitor can be inserted into 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 genes. The gene encoding the cowpox virus protein can be
CPXV012, CPXV203, or any combination thereof. In some embodiments, the cowpox virus
protein, including any combinations of substitution, insertion, and deletion, can result in a
sequence with less than 100%, 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90% or less
sequence homology to the wild-type sequence of the viral gene or a viral protein coded by the
gene. MHC I presentation can been decreased by at least 1%, at least 2%, at least 5%, at least 10%,
at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at
least 50%, at least 55%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least
95%, or at least 100%.

[0032] The exogenous nucleic acid, in some embodiments, can encode at least one TAP inhibitor.
The exogenous nucleic acid, in some embodiments, can encode at least one gene selected from the
group consisting of: Epstein-Barr virus encoded nuclear antigen 1 (EBNAT) protein, Herpes
simplex virus encoded ICP47 protein, Herpes simplex virus encoded UL49.5 protein, Human
cytomegalovirus (HCMV) encoded US6, US2, US3 or US11 protein, Epstein-Barr Virus encoded
BNLF2a protein, Adenovirus encoded E3-19K protein, Cytomegalovirus encoded gp48 protein,
Human Immunodeficiency Virus encoded Nef protein, Kaposi’s sarcoma-associated herpesvirus

(KSHYV) encoded kK3, vIRF3 or kK5 protein or a dominant negative form of IRF7.

Modification that Activates MHC Class 11 Presentation

[0033] Provided herein, in some embodiments of this disclosure, are modifications of the
recombinant oncolytic virus resulting in activation of MHC II presentation, wherein the
modification can comprise at least one of: 1) a deletion or partial deletion of one or more MHC 11
inhibitors (e.g., natural MHC II inhibitors); ii) insertion of an apoptosis inhibitor proteins or
necrotic cell death activator proteins, or any combination thereof. The modification can be a
deletion of an oncolytic virus gene. The modification can be a deletion (a complete or a partial
deletion) of A35 encoding gene. The modification of the deletion of the A35 encoding can be a
deletion or functional deletion of viral gene WR158. In some embodiments, the MHC II inhibitor,
including any combinations of substitution, insertion, and deletion, can result in a sequence with
less than 100%, 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90% or less sequence
homology to the wild-type sequence of the viral gene or a viral protein coded by the gene, that is
the natural MHC II inhibitor of the virus. MHC 1II presentation can be activated or enhanced by at
least 1%, at least 2%, at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least
30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at lcast 95%, or at least 100%, compared to a virus
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which does not comprise the modification that activates or enhances MHC II presentation, but is
otherwise identical.

[0034] The modification causing activation or enhancement of MHC II presentation can include
insertion of one or more genes selected from the group consisting of’ an apoptosis inhibitor protein
or a necrotic cell death activator protein, an autophagy enhancer protein; an asparaginyl
endopeptidase; a class II transactivator (CIITA); an interferon-gamma; a Toll-like receptors (TLR)
activator; a dendritic cell (DC) maturation activator (e.g., osteopontin or TNF-alpha). In certain
instances, the MHC II enhancer may be modified to include secretory sequences and cell
permeability domains to provide an immunological bystander effect. In some cases, the autophagy
enhancer protein comprises HMGB 1, PIAS3, LIGHT, ITAC, a fractalkine, a functional domain or
fragment or variant thereof, or any combinations thereof. In some cases, the autophagy enhancer
protein comprises HMGBI1. In some cases, the HMGB1 comprises a nucleic acid sequence as set
forth in SEQ ID NO: 4 or an amino acid sequence set forth in SEQ ID NO: 5. In some cases, the
secretory sequence comprises an IgE-derived signal sequence. In some cases, the IgE-derived
signal sequence comprises a nucleic acid sequence as set forth in SEQ ID NO: 6 or an amino acid
sequence set forth in SEQ ID NO: 7. In some cases, the HMGB 1 is modified with an IgE-derived
signal sequence, wherein the modified HMGB1 comprises a nucleic acid sequence as set forth in
SEQ ID NO: 8 or an amino acid sequence as set forth in SEQ ID NO: 9.

[0035] Concurrent MHC II upregulation (which ideally occurs in non-infected cells, but that is not
a requirement) leads to more efficient targeting of tumor antigens (MHC II downregulation is one
of the common tumor resistance mechanisms to anti-PD1/PDL1 antibodies for example).

[0036] Provided herein are modifications of the recombinant oncolytic virus that provide for
inhibition or partial inhibition of MHC I presentation as described herein, and further provide for
activation of MHC II presentation as described herein. In some instances, modifications are in
separate locations in the genome. In some instances, modifications are in the same location in the

genome. In some instances, modifications are in adjacent locations in the genome.

Other Multiple Modifications

[0037] Provided herein in some embodiments are vaccines comprising recombinant oncolytic
viruses with insertions, mutations or deletions in the viral genome (also referred to herein as the
viral backbone). In the case of oncolytic vaccinia viruses, they are preferably recombinant or
selected to have low toxicity and to accumulate in the target tissue. In some embodiments, the
modifications in the viral backbone/viral genome are modifications that render the vaccinia virus
non-replicating or comprise a poor replicative capacity. Non-limiting examples of such

modifications can include mutations in the following viral genes: TK, A1, A2, VHI1, A33, 17,
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F13L, A36R, A34R, A46R, A49R, B8R, B14R, B15R, BI8R, C12L, C4, C16, SPI-1, SPI-2, BI5R,
VGF, E3L, KI1L, K3L, K7R, A41L, M2L, NIL, AS2R, a functional domain or fragment or a
variant thereof, or any combinations thereof.

[0038] In some embodiments, concerning the vaccinia virus, the viral backbone mutation is
selected from the group consisting of: a complete or partial deletion of the AS2R gene; a complete
or partial deletion of the TK gene; a complete or partial deletion of the F13L gene; a complete or
partial deletion of the A36R gene; a complete or partial deletion of the A34R gene; a complete or
partial deletion of the B8R gene; gene; a complete or partial deletion of the B18R gene; a complete
or partial deletion of the C12L gene; a complete or partial deletion of the C4 gene; a complete or
partial deletion of the C16 gene; a complete or partial deletion of the SPI-1 gene; a complete or
partial deletion of the SPI-2 gene; a complete or partial deletion of the VGF gene; a complete or
partial deletion of the E3L gene; a complete or partial deletion of the K3L gene; a complete or
partial deletion of the A41L gene; gene; a complete or partial deletion of the a complete or partial
deletion of the AS2R gene; a complete or partial deletion of the B15R gene; a complete or partial
deletion of the K7R gene; a complete or partial deletion of the B14R gene; a complete or partial
deletion of the N1L gene; a complete or partial deletion of the K1L gene; a complete or partial
deletion of the M2L gene; a complete or partial deletion of the A49R gene; a complete or partial
deletion of the VHI gene; a complete or partial deletion of A33 gene; a complete or partial deletion
of Al; a complete or partial deletion of A2 gene; a complete or partial deletion of I7 gene, and a
complete or partial deletion of the A46R gene. As used herein, the reference to a viral gene can be
made by reference to the protein encoded by the gene (e.g., A33 gene can mean a gene that codes
for the A33 protein).

[0039] In some embodiments, the viral backbone mutation of the oncolytic virus, including any
combinations of substitution, insertion, and deletion, can result in a sequence with less than 100%,
99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90% or less sequence homology to the wild-
type sequence of the viral gene or a viral protein coded by the gene. The viral gene and protein
coded by the same, in some embodiments, is selected from the group consisting of: TK, Al, A2,
VHI, A33, 17, F13L, A36R, A34R, A46R, A49R, B8R, B14R, B15R, B18R, C12L, C4, C16, SPI-
1, SPI-2, B15R, VGF, E3L, K1L, K3L, K7R, A41L, M2L, N1L, and A52R.

[0040] In some embodiments, the viral backbone can comprise 1, 2, 3, 4, 5, or more mutations in
the amino acid sequence of the viral protein (e.g., a viral antigen). The viral antigen is in some
examples selected from the group consisting of: TK, A1, A2, VHI1, A33, 17, F13L, A36R, A34R,
A46R, A49R, B8R, B14R, BI5R, B1I8R, C12L, C4, C16, SPI-1, SPI-2, B15R, VGF, E3L, KI1L,
K3L, K7R, A41L, M2L, N1L, and A52R.
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[0041] The disclosure provides in some embodiments, recombinant oncolytic viruses comprising
one more mutation in the genome of the virus (virus back bone) such that the mutation increases
the T-cell arm of the immune response. A mutation may be addition, deletion or substitution of
one or more nucleic acid in the viral genome (wild type or attenuated native strains of oncolytic
virus).

[0042] In non-limiting examples, the mutation can be complete or partial deletion of genes that
are known to inhibit cytokines involved in the Th1 immune response. As non-limiting examples
the mutation may be deletion of nucleic acid encoding B8R (interferon gamma (IFN-g) binding
proteins); C12L (interleukin-18 (IL-18) binding proteins).

[0043] In further non-limiting example, the mutation can be complete or partial deletion of genes
in innate immune signaling. As non-limiting examples the mutation may be deletion of nucleic
acid encoding B18R (type I interferon (IFN)-binding proteins); AS52R (nuclear factor kB (NF- kB)
inhibitor proteins); E3L (protein kinase (PKR) inhibitors), C4, C16 (STING pathway inhibitors).
[0044] In further non-limiting example, the mutation can be complete or partial deletion of genes
encoding proteins for inhibition of other components of the immune response. As non-limiting
examples the mutation may be a complete or partial deletion of nucleic acid encoding B15, K7,
B14, N1, K1, M2, A49, VH1, A46 or combination thereof. The viral backbone mutation may also
include substituting the oncolytic virulence genes with mostly potent genes of equivalent function
from other poxviruses.

[0045] Amino acid sequence variants of the polypeptides of the present disclosure can be
substitutional, insertional or deletion variants. A mutation in a gene encoding a viral polypeptide
may affect 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, 50, 51, 52,
53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 717, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120, 130,
140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 275, 300, 325, 350, 375, 400, 425,
450, 475, 500 or more non-contiguous or contiguous amino acids of the polypeptide, as compared
to wild-type.

[0046] Deletion variants may lack one or more residues of the native or wild-type protein.
Individual residues can be deleted or all or part of a domain (such as a catalytic or binding domain)
can be deleted. A stop codon may be introduced (by substitution or insertion) into an encoding
nucleic acid sequence to generate a truncated protein. Insertional mutants typically involve the
addition of material at a non-terminal point in the polypeptide. This may include the insertion of
an immunoreactive epitope or simply one or more residues. Terminal additions, called fusion

proteins, may also be generated.
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[0047] Substitutional variants typically comprise the exchange of one amino acid for another at
one or more sites within the protein and may be designed to modulate one or more properties of
the polypeptide, with or without the loss of other functions or properties. Substitutions may be
conservative, that is, one amino acid is replaced with one of similar shape and charge. Conservative
substitutions can include, for example, the changes of: alanine to serine; arginine to lysine;
asparagine to glutamine or histidine; aspartate to glutamate; cysteine to serine; glutamine to
asparagine; glutamate to aspartate, glycine to proline; histidine to asparagine or glutamine;
isoleucine to leucine or valine; leucine to valine or isoleucine; lysine to arginine, methionine to
leucine or isoleucine; phenylalanine to tyrosine, leucine or methionine; serine to threonine;
threonine to serine; tryptophan to tyrosine; tyrosine to tryptophan or phenylalanine; and valine to
isoleucine or leucine. Alternatively, substitutions may be non-conservative such that a function or
activity of the polypeptide is affected. Non-conservative changes typically involve substituting a
residue with one that is chemically dissimilar, such as a polar or charged amino acid for a nonpolar
or uncharged amino acid, and vice versa.

[0048] The oncolytic viruses provided herein comprise additional insertions, mutations, deletions
or substitutions in the viral genome. An oncolytic virus may comprise one or more additional
insertions or partial insertions of exogenous nucleic acids that code for one or more of chemokine
receptor, TRIF protein or a functional domain thereof, or one or more of leptin, interleukin-2 (IL2),
interleukin-15/ interleukin-15Ra (IL15/IL15Ra), interleukin-7 (IL-7), leptin-interleukin fusion
protein (e.g. leptin-IL2 fusion protein shown in example 1 as L2). In some cases, the nucleic acid
encodes for an IL15 amino acid sequence as set forth in SEQ ID NO: 10. In some cases, the nucleic
acid encodes for an IL-7 amino acid sequence as set forth in any of SEQ ID NOs: 13 or 14.
Modifications such as insertion of chemokine receptor is insertion of wild type and/ or mutant type
CCL5, CXCR4, CCR2, CCL2. In some cases, the nucleic acid encodes for a CXCR4 amino acid
sequence as set forth in any one of SEQ ID NOs: 18-20. In some cases, the nucleic acid encodes
for a CXCR4 amino acid sequence as set forth in SEQ ID NO: 18. In some cases, the nucleic acid
encodes for a CCR2 amino acid sequence as set forth in any one of SEQ ID NOs: 23-24. An
oncolytic virus may further comprise one or more additional deletions or partial deletions of one
or more genes from TK, A1, A2, VH1, A33, 17, F13L, A36R, A34R, A46R, A49R, B8R, B14R,
BI5R, BI8R, CI2L, C4, C16, SPI-1, SPI-2, BISR, VGF, E3L, K1L, K3L, K7R, A41L, M2L,
NIL, A52R a functional domain or fragment or variant thereof, or any combinations thereof. In
some cases, the oncolytic virus provided herein can comprise a complete or partial deletion of the
AS52R gene and an insertion of a chemokine receptor, such as CCR2. In some cases, the oncolytic
virus provided herein can comprise a complete or partial deletion of the AS2R gene and an

insertion of a chemokine receptor, such as CCR2. In some cases, the oncolytic virus provided
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herein can comprise a complete or partial deletion of at least one of: A52R or TK viral genes, and
insertion of an exogenous nucleic acid encoding a fusion protein (e.g., a metabolic modulator
protein fused to a cytokine, such as Leptin-IL2 fusion protein).

[0049] Hyaluronan (HA} is a structural element of ECM and a high molecular weight linear
giycosaminoglycan consisting of repeating disaccharide units. It can be distributed widely
throughout connective, epithelial, and veural tissues, and its expression fevel can be significantly
elevated in many types of tumors. Hyaluronidases are a family of enzymes that catalyze the
degradation of HA. There are at Jeast five functional hyaluronidases identified so far in human:
HYALIL, HYAL2 HYAL3, HYAL4 and HYALS (alse known as PH-20 or SPAMI1}, among
which PH-20 is the only one known so far to be functional at relatively neutral pH.  In some
cases of the present disclosure, combining hvaluronidase with other tumor-targeting therapeutic
agents (such as transgenes, alse referred to herein as exogenous nucleie acid) can promote the
therapeutic effect of the modified oncolytic virus at least by diminishing the ECM and enhancing

the transportation ofthe therapeutic agent inside and between the tumors.

[0050] Some embodiments herein disclose a modified oncolytic virus that can comprise an
exogenous nucleic acid coding for a membrane associated protein that is capable of degrading
hyaluronan, such as a hyaluronidase. It should be noted that the term “hyaluronidase” as used
herein can refer to any enzyme or a fragment thereof that catalyzes the degradation of HA ina
fumor, including, but not limited to, PH-20 and its homologs fromother species, as well as other
engineered/design proteins with similar enzymatic function. As used herein, hyaluronidase can
refer 1o a class of hyaluronan degrading enzymes. In some cases, the PH-20 comprises an amino
acid sequence as described by SEQ ID NO: 26. In some cases the hyaluronidase comprises an
amino actd sequence as set forth in SEQ ID NO: 28, In some cases, the hyaluronidase additionally
comprises a secretory sequence. In some cases, the secretory sequence comprises an IgE-derived
signal sequence. In some cases, the IgH-derived signal sequence comprises the amino acid
sequence as set forth in SEQ 1D NG: 7. In some cases, the hvaluronidase with IgE-derived signal
sequence comprises the nucleie acid sequence set forth in SEQ ID NG 29 or the amino acid

sequence as set forth in SEQ 1D NG: 30

Vaccines, Pharmaceutical Compositions, and Delivery of Recombinant Vaccinia Viruses

[0051] The present disclosure further provides for pharmaceutical or an immunogenic
composition for treatment of a cancer. In addition, the present disclosure further provides, in some
embodiments, pharmaceutical or an immunogenic composition that can include a vaccine

comprising a recombinant vaccinia virus as described above and suitable carriers. The vaccine can
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be provided as a kit which include the recombinant vaccinia virus-based vaccine as described
above or a pharmaceutical composition of recombinant vaccinia virus-based vaccine as described
above. The pharmaceutical compositions for vaccine delivery can be for parenteral or oral delivery
or nasal delivery. The pharmaceutical compositions can be administered to a human at least once.
The pharmaceutical compositions can be administered to the human more than once.

[0052] Also provided hercin are recombinant vaccinia viruses, compositions, and/or vaccines
comprising a recombinant vaccinia virus for use as a medicament or vaccine.

[0053] In some embodiments, a pharmaceutical composition comprising a vaccine comprising a
recombinant vaccinia virus as provided herein can be administered to a subject at a dose of 10 to
10° PFU, at a dose of 10° to 5 x 10® PFU, or 107 to 10® PFU. The recombinant vaccinia viruses
provided herein may also be administered to a subject at a dose of 10°, 107 PFU, 10%, or 5 x 10*
PFU. The recombinant vaccinia viruses provided herein can be administered to a human subject
at a dose of 107 PFU, 108 PFU, or 5 x 108 PFU.

[0054] A recombinant vaccinia virus, a vaccine composition, or a pharmaceutical composition as
described herein can be formulated in a solution in a concentration range of 10* to 10° PFU/mL,
10° to 5x10% PFU/mL, 10° to 10® PFU/mL, or 107 to 108 PFU/mL. In some embodiments, a
vaccination dose for humans can comprise from about 10° to 10° PFU, including a dose of about
10% PFU, about 107 PFU, or about 108 PFU. In some embodiments, the dose for humans can
comprise at least about 2 x 10’ PFU, at least about 3 x 107 PFU, at least about 5 x 10’ PFU, at least
about 1 x 10® PFU, at least about 2 x 10® PFU, in a volume of 0.1 to 0.5 ml.

[0055] The pharmaceutical/immunogenic compositions provided herein may generally include
one or more pharmaceutically acceptable and/or approved carriers, additives, antibiotics,
preservatives, adjuvants, diluents and/or stabilizers. Such auxiliary substances can be water, saline,
glycerol, ethanol, wetting or emulsifying agents, pH buffering substances, or the like. Suitable
carriers are typically large, slowly metabolized molecules such as proteins, polysaccharides,
polylactic acids, polyglycolic acids, polymeric amino acids, amino acid copolymers, lipid
aggregates, or the like.

[0056] A homologous prime-boost regimen may be employed wherein a recombinant vaccinia
virus as defined herein can be administered in a first dosage. One or more subsequent
administrations of a recombinant vaccinia virus as defined herein can be given to boost the immune
response provided in the first administration. In some embodiments, the one or more antigens
delivered by a recombinant vaccinia virus can be the same or similar to those of the first
administration.

[0057] A pharmaceutical composition comprising a recombinant vaccinia virus as provided herein

can be administered to the subject in a single dose, or in multiple (such as 2, 3, 4, etc.) doses. The
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recombinant vaccinia virus can be administered in a first (priming) and second (boosting)
administration. The first dose can comprise from about 10° to about 10° PFU/mL of a recombinant
vaccinia virus and the second dose can comprise from about 10° to about 10° PFU/mL of
recombinant vaccinia virus. The first and second dose can comprise at least 1000 PFU/mL of the
modified vaccine virus.

[0058] The second dose of the vaccine or the pharmaceutical/immunogenic composition can be
administered from 24 hours to about 3 months, such as from about 7 days to about 2 months, after
the administration of the first dose. The second dose can be a booster dose.

[0059] The recombinant vaccinia virus or a pharmaceutical/immunogenic composition
comprising a recombinant vaccinia virus can be administered intraperitoneally systemically,
locally, parenterally, subcutaneously, intravenously, intramuscularly, or intranasally. The vaccine
can be administered with an adjuvant, such as an adjuvant as described herein.

[0060] Another aspect of this disclosure relates to a method for affecting an immune response in
a subject comprising administering to the subject a recombinant vaccinia virus as escribed herein,
a vaccine comprising the same, or a pharmaceutical/immunogenic composition comprising the
recombinant vaccinia virus or the vaccine compositions as described herein.

[0061] An immunization protocol may include immunization with more than one antigen together
in a single dose of the vaccine, multiple doses, and multiple doses with different antigens in each
dose. In some embodiments, an immunization protocol may include immunization with an antigen
and an adjuvant. Adjuvants, in the present context, can include cytokines and other
immunomodulatory molecules such as TLR (toll like receptor) agonists and their derivatives that
stimulate the immune response.

[0062] Also provided herein are method of treating a disease, disorder, or condition by
administering a recombinant vaccinia virus as described herein. In some embodiments, amount
of a recombinant vaccinia virus of this disclosure administered to a subject can be between about
10% and 10'? infectious viral particles or plaque forming units (PFU), or between about 103 and
10'° PFU, or between about 10° and 10® PFU, or between about 10% and 10'° PFU. In some
embodiments, the amount of a recombinant vaccinia virus of this disclosure administered to a
subject can be between about 10° and 10" viral particles or plaque forming units (PFU), or
between about 10° and 10'° PFU, or between about 10° and 10® PFU, or between about 108 and
10'° PFU. In some embodiments, a recombinant vaccinia virus of this disclosure can be
administered at a dose that can comprise about 10° PFU/dose to about 10* PFU/dose, about 10*
PFU/dose to about 10° PFU/dose, about 10> PFU/dose to about 10° PFU/dose, about 10" PFU/dose
to about 108 PFU/dose, about 10° PFU/dose to about 10'° PFU/dose, about 10 PFU/dose to about
10'! PFU/dose, about 10! PFU/dose to about 10'> PFU/dose, about 10'2 PFU/dose to about 10'?
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PFU/dose, about 10!} PFU/dose to about 10** PFU/dose, or about 10 PFU/dose to about 10'
PFU/dose. In some embodiments, a recombinant vaccinia virus of this disclosure can be
administered at a dose that can comprise about 2 x 10> PFU/dose, 3 x 10° PFU/dose, 4 x 10°
PFU/dose, 5 x 10° PFU/dose, 6 x 10° PFU/dose, 7 x 10° PFU/dose, 8 x 10 PFU/dose, 9 x 10°
PFU/dose, about 10* PFU/dose, about 2 x 10* PFU/dose, about 3 x 10* PFU/dose, about 4 x 10*
PFU/dose, about 5 x 10* PFU/dose, about 6 x 10* PFU/dose, about 7 x 10* PFU/dose, about 8 x
10*PFU/dose, about 9 x 10* PFU/dose, about 10° PFU/dose, 2 x 10° PFU/dose, 3 x 10°PFU/dose,
4 x 10PFU/dose, 5 x 10° PFU/dose, 6 x 10° PFU/dose, 7 x 10° PFU/dose, 8 x 10° PFU/dose, 9 x
10° PFU/dose, about 10° PFU/dose, about 2 x 10° PFU/dose, about 3 x 10% PFU/dose, about 4 x
10° PFU/dose, about 5 x 10° PFU/dose, about 6 x 10° PFU/dose, about 7 x 10¢ PEU/dose, about 8
x 10° PFU/dose, about 9 x 10° PFU/dose, about 107 PFU/dose, about 2 x 107 PFU/dose, about 3 x
107 PFU/dose, about 4 x 107 PFU/dose, about 5 x 10’ PEU/dose, about 6 x 10’ PFU/dose, about 7
x 107 PFU/dose, about 8 x 10’ PFU/dose, about 9 x 10’ PFU/dose, about 10® PFU/dose, about 2 x
108 PFU/dose, about 3 x 108 PFU/dose, about 4 x 108 PEU/dose, about 5 x 108 PFU/dose, about 6
x 108 PFU/dose, about 7 x 108 PFU/dose, about 8 x 103 PFU/dose, about 9 x 108 PFU/dose, about
10° PFU/dose, about 2 x 10° PFU/dose, about 3 x 10° PFU/dose, about 4 x 10° PFU/dose, about 5
x 10° PFU/dose, about 6 x 10° PFU/dose, about 7 x 10° PFU/dose, about 8 x 10° PFU/dose, about
9 x 10° PFU/dose, about 10'° PFU/dose, about 2 x 10'° PFU/dose, about 3 x 10'Y PFU/dose, about
4 x 10'° PFU/dose, about 5 x 10'° PFU/dose, about 6 x 10'° PFU/dose, about 7 x 10'° PFU/dose,
about 8 x 101°PFU/dose, about 9 x 10'° PFU/dose, about 10'°PFU/dose, about 2 x 10'° PFU/dose,
about 3 x 10'° PFU/dose, about 4 x 10 PFU/dose, about 5 x 10'° PFU/dose, about 6 x 10'°
PFU/dose, about 7 x 10 PFU/dose, about 8 x 10'° PFU/dose, about 9 x 10'° PFU/dose, about
10" PFU/dose, about 2 x 10! PFU/dose, about 3 x 10" PFU/dose, about 4 x 10" PFU/dose, about
5 x 10" PFU/dose, about 6 x 10! PFU/dose, about 7 x 10" PFU/dose, about 8 x 10! PFU/dose,
about 9 x 10" PFU/dose, or about 10'> PFU/dose, about 10'> PFU/dose to about 10" PFU/dose,
about 10" PFU/dose to about 10 PFU/dose, or about 10* PFU/dose to about 10" PFU/dose. In
some embodiments, a recombinant vaccinia virus of this disclosure can be administered at a
dose that can comprise 3 x 10° PFU/dose. In some embodiments, a modified oncolytic vaccinia
virus of this disclosure can be administered at a dose that can comprise up to 5 x 10° PFU/dose.
[0063] In some embodiments, a recombinant vaccinia virus of this disclosure, can be
administered at a dose that can comprise about 10° viral particles/dose to about 10* viral particles
/dose, about 10* viral particles /dose to about 10° viral particles /dose, about 10° viral particles
/dose to about 10° viral particles /dose, about 107 viral particles /dose to about 10® viral particles
/dose, about 10? viral particles /dose to about 10'°viral particles /dose, about 10'° viral particles

/dose to about 10! viral particles /dose, about 10! viral particles /dose to about 102 viral particles
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/dose, about 10'? viral particles /dose to about 10" viral particles /dose, about 10'* viral particles
/dose to about 10 viral particles /dose, or about 10 viral particles /dose to about 103 viral
particles /dose.

[0064] In some embodiments, a recombinant vaccinia virus of this disclosure can be
administered at a dose that can comprise about 10° PFU/kg to about 10* PFU/kg, about 10*
PFU/kg to about 10° PFU/kg, about 10°> PFU/kg to about 10° PFU/kg, about 107 PFU/kg to about
10* PFU/kg, about 10° PFU/kg to about 10'° PFU/kg, about 10'° PFU/kg to about 10" PFU/kg,
about 10! PFU/kg to about 10'2 PFU/kg, about 10'2 PFU/kg to about 10'* PFU/kg, about 10
PFU/kg to about 10" PFU/kg, or about 10'* PFU/kg to about 10 PFU/kg. In some embodiments,
a modified oncolytic vaccinia virus of this disclosure can be administered at a dose that can
comprise about 2 x 10*PFU/kg, 3 x 10° PFU/kg, 4 x 10° PFU/kg, 5 x 10° PFU/kg, 6 x 10° PFU/kg,
7 x 10°PFU/kg, 8 x 10° PFU/kg, 9 x 10° PFU/kg, about 10* PFU/kg, about 2 x 10* PFU/kg, about
3 x 10*PFU/kg, about 4 x 10* PFU/kg, about 5 x 10*PFU’kg, about 6 x 10*PFU/kg, about 7 x 10*
PFU/kg, about 8 x 10* PFU/kg, about 9 x 10* PFU/kg, about 103 PFU/kg, 2 x 10° PFU/kg, 3 x 10°
PFU/kg, 4 x 10° PFU/kg, 5 x 10° PFU/kg, 6 x 10° PFU/kg, 7 x 10° PFU/kg, 8 x 10° PFU/kg, 9 x
10°PFU/kg, about 10° PFU/kg, about 2 x 10° PFU/kg, about 3 x 10°PFU/kg, about 4 x 10° PFU/kg,
about 5 x 10° PFU/kg, about 6 x 10° PFU/kg, about 7 x 10° PFU/kg, about 8 x 10° PFU/kg, about
9 x 10° PFU/kg, about 107 PFU/kg, about 2 x 107 PFU/kg, about 3 x 10" PFU/kg, about 4 x 10’
PFU/kg, about 5 x 10" PFU/kg, about 6 x 10’ PFU/kg, about 7 x 10" PFU/kg, about 8 x 10’
PFU/kg, about 9 x 10" PFU/kg, about 10® PFU/kg, about 2 x 10® PFU/kg, about 3 x 10® PFU/kg,
about 4 x 108 PFU/kg, about 5 x 108 PFU/kg, about 6 x 108 PFU/kg, about 7 x 108 PFU/kg, about
8 x 108 PFU/kg, about 9 x 108 PFU/kg, about 10° PFU/kg, about 2 x 10°PFU/kg, about 3 x 10°
PFU/kg, about 4 x 10° PFU/kg, about 5 x 10° PFU/kg, about 6 x 10° PFU/kg, about 7 x 10°
PFU/kg, about 8 x 10° PFU/kg, about 9 x 10° PFU/kg, about 10'° PFU/kg, about 2 x 10'° PFU/kg,
about 3 x 10" PFU/kg, about 4 x 10'° PFU/kg, about 5 x 10'° PFU/kg, about 6 x 10'° PFU/kg,
about 7 x 101 PFU/kg, about 8 x 109 PFU/kg, about 9 x 10'° PFU/kg, about 10'° PFU/kg, about
2 x 101 PFU/kg, about 3 x 10'°PFU/kg, about 4 x 10'°PFU/kg, about 5 x 10'° PFU/kg, about 6
x 10°PFU/kg, about 7 x 10 PFU/kg, about 8 x 10 PFU/kg, about 9 x 10'° PFU/kg, about 10!
PFU/kg, about 2 x 10" PFU/kg, about 3 x 10'! PFU/kg, about 4 x 10" PFU/kg, about 5 x 10"
PFU/kg, about 6 x 10! PFU/kg, about 7 x 10* PFU/kg, about 8 x 10'! PFU/kg, about 9 x 10!
PFU/kg, or about 10'2PFU/kg, about 10'2 PFU/kg to about 10'* PFU/kg, about 10'° PFU/kg to
about 10'* PFU/kg, or about 10 PFU/kg to about 10" PFU/kg. In some embodiments, a
recombinant vaccinia virus of this disclosure can be administered at a dose that can comprise 3
x 10° PFU/kg. In some embodiments, a recombinant vaccinia virus of this disclosure can be

administered at a dose that can comprise up to 5 x 10° PFU/kg.
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[0065] In some embodiments, a recombinant vaccinia virus of this disclosure can be
administered at a dose that can comprise about 10° viral particles/kg to about 10* viral
particles/kg, about 10*viral particles/kg to about 10° viral particles/kg, about 10° viral particles/kg
to about 108 viral particles/kg, about 107 viral particles/kg to about 108 viral particles/kg, about 10°
viral particles/kg to about 10 viral particles/kg, about 10'°viral particles/kg to about 10! viral
particles/kg, about 10! viral particles’kg to about 10'? viral particles’kg, about 10'? viral
particles/’kg to about 10" viral particles’kg, about 10'* viral particles’kg to about 10 viral
particles/kg, or about 10" viral particles/kg to about 10'® viral particles/kg.

[0066] A liquid dosage form of a recombinant vaccinia virus as described herein can comprise,
in certain embodiments, a viral dose of about 10° PFU/mL to about 10* PFU/mL, about 10*
PFU/mL to about 10° PFU/mL, about 10° PFU/mL to about 10° PFU/mL, about 10’ PFU/mL to
about 108 PFU/mL, about 10° PFU/mL to about 10'° PFU/mL, about 10'° PFU/mL to about 10*!
PFU/mL, about 10! PFU/mL to about 10" PFU/mL, about 10'? PFU/mL to about 10" PFU/mL,
about 10 PFU/mL to about 10 PFU/mL, or about 10" PFU/mL to about 10> PFU/mL. In some
embodiments, a recombinant vaccinia virus of this disclosure can be administered at a dose that
can comprise about 2 x 10° PFU/mL, 3 x 10°PFU/mL, 4 x 10° PFU/mL, 5 x 10 PFU/mL, 6 x 10°
PFU/mL, 7 x 10° PFU/mL, 8 x 10° PFU/mL, 9 x 10° PFU/mL, about 10" PFU/mL, about 2 x 10"
PFU/mL, about 3 x10* PFU/mL, about 4 x 10* PFU/mL, about 5 x 10* PFU/mL, about 6 x 10*
PFU/mL, about 7 x 10* PFU/mL, about 8 x 10* PFU/mL, about 9 x 10* PFU/mL, about 10°
PFU/mL, 2 x 10°PFU/mL, 3 x 10° PFU/mL, 4 x 10°PFU/mL, 5 x 10°PFU/mL, 6 x 10° PFU/mL,
7 x 10° PFU/mL, 8 x 103 PFU/mL, 9 x 10° PFU/mL, about 106 PFU/mL, about 2 x 105 PFU/mL,
about 3 x 10° PFU/mL, about 4 x 10° PFU/mL, about 5 x 10° PFU/mL, about 6 x 10° PFU/mL,
about 7 x 10°PFU/mL, about 8 x 10° PFU/mL, about 9 x 10° PFU/mL, about 10’ PFU/mL, about
2 x 10’ PFU/mL, about 3 x 10" PFU/mL, about 4 x 10’ PFU/mL, about 5 x 10’ PFU/mL, about 6
x 10’ PFU/mL, about 7 x 10’ PFU/mL, about 8 x 10’ PFU/mL, about 9 x 10’ PFU/mL, about 103
PFU/mL, about 2 x 108 PFU/mL, about 3 x 10® PFU/mL, about 4 x 10® PFU/mL, about 5 x 10®
PFU/mL, about 6 x 108 PFU/mL, about 7 x 108 PFU/mL, about 8 x 108 PFU/mL, about 9 x 10®
PFU/mL, about 10° PFU/mL, about 2 x 10° PFU/mL, about 3 x 10° PFU/mL, about 4 x 10°
PFU/mL, about 5 x 10° PFU/mL, about 6 x 10° PFU/mL, about 7 x 10° PFU/mL, about 8 x 10°
PFU/mL, about 9 x 10° PFU/mL, about 10'° PEU/mL, about 2 x 10! PFU/mL, about 3 x 10'°
PFU/mL, about 4 x 10'°PFU/mL, about 5 x10'° PFU/mL, about 6 x 10'° PFU/mL, about 7 x 10%°
PFU/mL, about 8 x 10° PFU/mL, about 9 x 10'° PFU/mL, about 10'° PFU/mL, about 2 x 10'°
PFU/mL, about 3 x 10" PFU/mL, about 4 x 10" PFU/mL, about 5 x 10'°PFU/mL, about 6 x 10'°
PFU/mL, about 7 x 10'° PFU/mL, about 8 x 10'° PFU/mL, about 9 x 10'° PFU/mL, about 10"
PFU/mL, about 2 x 10} PFU/mL, about 3 x 10! PFU/mL, about 4 x 10! PFU/mL, about 5 x 10!
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PFU/mL, about 6 x 10'' PFU/mL, about 7 x 10'' PFU/mL, about 8 x 10'' PFU/mL, about 9 x 10'!
PFU/mL, or about 10" PFU/mL, about 10'> PFU/mL to about 10'* PFU/mL, about 10'* PFU/mL
to about 10'* PFU/mL, or about 10'* PFU/mL to about 10" PFU/mL. In some embodiments, a
recombinant vaccinia virus of this disclosure can be administered at a dose that can comprise 5
x 10° PFU/mL. In some embodiments, a recombinant vaccinia virus of this disclosure can be
administered at a dose that can comprise up to 5 x 10° PFU/mL.

[0067] In some instances, where the recombinant vaccinia virus can be administered by an injection,
the dosage can comprise about 10° viral particles per injection, 10* viral particles per injection, 10°
viral particles per injection, 10° viral particles per injection, 107 viral particles per injection, 10°
viral particles per injection, 10° viral particles per injection, 10'° viral particles per injection, 10"
viral particles per injection, 10'? viral particles per injection, 2 x 10'? viral particles per injection,
10'* viral particles per injection, 10'* viral particles per injection, or 10" viral particles per
injection. In further instances, where the recombinant vaccinia virus is administered by an injection,
the dosage can comprise about 10° infectious viral particles per injection, 10* infectious viral
particles per injection, 10° infectious viral particles per injection, 10° infectious viral particles per
injection, 107 infectious viral particles per injection, 10® infectious viral particles per injection, 10°
infectious viral particles per injection, 10'* infectious viral particles per injection, 10'" infectious
viral particles per injection, 10'% infectious viral particles per injection, 2 x 10'% infectious viral
particles per injection, 10'? infectious viral particles per injection, 10'* infectious viral particles per
injection, or 10" infectious viral particles per injection. Note that herein 10* is alternatively
expressed as 1 eX. In certain embodiments, the recombinant vaccinia virus can be administered in
one or more doses. In certain embodiments, the virus can be administered in an amount sufficient
to induce oncolysis in at least about 20% of cells in a tumor, in at least about 30% of cells in a
tumor, in at least about 40% of cells in a tumor, in at least about 50% of cells in a tumor, in at least
about 60% of cells in a tumor, in at least about 70% of cells in a tumor, in at least about 80% of
cells in a tumor, or in at least about 90% of cells in a tumor.

[0068] In certain embodiments, a single dose of recombinant virus can refer to the amount
administered to a subject or a tumor over a 1, 2, 5, 10, 15, 20, or 24-hour period. In certain

embodiments, the dose can be spread over time or by separate injection. In certain
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embodiments, multiple doses (e.g., 2, 3, 4, 5, 6 or more doses) of the vaccinia virus can be
administered to the subject, for example, where a second treatment can occur within 1, 2, 3, 4,
5,6, 7 days or weeks of a first treatment. In certain embodiments, multiple doses of the modified
oncolytic v can be administered to the subject over a period of 1, 2, 3, 4, 5, 6, 7 or more days
or weeks. In certain embodiments, the recombinant vaccinia virus or the pharmaceutical
composition as described herein can be administered over a period of about 1 week to about 2
weeks, about 2 weeks to about 3 weeks, about 3 weeks to about 4 weeks, about 4 weeks to about
5 weeks, about 6 weeks to about 7 weeks, about 7 weeks to about 8 weeks, about 8 weeks to about
9 weeks, about 9 weeks to about 10 weeks, about 10 weeks to about 11 weeks, about 11 weeks to
about 12 weeks, about 12 weeks to about 24 weeks, about 24 weeks to about 48 weeks, about 48
weeks or about 52 weeks, or longer. The frequency of administration of the recombinant virus or
the pharmaceutical composition as described herein can be, in certain instances, once daily,
twice daily, once every week, once every three weeks, once every four weeks (or once a month),
once every 8 weeks (or once every 2 months), once every 12 weeks (or once every 3 months),
or once every 24 weeks (once every 6 months). In some embodiments of the methods disclosed
herein, the recombinant vaccinia virus or the pharmaceutical composition can be administered,
independently, in an initial dose for a first period of time, an intermediate dose for a second period
of time, and a high dose for a third period of time. In some embodiments, the initial dose can be
lower than the intermediate dose and the intermediate dose can be lower than the high dose. In
some embodiments of the methods disclosed herein, the recombinant vaccinia virus or the
pharmaceutical composition can be administered, independently, in a high dose for a first period
of time, an intermediate dose for a second period of time, and a low dose for a third period of time.
In some embodiments, the initial dose can be higher than the intermediate dose and the
intermediate dose can be higher than the low dose. In some embodiments, the first, second, and
third periods of time can be, independently, about 1 week to about 2 weeks, about 2 weeks to about
3 weeks, about 3 weeks to about 4 weeks, about 4 weeks to about 5 weeks, about 6 weeks to about
7 weeks, about 7 weeks to about 8 weeks, about 8 weeks to about 9 weeks, about 9 weeks to about
10 weeks, about 10 weeks to about 11 weeks, about 11 weeks to about 12 weeks, about 12 weeks
to about 24 weeks, about 24 weeks to about 48 weeks, about 48 weeks or about 52 weeks, or
longer. In some embodiments, a recombinant oncolytic vaccinia virus as described herein can be
administered using a prime-boost regimen.

[0069] In some examples, the subject can be put on a reduced carbohydrate diet, e.g., a
ketogenic diet prior to, concurrent with, and following administration of the modified oncolytic
vaccinia virus es or the pharmaceutical composition comprising the same, as described herein,

according to any of the methods of treatment described herein. In certain embodiments, the
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subject can be put on a diet that can comprise consuming less than 500 grams of carbohydrates
per day, less than 450 grams of carbohydrates per day, less than 450 grams of carbohydrates
per day, less than 400 grams of carbohydrates per day, less than 350 grams of carbohydrates
per day, less than 300 grams of carbohydrates per day, less than 250 grams of carbohydrates
per day, less than 200 grams of carbohydrates per day, less than 150 grams of carbohydrates
per day, less than 100 grams of carbohydrates per day, less than 90 grams of carbohydrates per
day, less than 80 grams of carbohydrates per day, less than 70 grams of carbohydrates per day,
less than 60 grams of carbohydrates per day, less than 50 grams of carbohydrates per day, less
than 40 grams of carbohydrates per day, less than 30 grams of carbohydrates per day, less than
20 grams of carbohydrates per day, less or than 10 grams of carbohydrates per day.

An exemplary method for the delivery of a recombinant vaccinia virus of the present disclosure
or a pharmaceutical composition comprising the same, to cancer or tumor cells can be via
intratumoral injection. However, alternate methods of administration can also be used, e.g.,
intravenous, via infusion, parenteral, intravenous, intradermal, intramuscular, transdermal,
rectal, intraurethral, intravaginal, intranasal, intrathecal, or intraperitoneal. The routes of
administration can vary with the location and nature of the tumor. In certain embodiments, the
route of administration can be intradental, transdermal, parenteral, intravenous, intramuscular,
intranasal, subcutaneous, regional (e.g., in the proximity of a tumor, particularly with the
vasculature or adjacent vasculature of a tumor), percutaneous, intrathecal, intratracheal,
intraperitoneal, intraarterial, intravesical, intratumoral, inhalation, perfusion, by lavage or
orally. An injectable dose of the recombinant vaccinia virus can be administered as a bolus
injection or as a slow infusion. In certain embodiments, the modified oncolytic vaccinia virus
can be administered to the patient from a source implanted in the patient. In certain
embodiments, administration of the modified oncolytic vaccinia virus can occur by continuous
infusion over a selected period of time. In some instances, a recombinant vaccinia virus as
described herein, or a pharmaceutical composition comprising the same can be administered
at a therapeutically effective dose by infusion over a period of about 15 mins, about 30 mins,
about 45 mins, about 50 mins, about 55 mins, about 60 minutes, about 75 mins, about 90 mins,
about 100 mins, or about 120 mins or longer. The recombinant vaccinia virus or the
pharmaceutical composition of the present disclosure can be administered as a liquid dosage,
wherein the total volume of administration is about 1 mL to about 5 mL, about 5 mL to 10 mL,
about 15 mL to about 20 mL, about 25 mL to about 30 mL, about 30 mL to about 50 mL, about
50 mL to about 100 mL, about 100 mL to 150 mL, about 150 mL to about 200 mL, about 200 mL
to about 250 mL, about 250 mL to about 300 mL, about 300 mL to about 350 mL, about 350 mL

27
SUBSTITUTE SHEET (RULE 26)



WO 2022/232375 PCT/US2022/026703

to about 400 mL, about 400 mL to about 450 mL, about 450 mL to 500 mL, about 500 mL to 750
mL, or about 750 mL to 1000 mL.

Method of Using Recombinant Oncolytic Virus

[0070] The recombinant oncolytic viruses described herein or a pharmaceutical composition or a
vaccine comprising the same, as described above, can be used for cancer, in cancer immunotherapy
and treatment of tumors. The tumors can be solid and liquid tumors including but not limited to
melanoma, hepatocellular carcinoma, breast cancer, lung cancer, non-small cell lung cancer,
peritoneal cancer, prostate cancer, bladder cancer, ovarian cancer, leukemia, lymphoma, renal cell
carcinoma, pancreatic cancer, epithelial carcinoma, gastric/ GE junction adenocarcinoma, cervical
cancer, colon carcinoma, colorectal cancer, duodenal cancer, pancreatic adenocarcinoma, adenoid
cystic, sarcoma, mesothelioma, glioblastoma multiforme, astrocytoma, multiple myeloma,
prostate carcinoma, hepatocellular carcinoma, cholangiocarcinoma, pancreatic adenocarcinoma,
head and neck squamous cell carcinoma, cervical squamous-cell carcinoma, osteosarcoma,
epithelial ovarian carcinoma, acute lymphoblastic lymphoma or myeloproliferative neoplasms. As
such, some embodiments of this disclosure provide a method of treatment of a cancer, a tumor, a
cancer immunotherapy, by administering a recombinant oncolytic virus as described herein, or a
pharmaceutical or immunogenic composition comprising the same.

[0071] The recombinant vaccinia virus described herein or a pharmaceutical composition or a
vaccine comprising the same, as described above, can be used for treating cancer, in cancer
immunotherapy and treatment of tumors. The tumors can be solid and liquid tumors including but
not limited to melanoma, hepatocellular carcinoma, breast cancer, lung cancer, non-small cell lung
cancer, peritoneal cancer, prostate cancer, bladder cancer, ovarian cancer, leukemia, lymphoma,
renal cell carcinoma, pancreatic cancer, epithelial carcinoma, gastric/ GE junction
adenocarcinoma, cervical cancer, colon carcinoma, colorectal cancer, duodenal cancer, pancreatic
adenocarcinoma, adenoid cystic, sarcoma, mesothelioma, glioblastoma multiforme, astrocytoma,
multiple myeloma, prostate carcinoma, hepatocellular carcinoma, cholangiocarcinoma, pancreatic
adenocarcinoma, head and neck squamous cell carcinoma, cervical squamous-cell carcinoma,
osteosarcoma, epithelial ovarian carcinoma, acute lymphoblastic lymphoma or myeloproliferative
neoplasms. As such, some embodiments of this disclosure provide a method of treatment of a
cancer, a tumor, a cancer immunotherapy, by administering a recombinant vaccinia virus as
described herein, or a pharmaceutical or immunogenic composition comprising the same.

[0072] Cancer cells that can be treated by the methods of this disclosure include cells from the

bladder, blood, bone, bone marrow, brain, breast, colon, esophagus, gastrointestine, gum, head,
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kidney, liver, lung, nasopharynx, neck, ovary, prostate, skin, stomach, testis, tongue, or uterus. In
addition, the cancer may specifically be of the following histological type, though it is not limited
to these: neoplasm, malignant; carcinoma; carcinoma, undifferentiated; giant and spindle cell
carcinoma; small cell carcinoma; papillary carcinoma; squamous cell carcinoma; lymphoepithelial
carcinoma; basal cell carcinoma; pilomatrix carcinoma; transitional cell carcinoma; papillary
transitional cell carcinoma; adenocarcinoma; gastrinoma, malignant, cholangiocarcinoma;
hepatocellular carcinoma; combined hepatocellular carcinoma and cholangiocarcinoma;
trabecular adenocarcinoma; adenoid cystic carcinoma; adenocarcinoma in adenomatous polyp;
adenocarcinoma, familial polyposis coli; solid carcinoma; carcinoid tumor, malignant; branchiolo-
alveolar adenocarcinoma; papillary adenocarcinoma; chromophobe carcinoma; acidophil
carcinoma; oxyphilic adenocarcinoma; basophil carcinoma; clear cell adenocarcinoma; granular
cell carcinoma; follicular adenocarcinoma, papillary and follicular adenocarcinoma;
nonencapsulating sclerosing carcinoma; adrenal cortical carcinoma; endometroid carcinoma; skin
appendage carcinoma, apocrine adenocarcinoma; sebaceous adenocarcinoma; ceruminous
adenocarcinoma; mucoepidermoid carcinoma; cystadenocarcinoma; papillary
cystadenocarcinoma; papillary serous cystadenocarcinoma, mucinous cystadenocarcinoma;
mucinous adenocarcinoma; signet ring cell carcinoma; infiltrating duct carcinoma, medullary
carcinoma; lobular carcinoma; inflammatory carcinoma; Paget’s disease, mammary; acinar cell
carcinoma; adenosquamous carcinoma;, adenocarcinoma w/squamous metaplasia, thymoma,
malignant, ovarian stromal tumor, malignant; thecoma, malignant; granulosa cell tumor,
malignant; androblastoma, malignant; sertoli cell carcinoma; leydig cell tumor, malignant; lipid
cell tumor, malignant; paraganglioma, malignant; extra-mammary paraganglioma, malignant;
pheochromocytoma; glomangiosarcoma; malignant melanoma; amelanotic melanoma; supetficial
spreading melanoma; malignant melanoma in giant pigmented nevus; epithelioid cell melanoma;
blue nevus, malignant; sarcoma, fibrosarcoma; fibrous histiocytoma, malignant; myxosarcoma;
liposarcoma; leiomyosarcoma; rhabdomyosarcoma; embryonal rhabdomyosarcoma; alveolar
rhabdomyosarcoma; stromal sarcoma;, mixed tumor, malignant; mullerian mixed tumor;
nephroblastoma; hepatoblastoma; carcinosarcoma; mesenchymoma, malignant; brenner tumor,
malignant, phyllodes tumor, malignant; synovial sarcoma; mesothelioma, malignant;
dysgerminoma, embryonal carcinoma, teratoma, malignant, struma ovarii, malignant;
choriocarcinoma; mesonephroma, malignant; hemangiosarcoma; hemangioendothelioma,
malignant, Kaposi’s sarcoma, hemangiopericytoma, malignant; lymphangiosarcoma;
osteosarcoma; juxtacortical osteosarcoma; chondrosarcoma; chondroblastoma, malignant;
mesenchymal chondrosarcoma; giant cell tumor of bone; Ewing’s sarcoma; odontogenic tumor,

malignant; ameloblastic odontosarcoma; ameloblastoma, malignant; ameloblastic fibrosarcoma;
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pinealoma, malignant, chordoma; glioma, malignant; ependymoma, astrocytoma; protoplasmic
astrocytoma; fibrillary astrocytoma; astroblastoma; glioblastoma; oligodendroglioma;
oligodendroblastoma; primitive neuroectodermal; cerebellar sarcoma; ganglioneuroblastoma;
neuroblastoma; retinoblastoma, olfactory neurogenic tumor, meningioma, malignant;
neurofibrosarcoma; neurilemmoma, malignant; granular cell tumor, malignant, malignant
lymphoma, Hodgkin’s disease; Hodgkin’s; paragranuloma, malignant lymphoma, small
lymphocytic; malignant lymphoma, large cell, diffuse; malignant lymphoma, follicular; mycosis
fungoides; other specified non-Hodgkin’s lymphomas; malignant histiocytosis;, multiple
myeloma; mast cell sarcoma; immunoproliferative small intestinal disease; leukemia; lymphoid
leukemia; plasma cell leukemia; erythroleukemia; lymphosarcoma cell leukemia, myeloid
leukemia; basophilic leukemia, eosinophilic leukemia; monocytic leukemia; mast cell leukemia;
megakaryoblastic leukemia; myeloid sarcoma; and hairy cell leukemia. In some cases, solid
cancers that are metastatic can be treated using the recombinant oncolytic viruses of this disclosure,
such as a recombinant oncolytic vaccinia virus that is advantageous for systemic delivery. In some
cases, solid cancers that are inaccessible or difficult to access, such as for purpose of intratumoral
delivery of therapeutic agents, can be treated using the recombinant oncolytic viruses of this
disclosure, such as a recombinant oncolytic virus that is advantageous for systemic delivery.
Cancers that are associated with increased expression of free fatty acids can, in some examples,
can be treated using the recombinant oncolytic viruses of this disclosure, such as a recombinant
oncolytic vaccinia virus that is advantageous for systemic delivery and forms increased amounts

of EEV.

Combination Therapies

[0073] The methods of this disclosure comprise, in some aspects, administering a recombinant
oncolytic virus as disclosed herein or a pharmaceutical or an immunogenic composition
comprising the same, followed by, preceded by or in combination with one or more further therapy.
Examples of the further therapy can include, but are not limited to, chemotherapy, radiation,
oncolytic viral therapy with an additional virus, treatment with immunomodulatory proteins, an
anti-cancer agent, or any combinations thereof. The further therapy can be administered
concurrently or sequentially with respect to administration of the modified virus, such as oncolytic
vaccinia virus. In certain embodiments, the methods of this disclosure can comprise administering
a modified oncolytic virus as disclosed herein, followed by, preceded by, or in combination with
one or more anti-cancer agents or cancer therapies. Anti-cancer agents can include, but are not

limited to, chemotherapeutic agents, radiotherapeutic agents, cytokines, immune checkpoint
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inhibitors, anti-angiogenic agents, apoptosis-inducing agents, anti-cancer antibodies and/or anti-
cyclin-dependent kinase agents. In certain embodiments, the cancer therapies can include
chemotherapy, biological therapy, radiotherapy, immunotherapy, hormone therapy, anti-vascular
therapy, cryotherapy, toxin therapy and/or surgery or combinations thereof. In certain
embodiments, the methods of this disclosure can include administering a recombinant virus,
disclosed herein, followed by, preceded by or in combination with a modified oncolytic virus of
this disclosure.

[0074] In certain embodiments, treatment using a recombinant oncolytic virus can be used alone
or in combination with one or immunomodulatory agents. An immunomodulatory agent can
include any compound, molecule or substance capable of suppressing antiviral immunity
associated with a tumor or cancer. In certain embodiments, the immunomodulatory agent can be
capable of suppressing innate immunity or adaptive immunity to the modified virus. Non-limiting
examples of immunomodulatory agents include anti-CD33 antibody or variable region thereof, an
anti-CD11b antibody or variable region thereof, a COX2 inhibitor, e.g., celecoxib, cytokines, such
as IL-12, GM-CSF, IL-2 (having an amino acid sequence as set forth in either SEQ ID NO: 33 or
34), IFN3 and IFN-g, and chemokines, such as MIP-1, MCP-1 and IL-8. In certain embodiments,
the immunomodulatory agent can include immune checkpoint modulators such as, but not limited
to, anti-CTLA4, anti-PD-1, and anti-PD-L1 and TLR agonists (e.g., Poly I:C). In some examples,
the immunomodulatory agent can include an immune checkpoint inhibitor, such as an antagonist
of PD-1 (e.g., an antagonist antibody that binds to PD-1), an antagonist of PD-L1 (e.g., an
antagonist antibody that binds to PD-L1), an antagonist of CTLA-4 (e.g., an antagonist antibody
that binds to CTLA-4), an antagonist of A2AR (e.g., an antagonist antibody that binds to A2AR),
an antagonist of B7-H3 (e.g., an antagonist antibody that binds to B7-H3), an antagonist of B7-H4
(e.g., an antagonist antibody that binds to B7-H4), an antagonist of BTLA (e.g., an antagonist
antibody that binds to BTLA), an antagonist of IDO (e.g., an antagonist antibody that binds to
IDO), an antagonist of KIR (e.g., an antagonist antibody that binds to KIR), an antagonist of LAG3
(e.g., an antagonist antibody that binds to LAG3), an antagonist of TIM-3 (e.g., an antagonist
antibody that binds to TIM3). In some embodiments, the further therapy can comprise
administering an immune checkpoint regulator. In one example, the immune checkpoint regulator
can be TGN1412. In one example, the immune checkpoint regulator can be NKTR-214. In one
example, the immune checkpoint regulator can be MEDIO562. In one example, the immune
checkpoint regulator can be MEDI6469. In one example, the immune checkpoint regulator can be
MEDI6383. In one example, the immune checkpoint regulator can be JTX-2011. In one example,
the immune checkpoint regulator can be pembrolizumab. In one example, the immune checkpoint

regulator can be nivolumab. In one example, the immune checkpoint regulator can be ipilimumab.
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In one example, the immune checkpoint regulator can be tremelimumab. In one example, the
immune checkpoint regulator can be atezolizumab. In one example, the immune checkpoint
regulator can be MGA271. In one example, the immune checkpoint regulator can be indoximod.
In one example, the immune checkpoint regulator can be epacadostat. In one example, the immune
checkpoint regulator can be lirilumab. In one example, the immune checkpoint regulator can be
BMS-986016. In one example, the immune checkpoint regulator can be MPDL3280A. In one
example, the immune checkpoint regulator can be avelumab. In one example, the immune
checkpoint regulator can be durvalumab. In one example, the immune checkpoint regulator can be
MEDI4736. In one example, the immune checkpoint regulator can be MEDI4737. In one example,
the immune checkpoint regulator can be TRX518. In one example, the immune checkpoint
regulator can be MK-4166. In one example, the immune checkpoint regulator can be urelumab
(BMS-663513). In one example, the immune checkpoint regulator can be PF-05082566 (PF-2566).
[0075] In certain examples, where the further therapy is radiation exemplary doses can be 5,000
Rads (50 Gy) to 100,000 Rads (1000 Gy), or 50,000 Rads (500 Gy), or other appropriate doses
within the recited ranges. Alternatively, the radiation dose can be about 30 to 60 Gy, about 40 to
about 50 Gy, about 40 to 48 Gy, or about 44 Gy, or other appropriate doses within the recited
ranges, with the dose determined, example, by means of a dosimetry study as described above.
“QGy” as used herein can refer to a unit for a specific absorbed dose of radiation equal to 100 Rads.
Gy is the abbreviation for “Gray.”

[0076] In certain examples, where the further therapy is chemotherapy, exemplary
chemotherapeutic agents can include without limitation alkylating agents (e.g., nitrogen mustard
derivatives, ethylenimines, alkylsulfonates, hydrazines and triazines, nitrosureas, and metal salts),
plant alkaloids (e.g., vinca alkaloids, taxanes, podophyllotoxins, and camptothecan analogs),
antitumor antibiotics (e.g., anthracyclines, chromomycins, and the like), antimetabolites (e.g., folic
acid antagonists, pyrimidine antagonists, purine antagonists, and adenosine deaminase inhibitors),
topoisomerase I inhibitors, topoisomerase II inhibitors, and miscellaneous antineoplastics (e.g.,
ribonucleotide reductase inhibitors, adrenocortical steroid inhibitors, enzymes, antimicrotubule
agents, and retinoids). Exemplary chemotherapeutic agents can include, without limitation,
anastrozole, bicalutamide, bleomycin sulfate, busulfan, busulfan injection, capecitabine, N4-
pentoxycarbonyl-5-deoxy-5-fluorocytidine, carboplatin, carmustine, chlorambucil, cisplatin,
cladribine, cyclophosphamide, cytarabine, cytosine arabinoside, cytarabine liposome injection,
dacarbazine, dactinomycin, daunorubicin hydrochloride, daunorubicin citrate liposome injection,
dexamethasone, docetaxel, doxorubicin hydrochloride, etoposide, fludarabine phosphate, 5-
fluorouracil, flutamide, tezacitibine, gemcitabine (difluorodeoxycitidine), hydroxyurea,

Idarubicin, ifosfamide, irinotecan, L-asparaginase, leucovorin calcium, melphalan, 6-
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mercaptopurine, methotrexate, mitoxantrone, mylotarg, paclitaxel, phoenix, pentostatin,
polifeprosan 20 with carmustine implant, tamoxifen citrate, teniposide, 6-thioguanine, thiotepa,
tirapazamine, topotecan hydrochloride for injection, vinblastine, vincristine, and vinorelbine,
ibrutinib, idelalisib, and brentuximab vedotin.

[0077] Exemplary alkylating agents can include, without limitation, nitrogen mustards,
ethylenimine derivatives, alkyl sulfonates, nitrosoureas and triazenes such as: uracil mustard
chlormethine, cyclophosphamide, ifosfamide, melphalan, Chlorambucil, pipobroman,
triethylenemelamine, triethylenethiophosphoramine, Temozolomide, thiotepa, busulfan, and
dacarbazine. Additional exemplary alkylating agents include, without limitation, oxaliplatin,
temozolomide, dactinomycin, L-PAM, L-sarcolysin, hexamethylmelamine, carmustine,
bendamustine, busulfan; carboplatin, lomustine, cisplatin, chlorambucil, cyclophosphamide,
dacarbazine, altretamine, ifosfamide, prednumustine, procarbazine, mechlorethamine,
streptozocin, thiotepa, cyclophosphamide; and bendamustine HCI .

[0078] Exemplary anthracyclines can include, without limitation, e.g., doxorubicin, bleomycin,
daunorubicin, daunomycin, rubidomycin hydrochloride, mitoxantrone, epirubicin, idarubicin,
mitomycin C, geldanamycin, herbimycin, ravidomycin, and desacetylravidomycin.

[0079] Exemplary vinca alkaloids can include, but are not limited to, vinorelbine tartrate,
vincristin, vindesine, vinblastine; and vinorelbine.

[0080] Exemplary proteasome inhibitors can, but are not limited to, bortezomib ; carfilzomib (PX-
171-007,  (S)-4-Methyl-N—((S)-1-(((S)-4-methyl-1-((R)-2-methyloxiran-2-yl)-1-oxopentan-2-
yl)amino)-1-ox0-3-phenylpropan-2-yl)-2-((S)-2-(2-morpholinoac-etamido)-4-
phenylbutanamido)-pentanamide), marizomib (NPI-0052), ixazomib citrate, delanzomib, and O-
Methyl-N-[(2-methyl-5-thiazolyl)carbonyl]-L-seryl-O-methyl-N-[(1S5)-2-[(2R)-2-methyl-2-
oxiranyl]-2-oxo-1-(phenylmethyl)ethyl]-L-serinamide .

[0081] “In combination with,” as used herein, can mean that the recombinant virus, such as an
oncolytic vaccinia virus as described herein or a pharmaceutical composition comprising the same,
and the further therapy, such as a further therapy comprising one or more agents are administered
to a subject as part of a treatment regimen or plan. In certain embodiments, being used in
combination may not require that the recombinant virus and the one or more agents are physically
combined prior to administration or that they be administered over the same time frame. For
example, and not by way of limitation, the recombinant virus and the one or more agents can be
administered concurrently to the subject being treated or can be administered at the same time or
sequentially in any order or at different points in time.

[0082] The further therapy can be administered, in various embodiments, in a liquid dosage form,

a solid dosage form, a suppository, an inhalable dosage form, an intranasal dosage form, in a
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liposomal formulation, a dosage form comprising nanoparticles, a dosage form comprising
microparticles, a polymeric dosage form, or any combinations thereof. In certain embodiments,
the further therapy is administered over a period of about 1 week to about 2 weeks, about 2 weeks
to about 3 weeks, about 3 weeks to about 4 weeks, about 4 weeks to about 5 weeks, about 6 weeks
to about 7 weeks, about 7 weeks to about 8 weeks, about 8 weeks to about 9 weeks, about 9 weeks
to about 10 weeks, about 10 weeks to about 11 weeks, about 11 weeks to about 12 weeks, about
12 weeks to about 24 weeks, about 24 weeks to about 48 weeks, about 48 weeks or about 52 weeks,
or longer. The frequency of administration of the further therapy can be, in certain instances, once
daily, twice daily, once every week, once every three weeks, once every four weeks (or once a
month), once every 8 weeks (or once every 2 months), once every 12 weeks (or once every 3
months), or once every 24 weeks (once every 6 months). In certain embodiments, a method of
treating a subject having a cancer can include administering, to the subject, an effective amount of
arecombinant virus, e.g., a recombinant vaccinia virus, of this disclosure. In certain embodiments,
the methods of this disclosure can further include administering to the subject an effective amount
of one or more agents. For example, and not by way of limitation, the agent can be an anti-cancer
agent, an immunomodulatory agent, or any combinations thereof, as described above. An “anti-
cancer agent,” as used herein, can be any molecule, compound, chemical or composition that has
an anti-cancer effect. Anti-cancer agents include, but are not limited to, chemotherapeutic agents,
radiotherapeutic agents, cytokines, immune checkpoint inhibitors, anti-angiogenic agents,

apoptosis-inducing agents, anti-cancer antibodies and/or anti-cyclin-dependent kinase agents.

Additional Embodiments

[0083] Provided herein are recombinant oncolytic viruses comprising a modification in the viral
genome wherein said modification comprises at least one of: a deletion or functional deletion of
an endogenous nucleic acid encoding an MHC class II inhibitor; an insertion of an exogenous
nucleic acid that results in activation or enhanced activation of MHC class II presentation; and an
insertion of an exogenous nucleic acid encoding an MHC class I inhibitor that acts wholly or
primarily within the infected cell. Further provided herein are recombinant oncolytic viruses
comprising the deletion or functional deletion of an endogenous nucleic acid encoding the MHC
class II inhibitor, wherein the deletion or functional deletion results in an increase of MHC class
II presentation, and wherein the oncolytic virus is a vaccinia virus. Further provided herein are
recombinant oncolytic viruses comprising the deletion or functional deletion of the endogenous
nucleic acid encoding the MHC class II inhibitor, wherein the deletion or functional deletion of
the endogenous nucleic acid encoding the MHC class IT inhibitor comprises a deletion of a gene

encoding protein A35 of a vaccinia virus. Further provided herein are recombinant oncolytic
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viruses wherein the deletion or functional deletion of the gene encoding a vaccinia virus protein
A35 is a deletion or functional deletion of gene WR158. Further provided herein are recombinant
oncolytic viruses wherein the modification comprises the insertion of an exogenous nucleic acid
that results in activation or enhanced activation of the MHC class II presentation, and wherein the
exogenous nucleic acid encodes for: an apoptosis inhibitor protein or a necrotic cell death activator
protein; an autophagy enhancer protein; an asparaginyl endopeptidase; a class II transactivator; an
interferon-gamma; a Toll-like receptor activator; or a dendritic cell maturation activator. Further
provided herein are recombinant oncolytic viruses comprising the autophagy enhancer protein,
wherein the autophagy enhancer protein is HMGB1 or a functional domain or a variant thereof.
Further provided herein are recombinant oncolytic viruses comprising the dendritic cell maturation
activator, wherein the dendritic cell maturation activator comprises osteopontin, or TNF-alpha, or
functional fragments or variants thereof. Further provided herein are recombinant oncolytic viruses
wherein the encoded MHC II upregulating protein is fused to a secretion sequence a cell
permeabilizing domain or a combination thereof, to achieve MHC II upregulation throughout the
tumor. Further provided herein are recombinant oncolytic viruses wherein the modification
comprises the insertion of the exogenous nucleic acid encoding the MHC class I inhibitor, and
wherein the insertion results in an inhibition or partial inhibition of MHC class I presentation.
Further provided herein are recombinant oncolytic viruses wherein the insertion of the exogenous
nucleic acid encoding the MHC class I inhibitor comprises insertion of a gene encoding one or
more cowpox virus proteins. Further provided herein are recombinant oncolytic viruses wherein
the insertion of an exogenous nucleic acid encoding the MHC class I inhibitor comprises insertion
of a gene encoding cowpox protein CPXV012 or a functional fragment or a variant thereof. Further
provided herein are recombinant oncolytic viruses wherein the insertion of an exogenous nucleic
acid encoding the MHC class I inhibitor comprises insertion of a gene encoding cowpox protein
CPXV203 or a functional fragment or a variant thereof. Further provided herein are recombinant
oncolytic viruses wherein the insertion of an exogenous nucleic acid encoding the MHC class 1
inhibitor comprises insertion of a gene encoding at least one of: Epstein-Barr virus encoded nuclear
antigen 1 protein;, Herpes simplex virus encoded ICP47 protein, Herpes simplex virus encoded
UL49.5 protein;, Cytomegalovirus encoded US6, US2, US3, US11, or gp48 protein; Epstein-Barr
Virus encoded BNLF2a protein; Adenovirus encoded E3-19K protein; Human Immunodeficiency
Virus or Simian Immunodeficiency Virus encoded Nef protein, Kaposi’s sarcoma-associated
herpesvirus encoded kK3, vIRF3 or kKS protein; or a dominant negative form of IRF7 or IRF3.
Further provided herein are recombinant oncolytic viruses wherein the MHC class I inhibitor
comprises a TAP inhibitor. Further provided herein are recombinant oncolytic viruses wherein the

TAP inhibitor acts wholly or primarily within infected cells. Further provided herein are
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recombinant oncolytic viruses wherein the modification in the viral genome reduces an immune
response targeting a virus-infected tumor cell and increases an immune response targeting cells
surrounding the virus-infected tumor cell. Further provided herein are recombinant oncolytic viruses
wherein a thymidine kinase gene is deleted from the viral genome. Further provided herein are
recombinant oncolytic viruses further comprising an exogenous nucleic acid encoding a hyaluronidase.
Further provided herein are recombinant oncolytic viruses wherein the hyaluronidase is PH-20 or
HysA. Further provided herein are recombinant oncolytic viruses wherein the oncolytic virus is a
vaccinia virus, and the vaccinia virus is a Western Reserve strain Vaccinia virus (ATCC VR-1354), a
Copenhagen strain, an IHD strain, a Wyeth strain (ATCC VR-325), a NYCBOH strain, a Tian Tan
strain, a Lister strain, an Ankara strain (ATCC VR-1508 or ATTC VR1566), a USSR strain, or an
ACAM2000 strain.

[0084] Provided herein are recombinant oncolytic viruses comprising a modification in the viral
genome wherein the modification comprises a deletion or functional deletion of a vaccinia virus gene
encoding A35 protein and insertion of an exogenous gene encoding cowpox protein CPXV012 or
cowpox protein CPXV203. Further provided herein are recombinant oncolytic viruses_wherein the
modification is such that insertion of the exogenous gene encoding cowpox protein CPXV012 is at the
locus of the gene encoding A35 protein of a vaccinia virus. Further provided herein are recombinant
oncolytic viruses wherein the modification is such that insertion of the exogenous gene encoding
cowpox protein CPXV203 is at the locus of the gene encoding A35 protein of a vaccinia virus. Further
provided herein are recombinant oncolytic viruses further comprising an additional modification in the
viral genome. Further provided herein are recombinant oncolytic viruses wherein the additional
modification comprises at least one of: an insertion of an exogenous nucleic acid that codes for a
chemokine receptor or a functional domain or a variant thereof; or an insertion of an exogenous nucleic
acid that codes for cytokine or a functional domain or a variant thereof. Further provided herein are
recombinant oncolytic viruses comprising the exogenous nucleic acid that codes for a cytokine or a
functional domain or a variant thereof, wherein the cytokine comprises at least one of: interleukin-2
(IL-2), interleukin-15/ interleukin-15Ra (IL15/IL15Ra), interleukin-7 (IL-7), or a functional domain
or a variant thereof. Further provided herein are recombinant oncolytic viruses wherein the additional
modification comprises an insertion of an exogenous nucleic acid that codes for a fusion protein
comprising a cytokine and a metabolic modulator protein. Further provided herein are recombinant
oncolytic viruses comprising the exogenous nucleic acid that codes for the chemokine receptor or a
functional domain or a variant thereof, wherein the chemokine receptor comprises at least one of:
CXCR4, CCR2, or functional domains or variants thereof. Further provided herein are recombinant
oncolytic viruses wherein the chemokine receptor comprises the CXCR4 or a functional domain

or a variant thereof. Further provided herein are recombinant
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oncolytic viruses wherein the chemokine receptor comprises the CCR2 or a functional domain or
a variant thereof, wherein the CCR2 comprises a wild-type CCR2 or a mutated CCR2. Further
provided herein are recombinant oncolytic viruses wherein the exogenous nucleic acid that codes
for the chemokine receptor or a functional domain or a variant thereof comprises a codon
optimized sequence. Further provided herein are recombinant oncolytic viruses wherein the
exogenous nucleic acid that codes for the chemokine receptor or a functional domain or a variant
thereof comprises a non-codon optimized sequence. Further provided herein are recombinant
oncolytic viruses wherein the additional modification comprises mutation or a complete or a partial
deletion of a viral gene comprising at least one of: A52R, BI5R, K7R, A46R, N1L, E3L, K1L,
M2L, C16, N2R, B8R, B18R, VHI1 of a vaccinia virus or a functional domain or fragment or
variant thereof, or any combinations thereof. Further provided herein are recombinant oncolytic
viruses wherein a thymidine kinase gene is deleted from the viral genome. Further provided herein
are recombinant oncolytic viruses further comprising an exogenous nucleic acid encoding a
hyaluronidase. Further provided herein are recombinant oncolytic viruses wherein the
hyaluronidase is PH-20 or HysA. Further provided herein are recombinant oncolytic viruses
wherein the oncolytic virus is a vaccinia virus, and the vaccinia virus is a Western Reserve strain
Vaccinia virus (ATCC VR-1354), a Copenhagen strain, an IHD strain, a Wyeth strain (ATCC VR-
325), a NYCBOH strain, a Tian Tan strain, a Lister strain, an Ankara strain (ATCC VR-1508 or
ATTC VR1566), a USSR strain, or an ACAM2000 strain.

[0085] Provided herein are immunogenic compositions comprising a recombinant oncolytic virus
according to any embodiments as described herein.

[0086] Provided herein are pharmaceutical compositions comprising a recombinant oncolytic
virus or an immunogenic composition according to any embodiments as described herein and at
least one of: a solubilizing agent, an excipient, or a pharmaceutically acceptable carrier. Further
provided herein are pharmaceutical compositions, wherein the excipient comprises one or more of
a buffering agent, a stabilizer, an antioxidant, a binder, a diluent, a dispersing agent, a rate
controlling agent, a lubricant, a glidant, a disintegrant, a plasticizer, a preservative, or any
combinations thereof. Further provided herein are pharmaceutical compositions, wherein the
excipient comprises di-sodium hydrogen phosphate dihydrate, sodium dihydrogen phosphate
dihydrate, sodium chloride, myo-inositol, sorbitol, or any combinations thereof. Further provided
herein are pharmaceutical compositions, wherein the pharmaceutical composition does not
comprise a preservative. Further provided herein are pharmaceutical compositions, further
comprising one or more of a preservative, a diluent, and a carrier. Further provided herein are
pharmaceutical compositions, further comprising an additional active ingredient or a salt thereof.

Further provided herein are pharmaceutical compositions, wherein the solubilizing agent is sterile
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water. Further provided herein are pharmaceutical compositions, further comprising an additional
active ingredient, wherein the additional active ingredient is an anti-cancer agent or a further
oncolytic virus.

[0087] Provided herein are methods of reducing growth of a cancer cell, exemplary methods
comprising administering to the cancer cell an effective amount of the recombinant oncolytic virus,
the immunogenic composition, or the pharmaceutical composition according to any embodiments
as described herein.

[0088] Provided herein are methods of regressing the growth of a tumor, exemplary methods
comprising administering to the tumor an effective amount of the recombinant oncolytic virus, the
immunogenic composition, or the pharmaceutical composition according to any embodiments as
described herein. Further provided herein are methods, wherein the tumor is in a subject and the
administering comprises administering to the subject. Further provided herein are methods
comprising administering a further therapy, wherein the further therapy comprises chemotherapy,
radiation, oncolytic viral therapy with an additional virus, treatment with immunomodulatory
proteins, a CAR T cellular therapy, an anti-cancer agent, or any combinations thercof. Further
provided herein are methods, wherein the further therapy comprises administering an
immunomodulatory agent comprising anti-CD33 antibody and variable region thereof, an anti-
CD11b antibody and variable region thereof, a COX2 inhibitor, a cytokine, a chemokine, an anti-
CTLA4 antibody or an antigen binding fragment thereof, an anti-PD-1 antibody or an antigen
binding fragment thereof, an anti-PD-L1 antibody or an antigen binding fragment thereof, or a
TLR agonist.

[0089] A method of treatment comprising administering to a subject in need thereof an effective
amount of a recombinant oncolytic virus, the immunogenic composition, or a pharmaceutical
composition according to any embodiments described herein. Further provided herein are
methods, wherein the administering comprises an intratumoral administration. Further provided
herein are methods, wherein the administering comprises a systemic administration. Further
provided herein are methods, wherein the systemic administration comprises at least one of: an
intraperitoneal administration, an oral administration, an intravenous administration, an intranasal
administration, a sublingual administration, a rectal administration, a transdermal administration,
or any combination thereof. Further provided herein are methods, wherein the subject has a cancer,
and wherein the cancer is at least one of: a melanoma, a hepatocellular carcinoma, a breast cancer,
a lung cancer, a non-small lung cancer, a peritoneal cancer, a prostate cancer, a bladder cancer, an
ovarian cancer, a leukemia, a lymphoma, a renal cell carcinoma, a pancreatic cancer, an epithelial
carcinoma, a gastric/ GE junction adenocarcinoma, a cervical cancer, a colon carcinoma, a

colorectal cancer, a duodenal cancer, a pancreatic adenocarcinoma, an adenoid cystic, a sarcoma,
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a mesothelioma, a glioblastoma multiforme, an astrocytoma, a multiple myeloma, a prostate
carcinoma, a hepatocellular carcinoma, a cholangiocarcinoma, a head and neck squamous cell
carcinoma, a cervical squamous-cell carcinoma, an osteosarcoma, an epithelial ovarian carcinoma,
an acute lymphoblastic lymphoma, a myeloproliferative neoplasm, or any combination thereof.
Further provided herein are methods, wherein the recombinant oncolytic virus, the immunogenic
composition, or the pharmaceutical composition is administered at a dosage that comprises from
about 10° PFU/mL to about 10'° PFU/mL of the recombinant vaccinia virus. Further provided
herein are methods, wherein the recombinant oncolytic virus, or the pharmaceutical composition
is administered at a dosage that comprises about 3 x 10° PFU/mL of the recombinant vaccinia
virus. Further provided herein are methods, wherein the recombinant oncolytic virus, the
immunogenic composition, or the pharmaceutical composition is administered, independently, in
an initial dose for a first period of time, an intermediate dose for a second period of time, and a
high dose for a third period of time. Further provided herein are methods, comprising
administration of the initial, the intermediate, and the high dose, independently, wherein the initial
dose is lower than the intermediate dose and the intermediate dose is lower than the high dose.
Further provided herein are methods, wherein the recombinant oncolytic virus, the immunogenic
composition, or the pharmaceutical composition is administered, independently, in a high dose for
a first period of time, an intermediate dose for a second period of time, and a low dose for a third
period of time. Further provided herein are methods, comprising administration of the initial, the
intermediate, and the low dose, independently, wherein the initial dose is higher than the
intermediate dose and the intermediate dose is higher than the low dose. Further provided herein
are methods, wherein the first, second, and third periods of time are each from about 1 day, about
2 days, about 3 days, about 4 days, about 5 days, about 6 days, about 1 week, about 2 week, about
3 weeks, about 4 weeks, about 6 weeks, about 7 weeks, about 8 weeks, about 9 weeks, about 10,
weeks, about 12 weeks, about 4 months, about 5 months, about 6 months, about 7 months, about
8 months, about 9 months, about 10 months, about 11 months or about 1 year. Further provided
herein are methods, wherein the recombinant oncolytic virus, the immunogenic composition, or
the pharmaceutical composition independently comprises a liquid dosage form that is administered
at a volume of about 1 mL to about 5 mL, about 5 mL to 10 mL, about 15 mL to about 20 mL,
about 25 mL to about 30 mL, about 30 mL to about 50 mL, about 50 mL to about 100 mL, about
100 mL to 150 mL, about 150 mL to about 200 mL, about 200 mL to about 250 mL, about 250
mL to about 300 mL, about 300 mL to about 350 mL, about 350 mL to about 400 mL, about 400
mL to about 450 mL, about 450 mL to 500 mL, about 500 mL to 750 mL, or about 750 mL to
1000 mL. Further provided herein are methods, wherein the recombinant oncolytic virus, the

immunogenic composition, or the pharmaceutical composition is administered in a liquid dosage
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form, a solid dosage form, an inhalable dosage form, an intranasal dosage form, a liposomal
formulation, a dosage form comprising nanoparticles, a dosage form comprising microparticles, a
polymeric dosage form, or any combination thereof. Further provided herein are methods, wherein
the recombinant oncolytic virus, the immunogenic composition, or the pharmaceutical
composition is administered for a duration of about 1 day, about 2 days, about 3 days, about 4
days, about 5 days, about 6 days, about 1 week, about 2 week, about 3 wecks, about 4 weeks, about
6 weeks, about 7 weeks, about 8 weeks, about 9 weeks, about 10, weeks, about 12 weeks, about 4
months, about 5 months, about 6 months, about 7 months, about 8 months, about 9 months, about
10 months, about 11 months, or about 1 year. Further provided herein are methods, wherein the
recombinant oncolytic virus, the immunogenic composition, or the pharmaceutical composition is
administered once daily, twice daily, once every week, once every two weeks, or once every three
weeks. Further provided herein are methods, wherein the recombinant oncolytic virus, the
immunogenic composition, or the pharmaceutical composition is administered as a bolus injection
or a slow infusion. Further provided herein are methods, wherein the administration of the
recombinant oncolytic virus, the immunogenic composition, or the pharmaceutical composition
results in a first peak viral load after about 1 hour to about 3 days and a second peak viral load
after about 3 days to about 10 days from administration of a first dose. Further provided herein are
methods, comprising administration of a further therapy, wherein the further therapy is
administered for a duration of about 1 day, about 2 days, about 3 days, about 4 days, about 5 days,
about 6 days, about 1 week, about 2 week, about 3 weeks, about 4 weeks, about 6 weeks, about 7
weeks, about 8 weeks, about 9 weeks, about 10, weeks, or about 12 weeks. Further provided herein
are methods, wherein the further therapy is administered once daily, twice daily, once every 1 day,
once every 2 days, once every 3 days, once every 4 days, once every 5 days, once every 6 days,
once every 1 week, once every 2 week, once every 3 weeks, once every 4 weeks, once every 6
weeks, once every 7 weeks, once every 8 weeks, once every 9 weeks, once every 10, weeks, once
every 12 weeks, once every 4 months, once every 5 months, once every 6 months, once every 7
months, once every 8 months, once every 9 months, once every 10 months, once every 11 months,
or once every 1 year. Further provided herein are methods, wherein the further therapy is
administered in a liquid dosage form, a solid dosage form, an inhalable dosage form, an intranasal
dosage form, a liposomal formulation, a dosage form comprising nanoparticles, a dosage form
comprising microparticles, a polymeric dosage form, or any combination thereof. Further provided
herein are methods, wherein the further therapy is administered in a liquid dosage form, a solid
dosage form, an inhalable dosage form, an intranasal dosage form, a liposomal formulation, a
dosage form comprising nanoparticles, a dosage form comprising microparticles, a polymeric

dosage form, or any combinations thereof. Further provided herein are methods, wherein the
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further therapy is administered orally, intravenously, by an intratumoral injection, by
intraperitoneal injection, or by radiation. Further provided herein are methods, wherein the further
therapy comprises chemotherapy, radiation, oncolytic viral therapy with an additional virus,
treatment with immunomodulatory proteins, a CAR T cellular therapy, an anti-cancer agent, or
any combinations thereof. Further provided herein are methods, wherein the further therapy
comprises administration of an immunomodulatory agent comprising anti-CD33 antibody and
variable region thereof, an anti-CD11b antibody and variable region thereof, a COX2 inhibitor, a
cytokine, a chemokine, an anti-CTLA4 antibody or an antigen binding fragment thereof, an anti-
PD-1 antibody or an antigen binding fragment thereof, an anti-PD-L1 antibody or an antigen
binding fragment thereof, or a TLR agonist. Further provided herein are methods, wherein the
further therapy comprises administration of the anti-cancer agent, wherein the anti-cancer agent is

a chemotherapeutic agent. Further provided herein are methods, wherein the subject is human.

EXAMPLES

[0090] The examples below further illustrate the described embodiments without limiting the

scope of this disclosure.

Example 1: Tumor model
[0091] Recombinant vaccinia virus was assayed in comparison to the same strain of virus without
the modification as described herein in a tumor model system. The below table lists the viruses for

testing and the modifications in the viral genome for the same:

Table 1
MODEL Unique Identifier UID DESCRIPTION
B16 Tumor Model WO00416N AS52R- mut CXCR4 TK-
WO0434N AS52R- mut CXCR4 TK- 158- cpx012+
HCCTKM WR.TK-
VFB Vehicle Formulated Buffer

[0092] Table 1 above shows that the viruses used in the study were recombinant vaccinia virus
WO0434N (shown as AS2R- mutCXCR4 TK- 158- cpx012+) and reference vaccinia virus
WO0416N (AS52R- mutCXCR4 TK-). The modification to WO0434N was by deletion of TK gene
and substitution of A52 gene with P7.5-driven mutant CXCR4 and substitution of A35 gene
(WR158) with cowpox virus gene CPXV012. The reference vaccinia virus WO0416N had a
deletion of TK gene and substitution of AS2 gene with P7.5-driven mutant CXCR4. The controls
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were vaccinia virus Western Reserve Thymidine Kinase negative (WR.TK-) strain (HCCTKM)
and vehicle formulated buffer (VFB). The nucleic acid sequence of the P7.5 promoter is defined
by SEQ ID NO: 1. The nucleic acid sequence of the mutant CXCR4 gene is defined by SEQ ID
NO: 15. The nucleic acid sequence of the CPXV012 is defined by SEQ ID NO: 2. The study was
performed in B16 tumor model. The tumor volumes were measured 17 days after the virus
administration for each group and controls. The results as shown in FIG. 1 indicate an
enhancement in the therapeutic activity with WO0434N virus as compared to reference virus

WO0416N or the controls HCCTKM and VFB.

Example 2: Strain characterization

[0093] To assess whether a given virus is replication-competent or replication-defective in a cell
type, replication capacity is assessed of a recombinant vaccinia virus is assessed via PCR assay
using sera from a mammal or a rodent infected with the recombinant virus, a viral plaque assay,
or any combinations thereof. For viral plaque assays, confluent monolayers of susceptible cells in
tissue culture flasks are infected with vaccinia virus. After incubation, cytopathic effects (CPE)
are observed and visualized through formation of a halo or circular clearing the cell monolayer.
Cell culture media is replaced with a solution that increases the viscosity. The replaced solution
includes gelatin or carboxymethylcellulose. The viral plaque assays are visualized by staining with
an agent that increases cell contrast by eye or by microscopy. Incubation following infection can
be for 4 to 48 hours before plaque can be observed. The staining agent is Crystal Violet. For PCR

based assays, vaccinia virus content is quantified using qPCR-based approaches.

Example 3: Tumor Growth Inhibition

[0094] Animal assays were performed in mouse models of cancer to assess tumor growth impact
of compositions described herein. Briefly, modified vaccinia viruses were intratumorally injected
(IT) to Renca and EMT6 tumor bearing mice.

[0095] Modified vaccinia viruses were assessed in comparison to a Vehicle Formulated Buffer
(VFB). Group 1 was treated with a modified vaccinia virus comprising a TK gene deletion,
insertion of nucleic acid encoding the cowpox virus V012 protein (CPXV012) (SEQ ID NO: 2), a
P7.5 promoter (SEQ ID NO: 1) and a loxP sequence (SEQ ID NO: 35). Group 2 was treated with
a modified vaccinia virus comprising a WR158 gene deletion, insertion of nucleic acid encoding
CPXV012 protein (SEQ ID NO: 2), a P7.5 promoter (SEQ ID NO: 1), and a loxP sequence (SEQ
ID NO: 35). Group 3 was treated with a vaccinia virus comprising a TK gene deletion and insertion
of nucleic acid encoding dominant negative interferon regulatory factor 7 (dnIRF7, SEQ ID NO:
36). Group 4 was treated with a modified vaccinia virus comprising a TK gene deletion and

insertion of nucleic acid encoding viral interferon regulator factor 3 (vIRF3, SEQ ID NO: 38).
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[0096] Balb/c mice were implanted subcutaneously with RENCA cell or EMT6 cell tumors. Mice
were divided into groups of 10. Tumors were injected with a single dose of 1x107 pfu modified
vaccinia virus or vehicle control.

[0097] Tumor volumes in mice with Renca tumors were measured after 23 days, as shown in FIG.
2A. Groups treated with virus expressing cowpox virus V012 and vIRF3 showed the most effective
reduction in Renca tumor volume.

[0098] Tumor volumes in mice with EMT6 tumors were measured after 27 days, as shown in FIG.
2B. Groups treated with virus expressing cowpox virus V012 and dnIRF7 showed the most
effective reduction in EMT6 tumor volume.

[0099] 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.

Table 2: Sequences

SEQ | PROTEIN/ SEQUENCES
ID NUCLEIC
NO: ACID NAME
1 P75 promoter | TCACTAATTCCAAACCCACCCGCTTTTTATAGTAAGTTTTTCACC
CATAAATAATAAATACAATAATTAATTTCTCGTAAAAGTAGAA
(DNA) AATATATTCTAATTTATTGCACGGTAAGGAAGTAGATCATAA
2 CPXV012 ATGTTCATCATGCGCGAGAGCATTTACCGCGTGATGATTGTCAT
(DNA) TTTGTATTTGAGCTTGATTTCTTCGTTTTTGGTTATCTGCTCTATG
GAGCACGGCTACTTCCAGGAGGGCATCAGCCGCTTCAAGATTT
GTCCCTATCATTGGTATAAACAACACATGAGTTTATTGTTTCGT
CGTTACTATCACAAGCTGGATAGTATCATCTAG
3 CPXV012 MFIMRESIYRVMIVILYLSLISSFLVICSMEHGYFQEGISRFKICPYH
(polypeptide) WYKQHMSLLFRRY YHKLDSII
4 HMGBI GGCAAAGGAGATCCTAAGAAGCCGAGAGGCAAAATGTCATCAT
(human, mutant, | ATGCATTCTTCGTGCAAACTTGTCGGGAGGAGCATAAGAAGAAG
DNA) CACCCAGATGCTGCAGTCAACTTCGCTGAGTTTGCAAAGAAGTG
CGCTGAGAGGTGGAAGACCATGGCAGCTAAAGAGAAAGGAAAA
TTTGAAGATATGGCAAAAGCGGACAAGGCCCGTTATGAAAGAG
AAATGAAAACCTATATCCCTCCCAAAGGGGAGACAAAAAAGAA
GTTCAAGGACCCCAATGCACCCAAGAGGCCTCCTTCGGCCTTCTT
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SEQUENCES

CCTCTTCTGCTCTGAGTATCGCCCAAAAATCAAAGGAGAACATC
CTGGCCTGTCCATTGGTGATGTTGCGAAGAAACTGGGAGAGATG
TGGAATAACACTGCTGCAGATGACAAGCAGCCTTATGAAAAGAA
GGCTGCGAAGCTGAAGGAAAAATATGAAAAGGATATTGCTGCAT
ATCGAGCTAAAGGAAAGCCTGATGCAGCAAAAAAGGGAGTTGT
CAAGGCTGAAAAAGCGAAGAAAAAGAAGGAAGAGGAGGAAGA
TGAGGAAGATGAAGAGGATGAGGAGGAGGAGGAAGATGAAGA
AGATGAAGATGAAGAAGAAGATGATGATGATGAATAA

WO 2022/232375

SEQ | PROTEIN/
ID NUCLEIC
NO: ACID NAME
5 HMGB1

(human, mutant,
protein)

GKGDPKKPRGKMSSYAFFVQTCREEHKKKHPDAAVNFAEFAKKCA
ERWKTMAAKEKGKFEDMAKADKARYEREMKTYIPPKGETKKKFK
DPNAPKRPPSAFFLFCSEYRPKIKGEHPGLSIGDVAKKL GEMWNNT
AADDKQPYEKKAAKILKEKYEKDIAAYRAKGKPDAAKKGVVKAEK
AKKKKEEEEDEEDEEDEEEEEDEEDEDEEEDDDDE

IgE derived
signal sequence

(DNA)

ATGGACTGGACATGGATTCTCTTTCTAGTGGCCGCAGCCACAAG
GGTCCACTCC

7 IgE derived MDWTWILFLVAAATRVHS
signal sequence
(polypeptide)

8 HMGBI1 with ATGGACTGGACATGGATTCTCTTTCTAGTGGCCGCAGCCACAAG
IgE-derived GGTCCACTCCGGCAAAGGAGATCCTAAGAAGCCGAGAGGCAAA

signal sequence
(human, mutant,
DNA)

ATGTCATCATATGCATTCTTCGTGCAAACTTGTCGGGAGGAGCAT
AAGAAGAAGCACCCAGATGCTGCAGTCAACTTCGCTGAGTTTGC
AAAGAAGTGCGCTGAGAGGTGGAAGACCATGGCAGCTAAAGAG
AAAGGAAAATTTGAAGATATGGCAAAAGCGGACAAGGCCCGTT
ATGAAAGAGAAATGAAAACCTATATCCCTCCCAAAGGGGAGAC
AAAAAAGAAGTTCAAGGACCCCAATGCACCCAAGAGGCCTICCIT
CGGCCTTCTTCCTCTTCTGCTCTGAGTATCGCCCAAAAATCAAAG
GAGAACATCCTGGCCTGTCCATTGGTGATGTTGCGAAGAAACTG
GGAGAGATGTGGAATAACACTGCTGCAGATGACAAGCAGCCTTA
TGAAAAGAAGGCTGCGAAGCTGAAGGAAAAATATGAAAAGGAT
ATTGCTGCATATCGAGCTAAAGGAAAGCCTGATGCAGCAAAAAA
GGGAGTTGTCAAGGCTGAAAAAGCGAAGAAAAAGAAGGAAGAG
GAGGAAGATGAGGAAGATGAAGAGGATGAGGAGGAGGAGGAA
GATGAAGAAGATGAAGATGAAGAAGAAGATGATGATGATGAAT
AA

HMGB1 with
IgE-derived
signal sequence
(human, mutant,

MDWTWILFLVAAATRVHSGKGDPKKPRGKMSSYAFFVQTCREEH
KKKHPDAAVNFAEFAKKCAERWKTMAAKEKGKFEDMAKADKAR
YEREMKTYIPPKGETKKKFKDPNAPKRPPSAFFLFCSEYRPKIK GEH
PGLSIGDVAKKLGEMWNNTAADDKQPYEKKAAKLKEKYEKDIAA
YRAKGKPDAAKKGVVKAEKAKKKKEEEEDEEDEEDEEEEEDEEDE

olypeptide
polypeptide) DEEEDDDDE
10 IL15 (human, MRISKPHLRSISIQCYLCLLLNSHFLTEAGIHVFILGCFSAGLPKTEAN
polypeptide) WVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQ
VISLESGDASIHD TVENLIILANNSLSSNGNVTESGCKECEELEEKNIK
EFLQSFVHIVQMFINTS
11 IL-7 (mouse, ATGTTCCATGTTTCTTTTAGATATATCTTTGGAATTCCTCCACTGA
DNA) TCCTTGTTCTGCTGCCTGTCACATCATCTGAGTGCCACATTAAAG

ACAAAGAAGGTAAAGCATATGAGAGTGTACTGATGATCAGCATC
GATGAATTGGACAAAATGACAGGAACTGATAGTAATTGCCCGAA
TAATGAACCAAACTTTTTITAGAAAACATGTATGTGATGATACAA
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SEQ
ID
NO:

PROTEIN/
NUCLEIC
ACID NAME

SEQUENCES

AGGAAGCTGCTTTTCTAAATCGTGCTGCTCGCAAGTTGAAGCAA
TTTCTTAAAATGAATATCAGTGAAGAATTCAATGTCCACTTACTA
ACAGTATCACAAGGCACACAAACACTGGTGAACTGCACAAGTAA
GGAAGAAAAAAACGTAAAGGAACAGAAAAAGAATGATGCATGT
TTCCTAAAGAGACTACTGAGAGAAATAAAAACTTGTTGGAATAA
AATTTTGAAGGGCAGTATATAA

12

IL-7 (human,
DNA)

ATGTTCCATGTTTCTTTTAGGTATATCTTTGGACTTCCTCCCCTGA
TCCTTGTTCTGTTGCCAGTAGCATCATCTGATTGTGATATTGAAG
GTAAAGATGGCAAACAATATGAGAGTGTTCTAATGGTCAGCATC
GATCAATTATTGGACAGCATGAAAGAAATTGGTAGCAATTGCCT
GAATAATGAATTTAACTTTTTTAAAAGACATATCTGTGATGCTAA
TAAGGAAGGTATGTTTTTATTCCGTGCTGCTCGCAAGTTGAGGCA
ATTTCTTAAAATGAATAGCACTGGTGATTTTGATCTCCACTTATT
AAAAGTTTCAGAAGGCACAACAATACTGTTGAACTGCACTGGCC
AGGTTAAAGGAAGAAAACCAGCTGCCCTGGGTGAAGCCCAACC
AACAAAGAGTTITGGAAGAAAATAAATCTTTAAAGGAACAGAAA
AAACTGAATGACTTGTGTTTCCTAAAGAGACTATTACAAGAGAT
AAAAACTTGTTGGAATAAAATTTTGATGGGCACTAAAGAACACT
GA

13

IL-7 (mouse,
protein)

MFHVSFRYIFGIPPLILVLLPVTSSECHIKDKEGKAYESVLMISIDELD
KMTGTDSNCPNNEPNFFRKHVCDDTKEAAFLNRAARKLKQFLKMN
ISEEFNVHLLTVSQGTQTLVNCTSKEEKNVKEQKKNDACFLKRLLR
EIKTCWNKILKGSI

14

IL-7 (human,
protein)

MFHVSFRYIFGLPPLILVLLPVASSDCDIEGKDGKQYESVLMVSIDQL
LDSMKEIGSNCLNNEFNFFKRHICDANKEGMFLFRAARKLRQFLKM
NSTGDFDLHLLKVSEGTTILLNCTGQVKGRKPAALGEAQPTKSLEE
NKSLKEQKKLNDLCFLKRLLQEIKTCWNKILMGTKEH

15

CXCR4

(Y157A, human,

DNA)

ATGGAGGGGATCAGTATATACACTTCAGATAACTACACCGAGGA
AATGGGCTCAGGGGACTATGACTCCATGAAGGAACCCTGTTTCC
GTGAAGAAAATGCTAATTTCAATAAAATCTTCCTGCCCACCATCT
ACTCCATCATCTTCTTAACTGGCATTGTGGGCAATGGATTGGTCA
TCCTGGTCATGGGTTACCAGAAGAAACTGAGAAGCATGACGGAC
AAGTACAGGCTGCACCTGTCAGTGGCCGACCTCCTCTTTGTCATC
ACGCTTCCCTTCTGGGCAGTTGATGCCGTGGCAAACTGGTACTTT
GGGAACTTCCTATGCAAGGCAGTCCATGTCATCTACACAGTCAA
CCTCTACAGCAGTGTCCTCATCCTGGCCTTCATCAGTCTGGACCG
CTACCTGGCCATCGTCCACGCCACCAACAGTCAGAGGCCAAGGA
AGCTGTTGGCTGAAAAGGTGGTCGCTGTTGGCGTCTGGATCCCT
GCCCTCCTGCTGACTATTCCCGACTTCATCTTTGCCAACGTCAGT
GAGGCAGATGACAGATATATCTGTGACCGCTTCTACCCCAATGA
CTTGTGGGTGGTTGTGTTCCAGTTTCAGCACATCATGGTTGGCCT
TATCCTGCCTGGTATTGTCATCCTGTCCTGCTATTGCATTATCATC
TCCAAGCTGTCACACTCCAAGGGCCACCAGAAGCGCAAGGCCCT
CAAGACCACAGTCATCCTCATCCTGGCTTTCTTCGCCTGTTGGCT
GCCTTACTACATTGGGATCAGCATCGACTCCTTCATCCTCCTGGA
AATCATCAAGCAAGGGTGTGAGTTTGAGAACACTGTGCACAAGT
GGATTTCCATCACCGAGGCCCTAGCTTTCTTCCACTGTTGTCTGA
ACCCCATCCTCTATGCTTTCCTTGGAGCCAAATTTAAAACCTCTG
CCCAGCACGCACTCACCTCTGTGAGCAGAGGGTCCAGCCTCAAG
ATCCTCTCCAAAGGAAAGCGAGGTGGACATTCATCTGTTTCCACT
GAGTCTGAGTCTTCAAGTTTTCACTCCAGCTAA
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SEQ | PROTEIN/ SEQUENCES

ID NUCLEIC

NO: | ACID NAME

16 CXCR4 ATGGAACCGATCAGTGTGAGTATATACACTTCTGATAACTACTCT
(Y159A, mouse, | GAAGAAGTGGGTTCTGGAGACTATGACTCCAACAAGGAACCCTG
DNA) CTTCCGGGATGAAAACGTCCATTTCAATAGGATCTTCCTGCCCAC

CATCTACTTCATCATCTTCTTGACTGGCATAGTCGGCAATGGATT
GGTGATCCTGGTCATGGGTTACCAGAAGAAGCTAAGGAGCATGA
CGGACAAGTACCGGCTGCACCTGTCAGTGGCTGACCTCCTCTTTG
TCATCACACTCCCCTTCTGGGCAGTTGATGCCATGGCTGACTGGT
ACTTTGGGAAATTTTTGTGTAAGGCTGTCCATATCATCTACACTG
TCAACCTCTACAGCAGCGTTCTCATCCTGGCCTTCATCAGCCTGG
ACCGATACCTCGCTATTGTCCACGCCACCAACAGTCAGAGGCCA
AGGAAACTGCTGGCTGAAAAGGCAGTCGCTGTGGGCGTCTGGAT
CCCAGCCCTCCTCCTGACTATACCTGACTTCATCTTTGCCGACGT
CAGCCAGGGGGACATCAGTCAGGGGGATGACAGGTACATCTGTG
ACCGCCTTTACCCCGATAGCCTGTGGATGGTGGTGTTTCAATTCC
AGCATATAATGGTGGGTCTCGTCCTGCCCGGCATCGTCATCCTCT
CCTGTTACTGCATCATCATCTCTAAGCTGTCACACTCCAAGGGCC
ACCAGAAGCGCAAGGCCCTCAAGACGACAGTCATCCTCATCCTA
GCTTTCTTTGCCTGCTGGCTGCCATATTATGTGGGGATCAGCATC
GACTCCTTCATCCTTTTGGGGGTCATCAAGCAAGGATGTGACTTC
GAGAGCATCGTGCACAAGTGGATCTCCATCACAGAGGCCCTCGC
CTTCTTCCACTGTTGCCTGAACCCCATCCTCTATGCCTTCCTCGGG
GCCAAGTTCAAAAGCTCTGCCCAGCATGCACTCAACTCCATGAG
CAGAGGCTCCAGCCTCAAGATCCTTTCCAAAGGAAAGCGGGGTG
GACACTCTTCCGTCTCCACGGAGTCAGAATCCTCCAGTTTTCACT

CCAGCTAA
17 CXCR4 (wild- ATGGAGGGGATCAGTATATACACTTCAGATAACTACACCGAGGA
type, human, AATGGGCTCAGGGGACTATGACTCCATGAAGGAACCCTGTTTCC
DNA) GTGAAGAAAATGCTAATTTCAATAAAATCTTCCTGCCCACCATCT

ACTCCATCATCTTCTTAACTGGCATTGTGGGCAATGGATTGGTCA
TCCTGGTCATGGGTTACCAGAAGAAACTGAGAAGCATGACGGAC
AAGTACAGGCTGCACCTGTCAGTGGCCGACCTCCTCTTTGTCATC
ACGCTTCCCTTCTGGGCAGTTGATGCCGTGGCAAACTGGTACTTT
GGGAACTTCCTATGCAAGGCAGTCCATGTCATCTACACAGTCAA
CCTCTACAGCAGTGTCCTCATCCTGGCCTTCATCAGTCTGGACCG
CTACCTGGCCATCGTCCACGCCACCAACAGTCAGAGGCCAAGGA
AGCTGTTGGCTGAAAAGGTGGTCTATGTTGGCGTCTGGATCCCTG
CCCTCCTGCTGACTATTCCCGACTTCATCTTTGCCAACGTCAGTG
AGGCAGATGACAGATATATCTGTGACCGCTTCTACCCCAATGAC
TTGTGGGTGGTTGTGTTCCAGTTTCAGCACATCATGGTTGGCCTT
ATCCTGCCTGGTATTGTCATCCTGTCCTGCTATTGCATTATCATCT
CCAAGCTGTCACACTCCAAGGGCCACCAGAAGCGCAAGGCCCTC
AAGACCACAGTCATCCTCATCCTGGCTTTCTTCGCCTGTTGGCTG
CCTTACTACATTGGGATCAGCATCGACTCCTTCATCCTCCTGGAA
ATCATCAAGCAAGGGTGTGAGTTTGAGAACACTGTGCACAAGTG
GATTTCCATCACCGAGGCCCTAGCTTTCTTCCACTGTTGTCTGAA
CCCCATCCTCTATGCTTTCCTTGGAGCCAAATTTAAAACCTCTGC
CCAGCACGCACTCACCTCTGTGAGCAGAGGGTCCAGCCTCAAGA
TCCTCTCCAAAGGAAAGCGAGGTGGACATTCATCTGTTTCCACTG
AGTCTGAGTCTTCAAGTTTTCACTCCAGCTAA

18 CXCR4 MEGISIYTSDNYTEEMGSGDY DSMKEPCFREENANFNKIFLPTIY SITF
(Y157A, human) | LTGIVGNGLVILVMGYQKKLRSMTDKYRLHLSVADLLFVITLPFWA
(polypeptide) VDAVANWYFGNFLCKAVHVIYTVNLYSSVLILAFISLDRYLAIVHA
TNSQRPRKLLAEKVVAVGVWIPALLLTIPDFIFANVSEADDRYICDR
FYPNDLWVVVFQFQHIMVGLILPGIVILSCY CIIISKLSHSKGHQKRK
ALKTTVILILAFFACWLPYYIGISIDSFILLEIIKQGCEFENTVHKWISIT
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SEQ
ID
NO:

PROTEIN/
NUCLEIC
ACID NAME

SEQUENCES

EALAFFHCCLNPILYAFLGAKFKTSAQHALTSVSRGSSLKILSKGKR
GGHSSVSTESESSSFHSS

19

CXCR4
(Y159A, mouse)

(polypeptide)

MEPISVSIYTSDNYSEEVGSGD YDSNKEPCFRDENVHFNRIFLPTIYFI
IFLTGIVGNGLVILVMGYQKKLRSMTDKYRLHLSVADLLFVITLPFW
AVDAMADWYFGKFLCKAVHIIYTVNLYSSVLILAFISLDRYLAIVHA
TNSQRPRKLLAEKAVAVGVWIPALLLTIPDFIFADVSQGDISQGDDR
YICDRLYPDSLWMVVFQFQHIMVGLVLPGIVILSCY CHISKLSHSKG
HOQKRKALKTTVILILAFFACWLPYY VGISIDSFILLGVIKQGCDFESIV
HKWISITEALAFFHCCLNPILY AFLGAKFKSSAQHALNSMSRGSSLKI
LSKGKRGGHSSVSTESESSSFHSS

20

CXCR4 (wild-
type, human,
polypeptide)

MEGISIYTSDNYTEEMGSGDYDSMKEPCFREENANFNKIFLPTIYSIIF
LTGIVGNGLVILVMGYQKKLRSMTDKYRLHLSVADLLFVITLPFWA
VDAVANWYFGNFLCKAVHVIYTVNLYSSVLILAFISLDRYLAIVHA
TNSQRPRKLLAEKVVYVGVWIPALLLTIPDFIFANVSEADDRYICDR
FYPNDLWVVVFQFQHIMVGLILPGIVILSCY CIIISKLSHSKGHQKRK
ALKTTVILILAFFACWLPY YIGISIDSFILLEIIKQGCEFENTVHKWISIT
EALAFFHCCLNPILY AFLGAKFKTSAQHALTSVSRGSSLKILSKGKR
GGHSSVSTESESSSFHSS

21

CCR2 (Human,
DNA)

ATGCTGTCCACATCTCGTTCTCGGTTTATCAGAAATACCAACGAG
AGCGGTGAAGAAGTCACCACCTTTTTIGATTATGATTACGGTGCT
CCCTGTCATAAATTTGACGTGAAGCAAATTGGGGCCCAACTCCT
GCCTCCGCTCTACTCGCTGGTGTTCATCTTTGGTTTTGTGGGCAA
CATGCTGGTCGTCCTCATCTTAATAAACTGCAAAAAGCTGAAGT
GCTTGACTGACATTTACCTGCTCAACCTGGCCATCTCTGATCTGC
TTTITCTTATTACTCTCCCATTGTGGGCTCACTCTGCTGCAAATGA
GTGGGTCTTTGGGAATGCAATGTGCAAATTATTCACAGGGCTGT
ATCACATCGGTTATTTTGGCGGAATCTTCTTCATCATCCTCCTGA
CAATCGATAGATACCTGGCTATTGTCCATGCTGTGTTTGCTTTAA
AAGCCAGGACGGTCACCTTTGGGGTGGTGACAAGTGTGATCACC
TGGTTGGTGGCTGTGTTTGCTTCTGTCCCAGGAATCATCTTTACT
AAATGCCAGAAAGAAGATTCTGTTTATGTCTGTGGCCCTTATTTT
CCACGAGGATGGAATAATTTCCACACAATAATGAGGAACATTTT
GGGGCTGGTCCTGCCGCTGCTCATCATGGTCATCTGCTACTCGGG
AATCCTGAAAACCCTGCTTCGGTGTCGAAACGAGAAGAAGAGGC
ATAGGGCAGTGAGAGTCATCTTCACCATCATGATTGTTTACTTTC
TCTTCTGGACTCCCTATAATATTGTCATTCTCCTGAACACCTITCCA
GGAATTCTTCGGCCTGAGTAACTGTGAAAGCACCAGTCAACTGG
ACCAAGCCACGCAGGTGACAGAGACTCTTGGGATGACTCACTGC
TGCATCAATCCCATCATCTATGCCTTCGTTGGGGAGAAGTTCAGA
AGCCTTTTTCACATAGCTCTTGGCTGTAGGATTGCCCCACTCCAA
AAACCAGTGTGTGGAGGTCCAGGAGTGAGACCAGGAAAGAATG
TGAAAGTGACTACACAAGGACTCCTCGATGGTCGTGGAAAAGGA
AAGTCAATTGGCAGAGCCCCTGAAGCCAGTCTTCAGGACAAAGA
AGGAGCCTAG

22

CCR2 (Mouse,
DNA)

ATGGAAGACAATAATATGTTACCTCAGTTCATCCACGGCATACT
ATCAACATCTCATTCTCTATTTACACGAAGTATCCAAGAGCTTGA
TGAAGGGGCCACCACACCGTATGACTACGATGATGGTGAGCCTT
GTCATAAAACCAGTGTGAAGCAAATTGGAGCTTGGATCCTGCCT
CCACTCTACTCCCTGGTATTCATCTTTGGTTTTGTGGGCAACATG
TTGGTCATTATAATTCTGATAGGCTGTAAAAAGCTGAAGAGCAT
GACTGATATCTATCTGCTCAACTTGGCCATCTCTGACCTGCTICIT
CCTGCTCACATTACCATTCTGGGCTCACTATGCTGCAAATGAGTG
GGTCTTTGGGAATATAATGTGTAAAGTATTCACAGGGCTCTATCA
CATTGGTTATTTTGGTGGAATCTTTTTCATTATCCTCCTGACAATT
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SEQ | PROTEIN SEQUENCES
D NUCLEIC
NO: | ACID NAME

GATAGGTACTTGGCTATTGTTCATGCTGTGTTTGCTTTAAAAGCC
AGGACAGTTACCTTTGGGGTGATAACAAGTGTAGTCACTTGGGT
GGTGGCTGTGTTTGCCTCTCTACCAGGAATCATATTTACTAAATC
CAAACAAGATGATCACCATTACACCTGTGGCCCTTATTTTACACA
ACTATGGAAGAATTTCCAAACAATAATGAGAAATATCTTGAGCC
TGATCCTGCCTCTACTTGTCATGGTCATCTGCTACTCAGGAATTC
TCCACACCCTGTTTCGCTGTAGGAATGAGAAGAAGAGGCACAGG
GCTGTGAGGCTCATCTTTGCCATCATGATTGTCTACTTTCTCTTCT
GGACTCCATACAATATTGTTCTCTTCTTGACCACCTTCCAGGAAT
CCTTGGGAATGAGTAACTGTGTGATTGACAAGCACTTAGACCAG
GCCATGCAGGTGACAGAGACTCTTGGAATGACACACTGCTGCAT
TAATCCTGTCATTTATGCCTTTGTTGGAGAGAAGTTCCGAAGGTA
TCTCTCCATATTTTTCAGAAAGCACATTGCTAAACGTCTCTGCAA
ACAGTGCCCAGTTTTCTATAGGGAGACAGCAGATCGAGTAAGCT
CTACATTCACTCCTTCCACTGGGGAGCAAGAGGTCTCGGTTGGGT

TGTAA
23 CCR2 (Human, | MLSTSRSRFIRNTNESGEEVTTFFDYDYGAPCHKFDVKQIGAQLLPP
protein) LYSLVFIFGFVGNMLVVLILINCKKLKCLTDIYLLNLAISDLLFLITLP

LWAHSAANEWVFGNAMCKLFTGLYHIGYFGGIFFIILLTIDRYLAIV
HAVFALKARTVTFGVVTSVITWLVAVFASVPGIFTKCQKEDSVYV

CGPYFPRGWNNFHTIMRNILGLVLPLLIMVICY SGILKTLLRCRNEK

KRHRAVRVIFTIMIVYFLFWTPYNIVILLNTFQEFFGLSNCESTSQLD

QATQVTETLGMTHCCINPIIY AFVGEKFRSLFHIALGCRIAPLQKPVC
GGPGVRPGKNVKVTTQGLLDGRGKGKSIGRAPEASLQDKEGA

24 CCR2 (Mouse, MEDNNMLPQFIHGILSTSHSLFTRSIQELDEGATTPYDYDDGEPCHK
protein) TSVKQIGAWILPPLY SLVFIFGFVGNMLVIIILIGCKKLKSMTDIYLLN
LAISDLLFLLTLPFWAHYAANEW VFGNIMCKVFTGLYHIGYFGGIFF
IILLTIDRYLAIVHAVFALKARTVTFGVITSVVTWVVAVFASLPGIIFT
KSKODDHHYTCGPYFTQLWKNFQTIMRNILSLILPLLVMVICYSGIL
HTLFRCRNEKKRHRAVRLIFAIMIVYFLFWTPYNIVLFLTTFQESLG
MSNCVIDKHLDQAMQVTETLGMTHCCINPVIY AFVGEKFRRYLSIF
FRKHIAKRLCKQCPVFYRETADRVSSTFTPSTGEQEVSVGL

25 PH-20 (human, ATGGGAGTGCTAAAATTCAAGCACATCTTTTTCAGAAGCTTTGTT
full-length) AAATCAAGTGGAGTATCCCAGATAGTTTTCACCTTCCTTCTGATT
(DNA) CCATGTTGCTTGACTCTGAATTTCAGAGCACCTCCTGTTATTCCA

AATGTGCCTTTCCTCTGGGCCTGGAATGCCCCAAGTGAATTTTGT
CTTGGAAAATTTGATGAGCCACTAGATATGAGCCTCTTCTCTTTC
ATAGGAAGCCCCCGAATAAACGCCACCGGGCAAGGTGTTACAAT
ATTTTATGTTGATAGACTTGGCTACTATCCTTACATAGATTCAAT
CACAGGAGTAACTGTGAATGGAGGAATCCCCCAGAAGATTTCCT
TACAAGACCATCTGGACAAAGCTAAGAAAGACATTACATTTTAT
ATGCCAGTAGACAATTTGGGAATGGCTGTTATTGACTGGGAAGA
ATGGAGACCCACTTGGGCAAGAAACTGGAAACCTAAAGATGTTT
ACAAGAATAGGTCTATTGAATTGGTTCAGCAACAAAATGTACAA
CTTAGTCTCACAGAGGCCACTGAGAAAGCAAAACAAGAATTTGA
AAAGGCAGGGAAGGATTTCCTGGTAGAGACTATAAAATTGGGA
AAATTACTTCGGCCAAATCACTTGTGGGGTTATTATCTTTTITCCG
GATTGTTACAACCATCACTATAAGAAACCCGGTTACAATGGAAG
TTGCTTCAATGTAGAAATAAAAAGAAATGATGATCTCAGCTGGT
TGTGGAATGAAAGCACTGCTCTTTACCCATCCATTTATTTGAACA
CTCAGCAGTCTCCTGTAGCTGCTACACTCTATGTGCGCAATCGAG
TTCGGGAAGCCATCAGAGTTTCCAAAATACCTGATGCAAAAAGT
CCACTTCCGGTTTTTGCATATACCCGCATAGTTTTTACTGATCAA
GTTTTGAAATTCCTTTCTCAAGATGAACTTGTGTATACATTTGGC
GAAACTGTTGCTCTGGGTGCTTCTGGAATTGTAATATGGGGAAC
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CCTCAGTATAATGCGAAGTATGAAATCTTGCTTGCTCCTAGACAA
TTACATGGAGACTATACTGAATCCTTACATAATCAACGTCACACT
AGCAGCCAAAATGTGTAGCCAAGTGCTTTGCCAGGAGCAAGGAG
TGTGTATAAGGAAAAACTGGAATTCAAGTGACTATCTTCACCTC
AACCCAGATAATTTTGCTATTCAACTTGAGAAAGGTGGAAAGTT
CACAGTACGTGGAAAACCGACACTTGAAGACCTGGAGCAATTTT
CTGAAAAATTTTATTGCAGCTGTTATAGCACCTTGAGTTGTAAGG
AGAAAGCTGATGTAAAAGACACTGATGCTGTTGATGTGTGTATT
GCTGATGGTGTCTGTATAGATGCTTTTCTAAAACCTCCCATGGAG
ACAGAAGAACCTCAAATTTTCTACAATGCTTCACCCTCCACACTA
TCTGCCACAATGTTCATTGTTAGTATTTTGTTTCTTATCATTTCTT

CTGTAGCGAGTTTGTAA
26 PH-20 (human, MGVLKFKHIFFRSFVKSSGVSQIVFTFLLIPCCLTLNFRAPPVIPNVPF
full-length) LWAWNAPSEFCLGKFDEPLDMSLFSFIGSPRINATGQGVTIFY VDRL
(protein) GYYPYIDSITGVTVNGGIPQKISLOQDHLDKAKKDITFYMPVDNLGM

AVIDWEEWRPTWARNWKPKDVYKNRSIELVQQQNVQLSLTEATE
KAKQEFEK AGKDFLVETIKLGKLLRPNHLWGY YLFPDCYNHHYKK
PGYNGSCFNVEIKRNDDLSWLWNESTALYPSIYLNTQQSPVAATLY
VRNRVREAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQDELVYT
FGETVALGASGIVIWGTLSIMR SMKSCLLLDNYMETILNPYTINVTLA
AKMCSQVLCQEQGVCIRKNWNSSDYLHLNPDNFAIQLEK GGKFTV
RGKPTLEDLEQFSEKFYCSCYSTLSCKEKADVKDTDAVDVCIADGV
CIDAFLKPPMETEEPQIFYNASPSTLSATMFIVSILFLIISSVASL

27 Hyaluronidase CCGCGATACGAATGTTCAAACGCCAGATTATGAAAAGTTGAGGA
(DNA) ACACATGGCTGAACGTTAACTACGGTTATGATCAGTATGATGAG
AAGAATGACGCAATGAAGAAGAAGTTTGATGCTACGGAGAAAG
AGGCAGAGAAATTACTCAGTAGCATGAAAACTGAAAGTGGAAG
GACTTACTTGTGGGATAGTGCAAAAGATTTAGATAACAAGTCTG
CGGATATGACTCGTACCTATCGTAATATTGAGAAAATCGCAGAA
GCGATGAAGCATAAAGATACTAAGTTAAATACTCCGGATAATAA
AAACAAAGTTAAAGATGCCCTTGAGTGGCTGCATAAAAATGCCT
ATGGAAAAGAACCGGTGAAAAAACTTGAAGAACTAAAAACAAA
TTTCTCAAAATCAGCACCTCAAAAGAATACAAACTTAAATTGGT
GGGATTATGAAATTGGAACACCTAGAGCACTAACAAATACCCTT
ATACTCTTAAAAGAAGATTTTACTGATGAAGAAAAGAAAAAATA
CACTGCCCCTATTAAAACTTTCGCCCCAAAAAGTGATGAAATATT
ATCTTCTGTAGGAAAAGCTGAACCTGCTAAAGGCGGAAATTTAG
TAGACATTTCTAAAGTAAAACTTTTAGAAAGTATTATCGAAGAA
GATGCAACTATGATGAAAGAATCAATAGAGGCATTTAATAAAGT
CTTCACTTACGTTCAAAGTAATGCAACTGGTAAAGAACGTAATG
GATTCTATAAAGACGGCTCTTATATTGATCATCAAGACGTCCCAT
ACACTGGTGCTTATGGCGTTGTACTCTTAGAGGGGATTTCTCAAA
TGATGCCGATGATAAAAGAAACACCTTTTAAAGATAGTAATCAA
AATGATACAACATTAAAGTCGTGGATTGATGAAGGATTTATGCC
ACTCATTTATAAAGGTGAAATGATGGATTITATCACGTGGTAGAG
CCATTAGCCGTGAAAATGAAACGAGTCACTCAACATCTGCAACT
GTAATGAAATCATTGTTGAGATTAAGTGATGCCATGGATGAGTC
AACAAAAGCTAAATATAAGCAAATCGTTAAAACTTCTGTTAAAT
CTGATTCAAGTTATAAACAAAACGATTATTTAAGCTCTTATTCAG
ATATAAGCAAAATGAAGTCTTTAATTGAAGACAGCACTATTTCT
ACTAACGGTTTAACACAACAACTTAAAATATATAATGACATGAA
TCGTGTCACCTATCATAACAAAGACTTAGACTTTGCATTTGGCTT
AAGTATGACGTCGAAAAACGTCGCACATTACGAAAGTATCAACG
GAGAGAACTTAAAAGGTTGGCACACTGGTGCTGGAATGTCTTAT
TTATACAATAGCGATGTGAAACACTACCGTGATAACTTCTGGGC
GACAGCTGATATGAAACGTTTAGCAGGTACTACAACTTTAGATA
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ATGAAGAACCTAAAGAAAATAAGAACTCCGATAAAACTTTTGTA
GGCGGAACAAAATTCGATGACCAACATGCTAGTATCGGAATGGA
TTTTGAAAATCAGGACAAAACTTTAACTGCCAAAAAATCATATT
TCATATTAAACGATAAAATTGTCTTCTTAGGAACTGGCATTAAAA
GTACTGATTCATCAAAGAATCCAGTGACAACGATTGAAAATCGC
AAATCGAATGGGTATACGTTATTTACAGACGATAAACAAACAAC
CGCTTCAAATATTAATGATCAGGAAACCAATTCAGTCTTTTITAGA
GTCCACAGATACAAAAAAGAACATCGGTTATCATTTTTTAAACG
AATCGAAAATAACTGTAAAAAAAGAAAGTCATACTGGTAAGTG
GAGTGATATAAATAAAAGTCAAAAGTCAGATGACAAAACTGAT
GAGTATTATGAAGTAACTCAAAAGCATTCTAATACAGATGATAA
ATATGCATATGTCTTGTATCCAGGCTTATCTAAAGATAATTTTAA
ATCCAAAGCAAGCCAAGTAACTATCGTTAAACAAGATGATGACT
TCCACATTGTGAAAGATAATGAATCGGTTTGGGCTGGTGTCAATT
ATAGTAATAGCACTCAAACTTTTGACATTAACAACACCAAGGTT
GAGGTTAAAGCGAAAGGGATGTTCATTTTGAAAAACAAGGACG
ATAATACGTACGAATGCTCATTCTATAATCCTGAGTCTACGAATA
CGGCTTCAGACATAGAAAGTAAGATCAGTATGACGGGATACTCA
ATCACGAATAAAAACACAAGTACGTCCAACGAAAGTGGTGTGCA
TTTCGAGTTGACTAAATATGCTGCCGCGATGTCTGGAGCAGGTCC
GTGGGCAGCCTGGCCATTCCTACTCTCACTGGCGCTCATGCTACT

ATGGCTGCTCTCATGA
28 Hyaluronidase GRDTNVQTPDYEKLRNTWLNVNYGYDQYDEKNDAMKKKFDATE
(protein) KEAEKLLSSMKTESGRTYLWDSAKDLDNKSADMTRTYRNIEKIAE

AMKHKDTKLNTPDNKNK VKDALEWLHKNAY GKEPVKKLEELKTN
FSKSAPOKNTNLNWWDYEIGTPRALTNTLILLKEDFTDEEKKKYTA
PIKTFAPKSDEILSSVGKAEPAK GGNLVDISKVKLLESIIEEDATMMK
ESIEAFNKVFTYVQSNATGKERNGFYKDGSYIDHQDVPYTGAYGV
VLLEGISQMMPMIKETPFKDSNQNDTTLKSWIDEGFMPLIYKGEMM
DLSRGRAISRENETSHSTSATVMKSLLRLSDAMDESTKAKYKQIVK
TSVKSDSSYKQNDYLSSYSDISKMKSLIEDSTISTNGLTQQLKIYND
MNRVTYHNKDLDFAFGLSMTSKNVAHYESINGENLKGWHTGAGM
SYLYNSDVKHYRDNFWATADMKRLAGTTTLDNEEPKENKNSDKT
FVGGTKFDDQHASIGMDFENQDKTLTAKKSYFILNDKIVFLGTGIKS
TDSSKNPVTTIENRKSNGYTLFTDDKQTTASNINDQETNSVFLESTD
TKKNIGYHFLNESKITVKKESHTGKWSDINKSQKSDDKTDEYYEVT
QKHSNTDDKYAY VLYPGLSKDNFKSKASQVTIVKQDDDFHIVKDN
ESVWAGVNYSNSTQTFDINNTKVEVKAK GMFILKNKDDNTYECSF
YNPESTNTASDIESKISMTGY SITNKNTSTSNESGVHFELTKYAAAM
SGAGPWAAWPFLLSLALMLLWLLS

29 Hyaluronidase | ATGGACTGGACATGGATTCTCTTTCTAGTGGCCGCAGCCACAAG
with IgE-derived | GGTCCACAGCGGCCGCGATACGAATGTTCAAACGCCAGATTATG
signal sequence | AAAAGTTGAGGAACACATGGCTGAACGTTAACTACGGTTATGAT
(DNA) CAGTATGATGAGAAGAATGACGCAATGAAGAAGAAGTTTGATG

CTACGGAGAAAGAGGCAGAGAAATTACTCAGTAGCATGAAAAC
TGAAAGTGGAAGGACTTACTTGTGGGATAGTGCAAAAGATTTAG
ATAACAAGTCTGCGGATATGACTCGTACCTATCGTAATATTGAG
AAAATCGCAGAAGCGATGAAGCATAAAGATACTAAGTTAAATA
CTCCGGATAATAAAAACAAAGTTAAAGATGCCCTTGAGTGGCTG
CATAAAAATGCCTATGGAAAAGAACCGGTGAAAAAACTTGAAG
AACTAAAAACAAATTTCTCAAAATCAGCACCTCAAAAGAATACA
AACTTAAATTGGTGGGATTATGAAATTGGAACACCTAGAGCACT
AACAAATACCCTTATACTCTTAAAAGAAGATTTTACTGATGAAG
AAAAGAAAAAATACACTGCCCCTATTAAAACTTTCGCCCCAAAA
AGTGATGAAATATTATCTTCTGTAGGAAAAGCTGAACCTGCTAA
AGGCGGAAATTTAGTAGACATTTCTAAAGTAAAACTTTTAGAAA
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GTATTATCGAAGAAGATGCAACTATGATGAAAGAATCAATAGAG
GCATTTAATAAAGTCTTCACTTACGTTCAAAGTAATGCAACTGGT
AAAGAACGTAATGGATTCTATAAAGACGGCTCTTATATTGATCA
TCAAGACGTCCCATACACTGGTGCTTATGGCGTTGTACTCTTAGA
GGGGATTTCTCAAATGATGCCGATGATAAAAGAAACACCTTTTA
AAGATAGTAATCAAAATGATACAACATTAAAGTCGTGGATTGAT
GAAGGATTTATGCCACTCATTTATAAAGGTGAAATGATGGATTIT
ATCACGTGGTAGAGCCATTAGCCGTGAAAATGAAACGAGTCACT
CAACATCTGCAACTGTAATGAAATCATTGTTGAGATTAAGTGAT
GCCATGGATGAGTCAACAAAAGCTAAATATAAGCAAATCGTTAA
AACTTCTGTTAAATCTGATTCAAGTTATAAACAAAACGATTATTT
AAGCTCTTATTCAGATATAAGCAAAATGAAGTCTTTAATTGAAG
ACAGCACTATTTCTACTAACGGTTTAACACAACAACTTAAAATAT
ATAATGACATGAATCGTGTCACCTATCATAACAAAGACTTAGAC
TTTGCATTTGGCTTAAGTATGACGTCGAAAAACGTCGCACATTAC
GAAAGTATCAACGGAGAGAACTTAAAAGGTTGGCACACTGGTGC
TGGAATGTCTTATTTATACAATAGCGATGTGAAACACTACCGTG
ATAACTTCTGGGCGACAGCTGATATGAAACGTTTAGCAGGTACT
ACAACTTTAGATAATGAAGAACCTAAAGAAAATAAGAACTCCGA
TAAAACTTTTGTAGGCGGAACAAAATTCGATGACCAACATGCTA
GTATCGGAATGGATTTTGAAAATCAGGACAAAACTTTAACTGCC
AAAAAATCATATTTCATATTAAACGATAAAATTGTCTTCTTAGGA
ACTGGCATTAAAAGTACTGATTCATCAAAGAATCCAGTGACAAC
GATTGAAAATCGCAAATCGAATGGGTATACGTTATTTACAGACG
ATAAACAAACAACCGCTTCAAATATTAATGATCAGGAAACCAAT
TCAGTCTTTTTAGAGTCCACAGATACAAAAAAGAACATCGGTTA
TCATTTTTTAAACGAATCGAAAATAACTGTAAAAAAAGAAAGTC
ATACTGGTAAGTGGAGTGATATAAATAAAAGTCAAAAGTCAGAT
GACAAAACTGATGAGTATTATGAAGTAACTCAAAAGCATTCTAA
TACAGATGATAAATATGCATATGTCTTGTATCCAGGCTTATCTAA
AGATAATTTTAAATCCAAAGCAAGCCAAGTAACTATCGTTAAAC
AAGATGATGACTTCCACATTGTGAAAGATAATGAATCGGTTTGG
GCTGGTGTCAATTATAGTAATAGCACTCAAACTTTTGACATTAAC
AACACCAAGGTTGAGGTTAAAGCGAAAGGGATGTTCATITTGAA
AAACAAGGACGATAATACGTACGAATGCTCATTCTATAATCCTG
AGTCTACGAATACGGCTTCAGACATAGAAAGTAAGATCAGTATG
ACGGGATACTCAATCACGAATAAAAACACAAGTACGTCCAACGA
AAGTGGTGTGCATTTCGAGTTGACTAAATATGCTGCCGCGATGTC
TGGAGCAGGTCCGTGGGCAGCCTGGCCATTCCTACTCTCACTGG
CGCTCATGCTACTATGGCTGCTCTCATGA

30 Hyaluronidase | MDWTWILFLVAAATRVHSGRDTNVQTPDYEKLRNTWLNVNYGYD
with IgE-derived | QYDEKNDAMKKKFDATEKEAEKLLSSMK TESGRTYLWDSAKDLD
signal sequence | NKSADMTRTYRNIEKIAEAMKHKDTKLNTPDNKNK VKDALEWLH
(protein) KNAYGKEPVKKLEELKTNFSKSAPQKNTNLNWWDYEIGTPRALTN

TLILLKEDFTDEEKKKYTAPIK TFAPK SDEILSSVGKAEPAKGGNLV
DISKVKLLESIIEEDATMMKESIEAFNK VFTYVQSNATGKERNGFYK
DGSYIDHQDVPYTGAY GVVLLEGISQMMPMIKETPFKDSNQNDTTL
KSWIDEGFMPLIYKGEMMDLSRGRAISRENETSHSTSATVMKSLLR
LSDAMDESTKAKYKQIVKTSVKSDSSYKQNDYLSSYSDISKMKSLIE
DSTISTNGLTQQLKIYNDMNRVTYHNKDLDFAFGLSMTSKNVAHY
ESINGENLKGWHTGAGMSYLYNSDVKHYRDNFWATADMKRLAGT
TTLDNEEPKENKNSDK TFVGGTKFDDQHASIGMDFENQDKTLTAK
KSYFILNDKIVFLGTGIKSTDSSKNPVTTIENRKSNGYTLFTDDKQTT
ASNINDQETNSVFLESTDTKKNIGYHFLNESKITVKKESHTGKWSDI
NKSQKSDDKTDEY YEVTQKHSNTDDK YAY VL YPGLSKDNFKSKAS
QVTIVKQDDDFHIVKDNESVWAGVNYSNSTQTFDINNTK VEVKAK
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GMFILKNKDDNTYECSFYNPESTNTASDIESKISMTGY SITNKNTSTS
NESGVHFELTKY AAAMSGAGPWAAWPFLLSLALMLLWLLS

31 IL-2 (mouse, AATTCTATGGCTCCGACTTCAAGTTCTACCAAGAAGACCCAGCTT
DNA) CAATTAGAACATTTACTTCTAGATTTACAAATGATTCTGAATGGT
ATCAACAATTATAAGAATCCAAAGCTTACTCGTATGTTGACCTTT
AAATTCTATATGCCTAAGAAGGCTACTGAATTAAAACACCTGCA
GTGTTTAGAAGAAGAGCTCAAACCGTTAGAAGAAGTTCTGAATC
TGGCTCAATCTAAAAACTTCCATTTACGTCCACGAGATCTITATCT
CTAATATTAACGTAATCGTTTTGGAACTTAAAGGATCCGAAACT
ACCTTCATGTGTGAATATGCTGACGAAACCGCTACGATCGTAGA
ATTTCTTAATCGATGGATTACTTTCTGTCAATCTATTATCTCTACC

TTAACTTGAGTCGACG
32 IL-2 (human, ATGTACAGGATGCAACTCCTGTCTTGCATTGCACTAAGTCTTGCA
DNA) CTTGTCACAAACAGTGCACCTACTTCAAGTTCTACAAAGAAAAC

ACAGCTACAACTGGAGCATTTACTGCTGGATTTACAGATGATTTT
GAATGGAATTAATAATTACAAGAATCCCAAACTCACCAGGATGC
TCACATTTAAGTTTTACATGCCCAAGAAGGCCACAGAACTGAAA
CATCTTCAGTGTCTAGAAGAAGAACTCAAACCTCTGGAGGAAGT
GCTAAATTTAGCTCAAAGCAAAAACTTTCACTTAAGACCCAGGG
ACTTAATCAGCAATATCAACGTAATAGTTCTGGAACTAAAGGGA
TCTGAAACAACATTCATGTGTGAATATGCTGATGAGACAGCAAC
CATTGTAGAATTTCTGAACAGATGGATTACCTTTTGTCAAAGCAT

CATCTCAACACTGACTTGA
33 IL-2 (mouse, MYSMQLASCVTLTLVLLVNSAPTSSSTSSSTAEAQQQQQQQQQQQ
protein) QHLEQLLMDLQELLSRMENYRNLKLPRMLTFKFYLPKQATELKDL

QCLEDELGPLRHVLDLTQSKSFQLEDAENFISNIRVTVVKLKGSDNT
FECQFDDESATVVDFLRRWIAFCQSIISTSPQ

34 IL-2 (human, MYRMOQLLSCIALSLALVTNSAPTSSSTKK TQLQLEHLLLDLQMILNG
protein) INNYKNPKLTRMLTFKFYMPKKATELKHLQCLEEELKPLEEVLNLA
QSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNR
WITFCQSISTLT
35 loxP ATAACTTCGTATAGCATACATTATACGAAGTTAT
36 dnIRF7 (DNA) ATGCCAGGGCTCCCTGCTGGGGAGCTGTACGGGTGGGCAGTAGA

GACGACCCCCAGCCCCGGGCCCCAGCCCGCGGCACTAACGACAG
GCGAGGCCGCGGCCCCAGAGTCCCCGCACCAGGCAGAGCCGTAC
CTGTCACCCTCCCCAAGCGCCTGCACCGCGGTGCAAGAGCCCAG
CCCAGGGGCGCTGGACGTGACCATCATGTACAAGGGCCGCACGG
TGCTGCAGAAGGTGGTGGGACACCCGAGCTGCACGTTCCTATAC
GGCCCCCCAGACCCAGCTGTCCGGGCCACAGACCCCCAGCAGGT
AGCATTCCCCAGCCCTGCCGAGCTACCGGACCAGAAGCAGCTGC
GCTACACGGAGGAACTGCTGCGGCACGTGGCCCCTGGGTTGCAC
CTGGAGCTTCGGGGGCCACAGCTGTGGGCCCGGCGCATGGGCAA
GTGCAAGGTGTACTGGGAGGTGGGCGGACCCCCAGGCTCCGCCA
GCCCCTCCACCCCAGCCTGCCTGCTGCCTCGGAACTGTGACACCC
CCATCTTCGACTTCAGAGTCTTCTTCCAAGAGCTGGTGGAATTCC
GGGCACGGCAGCGCCGTGGCTCCCCACGCTATACCATCTACCTG
GGCTTCGGGCAGGACCTGTCAGCTGGGAGGCCCAAGGAGAAGA
GCCTGGTCCTGGTGAAGCTGGAACCCTGGCTGTGCCGAGTGCAC
CTAGAGGGCACGCAGCGTGAGGGTGTGTCTTCCCTGGATAGCAG
CAGCCTCAGCCTCTGCCTGTCCAGCGCCAACAGCCTCTATGACG
ACATCGAGTGCTTCCTTATGGAGCTGGAGCAGCCCGCCTAG
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37 dnIRF7 MPGLPAGELYGWAVETTPSPGPQPAALTTGEAAAPESPHQAEPYLS
(polypeptide) | PSPSACTAVQEPSPGALDVTIMYKGRTVLQKVVGHPSCTFLYGPPDP

AVRATDPQQVAFPSPAELPDQKQLRYTEELLRHVAPGLHLELRGPQ
LWARRMGKCKVYWEVGGPPGSASPSTPACLLPRNCDTPIFDFR VFF
QELVEFRARQRRGSPRYTIYLGFGQDLSAGRPKEKSLVLVKLEPWL
CRVHLEGTQREGVSSLDSSSLSLCLSSANSLYDDIECFLMELEQPA

38 vIRF3 (DNA) ATGGCAGGCAGACGGCTTACATGGATCAGCGAGTTTATCGTAGG
TGCCCTGGACTCTGATAAGTACCCCTTGGTAAAATGGCTTGATCG
GTCAACGGGAACTTTTCTGGCTCCCGCTGCGAGAAATGACGTAA
TACCACTGGATTCCCTGCAGTTTTTCATAGATTTTAAGAGGGAGT
GTTTGTCAAAGGGGCTCCACCCCCGAGATCTTTTGGGTAGTCCAA
TAACTGCGTTCGGTAAGATTTGTACAACTAGCCGACGGCTGAGA
CGATTGCCCGGTGAAGAGTACGAAGTTGTCCAAGGAATCAACTG
CCGGCGGTGGCGGCTTCTCTGCGCCGAAGTGAAAGAATGCTGGT
GGTGTGTACACGCGCGAACACATCTGCACTCCGGAAGCAGCCTT
TGGGAAATTCTCTACCAGCATTCCGTAAGACTTGAAAAGCACCG
ACGAAGGCCCAGGCCCTTTGTAGGAGAGAACAGTGATTCTTCTG
AGGAAGACCACCCTGCTTTCTGCGATGTGCCCGTAACACAAACG
GGCGCGGAGAGCGAGGACAGCGGCGATGAAGGTCCTTCCACCA
GACACAGCGCCTCAGGTGTCCAACCGGTAGACGATGCTAATGCC
GACTCCCCTGGTTCTGGAGACGAAGGTCCCAGCACCCGCCATAG
CGACAGTCAACCTCCTCCCGCCGATGAAACCACTGTCCACACAG
ACAATGTAGAGGACGATTTGACACTCCTTGATAAAGAGTCCGCG
TGCGCATTGATGTATCACGTGGGGCAGGAGATGGACATGCTTAT
GCGAGCGATGTGCGATGAAGACTTGTTTGATTTGCTTGGGATCCC
TGAGGATGTAATAGCCACAAGTCAGCCTGGTGGTGATACGGACG
CCTCTGGCGTTGTTACGGAGGGTAGTATTGCTGCTAGCGCCGTGG
GCGCAGGGGTTGAAGATGTCTACTTGGCAGGAGCCCTCGAAGCA
CAGAATGTCGCAGGGGAGTATGTGCTTGAGATCTCTGATGAGGA
AGTAGACGATGGCGCTGGACTCCCTCCCGCCTCAAGGCGGAGAC
CCGTTGTTGGAGAGTTCTTGTGGGACGACGGTCCTAGGCGCCAC
GAAAGGCCAACGACCCGCAGAATTAGGCACAGGAAACTCAGGT
CTGCGTACTACAGAGTAGCACGGCCCCCAGTGATGATCACGGAC
AGGCTGGGCGTTGAGGTTTTTTACTTCGGAAGGCCGGCTATGAG
CCTTGAAGTGGAACGAAAAGTATTCATCTTGTGTAGCCAGAATC
CGCTGGCAGACATCAGTCACTCCTGCCTCCATTCACGAAAAGGG
CTTCGAGTCCTGCTGCCAAAACCGGACGACAATAATACTGGTCC
GGGAGATGTTAACCTCCTCGCAGCGGTGTTGAGATCTTTTGCATC
AGGCTTGGTGATAGTCTCACTCCGAAGCGGAATCTACGTGAAGA
ACCTCTGCAAGAGCACCGTCCTGTATCACGGAAACAACCCCCCA
AAAAAGTTTGGCGTTATATGCGGACTTTCATCCAGAGCAGTTCTT
GACGTGTTTAATGTTGCCCAATACCGGATTCAGGGCCATGAACA
CATCAAAAAGACAACCGTCTTCATCGGGGGAGACCCGACTTCAG
CGGAGCAATTTGATATGGTGCCACTCGTTATCAAGCTTCGGTTGA
GATCAGTGACGTGCGACGATTAA

39 vIRF3 MAGRRLTWISEFIVGALDSDKYPLVKWLDRSTGTFLAPAARNDVIP
(polypeptide) LDSLQFFIDFKRECLSKGLHPRDLLGSPITAFGKICTTSRRLRRLPGEE
YEVVQGINCRRWRLLCAEVKECWWCVHARTHLHSGSSLWEILYQ
HSVRLEKHRRRPRPFVGENSDSSEEDHPAFCD VPVTQTGAESEDSG
DEGPSTRHSASGVQPVDDANADSPGSGDEGPSTRHSDSQPPPADET
TVHTDNVEDDLTLLDKESACALMYHVGQEMDMLMRAMCDEDLF
DLLGIPEDVIATSQPGGDTDASGVVTEGSIAASAVGAGVEDVYLAG
ALEAQNVAGEY VLEISDEEVDDGAGLPPASRRRPVVGEFLWDDGP
RRHERPTTRRIRHRKLRSAYYRVARPPVMITDRLGVEVFYFGRPAM
SLEVERKVFILCSQNPLADISHSCLHSRKGLRVLLPKPDDNNTGPGD
VNLLAAVLRSFASGLVIVSLRSGIY VKNLCKSTVLYHGNNPPKKFG

53
SUBSTITUTE SHEET (RULE 26)



WO 2022/232375

PCT/US2022/026703

SEQ | PROTEIN SEQUENCES
D NUCLEIC
NO: | ACID NAME

VICGLSSRAVLDVFNVAQYRIQGHEHIKKTTVFIGGDPTSAEQFDMV
PLVIKLRLRSVTCDD
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CLAIMS

A composition, wherein the composition comprises:

an oncolytic virus, wherein the oncolytic virus comprises a genome modification,

wherein the genome modification comprises an exogenous nucleic acid encoding for an

MHC I inhibitor, wherein the MHC I inhibitor comprises VIRF3.
The composition of claim 1, wherein the genome modification further comprises:

a deletion or functional deletion of an endogenous nucleic acid encoding an MHC II
inhibitor; or

an exogenous nucleic acid that results in activation or enhanced activation of MHC II
presentation.
The composition of claim 2, wherein the deletion or functional deletion of the endogenous
nucleic acid encoding the MHC II inhibitor comprises a deletion or functional deletion of a
vaccinia virus gene encoding protein A35.
The composition of claim 3, wherein the deletion or functional deletion of the vaccinia virus
gene encoding protein A35 is a deletion or functional deletion of gene WR158.
The composition of claim 2, wherein the exogenous nucleic acid that results in activation or
enhanced activation of the MHC II presentation encodes for a protein selected from:

a) an apoptosis inhibitor protein;

b) a necrotic cell death activator protein;

¢) an autophagy enhancer protein;

d) an asparaginyl endopeptidase;

e) aclass II transactivator;

f) an interferon-gamma;

g) a Toll-like receptor activator; or

h) a dendritic cell maturation activator.
The composition of claim 5, wherein the exogenous nucleic acid that results in activation or
enhanced activation of MHC II presentation encodes for the autophagy enhancer protein, and
wherein the autophagy enhancer protein is HMGBI1 or a functional domain or a variant

thereof.
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16.

The composition of claim 5, wherein the exogenous nucleic acid that results in activation or
enhanced activation of MHC II presentation encodes for the dendritic cell maturation
activator, wherein the dendritic cell maturation activator comprises osteopontin, TNF-alpha,
or a functional fragment or variant thereof.

The composition of claim 5, wherein the protein encoded by the exogenous nucleic acid is
fused to a secretion sequence, a cell permeabilizing domain, or a combination thereof.

The composition of claim 1, wherein the oncolytic virus comprises a poxvirus, an adeno
associated virus, an adenovirus, Newcastle disease virus (NDV), Reovirus (RV), mengovirus,
Myxoma virus (MY XV), Measles virus (MV), Herpes Simplex virus (HSV), Vaccinia virus
(VV), Vesicular Stomatitis virus (VSV), and Polio virus (PV).

The composition of claim 9, wherein the poxvirus comprises a betaentomopoxvirus, a
yatapoxvirus, a cervidpoxvirus, a gammaentomopoxvirus, a leporipoxvirus, a suipoxvirus, a
molluscipoxvirus, a crocodylidpoxvirus, an alphaentomopoxvirus, a capripoxvirus, an
avipoxvirus, or a parapoxvirus.

The composition of claim 1, wherein the oncolytic virus is a vaccinia virus.

The composition of claim 1, wherein the MHC I inhibitor causes an inhibition or partial
inhibition of MHC I presentation.

The composition of claim 1, wherein the genome modification reduces an immune response
targeting a virus-infected tumor cell and increases an immune response targeting cells
surrounding the virus-infected tumor cell.

The composition of claim 1, wherein the genome modification further comprises mutation or
a complete or a partial deletion of a viral gene comprising at least one of: A52R, B15R, K7R,
A46R, N1L, E3L, K1L, M2L, C16, N2R, B8R, B18R, or VH1 of a vaccinia virus or a
functional domain or fragment or variant thereof, or any combinations thereof.

The composition of claim 1, wherein the genome modification further comprises a deletion
of a thymidine kinase gene.

The composition of claim 1, wherein the oncolytic virus is a vaccinia virus, and the vaccinia
virus is a Western Reserve strain Vaccinia virus (ATCC VR-1354), a Copenhagen strain, an
IHD strain, a Wyeth strain (ATCC VR-325), a NYCBOH strain, a Tian Tan strain, a Lister
strain, an Ankara strain (ATCC VR-1508 or ATTC VR1566), a USSR strain, or an
ACAM2000 strain.
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17.

18.

19.

20.

21.

22.

23.
24.

A pharmaceutical composition comprising the composition according claim 1 and a
pharmaceutically acceptable excipient.

The pharmaceutical composition of claim 17, wherein the excipient comprises one or more of
a buffering agent, a stabilizer, an antioxidant, a binder, a diluent, a dispersing agent, a rate
controlling agent, a lubricant, a glidant, a disintegrant, a plasticizer, a preservative, or any
combinations thereof.

The pharmaceutical composition of claim 17, wherein the excipient comprises di-sodium
hydrogen phosphate dihydrate, sodium dihydrogen phosphate dihydrate, sodium chloride,
myo-inositol, sorbitol, or any combinations thereof.

The pharmaceutical composition of claim 17, wherein the pharmaceutical composition does
not comprise a preservative.

The pharmaceutical composition of claim 17, further comprising one or more of a
preservative, a diluent, and a carrier.

The pharmaceutical composition of claim 17, further comprising an additional active
ingredient or a salt thereof.

The pharmaceutical composition of claim 17, wherein the excipient is sterile water.

The pharmaceutical composition of claim 17, further comprising an additional active
ingredient, wherein the additional active ingredient is an anti-cancer agent or a further

oncolytic virus.
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