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IMMUNO-ONCOLYTIC THERAPIES

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent Application
Serial No. 61/868,978, filed August 22, 2013, which is incorporated by reference

herein in its entirety.

1. INTRODUCTION

The present invention relates to oncolytic vaccinia viruses which have
been modified to promote anti-tumor immunity and/or reduce host antibody response

against the virus.

2. BACKGROUND OF THE INVENTION

Oncolytic viruses (OV) are viruses with replication that is naturally or
engineered to be selective for tumor cells'™. A variety of different viral backbones
have been examined as OV, including strains of vaccinia virus (VV).*!! At least
three separate oncolytic vaccinia vectors have completed Phase I testing, including
strain vvDD.*’” The VV OV, JX-594*"? (Jennerex), has recently demonstrated highly
encouraging responses in Phase II trials for hepatocellular carcinoma (HCC),

1314 Further, encouraging Phase 111 results have

15,16

including systemic tumor delivery
been reported for the herpes virus HSV OV (T-Vec, Amgen ™) in therapy of
melanoma (16% responses, compared to 2% in control arm). As such, the true
potential of OVs in the treatment of cancer has begun to be revealed (beyond that of
the original ONYX-015 (H-101) adenovirus strain'”'® that remains the only approved
OV therapy in any market").

Despite this promise, complete responses with OV remain rare.
Significantly, the first and second generation OV strains were primarily designed to
destroy tumor cells through selective replication leading directly to cell lysis.
Additionally, JX-594 and T-Vec both express a cytokine transgene (GM-CSF) which

12.142021 pre_clinical studies have

would be expected to boost host lymphocytes.
demonstrated the critical importance of the immune response in the therapeutic
activity of oncolytic VV, with (i) mice being uniformly resistant to re-challenge
following a complete response after VV therapy, indicating an absolute requirement

for induction of anti-tumor adaptive immunity??; (ii) the vaccine effects of VV
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demonstrating greater therapeutic benefit than equivalent DC vaccines™; (i) VV
infection of the tumor producing a hallmark cytokine profile (the ‘Immunologic

Constant of Rejection’®*

); (iv) VV therapy reducing the number of
immunosuppressive cells in the tumor (MDSC, T-reg and M2 macrophages)zs; (v) the
immune response raised by VV therapy being capable of eradicating residual tumor
and metastases well after the virus has been cleared, providing long-term immune
surveillance to prevent relapse®>>%%; and (vi) in some studies it appears that robust
viral replication is not actually needed for therapeutic effect®”®. Therefore, the
immunotherapeutic effects of OVs, particularly VV, are at least as important as the
directly oncolytic effects and that these vectors should probably be considered
principally as immunotherapies.

Notably, the current clinical vectors were not designed as
immunotherapeutics (beyond the expression of single cytokines) and this area has
remained relatively underexplored. As such, there is huge unmet potential to enhance
oncolytic vectors through optimizing their interactions with the host immune system
and to create vectors capable of in situ vaccination against relevant tumor antigens.
Alternatively, most traditional therapeutic cancer vaccine approaches have had limited
success in the clinic especially against larger tumors, despite evidence of successful

. .. 29.3]
1mmunization

. Novel vaccine approaches are therefore also needed, ideally
mediating induction of responses against relevant antigens in every tumor,
overcoming suppression even within large tumors and enhancing T-cell homing to the

tumor targets.

3. SUMMARY OF THE INVENTION

The present invention relates to “immuno-oncolytic” vaccinia viruses
which have been modified to promote anti-tumor immunity and/or reduce host
immune and antibody response against the virus. It is based, at least in part, on the
discovery of improved inhibition of tumor growth by oncolytic vaccinia virus that has
been treated with an agent that reduces the amount of glycosylation and/or treated
with a sialidase enzyme (which are believed to reduce TLR2 activation and to
decrease host antibody response against the virus); and/or carries modifications or
deletions of viral genomic nucleic acid encoding a product that reduces T cell
immunity (viral interleukin-18 binding protein); and/or carries nucleic acid encoding a

product that (i) enhances cytotoxic T lymphocyte induction (TRIF) and/or (ii) reduces
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tumor myeloid-derived suppressor cells (MDSCs) by reducing prostaglandin E2.
Accordingly, the present invention provides for immuno-oncolytic vaccinia viruses
and methods of using them in the treatment of cancers.
4. BRIEF DESCRIPTION OF THE FIGURES
FIGURE 1A-C. (A) WR.AC12L virus displayed tumor selectivity in

vivo relative to WR parental virus. C57BL/6 mice bearing CMT-93 tumors were
treated IV with 5e8 PFU of viruses, and mice sacrificed at pre-determined times after
therapy. Viral PFU were quantified in different tissues post mortem after
homogenization. (B) Enhanced anti-tumor effects of WR.AC12L. Mice bearing
subcutaneous CMT-93 tumors were treated IV with a single dose (1e8 PFU) of virus
and survival followed (defined as time to tumor volume reaching 1000mm” as
determined by caliper measurement). (C) Production of IFN-y (as a marker of
effector T-cell production) from splenocytes recovered from mice previously treated
with indicated virus and after ex vivo exposure to WR.

FIGURE 2A-E. Deglycosylation of Vaccinia Virus envelope. (A)
Immunoblot showing deglycosylation of Vaccinia virus envelope protein. Purified
WR and WR deglycosylated viruses were disrupted and blotted using an anti-B5SR
antibody. Decrease in protein weight corresponds to deglycosylation of the BSR
protein. (B) Deglycosylation of virus envelope has no effect on Vaccinia virus
infectivity. Different mouse tumor cell lines were infected with TK- or its
deglycosylated version at an MOI of 1, and viral luciferase expression was measured
3 hours after infection by bioluminescence imaging. Mean values +SD of 3
independent experiments are plotted. (C) Deglycosylation reduces TLR2 activation in
vitro. HEK293 cells expressing mouse TLR2 were transfected with pNiFty (TLR-
signaling reporter plasmid). 24 hours after transfection, cells were infected at an MOI
of 1 with WR or WR deglycosylated and TLR2 activation was quantified 24 hours
after infection by bioluminescence imaging. Means +SD of 3 independent
experiments (performed in quadruplicate) are depicted. (D) STAT3 phosphorylation is
depleted in splenic lymphocytes of mice injected with deglycosylated Vaccinia.
Percentage of pSTATI1-pSTAT3+ lymphocytes was determined by flow cytometry.
PBS and PAM(3)CSK(4) were used as controls. Values of individual mice and means
+SEM of the different treatments are plotted. (E) Deglycosylation of Vaccinia
envelope increases viral gene expression from tumors in vivo. BALB/c mice

harboring subcutancous xenografts of Renca cells (mouse renal adenocarcinoma)
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were randomized and injected with a single intravenous dose of 1x10® PFU per mouse
of TK- or TK- deglycosylated. Kinetics of viral gene expression from within the
tumor was monitored by bioluminescence imaging of viral luciferase expression.
Mean values of 12-13 animals +SD are plotted. *, significant P<0.05 compared with
PBS or Control. #, significant P<0.05 compared with TK- or WR group. ¢,
significant P<0.05 compared with PAM(3)CSK(4) group.

FIGURE 3A-D. Ablating TLR2 activation through deglycosylation
leads to increased therapeutic effects. (A) Treatment of vaccinia strain WR with a
sialidase enzyme (DS) results in loss of TLR2 signaling pathway activation in an in
vitro model (NF-kB activation in HEK293 cells transfected to express TLR2). (B) DS
WR virus displayed significantly enhanced systemic delivery to mouse tumors (4T1
subcutaneous tumors in BALB/c mice with virus delivered IV and viral luciferase
transgene expression in the tumor determined 24h later by bioluminescence imaging
(N.B. non-tumor tissues displayed no difference in viral uptake). (C) Anti-tumor
effect in the same model demonstrated therapeutic advantage of DS the virus. (D)
Loss of TLR2 activation (in a TLR2 knock out transgenic mouse) after infection with
vaccinia leads to significantly reduced induction of anti-viral neutralizing antibody
(neutralizing antibody measured as the ability of different dilutions of mouse serum
collected 14d after treatment with WR to prevent viral luciferase transgene expression
after mixing with WR.TK-Luc+ and infection of a BSC-1 cell layer)

FIGURE 4A-C. (A) Schematic diagram representing the construct of
the TK-TRIF virus and a schematic diagram representing the construct of the TK-DAI
virus. (B) ELISA assays were utilized to determine concentrations of TRIF in cells
with infected with TK- and TK-TRIF. (C) Western blot showing the expression of
DALI from the TK-DAI reference.

FIGURE 5A-C. (A) TRIF expression from vaccinia enhances type |
IFN production in vitro, even beyond that of the B18R-strain. (B) TRIF expression
increased production of CTL in vivo. (C) Further enhanced therapeutic effect in vivo
after single IV delivery of 1e8 PFU of virus to BALB/c mice bearing subcutancous
Renca tumors.

FIGURE 6A-D. Oncolytic Vaccinia virus expressing the mouse TRIF
protein increased activation of TLR-responding pathways and the release of
proinflammatory cytokines and chemokines. (A-B) Activation of NF-xB (A) and
IRF3 (B) pathways after infection with TK-TRIF and TK-DAI. ELISA assays were
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utilized to determine concentrations of pIKKf and IRF3 on cytoplasmic and nuclear
extracts, respectively, of 4T1 or MEF cells infected with TK-, TK-TRIF, or TK-DAI
at an MOI of 1. Analyses were performed 24 hours after infection. Data was obtained
in quadruplicated from 2 independent experiments, and is plotted as fold change vs
TK- +SD. Dashed line indicates TK- activation level. (C) Release of cytokines and
chemokines in vitro after TK-TRIF and TK-DAI infection. 1L-6, IP-10, TNF-0, and
IFN-B concentrations in the supernatant of Renca, 4T1, MC38 and MEF cells was
evaluated by Luminex assay 24 hours after infection with TK-, TK-TRIF or TK-DAI
(MOl of 1). Data is depicted as fold change vs TK- +SD (2 independent
experiments). Dashed line indicates TK- concentrations. (D) In vivo intratumoral
concentration of cytokines and chemokines. BALB/c mice with established Renca
subcutaneous xenografts were randomized and injected with a single intravenous dose
of 1x10® PFU per mouse of TK- or TK-TRIF. Fold change vs TK- from 4-5 mice +SD
is plotted. Dashed line indicates TK- concentrations. *, significant P<0.05 compared
with TK- group. #, significant P<0.05 compared with TK-DAI group.

FIGURE 7A-E. ELISA assays were utilized to determine
concentration of NF-kB (A), HMGB1 (B) and Hsp-70 (C) in cells infected with TK-,
TK-TRIF or TK-DAIT at an MOI of 1. Analyses were performed 24 hours after
infection. Data was obtained and plotted as fold change vs TK- +SD. Dashed line
indicates TK- activation level. The level of helper T-cells (D) and regulatory T-cells
(E) were analyzed in response to infection with TK- or TK-TRIF virus.

FIGURE 8A-D. Replication and antitumor activity of TK-TRIF and
TK-DALI. (A) Viral production of TK-TRIF and TK-DAI in mouse tumor cells.
Different tumor cell lines were infected with an MOI of 1 and virus production was
measured by plaque-assay at different time points. Viral yield was evaluated in
quadruplicate for each cell line, by carrying out two independent experiments. Means
+SD are plotted. (B) Comparative cytotoxicity of TK-TRIF and TK-DALI. Cells were
infected with the indicated viruses at doses ranging from 75 to 0.00025 PFU/cell.
ECso values (MOI required to cause a reduction of 50% in cell culture viability) at day
4 after infection is shown. Four different replicates were quantified for each cell line
and mean for each MOl is depicted. (C-D) Viral gene expression and antitumor
efficacy in vivo. Renca or MC38 xenografts were implanted in BALB/c or C57BL/6
mice, respectively, and mice were injected with PBS or 1x10® PFU of TK-, TK-TRIF

or TK-DALI through the tail vein. Viral luciferase expression in the tumors (C) and
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tumor volumes (D) were measured at indicated time points. n=12-15 mice/group
+SE. *, significant P<0.05 compared with PBS group. #, significant P<0.05 compared
with TK- group. ¢, significant P<0.05 compared with TK-DAI group.

FIGURE 9A-F. (A) Viral gene expression of TK-TRIF and TK-DAI
in mouse tumor cells. Different tumor cell lines were infected with an MOI of 1 and
viral luciferase expression was quantified by bioluminescence imaging at different
time points. Luciferase expression was evaluated in quadruplicate for each cell line,
by performing two independent experiments. Means +SD are plotted. (B) Percentage
of apoptotic cells after infection with TK-TRIF and TK-DAI. A panel of mouse tumor
cell lines was infected with the indicated viruses using an MOI of 1. At 48 hours after
infection, percentage of nectrotic and apoptotic cells were determined by flow
cytometry by PI and Annexin V staining. Two independent experiments were
performed and means +SD are plotted. (C-D) TK-TRIF improves the antitumor
efficacy of TK-GMCSF in a mammary semi-orthotopic model. 4T1 cells were
implanted in the mammary fat pad of BALB/c mice and, once the tumor was
established, mice were injected with PBS or 1x10® pfu of TK-, TK-TRIF, or TK-
GMCSF through the tail vein. Viral luciferase expression from within the tumors (C)
and tumor volumes (D) were measured at indicated time points. n=12-14 mice/group
+SE. (E-F) TK-TRIF improves survival of mice bearing tumors. BALB/c or
C57BL/6 mice harboring Renca (E) or MC38 (F) xenografts, respectively, were
treated as in Figure 3d and end point was established at a tumor volume of >750 mm".
Kaplan-Meyer survival curves are plotted. n=12-15 mice/group. *, significant P<0.05
compared with PBS or control. #, significant P<0.05 compared with TK- group. ¢,
significant P<0.05 compared with TK-GMCSF group. o, significant P<(.05
compared with TK-DAI group.

FIGURE 10A-E. (A) Body weight variation after intravenous TK-
TRIF deglycosylated administration. BALB/C mice were injected intravenously with
1x10° PFU per mouse of TK-, TK-TRIF, or TK-TRIF deglycosylated. Phosphate-
buffered saline (PBS) administration was used in the control group. TK-injected mice
presented more than 10% reduction in body-weight at day 6 after virus injection,
whereas TK-TRIF and TK-TRIF deglycosylated-injected mice presented a similar
weight profile than those injected with PBS. (B) Viral gene expression in vivo after
TK-TRIF deglycosylated administration. Renca tumors were implanted in BALB/c
mice, and mice were injected with PBS or 1x10® pfu of TK-, TK-TRIF, or TK-TRIF
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deglycosylated through the tail vein. Viral luciferase expression from within the
tumors was measured at indicated time points. n=12-14 mice/group +SE. (C-D)
Survival of tumor-bearing mice treated with TK-TRIF deglycosylated. (C-D) Renca
(C) or MC38 (D) xenografts were established in BALB/C or C57BL/6 mice,
respectively, and treated with a single intravenous dose of 1x10® PFU of indicated
viruses or PBS. End point was established at a tumor volume of >750 mm? and
Kaplan-Meyer survival curves are plotted. n=12-15 mice/group. (E) TK-TRIF
deglycosylated improved survival compared with TK-GMCSF treatment. Mice
(BALB/c harboring subcutancous Renca tumors) were treated via tail vein injection of
PBS or a single dose of 1x10° pfu of TK-GMCSF or TK-TRIF deglycosylated (n=10-
12 per group). Kaplan-Meyer survival curves were obtained after establishing an end
point of >750 mm? for the tumor volume. *, significant P<0.05 compared with PBS
group. #, significant P<0.05 compared with TK- group. ¢, significant P<0.05
compared with TK-deglycosylated group. o, significant P<0.05 compared with TK-
TRIF group. Y, significant P<0.05 compared with TK-GMCSF group.

FIGURE 11A-F. Combination of envelope deglycosylation and mouse
TRIF expression boosted antitumor cellular responses and exhibited potent antitumor
efficacy. (A-B) Cellular immune responses to Vaccinia virus and tumor cells
evaluated by IFN-y ELISpot assay. At day 7 post-virus administration, spleens were
harvested from mice injected intravenously with 1x10® PFU of indicated viruses or
PBS (BALB/c mice bearing Renca xenografts) and evaluated for the amount of CTLs
recognizing Vaccinia virus (A) or Renca cells (B). Values of individual mice and
means £SEM are depicted. (C) Serum neutralizing antibody titers. A neutralizing
assay was performed to determine circulating anti-Vaccinia antibody levels for mice
injected with 1x10® PFU of TK-, TK-TRIF or TK-TRIF deglycosylated. Nabs titers
were determined by the highest dilution of serum that resulted in at least 50%
inhibition of infection. Values of individual mice and means +SEM are plotted. (D-E)
In vivo antitumor activity in different models. BALB/c bearing Renca (D) or
C57BL/6 bearing MC38 (E) tumor xenografts were treated with a single intravenous
dose of indicated viruses (1x10® PFU/mouse). Tumor growth was followed by caliper
measurements. Means of 12-15 mice per group +SE are depicted. (F) TK-TRIF
deglycosylated exhibited greater antitumor activity than TK-GMCSF. BALB/c mice
harboring Renca xenografts were injected intravenously with a dose of 1x10°

PFU/mouse of TK-GMCSF or TK-TRIF deglycosylated. Relative tumor volume after
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virus administration is plotted (n=12-15 mice/group +SE). *, significant P<0.05
compared with PBS group. #, significant P<0.05 compared with TK- group. ¢,
significant P<0.05 compared with TK- deglycosylated group. ®, significant P<0.05
compared with TK-TRIF group.

FIGURE 12A-C. (A) Vaccinia strain WR with DS treatment, C12L
deletion and mTRIF expression (termed UPCI-1812) displayed enhanced anti-tumor
effects in BALB/c mice bearing 4T1 tumors relative to current clinical strains
WR.TK-GM-CSF+ (as a model of the strain JX-594). The UPCI-1812 virus also
displayed increased production of immunotherapeutic cytokines in the tumor
microenvironment including (B) interferon gamma and (C) interleukin-12.

FIGURE 13A-C. (A) Survival of various tumor cells lines were
analyzed upon viral infection with TK-. (B) Viral gene expression in tumors derived
from BALB/c and C57BL/6 mice implanted with certain tumor cell lines, and the
volume of tumors obtained from BALB/c and C57BL/6 implanted with certain tumor
cell lines and infected with TK-. (C) Detection of phosphorylated Sp6 in myeloid cells
in tumors derived from BALB/c and C57BL/6 mice implanted with certain tumor cell
lines and treated with TK-.

FIGURE 14A-B. (A) Mice bearing no tumor or subcutancous tumors
derived from LLC or B16 cells (50-100mm?) were treated within a single intravenous
injection of 1x10” PFU of WR.TK-. Mice (n=3 per group and time) were sacrificed at
indicated times and spleens and serum recovered. Splenocytes were rapidly fixed and
permeabilized (according to our previously published protocol) and then stained for
phosflow to detect activation of signaling pathways. This was performed for
Regulatory T-cells (CD3+CD4+CD8-FoxP3+CD25+), with pSTATS, pS6 and Ki67
analyzed; for CD4 T-cells (CD3+CD4+CD8-FOXP3-), with pS6, Ki67, CD44 and
CD62L analyzed; and for CDS8 T-cells (CD3+CD4-CD8+FoxP3-), with pS6, Ki67,
CD44 and CD62L analyzed. (B) Anti-viral neutralizing antibody levels were also
examined in the serum.

FIGURE 15A-B. (A) Concentration of regulatory T-cells and MDSC
cells in various mouse tumor models infected with TK-. (B) Concentration of
regulatory T-cells, MDSC cells and CD8+ T-cells in 4T1 and MC38 mouse tumor
models infected with TK-.

FIGURE 16A-B. (A) Gating strategies are shown for detection of
MDSC (left) and T-cells and T-regs (right) for splenocytes or cells recovered from
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disaggregated tumors. (B) The levels of MDSC and T-reg in the spleen are shown for
mice bearing different tumors.

FIGURE 17A-C. (A) TK- vaccinia strain displays a very poor ability
to increase median survival (relative to PBS control) in mouse tumor models that
display high levels of MDSC at baseline. Also, TK- viral therapy can reduce levels of
(B) T-reg in treated tumors, but has no impact on (C) MDSC levels.

FIGURE 18. Analysis of the immune response in mice implanted with
MC38 tumor cells upon treatment with the immunogenic vaccinia strains, GM-CSF,
WR.TK-GM-CSF, WR.B18R-IFNa+, WR.BI8R-IFNB+ and WR.B18R-IFNy+ in
comparison to the immune response elicited by TK- infection.

FIGURE 19. Analysis of the immune response in mice implanted with
4T1 tumor cells upon treatment with the immunogenic vaccinia strains, GM-CSF,
WR.TK-GMCSF and WR.B18R-IFNf+ in comparison to the immune response
elicited by TK- infection.

FIGURE 20. Expression of COX2 and HPGD upon expression of
WR-TK-HPGD or treatment of the Cox 2 inhibitor, Celecoxib. Beta-actin was
detected as a loading control. Expression of PGE2 was determined in Renca cells
upon infection with WR-TK-HPGD or WR TK- or treatment of Celecoxib.

FIGURE 21A-D. HPGD expression from oncolytic vaccinia reduced
MDSC in the tumor and sensitizes resistant tumors to viral therapy. (A) Effect of
HPGD expression on T-reg and MDSC levels in the tumor. Mice bearing Renca
tumors were treated with intratumoral, low dose (1x10” PFU) injection of indicated
virus and mice sacrificed at indicated times, tumors recovered, disaggregated and
analyzed by flow cytometry as before. HPGD expression reduces MDSC and T-reg
levels (*p<0.05 compared to control). (B) Enhanced therapeutic activity of WR.TK-
.HPGD+. Mice bearing subcutaneous Renca or MC38 tumors were treated with a
single intratumoral injection of PBS or 1x10” PFU or WR.TK- or WR. TK-HPGD+
and subsequent tumor growth followed by caliper measurement (n=15 per group;
WR.TK-HPGD+ significantly (p<0.05) delayed tumor growth from day 3 (RENCA)
or day 7 (MC38) compared WR.TK- and resulted in 3 complete responses for
RENCA and 2 for MC38. No mice from any other group displayed a CR). (C)
Comparison of tumor growth and viral gene expression for WR.TK-.HPGD+
treatment. Tumor growth for individual mice with Renca tumors and treated with

WR.TK-HPGD+ are plotted, compared to PBS control (grey bar) and divide into good
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(solid line) and best (dashed line) responders. The bioluminescence signal (viral gene
expression) from the tumor at day 1 and 5 were normalized to tumor volume and
shown for both good and best responders. (D) HPGD expression does not reduce viral
gene expression. Viral luciferase gene expression from within the tumor at 24h after
treatment with WR.TK- or WR.TK-HPGD+ is shown.
FIGURE 22. Tumor volume as a function of days after treatment with
PBS control (CTL; circle), thymidine kinase negative Western Reserve VV (WR TK-;
square) or thymidine kinase (TK) negative Western Reserve VV carrying HPGD (WR
TK- HPGD, triangle) (HPGD is murine equivalent of human 15-PGDH protein).
FIGURE 23A-D. Percent MDSCs in (A) spleen of mice infected with
WR TK-; (B) spleen of mice infected with WR TK- HPGD; (C) tumor of mice
infected with WR TK-; and (D) tumor of mice infected with WR TK- HPGD.
FIGURE 24A-D. HPGD expression enhanced the immune response
and alters immune cell trafficking to the tumor. (A) Cytokine and chemokine profiles
in the tumor after different treatments. Mice bearing RENCA tumors were treated as
indicated with 1x10” PFU of different viral strains IT and sacrificed after 3 days.
Tumor homogenates were run on Luminex assays to quantify different cytokines and
chemokines (*p<0.05). (B) Anti-tumor CTL response is increased with HPGD
expression. Splenocytes collected form RENCA tumor bearing mice 7 days after the
indicated treatments were quantified for anti-tumor CTL response as determined by
ELISPOT (*p<0.06). (C) Systemic alterations in chemokine levels after different
treatments. Serum collected from RENCA tumor bearing mice 3 days after the
indicated treatments were quantified for chemokine levels by ELISA (p<0.05). (D)
Activated immune cells preferentially target tumors infected with HPGD-expressing
virus. Mice were implanted with bilateral RENCA tumors and when these reached
50-100mm’, these were injected with 1x10” PFU of WR.TK- on one flank and
WR.TK-HPGD+ on the opposite flank, after 24 h 1x107 activated and Cy5.5 labeled
NK T (CIK) cells were delivered via tail vein injection. 24h later mice were imaged
for bioluminescence (Viral gene expression) and fluorescence (NK T cell trafficking
to tumors) (*p<0.05). A representative example of fluorescence imaging is shown.
FIGURE 25. COX2 expression in tumors infected with WR.TK-

compared to untreated tumors.

10
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FIGURE 26A-B. (A) Survival of various cells lines upon infection
with TK-. (B) Viral production and gene expression of TK- in various tumor cells
lines.

FIGURE 27 depicts viral gene expression of TK- infected MC-38,
LLC and AB12 mouse tumor models after day 4 or day 5 of infection.

FIGURE 28. Tumor growth as a function of days after treatment with
PBS or infection with deglycosylated WR.TK-TRIF+- (UPCI-1812), Western Reserve
TK- carrying HPGD (VV-HPGD) or UPCI-1812 combined with HPGD expression.

FIGURE 29. Enhanced EEV production (A34R mutation K151E)
leads to reduced anti-viral neutralizing antibody (14 days after IP delivery of WR or
EEV).

FIGURE 30. TRIF domains. In the human TRIF amino acid sequence
there are three TRAF binding domains and the RHIM domain that binds RIP1.

5. DETAILED DESCRIPTION OF THE INVENTION

For clarity of description, and not by way of limitation, the detailed
description of the invention is divided into the following subsections:
(1) viral backbone mutations;
(1))  modification of viral glycosylation;
(iii))  modification that promotes T cell response;
(iv)  modification that inhibits immunosuppression;
(V) modification that enhances virus spread and activity;
(vi)  modified viruses;
(vil) methods of treatment; and
(viii) Kkits.
The term “homology” as used herein refers to the degree of homology
between nucleic acid or amino acid sequences as determined using methods known in

the art, for example, but not limited to, software such as BLAST or FASTA.

11
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5.1 VIRAL BACKBONE MUTATIONS

In certain non-limiting embodiments of the invention, a VV contains
one or more mutations of its genome that favors replication of the virus in a cancer
cell and/or increased induction of a Cytotoxic T-Lymphocyte (CTL) immune
response. A mutation may be an insertion, deletion, or substitution of one or more
nucleic acids of the native virus.

In particular non-limiting embodiments, the mutation results in
decreased functional interleukin-18 binding protein (“IL-18BP”’) expression. As non-
limiting examples, (i) the mutation may result in a protein with weaker binding to IL-
18 than the native VV protein; (ii) the mutation may result in expression of a
truncated protein with decreased or absent functional activity; or (iii) the mutation
may delete the IL-18BP gene. In a specific non-limiting example, the mutation may
be a C12L deletion (e.g., see Symons et al., 2002, J. Gen.Virol. 83:2833-2844). In
certain embodiments, the C12L deletion can be a complete or partial deletion of
C12L. For example, and not by way of limitation, a partial deletion of C12L can
include a mutation that results in the deletion of at least about 10%, at least about
20%, at least about 30% or at least about 40% or more of the amino acid sequence of
the C12L protein.

In further non-limiting embodiments, the viral backbone may contain,
separately or in addition to one or more of the mutations in (including deletion of) a
nucleic acid encoding IL-18BP described above, a mutation in nucleic acid encoding
B8R (IFN gamma binding protein; e.g., see Symons et al., 1995, Cell. 81(4):551-60),
B18R (type I IFN binding protein; e.g., see Colamonici et al., 1995, J. Biol. Chem.
270(27):15974-8), A35R (inhibitor of MHC II presentation; e.g., see Rehm et al.,
2010, Virology. 397(1):176-86 and Roper et al., 2006, J. Virol. 80(1):306-13), B15R
(IL-1PB binding protein; e.g., see Alcami et al., 1992, Cell. 71(1):153-67), Chemokine
binding proteins (B29R, G3R, H5R), STAT1 inhibitor (H1L); dSRNA or PKR
inhibitors such as E3L (e.g., see Chang et al., 1992, Proc. Natl. Acad. Sci.
89(11):4825-9) or K3L (e.g., see Davies et al., 1993, J. Virol. 67(3):1688-92 and
Langland et al., 2002, Virology. 299(1):133-41); Bcl-2 like proteins (such as N1, N2,
B14, F1, C6, A46 and K7), or a combination thereof.

12
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5.2 MODIFICATION OF VIRAL GLYCOSYLATION

In certain non-limiting embodiments of the invention, a VV is treated
with an agent that modifies glycosylation. For example, a cell producing the VV may
be administered a glycosylation inhibitor and/or cultured in the presence of a
glycosylation inhibitor or a VV may be treated with an agent that reduces or removes
or modifies glycosylation. In certain embodiments, a VV can be subjected to acid
treatment to reduce glycosylation of the virus. In certain embodiments, the VV of the
present invention can be produced in a cell line that does not have glycosylation
activity, e.g., due to mutations in one or more glycosylation enzymes.

In certain embodiments, the VV treated with an agent that reduces or
removes or modifies glycosylation, e.g., a deglycosylated virus, can have less than
about 90%, less than about 80%, less than about 70%, less than about 60%, less than
about 50%, less than about 40%, less than about 30%, less than about 20% or less
than about 10% of the glycosylation of a VV that was not treated with agent that
modifies glycosylation.

In particular non-limiting embodiments, a VV of the present invention
can be treated with a sialidase enzyme which reduces or removes sialic acid residues
from the viral surface (e.g., envelope). In non-limiting embodiments, the VV is
treated with a sialidase enzyme prior to administration to a subject. In a specific non-
limiting embodiment, the sialidase enzyme is Sialidase A enzyme (Glyko Sialidase A,
Code WS0042) for example as part of the Glycopro Enzymatic Deglycosylation kit
(Product Code: GK80110, Prozyme). In certain embodiments, the VV can be treated
with Sialidase A in combination with N- and O-glycanases. Other enzymes that
remove sialic acid or that cleave glycosyl residues from the virus may also be used
according to the invention, including but not limited to neuraminidases, PNGases
(e.g., PNGase A or PNGase F), $1-4 galactosidase, -N-acetylglucosaminidase, or the
use of chemical treatments such as b-elimination or alkali or hydrazinoyls.

Without being bound to any particular theory, it is believed that
reduction of glycosylation, for example by sialidase treatment of the vaccinia virus,
reduces TLR2 activation and thereby delays systemic immune activation during the
period of viral delivery and/or reduces the production of anti-viral neutralizing

antibodies.
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5.3 MODIFICATIONS THAT PROMOTE T CELL RESPONSE

In certain non-limiting embodiments of the invention, a VV is
modified to include one or more nucleic acids encoding a peptide or protein which
promotes a T cell response. In certain embodiments, the peptide or protein which
promotes a T-cell response can promote the expression of one or more
proinflammatory cytokines. For example, and not by way of limitation,
proinflammatory cytokines can include I1L-4, IL-5, 1L-6, IL-12, IL-15, IL-18, 1L-21,
IFN-a, IFN-B, IFN-y, CCLS5 and IP-10.

Non-limiting examples of a peptide or protein which promotes a T cell
response include Toll/IL-1R domain-containing adapter inducing IFN- (“TRIF”) or a
functional domain thereof. In certain non-limiting embodiments, the nucleic acid may
encode a human TRIF having an amino acid sequence as set forth in UniProtKB No.
Q8IUCS, or an amino acid sequence at least about 90 percent, at least about 95
percent or at least about 98 percent homologous thereto, or a murine TRIF having an
amino acid sequence as set forth in UniProtKB No. Q80UF7, or an amino acid
sequence at least about 90 percent, at least about 95 percent or at least about 98
percent homologous thereto.

In certain non-limiting embodiments, the nucleic acid may encode one
or more TRIF domains as depicted in FIGURE 30. In certain embodiments, the
nucleic acid encoding a peptide or protein that promotes a T cell response, e.g., TRIF,
can be cloned into the locus of the thymidine kinase (TK) gene of the virus as
depicted in FIGURE 4A. The nucleic acid encoding a peptide or protein that
promotes a T cell response can be operably linked to any promoter that can result in
expression of the nucleic acid. As used herein, “operably linked” means that a
promoter 18 1n a correct functional location and/or ortentation in relation to a nucleic
acid sequence to conirol transcriptional initiation and/or expression of that sequence.
In certain embodiments, the proweoter 18 a vaccinia promoter and/or a synthetic
vaccinia promoter. In certain embodiments, the promoter is the synthetic vaccinia
promoter pSE/L. In certain embodiments, the nucleic acid encoding a peptide or
protein that promotes a T cell response is operably linked to the viral p7.5 promoter.

In other non-limiting embodiments, the nucleic acid may encode
granulocyte-macrophage colony stimulating factor (“GM-CSF”), IL-12, IFN-y or IL-
18. In certain embodiments more than one such nucleic acid may be incorporated into

VV.
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5.4 MODIFICATIONS THAT INHIBIT IMMUNOSUPPRESSION

In certain non-limiting embodiments of the invention, a VV is
modified to include one or more nucleic acid encoding a peptide or protein or
ribonucleic acid or micro-RNA which inhibits or reduces immunosuppression. Non-
limiting examples of measures of immunosuppression include: the level of myeloid
derived suppressor cells (“MDSC”); the level of M2 macrophages; and the level of
helper T cells versus suppressor regulatory T cells. In particular non-limiting
embodiments, the nucleic acid encodes a peptide or protein or ribonucleic acid or
micro-RNA that reduces prostaglandin E2 activity (“a PGE2 antagonist”). In specific
non-limiting embodiments, the nucleic acid encodes a peptide and/or protein that is a
PGE?2 antagonist (as that term is used herein) that degrades PGE2. In a specific non-
limiting example, the protein that degrades PGE2 is 15-PGDH (human) or HPGD
(mouse). For example, and not by way of limitation, 15-PGDH may have an amino
acid sequence as set forth in UniProtKB No. P15428, or an amino acid sequence at
least about 90 percent, at least about 95 percent or at least about 98 percent
homologous thereto, and a nucleic acid encoding 15-PGDH may have a nucleic acid
sequence as set forth in GenBank Accession No. U63296.1, or a nucleic acid
sequence at least about 90 percent, at least about 95 percent or at least about 98
percent homologous thereto. In further non-limiting embodiments, a nucleic acid
encoding a secreted and solubilized version of the extracellular receptor for PGE2
may be included in the V'V, for example nucleic acid encoding EP1, EP2, EP3 and/or
EP4, where EP3 and 4 are higher affinity. In certain embodiments, the one or more
peptides or proteins which inhibits or reduces immunosuppression can result in the
reduced expression of one or more suppressive chemokines such as, but not limited
to, CXCL12. In certain embodiments, the one or more peptides or proteins which
inhibits or reduces immunosuppression can result in the increased expression of one
or more immune activating chemokines such as, but not limited to, CXCL9, CXCL10
and CCLS.

In certain embodiments, the nucleic acid encoding a PGE2 antagonist
can be cloned into the locus of the thymidine kinase (TK) gene of the virus. The
nucleic acid encoding a PGE2 antagonist peptide or protein can be operably linked to
any promoter that can result in expression of the nucleic acid. In certain

embodiments, the nucleic acid encoding a PGE2 antagonist peptide or protein is
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operably linked to the viral p7.5 promoter. In certain embodiments, the promoteris a
vaccinia promoter and/or a synthetic vaccinia promoter. In certain embodiments, the
promoter 18 the synthetic vaccinia promoter pSE/L. In certain embodiments, the virus
can include a nucleic acid encoding a PGE2 antagonist and a nucleic acid encoding a
peptide or protein that promotes a T cell response that are both operably linked to a
promoter, e.g., the viral p7.5 promoter, and cloned into the locus of the thymidine
kinase (TK) gene of the virus.

In further non-limiting embodiments, an immunooncolytic virus of the
invention may be administered together with an agent that inhibits or reduces MDSC,
including, for example but not by way of limitation, an antibody that targets a surface
marker of MDSC such as an anti-CD33 antibody or variable region thereof; an anti-
CD11Db antibody or variable region thereof; a COX2 inhibitor, e.g., celecoxib;
sunitinib and/or all trans retinoic acid (e.g., see Najjar and Finke, 2013, Frontiers in

Oncology, 3(49) 1-9).

5.5 MODIFICATIONS THAT ENHANCE VIRUS SPREADING AND ACTIVITY

In certain non-limiting embodiments of the invention, a VV is
modified to enhance the spread and/or activity of virus. In particular non-limiting
embodiments, a VV is modified to increase the amount of the extracellular enveloped
form of the virus that is produced, for example by introducing one or more of the
following mutations: A34R Lys151 to Glu; complete or partial deletion of B5R;
mutation/deletion of A36R and/or mutation/deletion of AS6R. In certain

embodiments, a VV is modified to include a complete or partial deletion of B5R.

5.6 MODIFIED VIRUSES

In non-limiting embodiments, the present invention provides for an
immuno-oncolytic VV comprising one or more, or two or more, or three or more, or
four or more, of the following modifications, as described in the sections above:

(1) a viral backbone mutation;

(1))  amodification of viral glycosylation;

(iii)  a modification that promotes T cell response;

(iv)  amodification that inhibits immunosuppression; and/or

(V) a modification that enhances virus spreading and activity.
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In non-limiting embodiments, the present invention provides for a VV

comprising a modification of viral glycosylation and one or more of the following

modifications, as described in the sections above:

(i)

(ii)
(iii)
(iv)

a viral backbone mutation;

a modification that promotes T cell response;

a modification that inhibits immunosuppression; and/or

a modification that enhances virus spreading and activity.

In non-limiting embodiments, the present invention provides for a VV

which is treated with an agent that reduces the amount of glycosylation (e.g.,

sialylation) prior to administration to a host and comprises or carries or contains one

or more of the following modifications, as described in the sections above:

(i)

(ii)
(iii)
(iv)

a viral backbone mutation,;

a modification that promotes T cell response;

a modification that inhibits immunosuppression; and/or

a modification that enhances virus spreading and activity.

In non-limiting embodiments, the present invention provides for a VV

that has reduced glycosylation (e.g., sialylation) relative to unmodified virus and

comprises or carries or contains one or more of the following modifications, as

described in the sections above:

(i)

(ii)
(iii)
(iv)

a viral backbone mutation;

a modification that promotes T cell response;

a modification that inhibits immunosuppression; and/or

a modification that enhances virus spreading and activity.

In non-limiting embodiments, the present invention provides for a VV

that is treated with an agent that reduces the amount of glycosylation prior to

administration to a host or that otherwise has reduced glycosylation relative to

unmodified virus, i.e., a deglycosylated virus.

In non-limiting embodiments, the present invention provides for a VV

that is treated with sialidase prior to administration to a host or that otherwise has

reduced sialic acid residues relative to unmodified virus.

In non-limiting embodiments, the present invention provides for a VV

that comprises or carries or contains a nucleic acid encoding TRIF.
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In non-limiting embodiments, the present invention provides for a VV
that comprises or carries or contains a nucleic acid encoding a PGE2 antagonist (e.g.,
15-PGDH or HPGD).

In non-limiting embodiments, the present invention provides for a VV
that comprises one or more modifications that enhance virus spreading and activity
selected from the group of a A34R Lys151 to Glu mutation; complete or partial
deletion of B5SR; mutation/deletion of A36R and/or mutation/delction of AS6R.

In non-limiting embodiments, the present invention provides for a VV
which comprises one or more virus backbone modification selected from the group of
a mutation that reduces expression of functional IL-18BP (e.g., C12L deletion), BSR
deletion, B18R deletion, A35R deletion, or a combination thereof.

In non-limiting embodiments, the present invention provides for a VV
which is treated with an agent that reduces the amount of glycosylation prior to
administration to a host or that otherwise has reduced glycosylation relative to
unmodified virus and further comprises or carries or contains a nucleic acid encoding
TRIF or a functional domain thereof.

In non-limiting embodiments, the present invention provides for a VV
which is treated with an agent that reduces the amount of glycosylation (e.g.,
sialylation) prior to administration to a host or that otherwise has reduced
glycosylation (e.g., reduced sialylation) relative to unmodified virus and further
comprises or carries or contains a nucleic acid encoding a PGE2 antagonist (e.g., 15-
PGDH or HPGD).

In non-limiting embodiments, the present invention provides for a VV
which is treated with an agent that reduces the amount of glycosylation (e.g.,
sialylation) prior to administration to a host or that otherwise has reduced
glycosylation (e.g., reduced sialylation) relative to unmodified virus and further
comprises or carries or contains a nucleic acid encoding TRIF or a functional domain
thereof and/or a nucleic acid encoding a PGE2 antagonist (e.g., 15-PGDH or HPGD),

In non-limiting embodiments, the present invention provides for a VV
which is treated with an agent that reduces the amount of glycosylation (e.g.,
sialylation) prior to administration to a host or that otherwise has reduced
glycosylation (e.g., reduced sialylation) relative to unmodified virus and further
comprises one or more modifications that enhance virus spreading and activity

selected from the group of a A34R Lys151 to Glu mutation; complete or partial
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deletion of B5R; mutation/deletion of A36R and/or mutation/deletion of AS6R. In
certain embodiments, the present invention provides for a deglycosylated VV which
comprises a complete or partial deletion of B5R.

In non-limiting embodiments, the present invention provides for a VV
which is treated with an agent that reduces the amount of glycosylation (e.g.,
sialylation) prior to administration to a host or that otherwise has reduced
glycosylation (e.g., reduced sialylation) relative to unmodified virus and further
comprises one or more virus backbone modification selected from the group of a
mutation that reduces expression of functional IL-18BP (e.g., C12L deletion), BSR
deletion, B18R deletion, A35R deletion, or a combination thereof. In certain
embodiments, the present invention provides for a deglycosylated VV which
comprises a C12L deletion.

In non-limiting embodiments, the present invention provides for a VV
which is treated with an agent that reduces the amount of glycosylation (e.g.,
sialylation) prior to administration to a host or that otherwise has reduced
glycosylation (e.g., reduced sialylation) relative to unmodified virus and further
comprises one or more virus backbone modification selected from the group of a
mutation that reduces expression of functional IL-18BP (e.g., C12L deletion), BER
deletion, B18R deletion, A35R deletion, or a combination thereof, and further
comprises one or more modifications that enhance virus spreading and activity
selected from the group of a A34R Lys151 to Glu mutation; complete or partial
deletion of B5R; mutation/deletion of A36R and/or mutation/deletion of A56R. In
certain embodiments, the present invention provides for a deglycosylated VV which
comprises a C12L deletion and a BSR deletion.

In non-limiting embodiments, the present invention provides for a VV
which is treated with an agent that reduces the amount of glycosylation (e.g.,
sialylation) prior to administration to a host or that otherwise has reduced
glycosylation (e.g., reduced sialylation) relative to unmodified virus and further
comprises or carries or contains a nucleic acid encoding TRIF or a functional domain
thereof and further comprises one or more virus backbone modifications selected
from the group of a mutation that reduces expression of functional IL-18BP (e.g.,
C12L deletion), B8R deletion, BI8R deletion, A35R deletion, or a combination

thereof. In certain embodiments, the virus comprises the C12L deletion.
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In non-limiting embodiments, the present invention provides for a VV
which is treated with an agent that reduces the amount of glycosylation (e.g.,
sialylation) prior to administration to a host or that otherwise has reduced
glycosylation (e.g., reduced sialylation) relative to unmodified virus and further
comprises or carries or contains a nucleic acid encoding a PGE2 antagonist (e.g., 15-
PGDH or HPGD) and further comprises one or more virus backbone modifications
selected from the group of a mutation that reduces expression of functional IL-18BP
(e.g., C12L deletion), B8R deletion, B18R deletion, A35R deletion, or a combination
thereof.

In non-limiting embodiments, the present invention provides for a TK-
VV which is treated with an agent that reduces the amount of glycosylation (e.g.,
sialylation) prior to administration to a host or that otherwise has reduced
glycosylation (e.g., reduced sialylation) relative to unmodified virus and further
comprises or carries or contains a nucleic acid encoding TRIF or a functional domain
thereof and a nucleic acid encoding a PGE2 antagonist (e.g., 15-PGDH or HPGD),
and further comprises one or more virus backbone modifications selected from the
group of a mutation that reduces expression of functional IL-18BP (e.g., C12L
deletion), B8R deletion, B18R deletion, A35R deletion, or a combination thereof.

In non-limiting embodiments, the present invention provides for a VV
which is treated with an agent that reduces the amount of glycosylation (e.g.,
sialylation) prior to administration to a host or that otherwise has reduced
glycosylation (e.g., reduced sialylation) relative to unmodified virus and further
comprises or carries or contains a nucleic acid encoding TRIF or a functional domain
thereof and further comprises one or more modifications that enhance virus spreading
and activity selected from the group of a A34R Lys151 to Glu mutation; complete or
partial deletion of BSR; mutation/deletion of A36R and/or mutation/deletion of AS6R.

In non-limiting embodiments, the present invention provides for a VV
which is treated with an agent that reduces the amount of glycosylation (e.g.,
sialylation) prior to administration to a host or that otherwise has reduced
glycosylation (e.g., reduced sialylation) relative to unmodified virus and further
comprises or carries or contains a nucleic acid encoding a PGE2 antagonist (e.g., 15-
PGDH or HPGD) and further comprises one or more modifications that enhance virus

spreading and activity selected from the group of a A34R Lys151 to Glu mutation;
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complete or partial deletion of BSR; mutation/deletion of A36R and/or
mutation/deletion of A56R.

In non-limiting embodiments, the present invention provides for a VV
which is treated with an agent that reduces the amount of glycosylation (e.g.,
sialylation) prior to administration to a host or that otherwise has reduced
glycosylation (e.g., reduced sialylation) relative to unmodified virus and further
comprises or carries or contains a nucleic acid encoding TRIF or a functional domain
thereof and a nucleic acid encoding a PGE2 antagonist (e.g., 15-PGDH or HPGD),
and further comprises one or more modifications that enhance virus spreading and
activity selected from the group of a A34R Lys151 to Glu mutation; complete or
partial deletion of BSR; mutation/deletion of A36R and/or mutation/deletion of AS6R.

In non-limiting embodiments, the present invention provides for a VV
which is treated with an agent that reduces the amount of glycosylation (e.g.,
sialylation) prior to administration to a host or that otherwise has reduced
glycosylation (e.g., reduced sialylation) relative to unmodified virus and further
comprises or carries or contains a nucleic acid encoding TRIF or a functional domain
thereof and a nucleic acid encoding a PGE2 antagonist (e.g., 15-PGDH or HPGD),
and further comprises one or more modifications that enhance virus spreading and
activity selected from the group of a A34R Lys151 to Glu mutation; complete or
partial deletion of BSR; mutation/deletion of A36R and/or mutation/deletion of AS6R
and comprises one or more virus backbone modifications selected from the group of a
mutation that reduces expression of functional IL-18BP (e.g., C12L deletion), BSR
deletion, B18R deletion, A35R deletion, or a combination thereof. In certain
embodiments, the virus comprises the C12Ldeletion. In certain embodiments, the VV
can comprise the C12L deletion and the BSR deletion.

The above-described modifications may be produced in a VV (vaccinia
virus) that is known in the art. Non-limiting examples include the Western Reserve
strain, Copenhagen strain; Wyeth (NYCBOH) strain; Tian Tian strain; or USSR strain
(and see references 1 and 2, below). The base VV 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 (i.e., denoted herein as
“TK-"); deletion in VGF; SPI-1 deletion; and/or SPI-2 deletion.

In certain non-limiting embodiments, the present invention provides

for a VV with the following modifications:
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(1) an envelope with reduced glycosylation (e.g., reduced sialylation)
relative to an unmodified virus;
(1))  anucleic acid encoding TRIF, or a functional domain thereof; and/or
(iii))  anucleic acid encoding 15-PGDH, or a functional domain thereof.
In non-limiting embodiments, the present invention provides for a VV
with the following modifications:
(1) an envelope with reduced glycosylation (e.g., reduced sialylation)
relative to an unmodified virus;
(1))  anucleic acid encoding TRIF, or a functional domain thereof;
(iii)  anucleic acid encoding 15-PGDH, or a functional domain thereof;
and/or
(iv)  a C12L deletion.
In non-limiting embodiments, the present invention provides for a VV
with the following modifications:
(1) an envelope with reduced glycosylation (e.g., reduced sialylation)
relative to an unmodified virus;
(1))  anucleic acid encoding TRIF, or a functional domain thereof;
(i)  anucleic acid encoding 15-PGDH, or a functional domain thereof;
(iv)  a C12L deletion; and/or
(v) a B5R deletion.
In certain non-limiting embodiments, the present invention provides
for a VV with the following modifications:
(1) a TK deletion;
(i1))  an envelope with reduced glycosylation (e.g., reduced sialylation)
relative to an unmodified virus;
(iii)  anucleic acid encoding TRIF, or a functional domain thereof; and/or
(iv)  anucleic acid encoding 15-PGDH, or a functional domain thereof.
In non-limiting embodiments, the present invention provides for a VV
with the following modifications:
(1) a TK deletion;
(i1))  an envelope with reduced glycosylation (e.g., reduced sialylation)
relative to an unmodified virus;

(iii)  anucleic acid encoding TRIF, or a functional domain thereof;
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(iv)  anucleic acid encoding 15-PGDH, or a functional domain thereof;
and/or

(v) a CI12L deletion.

In non-limiting embodiments, the present invention provides fora VV

with the following modifications:

(1) a TK deletion;

(i1))  an envelope with reduced glycosylation (e.g., reduced sialylation)
relative to an unmodified virus;

(iii)  anucleic acid encoding TRIF, or a functional domain thereof;

(iv)  anucleic acid encoding 15-PGDH, or a functional domain thereof;

(v) a CI12L deletion; and/or

(vi)  aBS5R deletion.

5.7 METHODS OF TREATMENT

The present invention provides a method of reducing the growth of a
cancer cell comprising administering, to the cancer cell of a subject, an effective
amount of an immunooncolytic VV, as described above. Reducing the growth of a
cancer cell may be manifested, for example, by cell death or a slower replication rate
or reduced growth rate of a tumor comprising the cell or a prolonged survival of a
subject containing the cancer cell.

A “subject” or “patient,” as used interchangeably herein, refers to a
human or a non-human subject. Non-limiting examples of non-human subjects
include non-human primates, dogs, cats, mice, rats, guinea pigs, rabbits, pigs, fowl,
horses, cows, goats, sheep, etc.

The present invention provides a method of reducing the growth of a
tumor comprising administering, to the tumor, an effective amount of an
immunooncolytic VV, as described above. Reducing the growth of a tumor may be
manifested, for example, by reduced growth rate or a prolonged survival of a subject
containing the tumor.

The present invention provides a method of treating a subject having a
cancer comprising administering, to the subject, an effective amount of an
immunooncolytic VV as described above.

An “effective amount” in such a method includes an amount that

reduces growth rate or spread of the cancer or that prolongs survival in the subject. In
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certain embodiments, an effective amount can include an amount that is sufficient to
produce an anti-cancer effect in a subject.

An “anti-cancer effect,” as used herein, refers to one or more of a
reduction in aggregate cancer cell mass, a reduction in cancer cell growth rate, a
reduction in cancer cell proliferation, a reduction in tumor mass, a reduction in tumor
volume, a reduction in tumor cell proliferation, a reduction in tumor growth rate
and/or a reduction in tumor metastasis.

In certain embodiments, the present invention provides a method of
producing an anti-cancer effect in a subject having a cancer comprising administering,
to the subject, an effective amount of an immunooncolytic VV, as described above.

In specific non-limiting embodiments, the amount of VV administered
(e.g., dose) may be between about 10° and 10" plaque forming units (PFU), or
between about 10° and 10" PFU, or between about 10° and 10® PFU, or between
about 10° and 10" PFU or between about 10® and 10" PFU. See also Thorne and
Kirn, 2009, Nat Rev Cancer 9: 64-71. Note that herein 10 is alternatively expressed
as 1eX. In certain embodiments, the oncolytic virus can be administered in a single
dose or can be administered in multiple doses. In certain embodiments where the
virus is administered in multiple does, the doses can be administered sequentially,
e.g., at daily, weekly or monthly intervals, or in response to a specific need of the
subject.

In certain embodiments, the immunooncolytic virus can be
administered in a pharmaceutical composition, wherein the virus is present in an
effective amount and combined with a pharmaceutically acceptable carrier.
“Pharmaceutically acceptable,” as used herein, includes any carrier which does not
interfere with the effectiveness of the biological activity of the active ingredients
and/or that is not toxic to the patient to whom it is administered. Non-limiting
examples of suitable pharmaceutical carriers include phosphate buffered saline
solutions, water, emulsions, such as oil/water emulsions, various types of wetting
agents and sterile solutions. Additional non-limiting examples of pharmaceutically
compatible carriers can include gels, bioadsorbable matrix materials, implantation
elements containing the oncolytic VV or any other suitable vehicle, delivery or
dispensing means or material. Such carriers can be formulated by conventional

methods and can be administered to the subject at an effective amount.
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The VVs of the present invention can be produced by methods known
to one of skill in the art. In certain embodiments, the VV can be propagated in
suitable host cells, isolated from host cells and stored in conditions that promote
stability and integrity of the virus, such that loss of infectivity over time is minimized.
For example, the VV can be stored by freezing or drying, such as by lyophilization.
In certain embodiments, prior to administration, the stored VV can be reconstituted (if
dried for storage) and diluted in a pharmaceutically acceptable carrier for
administration.

The oncolytic virus may be administered to the subject using standard
methods of administration. In certain non-limiting embodiments, the oncolytic virus
can be administered systemically. Alternatively or additionally, the oncolytic virus
can be administered by injection at the site of the cancer, e.g., tumor site. For
example, and not by way of limitation, the route of administration may be inhalation,
intranasal, intravenous, intraarterial, intrathecal, intratumoral, intraperitoneal,
intramuscular, subcutaneous, topical, intradermal, local regional, oral administration,
or combinations thereof. In certain embodiments, the oncolytic virus can be
administered to the patient from a source implanted in the patient. In certain
embodiments, adroinistration of the oncolytic viras can occur by continuous infusion
over a sclected period of time. In certain embodiments, pharmaceutical compositions
can be directly adwinistered to a tumor site, e.g., via direct jotratumoral injection.

Cancers that may be treated by immunooncolytic VV therapy include
but are not limited to adenocarcinoma, osteosarcoma, cervical carcinoma, melanoma,
hepatocellular carcinoma, breast cancer, lung cancer, prostate cancer, ovarian cancer,
leukemia, lymphoma, renal carcinoma, pancreatic cancer, gastric cancer, colon
carcinoma, duodenal cancer, glioblastoma multiforme, astrocytoma and sarcoma.

In certain embodiments, treatment using an immunooncolytic VV, as
described above, can be used alone or in combination with one or more anti-cancer
agents. 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.

In certain embodiments, treatment using an immunooncolytic VV can

be used alone or in combination with one or imrounomodalatory agents. An
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imnmunomodulatory agent can include any compound, molecule or substance capable
of suppressing antivital inmunity associated with a tumor or caucer. In certam
ernbediments, the immunomodulatory agent is capable of suppressing innate
frmunity and/or adaptive immunity to the oncolytic virus. Non-limiting examples of
immunomodulatory agents include anti-CD33 antibody or variable region thereof, an
anti-CD11b antibody or variable region thercof, a COX2 inhibitor, e.g., celecoxib,
cytokines, such as IL-12, GM-CSF, IL-2, IFNf and IFNy, and chemokines, such as
MIP-1, MCP-1 and IL-8. In certain embodiments, the imumunomodulatory agent
mcludes immune checkpoint inhibitors such as, but not limited to, anti-CTLA4, anti-
PD-1, anti-PDLY and TLR agonists {e.g., Poly I:C).

“In combination with,” as used herein, means that the
immunooncolytic VV and the one or more agents are administered to a subject as part
of a treatment regimen or plan. In certain embodiments, being used in combination
does not require that the immunooncolytic VV 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 immunooncolytic
VV and the one or more agents can be administered concurrently to the subject being
treated, or can be administered at the saroe fime or sequentially in any order or at
different points in time.

In certain embodiments, a method of treating a subject having a cancer
includes administering, to the subject, an effective amount of an immunooncolytic
VV comprising: (i) an envelope with reduced glycosylation (e.g., reduced sialylation)
relative to an unmodified virus; (ii) a nucleic acid encoding TRIF, or a functional
domain thereof; and (iii) a nucleic acid encoding 15-PGDH, or a functional domain
thereof.

In certain embodiments, a method of treating a subject having a cancer
includes administering, to the subject, an effective amount of an immunooncolytic
VV comprising: (i) an envelope with reduced glycosylation (e.g., reduced sialylation)
relative to an unmodified virus; (ii) a nucleic acid encoding TRIF, or a functional
domain thereof; (ii1) a nucleic acid encoding 15-PGDH, or a functional domain
thereof; and (iv) a C12L deletion.

In certain embodiments, a method of treating a subject having a cancer
includes administering, to the subject, an effective amount of an immunooncolytic

VV comprising: (i) an envelope with reduced glycosylation (e.g., reduced sialylation)
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relative to the unmodified virus; (ii) a nucleic acid encoding TRIF, or a functional
domain thereof; (ii1) a nucleic acid encoding 15-PGDH, or a functional domain
thereof; (iv) a C12L deletion; and (v) a B5R deletion.

In certain embodiments, a method of treating a subject having a cancer
includes administering, to the subject, an effective amount of an immunooncolytic
VV comprising: (i) a TK deletion; (ii) an envelope with reduced glycosylation (e.g.,
reduced sialylation) relative to an unmodified virus; (iii) a nucleic acid encoding
TRIF, or a functional domain thereof; and (iv) a nucleic acid encoding 15-PGDH, or a
functional domain thereof.

In certain embodiments, a method of treating a subject having a cancer
includes administering, to the subject, an effective amount of an immunooncolytic
VV comprising: (i) a TK deletion; (ii) an envelope with reduced glycosylation (e.g.,
reduced sialylation) relative to an unmodified virus; (iii) a nucleic acid encoding
TRIF, or a functional domain thereof; (iv) a nucleic acid encoding 15-PGDH, or a
functional domain thereof; and (v) a C12L deletion.

In certain embodiments, a method of treating a subject having a cancer
includes administering, to the subject, an effective amount of an immunooncolytic
VV comprising: (i) a TK deletion; (ii) an envelope with reduced glycosylation (e.g.,
reduced sialylation) relative to the unmodified virus; (ii1) a nucleic acid encoding
TRIF, or a functional domain thereof; (iv) a nucleic acid encoding 15-PGDH, or a
functional domain thereof; (v) a C12L deletion; and (vi) a B5R deletion.

In certain embodiments, the methods of the present invention 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 and/or an immunomodulatory agent, as described above.

5.8 KITS
The present invention further provides for kits that provide an
immunooncolytic VV as described above. In certain embodiments, a kit of the
present invention can include an immunooncolytic VV or a pharmaceutical
composition comprising an immunooncolytic VV as described above. In certain
embodiments, a kit of the present invention can further include one or more
components such as instructions for use, devices and additional reagents, and

components, such as tubes, containers and syringes for performing the methods
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disclosed above. In certain embodiments, a kit of the present invention can further
include one or more agents, e.g., anti-cancer agents and/or iramunoraodulatory agents,
that can be administered in combination with an immunooncolytic VV.

In certain embodiments, a kit of the present invention can include
instructions for use, a device for administering the immunooncolytic VV to a subject,
or a device for administering an additional agent or compound to a subject. For
example, and not by way of limitation, the instructions can include a description of
the immunooncolytic VV and, optionally, other components included in the kit, and
methods for administration, including methods for determining the proper state of the
subject, the proper dosage amount and the proper administration method for
administering the immunooncolytic VV. Instructions can also include guidance for
monitoring the subject over the duration of the treatment time.

In certain embodiments, a kit of the present invention can include a
device for administering the immunooncolytic VV to a subject. Any of a variety of
devices known in the art for administering medications and pharmaceutical
compositions can be included in the kits provided herein. For example, and not by
way of limitation, such devices include, a hypodermic needle, an intravenous needle,
a catheter, a needle-less injection device, an inhaler and a liquid dispenser, such as an
eyedropper. In certain embodiments, an immunooncolytic VV to be delivered
systemically, for example, by intravenous injection, can be included in a kit with a
hypodermic needle and syringe.

In certain cmbodiments, a kit of the present invention includes an
effective amount of an immunooncolytic VV comprising: (i) an envelope with
reduced glycosylation (e.g., reduced sialylation) relative to an unmodified virus; (ii) a
nucleic acid encoding TRIF, or a functional domain thereof; and (iii) a nucleic acid
encoding 15-PGDH, or a functional domain thereof.

Io certain embodiments, a kit of the present invention includes an
effective amount of an immunooncolytic VV comprising: (i) an envelope with
reduced glycosylation (e.g., reduced sialylation) relative to an unmodified virus; (ii) a
nucleic acid encoding TRIF, or a functional domain thereof; (iii) a nucleic acid
encoding 15-PGDH, or a functional domain thereof; and (iv) a C12L deletion.

Io certain embodiments, a kit of the present invention includes an
effective amount of an immunooncolytic VV comprising: (i) an envelope with

reduced glycosylation (e.g., reduced sialylation) relative to the unmodified virus; (ii) a
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nucleic acid encoding TRIF, or a functional domain thereof; (iii) a nucleic acid
encoding 15-PGDH, or a functional domain thereof; (iv) a C12L deletion; and (v) a
B5R deletion.

Io certain embodiments, a kit of the present invention includes an
effective amount of an immunooncolytic VV comprising: (i) a TK deletion; (i1) an
envelope with reduced glycosylation (e.g., reduced sialylation) relative to an
unmodified virus; (iii) a nucleic acid encoding TRIF, or a functional domain thereof;
and (iv) a nucleic acid encoding 15-PGDH, or a functional domain thereof.

Io certain embodiments, a kit of the present invention includes an
effective amount of an immunooncolytic VV comprising: (i) a TK deletion; (ii) an
envelope with reduced glycosylation (e.g., reduced sialylation) relative to an
unmodified virus; (iii) a nucleic acid encoding TRIF, or a functional domain thereof;
(iv) a nucleic acid encoding 15-PGDH, or a functional domain thereof; and (v) a
C12L deletion.

In certain embodiments, a kit of the present invention includes an
effective amount of an immunooncolytic VV comprising: (i) a TK deletion; (i1) an
envelope with reduced glycosylation (e.g., reduced sialylation) relative to an
unmodified virus; (iii) a nucleic acid encoding TRIF, or a functional domain thereof;
(iv) a nucleic acid encoding 15-PGDH, or a functional domain thereof; (v) a C12L
deletion; and (vi) a B5R deletion.

The following Examples are offered to more fully illustrate the

disclosure, but are not to be construed as limiting the scope thereof.

6. EXAMPLE 1: EFFECT OF THE BACKBONE MUTATION C12L

Western Reserve thymidine kinase negative (“TK-") vaccinia virus
(VV) was modified to delete C12L. The Western Reserve vaccinia strain was
obtained from BEI Resources (Manassas, VA), and all recombinant vaccinia viruses
used or constructed were based on this strain.

A virus deletion mutant lacking 40% of the C12L ORF was
constructed using transient dominant selection (Falkner & Moss, 1990, J Virol. 64(6):
3108-3111). Cells were infected with wild type vaccinia WR and simultancously
transfected with a plasmid containing regions 3’ and 5’ of the C12L gene.

Recombination was allowed to occur and a selectable marker used to determine
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recombination events. Viruses were titered by plaque assay on BSC-1 cells,
manufactured and purified as previously described for in vivo use (Sampath, P et al.
(2013) Mol. Ther., 21: 620-628).

C57BL/6 mice bearing a CMT-93 tumor were administered 5 x 10°
plaque forming units (“PFU”) of either unmodified WR virus or virus carrying the
C12L deletion (WRACI12L). To test the tumor-specificity of the virus, the amount of
virus in brain, liver, lung and tumor was evaluated at 1, 3 and 10 days after infection.
The results, in FIGURE 1A, show that although approximately equivalent amounts of
WR and WRACI12L virus were found in liver, lung and tumor 1 day after infection,
by ten days very little WRACI12L virus was found in non-tumor tissue relative to the
amount found in tumor, with the differential in tumor/non-tumor expression being
much less for unmodified WR virus.

To evaluate the effect of the C12L mutation on survival, C57BL/6
mice (purchased from The Jackson Laboratory (Bar Harbor, ME) bearing
subcutaneous CMT-93 tumors were treated intravenously with a single, 1 x 10° PFU
dose of WR or WRACI2L virus, and then monitored. While all mice receiving WR
virus had died before 60 days post-infection, after 70 days 50 percent of WRACI12L
animals were still alive (FIGURE 1B).

Animals were first immunized with WR or WRACI2L and the T-cells
from these mice (or control mice) were mixed with WR and the resulting IFN-y
production levels were determined by ELISA. The results are shown in FIGURE 1C
and indicate that C12L deletion resulted in greater production of CTL or IFN-y

producing splenocytes.

7. EXAMPLE 2. EFFECT OF DEGLYCOSYLATION TREATMENT

To test the effect of the modification of glycosylation of viral surface
proteins, WR TK- VV, N-linked and simple O-linked glycans, e.g., sialic acid, were
removed from the viral envelope using Sialidase A (Glyko Sialidase A, Code
WS0042) or a cocktail of N- and O-glycanases and Sialidase A (Glycopro Enzymatic
Deglycosylation kit, Product Code: GK80110, Prozyme). The non-denaturing
protocol for deglycosylation of a virus was to take (i) 20 ul of virus stock; (ii) add 17
ul of deionized water; (iii) add 10ul of 5X reaction buffer; (iv) add 1ul each of N-

Glycanase, Sialidase A and O-Glycanase (or any enzyme alone used with 19ul of
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deionized water); and (v) incubate at 37°C for 16 hours prior to use. Deglycosylation
of the virus was confirmed by western blot analysis (FIGURE 2A).

The effect of deglycosylation on virus infectivity was evaluated in
different mouse tumor cell lines infected with TK- (“WR” or “WR.TK-) or its
deglycosylated version (“TK- deglyc,” “WR deglyc” and “DS WR.TK-") at an MOI
of 1. HeLa (human cervix adenocarcinoma), Bsc-1 (green monkey normal kidney
cells), 143B (human osteosarcoma), CV-1 (green monkey kidney fibroblasts), Renca
(murine renal adenocarcinoma) and 4T1 (murine breast cancer) cell lines were
obtained from the American Type Culture Collection (Manassas, VA). HEK293-
mTLR2 cells were purchased from InvivoGen (San Diego, CA). MC38 (murine colon
adenocarcinoma) and MEFs (murine embryonic fibroblasts) cell lines were,
respectively, a kind gift from Dr. David Bartlett and Dr. Robert Sobol (University of
Pittsburgh Cancer Center). All cell lines were maintained in recommended culture
media containing 5-10% fetal bovine serum and antibiotics at 37°C, 5% CO,. Viral
infectivity was determined by analyzing viral gene expression. Viral gene expression
was measured 3 hours after infection by bioluminescence imaging of luciferase
expression in vitro. For cultured cells, 10 ul of 30 mg/ml D-luciferin (GoldBio, St
Louis, MO) were added to 1 ml of culture media. As observed in FIGURE 2B,
deglycosylation of the virus envelope did not have an effect on the infectivity of the
virus.

The effect of deglycosylation on TLR2 activation was evaluated in a
model system which measures NF-kB activation in HEK293 cells engineered to
express TLR2 (HEK293/mTLR2) and transfected with pNiFty, a TLR-signaling
reporter plasmid. pNiFty (TLR-signaling reporter plasmid-Luciferase) was obtained
from InvivoGen and transfected into HEK293/mTLR2 cells using FuGENE HD
transfection reagent (Promega, Madison, WI). HEK293/mTLR?2 cells were infected at
an MOI of 1 with WR or WR deglycosylated virus and TLR2 activation was
quantified 24 hours after infection by bioluminescence imaging. As shown in
FIGURE 2C, deglycosylation of the virus resulted in less activation of TLR2 in vitro
compared to virus that was not deglycosylated. Furthermore, and as can be seen in
FIGURE 3A, deglycosylated virus was associated with substantially less TLR2

activation than WR virus.
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The deglycosylated virus also exhibited greater uptake by tumors. For
these experiments, the luciferase gene under the control of the synthetic vaccinia
promoter pE/L (Chakrabarti et al. (1997). Biotechniques 23: 1094-1097) was
incorporated into WR.TK- or DS WR.TK- vaccinia virus (“WR.TK-Luct+” and “DS
WR.TK-Luct+”, respectively), and introduced intravenously into BALB/c mice
(purchased from The Jackson Laboratory (Bar Harbor, ME)) bearing 4T 1
subcutaneous tumor. Viral gene expression in the tumor could then be measured by
bioluminescence imaging of luciferase expression in vivo. For animal models, a dose
of 4.5 mg of D-luciferin was injected intraperitoneally per mouse before imaging. An
IVIS 2000 model (PerkinElmer, Waltham, MA) was used for the imaging and images
were analyzed with Livinglmage software (PerkinElmer).

FIGURE 3B shows that 24 hours after infection, there was
significantly greater expression of DS WR.TK-Luc+ virus in the tumor relative to its
glycosylated counterpart. This difference in uptake was not observed in non-tumor
tissues. FIGURE 3C shows that deglycosylated virus infection results in a smaller
tumor volume. In addition, BALB/c mice harboring subcutanecous xenografts of
Renca cells (mouse renal adenocarcinoma) were randomized and injected with a
single intravenous dose of 1x10® PFU per mouse of TK- or TK- deglycosylated virus.
Kinetics of viral gene expression from within the tumor was monitored by
bioluminescence imaging of viral luciferase expression. As shown in FIGURE 2E,
deglycosylation of the viral envelope increased gene expression in tumors in vivo.

The effect of the deglycosylation of the virus on the presence of
pSTATI-pSTAT3+ lymphocytes was analyzed in C57BL/6 mice injected
intravenously with 1x10” PFU of WR or WR deglycosylated virus. Spleens were
harvested from C57BL/6 mice 1 hour after injection of the indicated viruses and
splenocytes were isolated, fixated in 1.6% PFA and permeabilized with methanol.
Two-color intracellular immunostaining analyses were performed using a
LSRFortessa Flow Cytometer (BD Biosciences, San Jose, California). Splenocytes
were stained using PacificBlue anti-mouse pSTAT1 and AlexaFluor647 anti-mouse
pSTAT3 antibodies (BD Biosciences). The percentage of pSTAT1-pSTAT3+
lymphocytes was determined by flow cytometry, and PBS and PAM(3)CSK(4) were
used as controls. FIGURE 2D shows that STAT3 phosphorylation was depleted in

splenic lymphocytes of mice injected with deglycosylated vaccinia virus.
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To determine the immune response against the virus in vivo,
neutralizing antibody assays were performed. In brief, antibody-containing serum
was obtained from mice treated as indicated at day 14 after virus injection and serial
dilutions of the serum (starting at 1/20) were used to neutralize 1000 PFUs of TK-
vaccinia virus. 2x10* HeLa cells were plated per well in 96-well and infected with
serum-virus mix. At day 4 post-infection, plates were washed with PBS and
absorbance was quantified after staining cultures using a nonradioactive cell
proliferation assay kit (Promega, Madison, WI). 1Cs values (dilution of the serum
required to neutralize Vaccinia virus capable of inducing 50% of cell inhibition) were
estimated from dose-response curves by standard nonlinear regression, using an
adapted Hill equation. As shown in FIGURE 3D, the amount of neutralizing antibody
against the virus is greater in wild-type C57BL/6 mice than in mice bearing a TLR2
knockout mutation. Accordingly, lower TLR2 activation associated with
deglycosylated virus may be associated with less anti-virus antibody production and

an improved anti-tumor response.

8. EXAMPLE 3. EFFECT OF TRIF EXPRESSION

A nucleic acid encoding murine TRIF was introduced into WR.TK-
virus and its effect on T cells was evaluated. TRIF was expressed from within the
thymidine kinase locus, expressed from the viral early/late vaccinia p7.5 promoter
(“TK-TRIF” OR “WR.TK-.TRIF”’; FIGURE 4A). A WR.TK- virus having a nucleic
acid encoding murine DAI (DLM-1/ZBP1) expressed from the p7.5 and cloned into
the locus of the viral thymidine kinase gene was generated (“TK-DAI”; FIGURE 4A).

ELISA was performed to confirm expression of TRIF from the TK-
TRIF virus (FIGURE 4B). For ELISA, a mouse TRIF ELISA kit was used to
determine the concentration of TRIF in supernatant or cell extracts of cells infected at
an MOI of 1 (PFU/cell) with TK-TRIF. As shown in FIGURE 4B, the TK-TRIF virus
specifically expressed TRIF as compared to TK-. Western blot was used to confirm
expression of DAI from the TK-DAI virus (FIGURE 4C). For western blot analysis,
cell cultures were seeded in 6-well plates and infected at an MOI of 5 (PFU/cell) and,
24 hours after infection, whole-cell protein extracts were incubated in cell lysis buffer
(Cell Signaling Technology Inc, Danvers, MA) for 1 hour at 4°C. Clarified samples
(15 ng/lane) were separated by a 10% SDS-PAGE gel and transferred to a
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nitrocellulose membrane. Mouse DAI protein was detected by immunoblotting
membranes using a polyclonal anti-DAI primary antibody (Rabbit, Abcam,
Cambridge, MA) and a polyclonal anti-rabbit conjugated with HRP (Goat, Thermo
Scientific, Waltham, MA). A mouse monoclonal anti-f actin antibody (SantaCruz
Biotechnologies, Santa Cruz, CA) and a peroxidase-conjugated anti-mouse antibody
(Goat, Thermo Scientific) were used for immunoblotting of B-actin as a loading
control. As shown in FIGURE 4C, TK-DALI virus specifically expressed DAI
compared to TK-.

As shown in FIGURE 5A, expression of TRIF resulted in an increase
in Type I interferon production by lymphocytes irn vitro. Expression of TRIF also
increased CTL production in vivo, as shown by ELISpot assay (FIGURE 5B). For
ELISpot assays, splenocytes were prepared from mice. Splenocytes were mixed with
tumor cells or splenocytes previously infected with UV-inactivated vaccinia virus at a
ratio of 5:1. Naive splenocytes from each mouse were used as a control. 96-well
membrane filter plates (EMD Millipore, Billerica, MA) coated with 15 pg/ml of
monoclonal anti-mouse IFN-y antibody AN18 (Mabtech, Inc., Cincinnati, OH) were
used for the assays. Cells were maintained for 48 hours at 37°C and spots were
detected using 1 pg/ml of biotinylated anti-mouse IFN-y antibody R4-6A2-biotin
(Mabtech). Plates were developed using an ABC kit and an AEC substrate kit for
peroxidase (Vector Laboratories, Inc., Burlingame, CA). Specific spots were counted
and analyzed using an ImmunoSpot Analyzer and software (CTL, Shaker Heights,
OH).

Analysis of the release of cytokines and chemokines in vitro and in
vivo following 24 hours after infection of TK-, TK-TRIF or TK-DAI (MOI of 1) was
performed by a Luminex assay. For cell culture supernatants, a Miliplex Mouse
Cytokine Panel (5-plex) Kit from Milipore (Billerica, MA) and a Mouse 2-plex assay
Kit from Panomics (Redwood City, CA) were used. For tumor lysates, a Cytokine
Mouse 20-plex Panel Kit from Invitrogen (Carlsbad, CA) was used for determining
concentrations in tumors harvested at day 4 after Vaccinia virus administration.
Tumors were homogenized using Lysing Matrix D tubes and a FastPrep-24
instrument. As shown in FIGURES 6A and C, the concentrations of pIKKf, IL-6, IP-
10, TNF-a and IFN- increased significantly upon infection with TK-TRIF as
compared to TK- in different tumor cell lines as compared to TK-. In addition,

BALB/c mice with established Renca subcutancous xenografts injected with a single

34



WO 2015/027163 PCT/US2014/052308

10

15

20

25

30

intravenous dose of 1x10® PFU per mouse of TK- or TK-TRIF were analyzed to
determine the in vivo intratumoral concentration of cytokines and chemokines. 4 days
after injection, tumors were harvested and concentration of a various cytokines and
chemokines was determined in tumor lysates by luminex or ELISA assays. FIGURE
6D shows that the intratumoral concentrations of INF-y, IL-12, IP-10, TNF-a, IL-1p,
GM-CSF and KC significantly increased in response to TK-TRIF as compared to TK-.

Activation of NF-xB and IRF3 pathways were analyzed after infection
with TK-TRIF and TK-DAI. ELISA assays were utilized to determine concentrations
of pIKKp and IRF3 in cytoplasmic and nuclear extracts, respectively, of 4T1 or MEF
cells infected with TK-, TK-TRIF or TK-DAI at an MOI of 1. As shown in FIGURE
6A and B, TK-TRIF increased the activation of the NF-kB and IRF3 signaling
pathways as observed by an increase in the concentration of pIKKf and IRF3
expression following 24 hours after infection. FIGURE 7A shows that the
phosphorylation of NF-«kB increased following infection of TK-TRIF and TK-DAL
HMGBI and Hsp-70, which function as regulators of NF-«xB, also exhibited altered
expression following infection by TK-TRIF (FIGURE 7B and 7C). The presence of
CD4+ helper T cells and CD8+ cytotoxic T-cells were analyzed following infection
with TK-, TK-TRIF. As shown in FIGURE 7D and E, the number of cytotoxic T-
cells and helper T-cells were higher in mice infected with TK-TRIF.

Analysis of the replication and antitumor activity of TK-TRIF was
performed in different mouse tumor cells. Various tumor cell lines were infected with
an MOI of 1 and virus production was measured by ELISpot plaque-assay, as
described above, at different time points. As shown in FIGURE 8A, viral production
of both TK-TIRF and TK-DAI was significantly less in the resistant Renca cells as
compared to TK-, but viral production of TK-TIRF and TK-DAI in MC38 and 4T1
cells were at similar levels to TK- (see also FIGURE 9A).

Further analysis of viral expression in tumors and tumor volumes were
performed in BALB/c or C57BL/6 mice implanted with Renca or MC38 xenografts,
respectively, and BALB/c mice implanted with 4T1 xenografts. BALB/c or C57BL/6
mice were injected with PBS or 1x10® PFU of TK-, TK-TRIF or TK-DAI through the
tail vein. For the 4T1 semi-orthotopic model, 2x10° 4T1 cells were implanted into the
fat pad of the mammary gland of BALB/C female mice. FIGURE 8C shows that viral
gene expression of TK-TRIF and TK-DAI was at a lower level in tumors of Renca or

MC38 xenografts implanted in BALB/c or C57BL/6 mice, respectively, compared to
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viral gene expression of TK-. FIGURE 9C shows that viral production and viral
expression of TK-DAI and TK-TRIF was reduced in tumors as compared to viral
expression of TK- or TK- virus expressing GM-CSF (“TK-GMCSF”’). BALB/c mice
with Renca tumors implanted subcutancously were treated with an IV dose of 1x10°
PFU once tumors reached 50-100 mm®. Viruses used were WR.TK- and WR.TK-
TRIF+ (or PBS control). The subsequent tumor response was followed by caliper
measurement, and a reduction in tumor growth was observed in mice infected with
TK-TRIF (FIGURE 5C and FIGURE 8D). A similar response was observed in mice
implanted with MC38 tumors (FIGURE 8D) and 4T1 tumors compared to tumors
infected with TK-GMCSF (FIGURE 9D).

Cytotoxicity of the modified virus as compared to TK- was determined
by performing cytotoxicity assays. Cytotoxity assays were performed by seeding
2x10* cells per well in 96-well plates in DMEM with 5% FBS. Cells were infected
with serial dilutions starting at a MOI of 75 and, at day 4 post-infection, plates were
washed with PBS and absorbance was quantified after staining cultures using a non-
radioactive cell proliferation assay kit (Promega, Madison, WI). 1Csy values (PFU per
cell required to produce 50% inhibition) were estimated from dose-response curves by
standard nonlinear regression, using an adapted Hill equation. FIGURE 8B shows
comparative cytotoxicity of TK-TRIF and TK-DAI in cells infected with the indicated
viruses at doses ranging from 75 to 0.00025 PFU/cell. The modification of the TK-
virus to express TRIF or DAI did not result in a change in cytotoxicity compared to
TK-. Determination of the number of apoptotic cells by AnnexinV staining, as
shown in FIGURE 9B, indicates that infection of Renca and 4T1 cells resulted in an
increase in apoptotic cells. Apoptosis/necrosis evaluation of cell lines, cells were
infected with an MOI of 1 with indicated viruses and stained using an Annexin V-
FITC Apoptosis Detection Kit (Abcam, Cambridge, MA) 48 hours after infection.
Analyses were performed using an Accuri C6 Flow Cytometer (BD Biosciences).

Experiments were performed to determine if TK-TRIF affects the
survival of mice with Renca or MC38 xenografts compared to mice treated with TK-
or PBS. Renca or MC38 xenografts were established in BALB/C or C57BL/6 mice,
respectively, and treated with a single intravenous dose of 1x10® PFU of indicated
viruses or PBS. As shown in FIGURE 9E and F, TK-TRIF significantly improved

survival compared to treatment with TK-.
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9. EXAMPLE 4. EFFECT OF COMBINED TRIF EXPRESSION AND
DEGLYCOSYLATION.

TK- virus modified to express TRIF, as discussed above in 6.3, was
deglycosylated (“TK-TRIF deglyc”) to analyze the effect such a combination would
have on the antitumor cellular responses and antitumor efficacy of the virus.

To determine the toxicity of the virus expressing TK-TRIF, the body
weight of BALB/C mice injected intravenously with PBS as a control or 1x10° PFU
per mouse of TK-, TK-TRIF, or TK-TRIF deglycosylated were analyzed. FIGURE
10A shows that TK-injected mice presented more than 10% reduction in body-weight
at day 6 after virus injection, whereas TK-TRIF and TK-TRIF deglyc-injected mice
presented a similar weight profile than those injected with PBS, indicating that TK-
TRIF and TK-TRIF deglyc are less toxic than TK-.

Viral gene expression of TK-TRIF-deglyc in in vivo, as compared to
TK- and TK-TRIF, was analyzed. Renca tumors were implanted in BALB/c mice,
and mice were injected with PBS or 1x10° pfu of TK-, TK-TRIF, or TK-TRIF deglyc
through the tail vein. Viral gene expression was determined by detecting viral
luciferase expression from within the tumors and measured at indicated time points.
FIGURE 10B shows that 24 hours after infection, there was less expression of TK-
TRIF and TK-TRIF deglyc in the tumors compared to TK-.

Experiments were performed to determine if TK-TRIF or TK-TRIF
deglyc affected the survival of mice with Renca or MC38 xenografts compared to
mice treated with TK- or PBS. Renca or MC38 xenografts were established in
BALB/C or C57BL/6 mice, respectively, and treated with a single intravenous dose of
1x10® PFU of indicated viruses or PBS. As shown in FIGURE 10C and D, TK-TRIF
and TK-TRIF deglyc significantly improved the survival of the mice compared to
treatment with TK-. Also, TK-TRIF deglyc improved survival of mice with Renca
tumors compared with TK-GMCSF treatment (FIGURE 10E).

The cellular immune responses to Vaccinia virus and tumor cells were
evaluated by IFN-y ELISpot assay, as described above in section 6.3. At day 7 post-
virus administration, spleens were harvested from mice injected intravenously with
1x10® PFU of indicated viruses or PBS (BALB/c¢ mice bearing Renca xenografts) and
evaluated for the amount of CTLs recognizing Vaccinia virus or Renca cells.
FIGURE 11A shows that deglycosylation and expression of TRIF resulted in a

significant increase in CTL production recognizing the Vaccinia virus in vivo, as
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compared to the modifications alone, e.g., TK-TRIF or TK-deglyc. In particular, the
deglycosylated virus expressing TRIF resulted in an increase in CTL production that
was greater than the increases in CTL production observed by the individual
modifications. Additionally, FIGURE 11B shows that deglycosylation and
expression of TRIF resulted in an increase in the amount of CTLs production
recognizing RENCA cells in vivo, as compared to the modifications alone, e.g., TK-
TRIF or TK-deglyc.

A neutralizing assay was performed to determine circulating anti-
Vaccinia antibody levels for mice injected with 1x10® PFU of TK-, TK-TRIF, or TK-
TRIF deglycosylated. Nabs titers were determined by the highest dilution of serum
that resulted in at least 50% inhibition of infection. FIGURE 11C shows that the
amount of neutralizing antibody is greater in wild-type C57BL/6 mice infected with
TK- compared to mice infected with TK-TRIF, TK-deglyc or TK-TRIF-deglyc. Mice
infected with TK-TRIF-deglyc showed the greatest reduction in the amount of
neutralizing antibody in the serum.

The effect of deglycosylated virus expressing TRIF on tumor growth
was analyzed in BALB/c mice bearing Renca or C57BL/6 mice bearing MC38 tumor
xenografts. For Renca or MC38 tumor xenografts, tumor cell lines were implanted
subcutancously at 5x10° cells per mouse into BALB/c or C57BL/6 mice, respectively.
When tumor reached ~50-100 mm?, mice were treated with a single intravenous dose
of indicated viruses (1x10® PFU/mouse) into the tail vein. Tumor growth was
monitored by caliper measurement and was defined by the equation V(mm®)= 1/6 X
W? X L, where W and L are the width and the length of the tumor, respectively. Data
was expressed as relative tumor size to the beginning of the therapy, which was set as
100%. Surprisingly, TK-TRIF deglycosylated virus resulted in a greater reduction in
the tumor size of RENCA and MC38 xenograft-bearing mice as compared to the
additive effect of the individual modifications combined or the TK- virus (FIGURES
11D and E). Further, TK-TRIF deglycosylated exhibited improved anti-tumor
activity compared to TK-GMCSF, as observed by a significant reduction in tumor
size in BALB/c mice harboring Renca xenografts (FIGURE 11F) or 4T1
subcutaneous tumors in BALB/c mice (FIGURE 9D). Accordingly, deglycosylated
TK- vaccinia virus expressing TRIF exhibits a significantly improved anti-tumor

response and results in a reduction in anti-virus antibody production.
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10. EXAMPLE 5. EFFECT OF COMBINED TRIF EXPRESSION, DE-
SIALYLATION AND C12L DELETION IN UPCI-1812

The above modifications, namely C12L deletion, de-sialylation, and
introduction of TRIF were incorporated together to create new VV strain UPCI-1812,
and the effect of this triply modified virus was evaluated for its therapeutic and
immunologic effects. As shown in FIGURE 12A, UPCI-1812 infection resulted in
significantly better survival than WR.TK- encoding GM-CSF. Relative to the de-
sialylated virus with the C12L deletion (“vvDD”), UPCI-1812 produced significantly
higher levels of interferon gamma (IFN-y) (FIGURE 12B) and interleukin-12 (IL-12)
(FIGURE 12C).

11. EXAMPLE 6. EFFECT OF PGE2 TARGETING

Oncolytic viral therapies have finally begun to demonstrate clinical
efficacy in randomized studies highlighting the real potential of the platform.
However, among the current generation of clinical vectors, those found to be most
successful have expressed an immune activating cytokine (GM-CSF), reinforcing a
plethora of pre-clinical data indicating that the immune response is a key mediator of
viral effectiveness. However, despite this observation, it is still unclear how or why
some patients respond well and others appear resistant to oncolytic virotherapy.

Initial experiments were performed to correlate the in vitro sensitivity
of a tumor cell line to viral infection and replication with in vivo responses of the
same cell line when used to form syngeneic tumors in immunocompetent mice. 14
different tumor mouse cell lines of different tumor types and mouse strains were
analyzed in vitro by infecting the cell lines with TK- (FIGURE 26A). Viral
production and viral gene expression was observed in the 14 different tumor mouse
cell lines. Viral production was analyzed by seeding 2x10° cells in 24-well plates,
followed by infection at an MOI of 1 (PFU/cell) with indicated Vaccinia viruses.
Four hours after infection, cultures were washed twice with PBS and incubated in
fresh virus-free medium. At indicated time points after infection, cultures were
harvested and frozen-thawed three times to obtain the cell extract (CE). Viral titers
were determined by plaque assay on BSC-1 cells.

Seven of the 14 lines were further tested in vivo using direct

intratumoral injection of TK- (FIGURE 13A and B and FIGURE 26A and B). Direct
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intratumoral injection was used to reduce variability that may occur due to differences
in viral delivery. As shown in FIGURE 13A and B, no direct correlation was
observed between either viral replication or viral-mediated cell killing and in vivo
anti-tumor effect, indicating factors other than direct oncolytic activity mediate anti-
tumor effects.

Oncolytic vaccinia expressing luciferase was used during these
experiments to allow analysis of viral gene expression over time in individual mice
(as a surrogate for viral replication and persistence), and allow comparisons to
subsequent response. Two distinct patterns appeared to emerge from the data. For
the more resistant tumor models, defined as viral therapy increasing overall survival
by less than 2 weeks, as seen with Renca, B16, PAN02 and 4T1, a direct correlation
could be drawn within each individual tumor model, such that the level of viral gene
expression at 24h corresponded to the subsequent response (FIGURE 13B). Therefore
even though in vitro replication does not correlate with in vivo activity when
comparing tumor models (presumably due to the influence of factors such as ECM
and non-tumor cells in the tumor), within any one individual tumor model there is a
correlation between early viral gene expression and subsequent response. Without
being bound to a particular theory, it appears that viral replication and direct oncolytic
activity is the key mediator of the limited response in the more resistant tumor
models. However, a different pattern was observed in tumors that responded well to
viral therapy, which includes tumor models AB12, LLC, MC38. In these models, the
best responders within each model demonstrated a rapid and robust clearance of the
virus after initial infection and early replication (FIGURE 13B and FIGURE 27). This
robust clearance suggests the induction of a strong immune response to enhance the
viral direct oncolytic effects in the better responding tumor models.

In order to examine this observation in more detail, two tumor models
in the same genetic background were initially chosen that displayed comparable
responses after viral treatment in vivo, but one of which (LLC) displayed indications
of a robust immune induction (early viral clearance) and limited viral-mediated cell
killing in vitro (FIGURE 13B and FIGURE 26A and B). The other (B16) was more
sensitive to viral killing in vitro, and any response in vivo appeared to correlate with
carly viral gene expression (FIGURE 13B and FIGURE 26A and B). A
comprehensive examination of activation of systemic immune markers after viral

infection were compared between mice with no tumors, mice with B16 tumors and
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mice with LLC tumors. These included early innate signaling activation markers such
as pS6, pSTATI1, pSTAT3, pSTATS in different cell populations (FIGURE 13C and
FIGURE 14A), T-cell proliferation markers such as pS6 and Ki67 (FIGURE 14A)
and activation markers such as CD44 and CD62L (FIGURES 14A), and neutralizing
antibody responses (FIGURES 14D). Minor differences were seen in the systemic
immune response to viral therapy between tumor bearing and non-tumor bearing
animals, with the one exception being the phosphorylation of S6 in some myeloid
cells early after infection (FIGURE 13C). pS6 levels were observed to be reduced in
tumor bearing animals, but the reduction in immune activation was most pronounced
in the B16 tumor-bearing mice (FIGURE 13C and FIGURE 14A). This was verified
in other tumor models, again confirming that pS6 levels were reduced in the more
resistant tumor models (including 4T1 and RENCA), indicating a defect in the
dendritic cell (DC) response which may mediate resistance in these mice (FIGURE
13C).

As there were little differences observed in the systemic immune
response, the effects of more localized immune suppression within the tumor were
examined. Different immune cells are associated with a suppressive phenotype,
including myeloid-derived suppressor cells (MDSC) and regulatory T-cells (T-regs)
(and M2 macs). The level of these different cell types in both the spleen and the
tumor of all the tumor models as compared to untreated animals were analyzed. For
evaluation of immune populations in tumors, tumors were harvested from mice
treated as indicated, and mechanically disaggregated and digested with triple enzyme
mixture (Collagenase type IV, DNase type IV, and Hyaluronidase type V (Sigma-
Aldrich, St Louis, MO)). Four-color cell surface immunostaining analyses were
performed using a Gallios Flow Cytometer (Beckman Coulter, Inc., Brea, CA).
Tumor-disaggregated cells were stained using PE-Cy7 anti-mouse CD3 (BD
Biosciences, San Jose, CA), FITC anti-mouse CD4, PerCP-Cy5.5 anti-mouse CDS,
and PE anti-mouse CD25 (eBioscience, San Diego, CA).

The level of MDSCs found in the tumor for different tumor models
correlated closely with the resistance or sensitivity of that model to viral therapy
(FIGURE 15A and B and FIGURE 16). For example, Renca, which exhibits
resistance to viral therapy, resulted in tumors with high MDSC levels. FIGURE 17A
shows the number of MDSC in untreated tumors as a function of increased survival

after intravenous treatment with 1e& PFU of WR.TK- for a number of various tumor
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model systems. Vaccinia strains display a very poor ability to increase survival in
mouse tumor models that display high levels of MDSC at baseline. Cells of each of
the tumor model cell lines listed (FIGURE 17A) were implanted in syngeneic
immunocompetent mice. Mice were then either sacrificed in order to determine the
average baseline level of MDSC in the resulting tumors for each model or the mice
were treated with WR.TK- (or PBS control)(1e8 PFU given intratumorally) and the
increase in life expectancy (for 50% survival) determined after treatment (in days).
The graph plots “relative MDSC numbers in tumors at baseline” vs “median increase
in survival after WR.TK- treatment (relative to untreated control)”. More MDSC at
baseline correlated with reduced effectiveness of therapy.

Further changes that occurred in the tumor after viral therapy were
examined and it was observed that for multiple tumor models, such as 4T1, RENCA
and MC38, the addition of vaccinia therapy resulted in a loss of T-reg, but that MDSC
levels were unaffected and continued to increase over time, as they did in the control
groups (FIGURE 15A and B and FIGURE 16A and B). Viral therapy reduced levels
of T-reg in treated tumors but had no impact on MDSC levels. In the Renca tumor
model (implanted subcutancously in BALB/c mice), relative numbers of T-regs or
MDSC in the tumor/ mg of tumor were determined at different times before or after
WR.TK- treatment (1e8 PFU given intratumorally) (FIGURES 17B and C). It
therefore appears that oncolytic vaccinia’s inability to target MDSC reduced its
therapeutic activity in some tumors where the levels of MDSC are high. In the tumors
with low background levels of MDSC (MC38), the viral therapy was also found to
enhance the level of CD8+ T-cells into the tumor, whereas the more resistant tumor
models (4T1) did not display any increase (FIGURE 15B).

Analysis of the immunogenic vaccinia strain GM-CSF, which
expresses the cytokine colony-stimulating factor (CSF) was performed. GM-CSF has
been previously shown to result in more dramatic clinical responses and has also been
associated with MDSC proliferation. FIGURES 18 and 19 show that although the
more immunogenic vaccinia strains (WR.TK-GMCSF and WR.B18R-IFNf+) did
further enhance some aspects of the immune response in the sensitive tumor models,
such as further reducing T-reg and increasing CD8+ T-cell levels, no such advantage
was seen in the otherwise resistant tumor models. Without being bound to a
particular theory, it appears that the main difference between sensitive and resistant

tumors relates to the inability of the virus to induce a robust immunotherapeutic effect
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in tumors with high levels of MDSC-mediated immune suppression within the tumor
microenvironment.

Recent reports have identified COX2-mediated production of the
prostaglandin PGE2 as a key determinant of MDSC infiltration and maintenance of
MDSC phenotype. Two approaches were used to target this pathway. One approach
was through the application of a COX2 inhibitor. The second approach was the
expression of the prostaglandin-degrading enzyme HPGD directly from the viral
vectors. A nucleic acid encoding hydroxyprostaglandin dehydrogenase 15 (HPGD), a
mouse enzyme that degrades PGE2, was introduced into WR.TK- by insertion into the
thymidine kinase locus by homologous recombination, and under control of the viral
p7.5 promoter (“TK-HPGD” or “WR.TK-HPGD”). As shown in FIGURE 20,
HPGD was specifically expressed from TK-HPGD and significantly reduced PGE2
levels in Renca cells infected with TK-HPGD. As shown in FIGURE 25, it appears
that infection with WR.TK- may alter COX2 expression in the tumors locally at the
site of infection, without producing significant levels of COX2 expression overall in
the tumor, or the virus may selectively replicate in regions with low COX2 levels.
Initial in vitro and in vivo experiments determined that even at toxic levels, the COX2
inhibitors were unable to reduce PGE2 levels to anywhere near the level achieved
with HPGD expression (FIGURE 20).

Oncolytic vaccinia expressing HPGD was then tested in several mouse
tumor models. It was seen that the number of MDSC cells in the tumor were rapidly
and significantly reduced in the spleen and tumors after treatment with WR-TK-
HPGD only (FIGURE 21 and FIGURE 23A-D). Inclusion of HPGD also was found
to reduce MDSC in tumor and spleen relative to unmodified WR.TK- virus. This was
specific to tumors, with no systemic toxicity seen (FIGURE 21A). Interestingly, TK-
HPGD also induced a more rapid and robust reduction in T-reg numbers in the tumor.
As shown in FIGURE 21B and C, and FIGURE 22, infection with WR-TK-HPGD
correlated with an enhanced therapeutic effect in several mouse tumor models in vivo
and resulted in lower tumor volumes. Of note, the tumor model that was previously
most resistant to viral therapy, RENCA, which displayed an “oncolytic only”
phenotype and high baseline levels of MDSC, surprisingly displayed the greatest
increase in therapeutic benefit after HPGD expression (FIGURE 21B).

The patterns of viral gene expression were also compared for WR.TK-

and WR.TK-HPGD in the RENCA tumor. It was seen that whereas for WR.TK- an
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“oncolytic only” phenotype was seen (higher gene expression at day 1 correlated with
greatest therapeutic benefit), WR.TK-HPGD+ displayed the “oncolytic and
immunotherapeutic” phenotype, with the best responders displaying a robust and
rapid clearance of the virus by day 5 (FIGURE 21D). Without being bound to a
particular theory, it appears that HPGD expression is capable of returning the
immunotherapeutic activity of the vector in these more resistant models, and so can
sensitize otherwise resistant tumors to oncolytic viral therapy. This was despite no
overall loss in oncolytic potential of the HPGD expression.

Analysis of the mechanisms mediating the therapeutic advantages seen
with WR.TK-HPGD+ were performed. At 3 days after treatment, by which time the
levels of MDSC and T-regs had already been dramatically reduced within the tumor
environment, it was noted that only modest changes occurred in the levels of
cytokines and chemokines in the tumor (FIGURE 24A). However, the level of
chemokines in the serum changed markedly (FIGURE 24B). In particular,
chemokines associated with attraction of activated T-cells, including CCLS5 were
upregulated, while CXCL12 (sdf-1, associated with an immunosuppressive phenotype
and poor prognosis) had been dramatically reduced (FIGURE 24A and B). This
change in the systemic chemokine effect may be responsible for mediating the
changes in the immune cell repertoire in the tumor. This was further examined using
a bilateral tumor assay, where one tumor was injected with WR.TK- and the tumor on
the opposite flank was injected with WR.TK-HPGD. It was seen that activated T-
cells trafficked significantly more to the HPGD expressing tumor (FIGURE 24D).
Furthermore, at later time points it was seen that WR. TK-HPGD expression resulted
in dramatically increased levels of tumor-targeting CTL in the spleen. These data
indicates that the expression of HPGD is acting to not only limit the suppressive
environment within the tumor, but is also enhancing attraction of T-cells leading to a
more robust anti-tumor adaptive immune response. Furthermore, incorporation of
HPGD into UPCI-1812 resulted in a virus which inhibited tumor growth significantly
more than UPCI-1812 (“combined”; FIGURE 28). As shown in FIGURE 28, the
combined virus resulted in a greater reduction in the tumor growth than the additive
effect of the UPCI-1812 virus and VV-HPGD virus. Viral-mediated targeting of
PGE2 was capable of overcoming localized immune suppression leading to profound
changes in the tumor microenvironment and resulting in sensitization of previously

resistant tumors to viral therapy.
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13. EXAMPLE 7. MODIFICATION THAT INCREASES ACTIVITY
AND SPREAD

FIGURE 29 shows the level of anti-vaccinia neutralizing antibody
present in the serum of mice vaccinated with (1e4 PFU) of either WR or WR with an
EEV-enhancing point mutation in the A34R viral gene (Lys151 to Glu). The A34R

mutant strain produces less anti-vaccinia neutralizing antibody compared to WR-.
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WHAT IS CLAIMED IS:
1. An oncolytic vaccinia virus comprising two or more of the following
modifications:
(1) a viral backbone mutation;
(1))  amodification of viral glycosylation;
(iii)  a modification that promotes T cell response;
(iv)  amodification that inhibits immunosuppression; and/or
(V) a modification that enhances virus spread and activity.
2. An oncolytic vaccinia virus comprising a modification of viral
glycosylation and one or more of the following modifications:
(1) a viral backbone mutation;
(i)  amodification that promotes T cell response;
(iii))  a modification that inhibits immunosuppression; and/or
(iv)  amodification that enhances virus spread and activity.

3. An oncolytic vaccinia virus which is treated with an agent that reduces
the amount of glycosylation prior to administration to a host or that otherwise has
reduced glycosylation relative to unmodified virus.

4. An oncolytic vaccinia virus which is treated with an agent that reduces
the amount of glycosylation prior to administration to a host or that otherwise has
reduced glycosylation relative to unmodified virus and comprises one or more of the
following modifications:

(1) a viral backbone mutation;

(1))  amodification that promotes T cell response;

(iii))  a modification that inhibits immunosuppression; and/or
(iv)  amodification that enhances virus spread and activity.

5. The oncolytic vaccinia virus of claim 1, 2 or 4, wherein the viral
backbone mutation is a deletion or functional deletion of interleukin 18-binding
protein.

6. The oncolytic vaccinia virus of claim 1, 2 or 4, wherein the viral
backbone mutation is a B8R deletion, a BI8R deletion, an A35R deletion, or a
combination thereof.

7. The oncolytic vaccinia virus of claim 1, 2, 4, 5 or 6, wherein the

modification that promotes T cell response is the incorporation of a nucleic acid
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encoding a Toll/IL-1R domain-containing adapter inducing interferon beta (TRIF)
protein or a functional domain thereof.

8. The oncolytic vaccinia virus of claim 1, 2, 4, 5 or 6, wherein the
modification that promotes T cell response is the incorporation of a nucleic acid
encoding granulocyte macrophage colony stimulating factor.

9. The oncolytic vaccinia virus of claim 1, 2, 4, 5, 6, 7 or 8, wherein the
modification that inhibits immunosuppression is the incorporation of a nucleic acid
encoding a prostaglandin E2 antagonist.

10.  The oncolytic vaccinia virus of claim 9, wherein the prostaglandin E2
antagonist is 15-PGDH.

11. The oncolytic vaccinia virus of claim 1, 2,4, 5, 6,7, 8, 9 or 10,
wherein the modification that enhances viral spread and activity is a modification that
increases the amount of the extracellular enveloped form of the virus produced.

12.  The oncolytic vaccinia virus of claim 11, wherein the modification is
one or more of the following mutations: A34R Lys151 to Glu; complete or partial
deletion of B5SR; mutation/deletion of A36R and/or mutation/delction of AS6R.

13.  An oncolytic vaccinia virus which is treated with an agent that reduces
the amount of glycosylation prior to administration to a host or that otherwise has
reduced glycosylation relative to unmodified virus, comprising, a nucleic acid
encoding TRIF or a functional domain thereof and/or a nucleic acid encoding a PGE2
antagonist.

14.  An oncolytic vaccinia virus comprising:

(1) a TK deletion;

(1))  an envelope with reduced glycosylation relative to an
unmodified virus; and/or

(iii)  anucleic acid encoding TRIF, or a functional domain thereof.

15.  An oncolytic vaccinia virus comprising:

(1) a TK deletion;

(1)  an envelope with reduced glycosylation relative to an
unmodified virus; and/or

(iii)  anucleic acid encoding 15-PGDH, or a functional domain
thereof.

16.  An oncolytic vaccinia virus comprising:

(1) a TK deletion;
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(1))  an envelope with reduced glycosylation relative to an

unmodified virus;

and/or

thereof.

17.

(iii))  anucleic acid encoding TRIF, or a functional domain thereof;

(iv)  anucleic acid encoding 15-PGDH, or a functional domain

An oncolytic vaccinia virus comprising:

(1) a TK deletion;

(1)  an envelope with reduced glycosylation relative to an

unmodified virus;

thereof; and/or

18.

(iii))  anucleic acid encoding TRIF, or a functional domain thereof;

(iv)  anucleic acid encoding 15-PGDH, or a functional domain

(v) a CI2L deletion.
An oncolytic vaccinia virus comprising:
(1) a TK deletion;

(1)  an envelope with reduced glycosylation relative to an

unmodified virus;

thereof;

19.

(iii)  anucleic acid encoding TRIF, or a functional domain thereof;

(iv)  anucleic acid encoding 15-PGDH, or a functional domain

(v) a CI12L deletion; and/or
(vi)  aBS5R deletion.

A method of reducing the growth of a cancer cell comprising

administering, to the cancer cell, an effective amount of an oncolytic vaccinia virus of

any of the preceding claims 1-18.

20.

A method of reducing the growth of a tumor comprising administering,

to the tumor, an effective amount of an oncolytic vaccinia virus of any of the

preceding claims 1-18.

21.

A method of treating a subject having a cancer comprising

administering, to the subject, an effective amount of an oncolytic vaccinia virus of

any of the preceding claims 1-18.
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22. A method of producing an anti-cancer effect in a subject comprising
administering, to the subject, an effective amount of an oncolytic vaccinia virus of
any of the preceding claims 1-18.
23, The method of claim 19, 20, 21 or 22, further comprising
5  administering one or more agents selected from the group consisting of an anti-cancer
agent, an immunomodulatory agent, and & combination thercof.
24, Ap oncolytic vaccinia virus of any of the preceding claims 1-18, for

use in the treatment of cancer in a subject.
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