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Oncolytic virus (OV) is promising therapeutic agents for cancer and are currently under clinical
investigation. The virotherapy is novel strategy that viruses infect and replicate within tumor
cells, and directly lyse and kill them. Following this, OV can function as a ‘kick-start’ for
anti—tumor immunity. Because of these different modes of action, cross—resistance, which occurs
after standard chemotherapy or radiotherapy, is much less likely to develop with virotherapy.

We focus on highly attenuated vaccinia virus (VV) which was previously used for small pox vaccine
without serious side effects in human. However, the vaccinia virus still has property of partial
replication in normal cells. Two viral proteins VGF and 01 contribute to viral replication and
spread by activation of EGFR-dependent MAPK/ERK pathway. VGF— and Ol-deleted vaccinia virus (MDRVV)
inhibited pathogenic viral replication in normal cells, while retaining its therapeutic replication
in tumor cells that have the constitutive ERK1/2 activation in the MAPK pathway.

However, the clinical benefits of oncolytic virotherapy are limited due to tumor heterogeneity
and the complexity of tumor microenvironment. To address questions, we have developed next-—
generation oncolytic vaccinia virus for cancer virotherapy.

Fusogenic vaccinia virus (FUVAC) was discovered during plaque purification of the MDRVV. FUVAC
has a nonsense mutation in the viral gene K2L, whereas other viral genomes are maintained in the
MDRVV. Using a bilaterally tumor—bearing syngeneic mouse model, unilateral administration of FUVAC
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more efficiently enhanced CD8+ T cell infiltration and inhibited tumor growth in not only treated
tumors but also untreated tumors than MDRVV. Interestingly, FUVAC reduced tumor—associated immune
suppressive cells such as regulatory T cells, myeloid—derived suppressor cells and tumor—associated
macrophages in the injected tumor. Taken together, fusogenic vaccinia virus exerts more potent
antitumor immune responses by modulating the tumor microenvironment than non—fusogenic vaccinia
virus.

Furthermore, we have engineered FUVAC armed with two immunostimulatory cytokines, interleukin
12 (IL12) and C-C motif chemokine ligand 21 (CCL21). The armed FUVAC-IL12/CCL21 was compared with
non—armed FUVAC or armed MDRVV-IL12/CCL21, to identify whether the key therapeutic factor was
cell-cell fusion and/or cytokine activity. In bilateral tumor mice, unilateral injection of MDRVV-
1L12/CCL21 induced 29% of complete response (CR) in both tumors, whereas non—armed FUVAC couldn’ t
eliminate the non—injected tumors. Notably, FUVAC-IL12/CCL21 more prolonged the survival of mice
than MDRVV-IL12/CCL21 and reached 72% of CR. These results demonstrated that the therapeutic
efficacy of FUVAC-IL12/CCL21 was synergistically enhanced by both cell-cell fusion and cytokine
activity. The antitumor effects were analyzed by single cell RNA-seq for whole tumor immune
microenvironment. FUVAC-IL12/CCL21 changed the tumor immune microenvironment systemically, by
increasing tumor—infiltrating lymphocytes and decreasing tumor cells in the distant untreated
tumors.

Efficient viral replication and spread plays a crucial role in the therapeutic outcome by
oncolytic virotherapy. However, little is known about the influence of host factors on the viral
replication and spread. Long non—coding RNA urothelial carcinoma—associated 1 (UCAl) and miRNAs
has been identified and evaluated using primary cancer cell cultures and live tissues from cancer
patients as potential biomarker of therapeutic response to oncolytic vaccinia virus. On the other
hand, oncolytic virus injection is basically limited to the intratumoral route since anti-virus
immunity potently inhibits viral delivery to remote organs. Therefore, we have established
manufacturing process of oncolytic vaccinia virus which has the potential of systemic delivery of
virus via circulation while evading host immune mechanisms.

Taken together, the patent portfolio for next—generation oncolytic vaccinia virus provides
intelligent Oncolytic Vaccinia system (iOVs). The iOVs would enable next—generation oncolytic
vaccinia virus which leads to complete eradication of malignhant tumors by combining these

technologies to overcome tumor heterogeneity and the complexity of tumor microenvironment.



