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Vaccinia virus, once widely used for smallpox vaccine, has been engineered and used as an oncolytic virus
for cancer virotherapy. Epidermal growth factor (EGF)-like vaccinia growth factor (VGF) is a secreted protein
produced early in viral infection and contributes to viral spread and replication via EGFR-dependent MAPK/
ERK1/2 activation. O1 protein is another activator of the pathway located downstream of the EGFR, complementing the function of VGF. Thus, the deletion of such vaccinia virus genes would inhibit pathogenic viral
replication in normal cells, while retaining its therapeutic replication in tumor cells that have the constitutive
ERK1/2 activation.
Our study is the first to develop a combined VGF-deleted (VGF−) and O1-deleted (O1−) vaccinia virus (VV) and
investigate its properties. SCID mice were intraperitoneally injected with 106 pfu of each recombinant virus. All
of the mice treated with VGF+/O1+VV, VGF+/O1−VV or VGF−/O1+VV died due to the virus-associated toxicity such as pock lesions and weight loss. In contrast, VGF−/O1−VV has lived more than one year without any
toxicity. The oncolytic activity was evaluated by a single intraperitoneal injection of each virus (106 pfu) in SCID
mice bearing peritoneally disseminated xenografts of human pancreatic cancer. VGF−/O1−VV significantly
prolonged survival compared with VGF−/O1+VV (P=0.031), VGF+/O1−VV (P=0.0018), VGF+/O1+VV (P=0.0023)
and mock therapy (P=0.0047). Importantly, the viral replication of VGF−/O1−VV was detected in the tumor tissue, which showed upregulation of the pERK1/2 levels, but not in normal tissues. Furthermore, there were no
significant differences in the tumor-specific viral replication and tumor regression among the mice administered
105 pfu and those administered 10- to 100-fold higher input multiplicities of VGF−/O1−VV.
On the other hand, the MAPK-dependent tumor-specific replication of VGF−/O1−VV was also confirmed in ex
vivo infection of live tissues from cancer patients. Anti-vaccinia virus immunity was also examined by plaque
reduction neutralization assay using ascites and serum samples from cancer patients vaccinated previously.
Both 15 samples were tested, 7 of ascites and 5 of sera were positive for anti-VV antibody. 4 of ascites and 2 of
sera had a low level of ND50 titers (1:4-1:28), 2 of ascites and 2 of sera had middle level (1:28-1:56), and only 1 of
respective samples had high level (>1:56). Other samples (8/15 of ascites, 10/15 of sera) were negative for antiVV antibody. These results demonstrate that most vaccinated patients have no high level of neutralizing antibodies.
In conclusion, our study demonstrated that the MAPK-dependent oncolytic vaccinia virus VGF−/O1−VV enhances safety profile, tumor specificity and the therapeutic index, and suggested the therapeutic potential of
systemically delivered VGF−/O1−VV without inactivation by preexisting anti-VV antibodies.
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