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Recombinant Anti-PD-1-Expressing oncolytic influenza virus combined with
radiotherapy synergistically inhibits hepatocellular carcinoma growth through

systemic T-Cell activation
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[Abstract] Objective To investigate the synergistic antitumor effect and immunological mechanisms
of a recombinant oncolytic influenza virus carrying programmed cell death 1 (PD-1) antibody (OVFlu-ahPD1)
combined with radiotherapy (RT) in hepatocellular carcinoma (HCC). Methods A recombinant oncolytic
virus was successfully rescued in the early stage using reverse genetics (RG) technology, and designated
OVFlu-ahPD1, which was comprehensively characterized via chicken red blood cell hemagglutination assay
and detection of replication kinetics in human hepatocellular carcinoma cells Huh7 and murine hepatocellular
carcinoma cells Hepal-6. In vitro, CCK-8 assays were used to assess the effects of OVFlu-athPD1 at different
multiplicities of infection (MOI=0. 1, 1, and 3), alone or combined with radiotherapy (RT; 8 Gy), on the
viability of hepatoma cells (Huh7 and Hepal-6) and normal hepatocytes (LX2 and AMLI12), and a colony
formation assay was performed to evaluate the inhibitory effect of OVFlu- ahPD1 plus RT on Huh7 cell
proliferation. For in vivo experiments, female C57BL/6 mice (6 to 8 weeks old, weighing 17 1019 g; n=45) were
subjected to establish a subcutaneous tumor-bearing model of Hepal-6 cells, and then the model mice were
randomized into 5 groups (n=9): PBS, wild-type PR8, OVFlu-ahPD1, RT (24 Gy in 3 fractions), and OVFlu-
ohPDI1+RT to evaluate the antitumor efficacy of the combination therapy. Tumor volumes were measured
every 2 days during treatment. After the final treatment, the spleens were havested for CD4*CD69* and CD8*
CD69 * T-cell frequencies by flow cytometry. Major organs (heart, liver, lung, kidneys, and brain) were
harvested for HE staining to assess histopathological changes, and the activities of serum AST and ALT were
measured to evaluate the safety of oncolytic virus therapy. Results The recombinant oncolytic influenza
virus OVFlu-ahPD1 showed a hemagglutination titer of 27 to 2%, and replicated efficiently in Huh7 and Hepal-
6 cells, with viral titers reaching 7 to 8 1gTCIDso/mL at 72 h post-infection. CCK-8 assay demonstrated that
OVFlu- ahPD1 inhibited HCC cell viability in a dose-dependent manner (MOI=3 significantly decreased
viability in Huh7 and Hepal-6 cells, P<0.01), and the inhibitory effect was further enhanced after
combination with RT (P<0. 01). Whereas no significant toxicity to normal hepatocytes was observed. Colony
formation assay indicated that combined treatment significantly reduced colony numbers of Huh7 cells
(P<0.01). In the mouse tumor-bearing model, the combination group exhibited significantly smaller tumor
volumes than any monotherapy group (P<0. 01), accompanied by significantly increased proportions of splenic
CD4*CD69* and CD8*CD69* T cells in spleen (P<0.01). HE staining revealed no evident pathological
changes in major organs, and serum ALT and AST levels did not differ significantly among groups (P>0. 05).
Conclusion The combination of oncolytic influenza virus and radiotherapy significantly enhances the killing
effect against HCC cells in vitro and markedly improves tumor suppression in HCC-bearing mice by activating
antitumor immune responses, demonstrating a favorable synergistic antitumor effect and providing a theoretical
basis for the clinical application of oncolytic virus-based combination therapy.
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A': Schematic diagram of developing a recombinant oncolytic influenza virus carrying programmed cell death 1(OVFlu-ahPD1) ;

B: Hemagglutination titer of OVFlu-ahPD1; C and D: Line graph of viral replication in different hepatoma cell lines. TCIDso:

50% tissue culture infective dose

1 EARERBFEOVFIu-ahPD112 R EEFEMEhHE sz hEF

Figure 1 Construction of recombinant oncolytic influenza virus, OVFlu-ahPD1, and its replication Kinetics in hepatocellular

carcinoma cells
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A and B: Effects of OVFlu-ahPD1 combined with RT on viability of Huh7 and Hepal-6 cells by CCK-8 assay; C and D: Effect of
OVFlu-ahPD1 on the viability of AML12 and LX2 cells by CCK-8 assay. MOI: multiplicity of infection
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Figure 2 Selective cytotoxic effect of OVFlu-ahPD1 combined with radiotherapy (RT) on hepatocellular carcinoma cells



http ://aammt. tmmu. edu. cn B ZE 242 1 R r2E 4Rk, 2026, 48(6) 739

PBS

PR8

P<0.000 1

P=0.000 9
P=0.004 4

OVFlu-ahPD1

OVFlu-ahPD+RT

A': Plate colony formation assay of Huh7 cells; B: Bar graph of colony numbers. PR8: A wild-type influenza virus strain A/Puerto Rico/8/34
3 OVFlu-chPD15 RT Bk f %t Huh7 48 B8 58 A 40 i
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Figure 5 Changes in T cell activation in tumor-bearing mice after combined treatment of OVFlu-ahPD1 and radiotherapy (RT)
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