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B Background and Aim

Human papillomavirus (HPV) is a causative virus for cervical cancer and HPV oncoprotein E7 play a critical role in the
development of HPV-associated cancers through reacting with the tumor suppressor gene product pRb. Currently,
commercially available prophylactic HPV vaccines are clinically used for the preventing HPV infections. However, these
prophylactic HPV vaccines do not have therapeutic effects against pre-existing HPV infections and HPV-associated cancers.
Therefore, therapeutic vaccine that can directly target and kill the infected cells is urgently and clinically required. Based on
the above background, our proposal aims to the development of an HPV therapeutic nasal vaccine with inactive E7 mutant
antigen. To construct the inactive E7 proteins for vaccination, vaccine antigen is designed to inhibit their oncogenic functions
of pRb binding site in E7 protein. We will adopt a cationic cholesterol pullulan (cCHP) nanogel which was originally
developed by our laboratory as a nasal vaccine antigen delivery vehicle to combine with E7 mutant protein and a mucosal
adjuvant to induce cellular immunity. Many of HPV therapeutic vaccines under development are injection-type vaccines.
Although the injection-type of vaccine efficiently elicit systemic immunity, it is inefficient for the induction of immune
responses at the mucosal surfaces including those of reproductive tissues. On the other hand, mucosal vaccines including
c¢CHP nanogel system are specialized for effectively inducing both systemic and mucosal immunity. Especially nasal vaccines
can induce antigen-specific immune responses at mucosal surfaces of reproductive tissues via the nasal-reproductive homing
system of immune cells. Thus, our cCHP nanogel-based HPV therapeutic vaccine could be an effective vaccine candidate for
cervical cancer. On the other hand, we performed the selection of effective mucosal adjuvant to be combined with the cCHP
nanogel HPV nasal therapeutic vaccine by measuring type I interferon produced by adjuvant stimulated human peripheral

blood mononuclear cells for a clinical application of the vaccine.

B Achievement

We incorporated a recombinant E7 mutant protein into cCHP nanogel together with a mucosal adjuvant and administered
nasally to mice. After the vaccination, several tissues were isolated for the preparation of lymphocytes and IFNy-producing
cells or granzyme-producing cells were analyzed by ELISPOT assay. The results showed that the E7-specific CTLs and Thl
were induced both in systemic compartment and mucosal tissue such a cervicovaginal tissue of the cCHP nanogel HPV nasal
therapeutic vaccinated mice, compared to the unimmunized mice. In the next step, we established an in vivo imaging system
to visualize and monitor the tumor in the transplantation mouse model. E7-expressed TC-1 cell line which kindly gifted by
Prof. T.C. Wu from Johns Hopkins University was transduced a luciferase gene (TC-1-Luc). The TC-1-Luc was transplanted
in the mouse cervix, then the mice were nasally vaccinated with the cCHP nanogel nasal therapeutic vaccine. There were
some individual differences, but some mice showed clear tumor regression and others showed a tendency to suppress tumor
enlargement when compared to the unimmunized group. We also isolated lymphocytes from tumor and analyzed antigen-
specific CTL or regulatory T cells by Flow Cytometry to determine the cause of the differences in anti-tumor effects.
Furthermore, we performed a selection of effective mucosal adjuvant to be combined with the cCHP nanogel HPV nasal
therapeutic vaccine by measuring type I interferon induced by stimulating human peripheral blood mononuclear cells for a

clinical application of the vaccine.

B Significance and Future direction
We demonstrated that the cCHP nanogel HPV nasal therapeutic vaccine induces antigen-specific cellular immune responses
following to provide anti-tumor effect in the cervicovaginal tissue indicating its potential as a therapeutic vaccine. To
understand our vaccine efficacy, we will elucidate the molecular mechanisms. Regarding safety concern of the vaccine, a
pneumococcal antigen administrated with the cCHP nanogel in rhesus monkeys did not migrate olfactory bulbs and brain,
demonstrating that the high safety of the cCHP nanogel delivery system.
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For future clinical application, we continuously proceed the development of the cCHP nanogel HPV nasal therapeutic vaccine,

including optimization of the vaccine dose and timing of administration to improve its efficacy, as well as the possibility of
combination therapy with immune checkpoint inhibitors.
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