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To explore new avenues for mucosal vaccine development and immune-regulation,
investigators have begun to employ novel adjuvants and targeting mucosal tissues
and immune cells for vaccine delivery and elucidate the mechanisms of immune-
regulation in the mucosal tissues. Despite recent advanced sciences, it remains to
develop effective mucosal vaccines for human use. To this end, our main task is to
define the effectiveness and safety of novel mucosal vaccines including adjuvant-
and delivery system-development, and bring them from bench-top to practical

applications.

1. Cationic nanogel-based nasal therapeutic HPV
vaccine prevents the development of cervical
cancer

Rika Nakahashi-Ouchida '?345, Hiromi Mori'*, Yo-
shikazu Yuki'*¢ Tomonori Machita ' 4, Yuko Ka-
takai 7, Shingo Umemoto %, Yohei Uchida !*, To-
moyuki Yamanoue '4, Shin-Ichi Sawada'2?°, Kazuya
Ishige '°, Takashi Miyazaki', Kohtaro Fujihashi'?34
S1B 1 Kazunari Akiyoshi®, Yasuhiro Yasutomi !5,
Kei Kawana ', Hiroshi Kiyono 1235171819

'Department of Human Mucosal Vaccinology, Chi-
ba University Hospital, Chuo-ku, Chiba, 260-8670,
Japan. *Synergy Institute for Futuristic Mucosal
Vaccine Research and Development (¢SIMVa), Chi-
ba University, Chuo-ku, Chiba, 260-8670, Japan.
3Research Institute of Disaster Medicine, Chiba Uni-
versity, Chuo-ku, Chiba, 260-8670, Japan. ‘Division
of Mucosal Vaccines, International Research and
Development Center for Mucosal Vaccines, Institute
of Medical Science, University of Tokyo, Minato-ku,
Tokyo, 108-8639, Japan. *Division of Mucosal Im-
munology, IMSUT Distinguished Professor Unit, In-

stitute of Medical Science, University of Tokyo, Mi-
nato-ku, Tokyo, 108-8639, Japan. ‘HanaVax Inc.,
Toyonaka, Osaka, 561-0825, Japan. "Department of
Medical Science Project Planning and Support,
Corporation for Production and Research of Labo-
ratory Primates, Tsukuba, Ibaraki, 305-0843, Ja-
pan. ®Faculty of Medicine, Department of Otorhi-
nolaryngology, Head and Neck Surgery, Oita
University, Yufu, Oita, 879-5593, Japan. °Depart-
ment of Polymer Chemistry, Faculty of Engineering,
Kyoto University, Nishikyo-ku, Kyoto, 615-8510,
Japan. ’Biochemicals Division, YAMASA Corpora-
tion, Choshi, Chiba, 288-0037, Japan. "Toko Yaku-
hin Kogyo Co. Ltd., Nakani-ikawa-gun, Toyama,
930-0211, Japan. ’Division of Clinical Vaccinology,
International Research and Development Center for
Mucosal Vaccines, Institute of Medical Science, Uni-
versity of Tokyo, Minato-ku, Tokyo, 108-8639, Ja-
pan. “Division of Mucosal Vaccines, International
Vaccine Design Center, Institute of Medical Science,
University of Tokyo, Minato-ku, Tokyo, 108-8639,
Japan. “Department of Pediatric Dentistry, Univer-
sity of Alabama at Birmingham, Birmingham, AL



190

35233, USA. SLaboratory of Inmunoregulation and
Vaccine Research, Tsukuba Primate Research
Center, National Institutes of Biomedical Innova-
tion, Health and Nutrition, Tsukuba, Ibaraki, 305-
0843, Japan. *Department of Obstetrics and Gyne-
cology, Nihon University School of Medicine,
Itabashi-ku, Tokyo, 173-8610, Japan. "Institute for
Advanced Academic Research, Chiba University,
Chuo-ku, Chiba, 260-8670, Japan. *Future Medi-
cine Education and Research Organization, Chiba
University, Chuo-ku, Chiba, 260-8670, Japan. YCU-
UCSD Center for Mucosal Immunology, Allergy
and Vaccines (cMAV), UC San Diego School of Med-
icine, La Jolla, San Diego, CA 92093, USA.

Therapeutic vaccines against cervical cancer
caused by human papillomavirus (HPV) are still an
unmet medical need, despite a prophylactic HPV vac-
cine being available, and the now-licensed systemic
vaccines may have a limited effect on the reproduc-
tive tract. To specifically inhibit cervical cancer devel-
opment, the concept of mucosal immunity based on
the reproductive-respiratory axis was adopted to de-
velop a nasal HPV therapeutic vaccine. We used a cat-
ionic nanogel for the nasal vaccine delivery system
and targeted HPV16 E7, an oncoprotein in HPV-driv-
en cervical cancer to demonstrate the feasibility of a
nasal therapeutic vaccine. The vaccine was combined
with cyclic di-adenosine monophosphate as a cell-me-
diated immunity-inducing adjuvant. Intranasal im-
munization with the nanogel vaccine induced E7-spe-
cific CD4" and CD8" T cells in mouse cervicovaginal
tissue. An antitumor effect due to the infiltration of
vaccine-induced E7-specific T cells was also observed
in an orthotopic tumor model in mice. Furthermore,
intranasal immunization of nonhuman primates with
the nanogel vaccine using a spray device that is also
applicable to humans induced E7-specific T cells in
the reproductive tissues. Our findings demonstrated
that this nasal therapeutic vaccine effectively con-
trolled cervical cancer and will contribute to preclini-
cal evidence for clinical testing in the near future.

2. Novel mucosal vaccine development for the in-
duction of mucosal immunity in the aero-, di-
gestive- and reproductive mucosa.
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It has been shown that oral antigen (Ag) plus ad-
juvant delivery for induction of immunity, as op-
posed to nasal delivery, is an effective non-invasive
route. Further, it is well-tolerated and avoids the pos-
sibility of Ag and /or adjuvant uptake into the olfacto-
ry tissues with subsequent entry into the central nerv-
ous system (CNS). However, oral vaccines require
relatively large amounts of Ag and adjuvant and are
exposed to the proteolytic enzymes and lower pH of
the stomach. Considerably, their efficacy limits the
mainly gastrointestinal mucosa. In this regard, it is
essential to develop a new generation of oral adju-
vants which elicit mucosal immunity in the entire
mucosal surfaces including respiratory and repro-
ductive tracts. In order to accomplish this goal, we
planned to discover novel molecules which could use
potential oral adjuvant for inducing global protective
mucosal immunity by using a single-cell mRNA se-
quencing approach. We have successfully established
several DNA libraries from nasopharyngeal-associat-
ed lymphoid tissues and Peyer’s patches of naive
mice as well as mice given either oral or nasal vaccine.
The sequence data have been analyzed using SHI-
ROKANE supercomputer system and we have identi-
fied several unique molecules which preferentially
upregulated in the NALT of mice given nasal vaccine
when compared with those in Peyer’s patches of mice
given an oral vaccine. Our results showed that one of
these molecules, X is indeed up-regulated in NALT
and the reproductive tract. We showed that mice defi-
cient with this molecule X resulted in reduced levels
of antigen-specific IgA antibody responses in the vag-
inal washes despite intact levels of serum IgG titers.
Further, mononuclear cells isolated from the uterus of
molecule X-deficient mice contained reduced num-
bers of IgA antibody-producing cells when compared
with those of wild-type and heterogygous littermates.
When we have assessed chemokine receptor expres-
sion which involved for the regulation of antigen-spe-
cific IgA responses, none of these receptors are essen-
tial for the regulation of mucosal IgA antibody
responses.
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