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IT Summary of Research and Development

Results and their significance

We developed safe and effective vaccine modalities using next—generation adeno—associated virus (AAV)
and exosomes. To confirm the safety and immunogenicity of vaccines using AAV alone, exosomes alone,
or exosome—AAV complexes (vexosomes), we established a preparedness platform to ensure rapid
deployment of effective vaccines during future infectious disease outbreaks, in collaboration with
the national “Flagship Center” . mRNA vaccines, which are the mainstream vaccines for COVID-19, are
excellent vaccines that require a short development and production period and can produce high
antibody titers. On the other hand, relying solely on mRNA vaccines is considered risky due to the
need for low—temperature storage facilities, the existence of people who should not receive the
vaccine due to PEG allergy, and the possibility of the emergence of infectious diseases for which
mRNA vaccines are not effective in the future. Additionally, adenoviruses have been used as next-
generation viral vector vaccines due to their stability and ability to produce long—term immunity.
However, several issues have been identified, including the inability to administer them multiple
times and immune effects that are outweighed by strong side effects. Thus, we developed a new vaccine
modality using adeno—associated virus (AAV) vectors, which have a long track record of use in gene
therapy, as well as vexosomes derived from exosomes. These biological particles have attracted

attention in recent years.

This study aims to use the applicants’ laboratory s proprietary technology to efficiently produce
highly purified vectors and verify the improvement of vexosome efficacy and the reduction of side
effects. Vexosomes are produced by combining AAV vectors with exosomes and can act as adjuvants that
maintain antigen presentation to trigger an immune response. They are also expected to prevent the

recognition of AAV vectors by neutralizing antibodies
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The following is a summary of the progress of each R&D project

1) AAV Vexosome Vaccine Development
a. Examination of standards for AAV encapsulation

* Evaluation of promoters and polyA sequences
To evaluate the optimal combination of expression regulatory sequences for high antigen expression,
AAV vectors were created using four promoters and two polyAs, as well as two enhancers and five
introns. The AAV vectors were evaluated in vitro using cultured human cells and in vivo using mice,

and the standards were determined

+ Evaluation of the GOI
To improve the stability of the antigen expression, its thermal stability, and the efficacy of the
protection against infection, we synthesized and evaluated the expression of a hexa—proline mutant
(HexaPro) in which six positions of the SARS-CoV-2 spike protein were replaced with proline.
Additionally, to evaluate the effect of the transmembrane domain (TMD) sequence in the immune response,
we generated an AAV vector carrying the full-length SARS-CoV-2 HexaPro spike protein sequence,
including and excluding the TMD and administered it to mice to compare the production of specific IgG

antibodies.

b. Establishment of Vexosome preparation and efficient inclusion process
Both pre—and post-loading methods were tried to establish an efficient preparation and inclusion

process, it was determined that the post—loading method was the most stable and efficient

c. Evaluation of the immunogenicity

* Neutralizing antibody test
Several serotypes of AAV vectors carrying the optimized expression cassette were produced and
administered to mice to standardize the serotypes. Vexosomes were produced with the identified
conditions for high antigen expression and administered to mice to evaluate the production of specific

IgG antibodies.

« Challenge
AAV vectors and vexosomes carrying the optimized expression cassette were produced and inoculated
into human ACE2 transgenic (Tg) mice under conditions that produced comparable levels of humoral
response to that of the existing mRNA vaccine (mRNA-1273). Eight weeks after administration, the mice
were exposed to SARS-CoV-2 to evaluate the protective effects against infection.
Additionally, the vectors were similarly administered to cynomolgus macaques. Eight weeks after

inoculation, the macaques were exposed to SARS—-CoV-2, and the protective effects were also evaluated.

2) Development of basic technologies for large-scale production
a. Development of methods for large-scale production
We investigated three methods for encapsulating AAV vectors in exosomes: cold mixing, ultrasonic, and

electroporation. Furthermore, we observed the high gene transfer efficiency of exosomes in cultured
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cells despite the presence of neutralizing antibodies against AAV vectors

b. Functional analysis
Vesicles with various exosome—to—AAV mixing ratios were produced and their infection efficiency was

evaluated using cultured cells

3) Construction and operation of a small-scale GMP facility
a. Cell selection for GMP production
License negotiations were completed with cooperating companies, and the performance of the produced

cells was confirmed

b. Non—GMP production at the 25-liter scale
* First and second trials
The first and second 25b-liter scale non—-GMP production runs were conducted using shaking—type culture

equipment. The effectiveness of the depth filter made by a partner company was verified

* Third and fourth trials
The third and fourth 25-liter scale non—GMP production runs were conducted using a shaking incubator.

The effectiveness of the depth filter manufactured by the partner company was verified.

c. Small-Scale GMP Manufacturing

+ SOP development and manufacturing test
Meetings were held with GMP consultants regarding sanitation. Workshops and facilities of various
cooperating companies were visited to gather information. Seminars were held to promote SOP
development in consultation with GMP consultants, as well as to deepen the understanding of related
areas.

» Manufacture of formulations for GLP testing
Monthly meetings were held with cooperating companies regarding GMP-grade test manufacturing. Test
manufacturing of vexosomes was carried out, quality control items were selected, and an evaluation

system was established

* Facility development (The Institute of Medical Science)
Vaccine processes were examined, and the facility was expanded and developed in collaboration with
the “Programs on Regenerative Medicine and Cell and Gene Therapies, Practical Application Support

Project E-1” . Preparations are currently underway for future test manufacturing

4) Pre—clinical studies, regulatory support (PMDA)
a. Vaccine consultation, Cartagena Act support
* Class 2

Ministerial confirmation filed for experiments using human ACEZ2 transgenic mice

*Class 1

Preparations were made for the preliminary interview.
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b. Non-clinical safety study.
« PMDA strategy consultation.

Preparations were made for the preliminary interview.

+ Safety studies (GLP)

Preparations were made for the preliminary interview.

c. Non—clinical PoC study
« PMDA strategy consultation

Preparations were made for the preliminary interview.

* Non—clinical PoC study (GLP)

Preparations were made for the preliminary interview.

d. Quality consultation
« PMDA strategy consultation

Consultation was conducted on the standards and source of the GOI.

* Setting of standards
With advice from the PMDA, the standards for AAV vectors were determined



