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A. Control of influenza with drugs that target host factors and with broadly reacting antibodies

1. Approaches using computational and experimental sciences

i) in silico analysis: Established an integrated analysis pipeline of docking simulation over a host protein network
enabling comprehensive searches for compounds targeted to host proteins.

ii) evaluation of candidate compounds: Feasibility of host factors as anti-influenza targets has been verified using

their inhibitors. Although the inhibitors of host factors A and B did not suppress the proliferation of viruses in infected-
mouse lungs, they showed anti-influenza effects in mice. Further evaluation of other compounds is ongoing.

iii) validation of target host factors using knockout animals or cells: To investigate the validity of host genes as

target factors, we have been generating knock-out mice for approximately 50 genes by using the CRISPR/Cas9 system.
We have already performed some infection studies with some of the KO mice. In addition, we have started to generate
KO mice for 104 genes.

iv) host factor identification using host response analysis: Histone acetyltransferase and other host factors were

found to be target factors by transcriptome analysis of infected cells. Some of their inhibitors show antivirus effect in
infected mice.

2. Therapeutic antibodies and related subjects

i) Development of monoclonal antibodies possessing reactivity to a wide range of strains and ii) Establishment of

antibody-producing cell lines: Eight monoclonal antibodies (mAbs), which recognized at least 3 HA subtypes, were

isolated from volunteers immunized with influenza H5N1 vaccines. Among these 8 mAbs, clone S9-1-10/5-1 protected
mice from lethal infection with influenza HIN1pdm09, H3N2, H5N1, and H7N9 viruses. This antibody recognized the
stem region of HA and inhibited virus particle release from infected cells.

3. Establishment and application of new experimental system for animal evaluation using live imaging analyses:

We employed IVIS and microCT to analyze the KO mice that were generated by using the CRISPR/Cas9 system. We
also developed an in vivo imaging system with 2-photon laser microscopy to analyze mouse lung tissues using dendritic
cell and neutrophil-reporter-mice. We analyzed lung tissue damage in influenza virus-infected marmosets by using
mCT.



4. License-out activities

Contact with commercial companies has been initiated through academia-industry alliance activities in cooperation
with TODAI TLO.

B. Control of influenza through vaccines

1. Research and development of next-generation adjuvants

i) Discovery and evaluation of adjuvants and identifiaction of their attractive characteritics

Screening from food additives has come to an end and evaluation of the 3 compounds found has started using virus-
infected mice. In addition, evaluation using aged mice has been initiated to identify effective adjuvants for elderly
people; 2 attractive compounds that induce high antibodies titers and show protection from lethal infection have been
indentified so far.

2. Construction of high-producing system of vaccine viruses

i) Establishment of cell lines with high virus-producing capability

Preparation of cell lines possessing high virus-producing capability by knocking out host factors is ongoing using a
canine cell line that is frequently used for vaccine production. So far, 6 genes have been found whose knockdown leads
to a more than 2-fold increase in production capability. In addition, we have started to prepare cell lines expressing high
numbers of receptors to human viruses.

ii) Preparation of high-yield viruses

High-yield viruses of both A and B strains were successfully prepared.

3. Research on broadly reacting antibodies

i) Search for antigens conserved among a wide variety of strains: Hyper-glycosylated recombinant HA proteins

were prepared to mask immunodominant epitopes in HA. These recombinant HA proteins were recognized by stem-
binding antibodies, but not by head-binding antibodies.

4. Novel strateqy to predict the antigenic evolution of seasonal influenza viruses

A novel strategy for predicting the antigenic evolution of seasonal influenza viruses in nature was developed.

5. Analyses of host responses post-vaccination

We started an analysis of the antibody repertoire induced by seasonal influenza vaccines. In addition, we measured
antibody titers in the plasma of seasonal influenza vaccinees, and started Omics analyses of the same samples.

6. License-out activities

Introduction of the high-producing system of vaccines to vaccine makers has been initiated.
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