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The concept of research project is shown in Figure 1. The aim is enhancement of low molecular inhibitor by peptide
molecule which is selected by in silico and in vitro selections to replace the low molecular and antibody drugs.
In this study, development of folic acid- or immune checkpoint inhibitor compound-peptide conjugate binding to

specific folic acid receptor or immune checkpoint protein was performed, respectively.
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Figure 1 The basic concept in this research project

The first project was for targeting of folic acid receptor type o which is overexpressed on cancer cells. Previously folic
acid has been used for the carrier targeting cancer cells. However, since the cell generally expressed folic acid receptors
including types o and B, the specificity was not enough. Therefore, by designing type o specific carrier, the specific
deliver of anti-cancer drug was expected.

To seek the peptide sequence which plays a role in Figure 1, in silico docking simulation was performed. Since the
crystal structures of receptors were reported, we found some sequences by this simulation. According to the found
sequences, we synthesized the peptide by the solid phase method and the folic acid was conjugated by click chemistry.
The synthesized peptide in fact interacted with receptor a specifically against receptor f3.

The peptide conjugates were coupled with lipid and incorporated into liposome which included anti-cancer drug
doxorubicin inside. The liposome size ranged from 90 to 100 nm according to dynamic light scattering method. The
specific delivery to the cell overexpressing type oo was confirmed by in vitro cultured cells.

The second project was development of middle size drug which can inhibit the interaction of the immune checkpoint
proteins PD-1/PD-L1. The biphenyl group residue which was reported as the low molecular weight compound inhibitor
was employed for the starting compound. First the in silico docking simulation was performed through the extension of
the amino acid containing the biphenyl group by additional amino acid one by one. The most interactive peptide sequence
containing the biphenyl group was found by the simulation. According to the sequence data, the biphenyl group-
containing peptides were synthesized and the inhibition constant (ICso) was investigated. For the in vitro selection, the
methodology for preparation of the random sequence of peptide library containing biphenyl group was also developed.

On the other hand, by in silico/in vivo hybrid selection, two amino acids in PD-1 were mutated and the PD-1 mutant
(2PD-1) was found to be high affinity for PD-L1. The mutant has about 100 times affinity as high as the wild PD-1. The
inhibition of PD-1/PD-L1 interaction by 2PD-1 was 30 times as high as that by the wild one. In addition, T-cell
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reactivation assay demonstrated that 2PD-1 has 100 times activity as high as the wild one, although the activity was less

than that of Nibolumab.



