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In collaboration with Dr. A. Kawaguchi (University of Tsukuba), Dr. S. Koike (Tokyo Metropolitan Institute
of Medical Research), and Dr. K. Yoshimatsu (Eisai Co., Ltd.) and others, we aim to develop anti-influenza drugs
through chemical syntheses of lead compound (ETIP-0293) derivatives and analyses of the mechanism of action
of ETIP-0293.

In FY2016, we designed 62 kinds of derivative and obtained 32 derivatives (ETIP-0294~ETIP-0325) among
them. In FY2008, we introduced substituents in the X ring and the Y ring of ETIP-0293, respectively. The
derivatives in which the substituent is introduced to the X ring or those in which the X ring is substituted with the
Z group designated ETIP-0294 to ETIP-0317. The derivatives in which the substituent is introduced into the Y
ring are ETIP-0318 to ETIP-0325. The antiviral activity was evaluated by plague assay and the binding activity
was examined by ASMS method using gel filtration chromatography and mass spectrometer. The X ring
substituents showed the antiviral activity in good correlation with PA binding activity. And, a part of the X ring
substituents did not interact with PA, suggesting that X ring is required for the PAbinding.  Further, by introducing
substituent to the X ring, a part of derivatives shows strong cell toxicity. We found that the water solubility of
ETIP-0295, in which the X ring is substituted with a Z group, was significantly improved, indicating that ETIP-
0295 may be a useful tool compound for the structural analysis with PA using NMR. In contrast, the cell toxicity
of derivatives, in which the substituent was introduced to the Y ring, was observed and there is no improvement of
antiviral activity. Thus, we plan to design derivatives of the X ring without any substitutions in the Y ring. In
FY2017, we performed in silico docking simulation to construct the binding model of ETIP-0293 with PA protein.
We found that an aromatic amino acid residue of PA interacts with the X ring of ETIP-0293 through stacking
interaction. Based on this binding model, it is also suggested that the stacking interaction is improved by
shortening the linker region connecting X ring to main structure. Thus, we designed and synthesized 46 kinds of
derivative which have short linker regions, and examined the antiviral activity. Then, we found that the
benzofuran ring (ETIP-0382) and the highly polar benzimidazole interacted with PA although these derivatives
possessed very high cell toxicity due to the high hydrophobicity. Further, ETIP-0383 showed the antiviral activity
with low cell toxicity by removing one carbon from the linker region as the docking simulation suggested. On
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the other hand, the tricyclic derivative of benzofuran ring has the antiviral activity without cell toxicity. These
results provided clues to design further derivatives.

Based on the results obtained from in silico docking simulation, it is speculated that ETIP-0293 inhibits the
interaction between A, B, C, and D residues of PB1 and E, F, and G residues of PA. However, amino acid region
of PB1 from residues A to D is an unstructured linker region, and the function of the linker region in the viral
polymerase activity is unknown. Thus, we constructed point mutants of the linker region and examined the viral
polymerase activity in FY2016. The viral polymerase activity was not observed by introducing point mutations
in B, C, and D residues of PB1, suggesting that the linker region of PB1 is thought to be a promising target site for
antiviral drugs. Subsequently, in FY2017, we evaluated the appearance of resistant mutants against ETIP-0293.
It was shown that the frequency of emergence of resistant mutants was remarkably lower than that of Tamiflu,
suggesting that our drug design is capable to reduce the emergence of drug resistant mutant.  Further, although it
was remarkably weak in tolerance, point mutations in the loop region of NP were involved in the drug resistance
against ETIP-0293. This finding suggest that ETIP-0293 inhibits the virus replication through the direct action.



