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In this study, two optimized lead compounds with enhanced TLR7 inhibitory activity were

subjected to physical properties evaluation, pharmacokinetic and metabolism studies, human cell-
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based studies, and pharmacodynamic studies, and one development candidate compound (Compound X)
was successfully identified. We also conducted various non—clinical studies on Compound X and
established a compound profile. In addition, we investigated the optimization of the synthesis
route of Compound X, elucidated the binding mode of Compound X to TLR7 by cryo—EM and molecular

dynamics (MD) simulation, and explored backup compounds based on the results of these studies.

(1) Evaluation of physical properties and pharmacokinetic and metabolism studies of optimized lead
compounds

Physical properties of the two optimized lead compounds (hereinafter referred to as ”Compound
X” and “Compound Y”) were evaluated using the bulk powder of each compound after synthesis and
purification. The maximum blood concentration of Compound X was 1.8 times higher than that of
Compound Y. In addition, Compound Y had an unchanged drug residue of about 80% in a 2-hour reaction
with human liver microsomes, while Compound X had an unchanged drug residue of about 90% in both
a 2-hour reaction with human and mouse—derived liver microsomes. From these results, we conclude

that Compound X has better pharmacokinetic and metabolic stability than Compound Y.

(2) Pharmacodynamic study of the optimized lead compound in a mouse model of SLE

NZB/WF1 female mice were orally administered Compound X or hydroxychloroquine (HCQ) as a
control drug for 15 weeks. The increases in serum BUN, Cr, urinary protein levels, and blood
autoantibody titers (anti—-SSA, anti-Sm) of NZB/WF1 mice were significantly suppressed in the
Compound X group compared to the placebo (saline) and HCQ groups. Histological analysis confirmed
that lesions characteristic of lupus nephritis were significantly suppressed in the Compound X
group compared to the placebo group. In addition, it was suggested that the Compound X inhibited
immune complex deposition in glomeruli and the activation of complement. Furthermore, long—term
administration of Compound X significantly inhibited the progression of lupus nephritis and

prolonged the survival rate of NZB/WF1 mice compared to the HCQ and placebo groups.

(3) Evaluation of efficacy of optimized lead compounds against endogenous TLR7 ligands using human
cells

Human plasmacytoid dendritic cells (pDCs) were isolated from peripheral blood of healthy
individuals, and the TLR7 inhibitory effects of Compound X and Y were examined. These compounds
inhibited loxoribine-stimulated IFN-« production more than seed Compound Z. On the other hand,
microRNA (miR574) stimulation, a candidate endogenous TLR7 ligand, inhibited IFN-a production
more with HCQ than with Compound X and Y. Peripheral blood mononuclear cells (PBMCs) were also
isolated from healthy peripheral blood and stimulated with virus—derived RNA40 or microRNAs (miR574
or let7b). Since IFN-« production and IFN- 3 gene expression were not observed with these stimuli,
TNF- o gene expression was examined. miR574 stimulation induced TNF-a gene expression in PBMCs
from patients with SLE or rheumatoid arthritis, and that Compound X, Y, and HCQ suppressed this
expression. The inhibitory effect was stronger for HCQ, Compound Y, and X, in that order. These
results indicate that the optimized lead compounds inhibit TLR7 activation in PBMCs of SLE patients

by candidate endogenous TLR7 ligands



(4) Non—clinical studies using Compound X

We were able to establish analytical methods for the concentrations of Compound X and Y in the
drug substance and administered solution. Stability tests of the drug substance and the administered
solution were conducted for Compound X according to the established analytical method. Compound X
in the drug substance or in the dosing sample prepared with saline solution as a medium was stable

To evaluate the single oral dose toxicity of Compound X, ICR mice were administered Compound
X (low, medium, and high dose groups) or saline solution (control group), and were observed for
general condition and weighed during the observation period up to 14 days after administration. As
a result, no abnormalities in general condition or body weight were observed in the Compound X-
treated group throughout the observation period, and no abnormalities were observed in the thoracic
or abdominal organs after necropsy. In addition, to evaluate the repeated oral administration
toxicity of Compound X, ICR mice were repeatedly orally administered Compound X (low, medium, and
high dose groups) or saline solution (control group) for 14 days, and the general condition, body
weight, and food intake were measured during the observation period from the start of administration
to 14 days. As a result, no abnormalities were observed throughout the observation period. After
necropsy, organ weights and histopathological examination revealed that only one male in the high-
dose Compound X group had abnormalities that could not be ruled out due to the administration of

Compound X.

(5) Elucidation of the mechanism of action of optimized lead compounds to inhibit TLR7 activation

Cryo—EM analysis of porcine TLR7 was performed without and with Compound X. The two—dimensional
class—averaged images under the condition with Compound X showed mostly TLR7 dimers, whereas those
without Compound X showed mostly TLR7 monomers. Because of the bias in the orientation of the
observed particles, we investigated the use of tilting the stage during electron microscopy (tilt
method), which greatly improved the bias in the orientation of the particles and the quality of
the density map. A structural model of the complex of TLR7 and Compound X was constructed for this
density map. The results showed that TLR7 and Compound X formed a 2:2 complex, and TLR7 formed an
open conformation (inactivated dimer) with the C—termini of the two protomers separated from each
other. Compound X was thought to inhibit TLR7 activation by binding to the dimer interface of TLR7
and stabilizing the inactivated dimer.

The binding energy between TLR7 and Compound X was calculated using MD simulations. Since the
cryo—EM structural data showed porcine TLR7, MD simulations were performed by replacing it with
the sequence of human TLR7. Then, we compared the binding states of Compound X in TLR7 monomer and
TLR7 dimer. The binding free energies of TLR7 and Compound X were found to be —62.69 kcal/mol on
average. MD simulations were also performed on mouse TLR7, but no differences in binding energies
were observed between human and mouse TLR7. In the TLR7 monomer, Compound X could not maintain the
binding with TLR7 and tended to dissociate. On the other hand, the binding was maintained in the

TLR7 dimer, suggesting that Compound X may recognize and bind to the dimeric state

(6) Study on optimization of synthesis route of Compound X
We conducted an optimization study of the synthesis route with the aim of shortening the

manufacturing time and reducing the manufacturing cost of Compound X. We brushed up the conventional
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synthetic scheme and examined several patterns of new synthetic schemes. As a result, we succeeded
in narrowing down to novel synthetic schemes that are safer, reduce the number of processes, and

improve the yield compared to the conventional synthetic schemes

(7) Design and synthesis of backup compounds and evaluation of im vitro inhibitory activity
Backup compounds were selected by virtual screening using a docking model of human TLR7 and
Compound X. About 6.5 million druggable items provided by a trading company were used for the
compound library. Compounds that could bind to the human TLR7-Compound X docking model were selected,
and then A) 160, B) 172, and C) 140 compounds were further selected as backup compounds based on
A) docking score, B) ligand-based evaluation, and C) both docking and ligand-based evaluation,
respectively. When we confirmed the availability of a total of 220 compounds (top 40 in docking
score, top 40 in ligand-based score, and top 140 in both scores) with trading companies, more than
half of them were not available due to the Russian—Ukrainian conflict. Therefore, we purchased the
top 30 compounds that were available, and evaluated their activities im vitro using a mouse TLR7-
expressing cell line. As a result, six compounds showed TLR7 inhibitory activity, and one of them
showed inhibitory activity equivalent to seed Compound Z. The chemical structure of the compound
was different from that of Compound X, suggesting that this could be a candidate for backup

compounds.
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