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Development of dual-modified antisense oligonucleotides to treat various types of solid tumors
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Unresectable and recurrent gastrointestinal cancers have a poor prognosis and require further therapeutic
development. Despite numerous clinical trials, only a limited number of molecular-targeted therapies have yet
shown efficacy, and there is a need to develop drugs that can control cancer cells through alternative mechanisms
of action. In addition, nucleic acid medicine has been attracting attention as a new drug discovery method in recent
years because of depletion of drug targets for low-molecular-weight compounds and antibody drugs.

We performed transcriptome analysis using next-generation sequencing to identify molecules that govern the
characteristics of refractory cancer and are potential new therapeutic targets. We comprehensively analyzed the
expression of 57749 molecules in non-cancerous gastric mucosal tissues, primary gastric cancer tissues, and
metastases of gastric cancer patients with concurrent distant metastasis. Target membrane proteins were carefully
selected from molecules whose expression is increased in primary tumors compared to non-cancerous areas and is
further significantly increased in metastatic areas.

We initiated research on development of antisense oligonucleotides (ASOs) by designing sequences using
mRNA secondary structure prediction system. Screening was conducted based on the efficiency of concentration-
dependent knockdown, and selection of promising ASO sequences was proceeded. The ASOs showed more than
70% growth inhibitory activity in target-expressing cancer cells, while they were ineffective in cancer cells without
expression, indicating specific on-target activity. Forced expression of the target molecule in a no-expression cell
line using an expression vector increased cell proliferative capacity compared to the control vector. Cell
invasiveness and proliferative capacity, which are malignant traits important for cancer progression, were also
suppressed by the ASOs.

From the 29 initial candidate sequences screened, two promising sequences were obtained based on target
knockdown efficiency, in vitro gastric cancer cell function inhibitory effect, in vivo activity as a pilot study (mouse
peritoneal seeding model), and toxicity. However, we evaluated the toxicity of ASOs when administered at high
concentrations, and all four mice in the highest concentration group died within 2 weeks of administration. Because
of this unexpected toxic lethality, new sequences were designed. Through a similar screening process, three
promising sequences were selected. In vitro caspase assays showed acceptable levels of cytotoxicity in all three cell
lines (MKN1, HGC-27, GCIY). Cell adhesion and invasive ability were evaluated in three human gastric cancer
cell lines (MKN1, HGC-27, and GCIY), and all were significantly inhibited.

Weekly intraperitoneal administration of ASOs at 10 mg/kg or 30 mg/kg showed tumor growth inhibitory effect
in a peritoneal seeding model with gastric cancer cell MKN1 and pancreatic cancer cell As-PC1. Intraperitoneal
administration of ASOs (30 mg/kg, weekly intraperitoneal administration, 4 weeks) showed significant tumor
growth inhibition effect.

The target gene deficient mice were generated, and comparative analysis was performed among the three groups:
wild type, hetero, and homo. No abnormalities were observed in reproduction, growth (body weight, etc.), or major
organ formation. The rota-rod test was performed to evaluate cognitive and motor functions, but no differences were
found. Blood tests showed that liver function, renal function, and bone marrow hematopoietic function were
comparable. The phosphorylation state of intracellular signaling pathways in cancer cells was comprehensively
investigated by adding ASOs, and the altered signaling pathways were individually evaluated by the Simple Western
method. The results suggest that knockdown of target molecules interferes with b-catenin, cell cycle regulators, and

other factors to regulate cell functions.



The three new sequences were evaluated for toxicity, including hepatotoxicity. Mice were sacrificed on Day 29
and major organs including the liver were observed. In all cases, hepatobiliary enzymes were elevated in the 100
mg/kg group, but recovered with drug withdrawal.

Off-target risks were explored by microarray and in silico analysis: candidate genes were narrowed down within
a two-base mismatch range using the D3G database and GGGenome, and genes with altered expression were also
extracted by microarray analysis.

Immunostaining was performed on surgically resected tissue samples of gastric cancer cases to examine the
expression of target membrane proteins in the tissues. Patients could be classified into no staining, weak staining,
and strong staining according to staining intensity. Postoperative survival was shorter in the order of no staining,
weak staining, and strong staining, and it was considered possible to stratify patients by evaluation of membrane
protein expression in tissues.

In this study, nonclinical efficacy data for a completely new cancer therapeutic ASOs in multiple cancer types
was obtained and build data explaining its mechanism of action and companion diagnostic technology. Next step,
the estimated clinical dose after toxicity reduction and activity enhancement are determined through future

optimization studies, and proceed to GLP non-clinical safety studies.



