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Development of precision medicine for mesenchymal gastric cancer
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The incidence and mortality of gastric cancer rank third, following lung cancer and colorectal cancer. In particular,
unresectable advanced gastric cancer has a very poor prognosis, with a median overall survival of approximately 12 months,
highlighting the urgent need for the development of novel therapeutic strategies. We have previously developed an on-demand
clinical specimen-based proteome and phosphoproteome analysis platform capable of capturing dynamic signaling changes
in tumors within patients. Using this approach, we found that the proportion of the mesenchymal subtype markedly increases
after progression following first-line chemotherapy in unresectable advanced gastric cancer.

Based on these findings, the present study established the following research and development objectives:

(1) To construct a highly sensitive proteomic analysis platform, acquire phospho-signaling information before and during
first-line treatment of gastric cancer, and elucidate the dynamics of epithelial-mesenchymal transition (EMT) in vivo.

(2) Mesenchymal gastric cancer cells are known to be resistant to chemotherapy, targeted therapy, and immunotherapy.
Therefore, we aim to develop therapeutic strategies targeting AXL, which is activated in the mesenchymal subtype.
Specifically, preclinical studies using mouse xenograft and patient-derived xenograft (PDX) models will be conducted to
evaluate AXL-targeted therapies.

(3) To optimize antisense oligonucleotides targeting genes highly essential for mesenchymal gastric cancer cells, followed by

validation in vitro and in vivo.

Results for Each Research and Development Objective

(1) Data Independent Acquisition (DIA) is a novel analytical method that yields fewer missing values than the conventional
Data Dependent Acquisition (DDA) method and enables deep proteomic analysis when combined with deep learning-based
data processing. While the initial target was the identification of 10,000 proteins, we successfully identified an average of
11,037 proteins per sample. At the planning stage of this study, DIA was intended only for proteome analysis, while
phosphoproteome analysis was to be conducted using DDA. In preliminary studies using a gastric cancer xenograft model,
we successfully identified 1,990 tyrosine phosphorylation sites using DDA with tyrosine kinase enrichment methods.
However, during the course of this study, DIA technology advanced beyond expectations and became applicable to
phosphoproteome analysis; therefore, DIA-based phosphoproteomics was adopted.

Tumor samples were collected from 13 patients with unresectable advanced gastric cancer undergoing combination therapy
with nivolumab (Opdivo) and chemotherapy, both before and during first-line treatment. We established a DIA-based platform
for phosphoproteome and proteome profiling and analyzed the collected samples. As a result, a total of 160,715
phosphorylation sites were identified, with an average of 38,710 sites quantified per sample. These analyses revealed that
tumor responses to the combination therapy differed markedly from those observed with conventional chemotherapy alone.
Based on these findings, we proposed a novel therapeutic strategy.

(2) The antitumor efficacy of combination therapy with an AXL inhibitor and paclitaxel was evaluated using a xenograft
model derived from the AXL-high mesenchymal gastric cancer cell line Hs746T. Specifically, the combination treatment with
gilteritinib and nab-paclitaxel showed a significantly greater tumor growth inhibitory effect compared to both control and
monotherapy groups. Pharmacoproteomic analysis of tumor tissues obtained from this study demonstrated additive

suppression of EGFR signaling in the combination treatment group. Expression levels of AXL and EGFR, as well as



phosphorylation levels at AXL Y702 and EGFR Y1197, tended to decrease in the combination group compared to other groups
(Shoji et al., Cell Reports, 2024).

To further validate antitumor efficacy in gastric cancer PDX mouse models, one mesenchymal-type and one epithelial-type
model were selected based on EMT scores derived from transcriptomic data. Antitumor effects were evaluated in control,
monotherapy (gilteritinib or nab-paclitaxel), and combination therapy groups. As a result, antitumor effects were observed
only in the mesenchymal-type PDX model treated with the combination therapy. In the xenograft model, no suppression of
key extracellular matrix factors involved in EMT promotion and maintenance, such as fibronectin (FN1) and MMP14, was
observed during combination treatment; however, in the PDX model, these factors showed a decreasing trend. Since PDX
models better preserve the tumor microenvironment compared to xenograft models, they are considered to have higher
translational relevance to humans. Therefore, fibronectin and MMP14 may serve as candidate biomarkers for predicting and
monitoring therapeutic efficacy in future clinical trials.

(3) Antisense oligonucleotides targeting a novel therapeutic gene identified through gene knockout screening in mesenchymal
gastric cancer were optimized in terms of backbone chemistry and nucleotide length using mesenchymal gastric cancer cell
lines. As a result, the optimized antisense oligonucleotides were filed as an international patent application as a novel

therapeutic approach targeting mesenchymal gastric cancer.



