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In order to realize precision medicine, it is important to develop a companion diagnostics for selecting
an appropriate drug. Currently, drug efficacy prediction is based on genomic mutations in a target
molecule, but it is becoming clear that there is a limit to the prediction of efficacy by only specific gene
mutations. In this project, we utilized a variety of proteomics techniques including phosphoproteomics to
develop fundamental technology on companion diagnostics and identified next generation companion
diagnostic targets as shown below.
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Collection of clinical specimens and three-dimensional cultured cells:

Fresh surgical tissue specimens of colon cancer, lung cancer, kidney cancer was collected and
patient-derived cells were established under the cooperation with our collaborator. Especially, we
examined the various conditions to establish patient-derived cells of kidney cancer (Clear cell renal
cell carcinoma) by the conditional programming method, and improved the establishment efficiency
which was about 38% by the existing protocol to 69% in the improved protocol.

Development of large-scale phosphoproteome quantification method using various cancer cell lines:
Using a cation exchange microcolumn, we developed a new method for effectively separating
phosphorylated peptides. Furthermore, combination of this peptide separation method and
multiplex analysis enabled high sensitive and rapid proteome analysis.

Quantitative analysis of phosphorylation signal proteins which regulated by molecular target drug,
Proteomics quantitative data collection of drug sensitive and resistant cells and preparation of drug
efficacy database and development of companion markers: We classified susceptible and resistant cell
lines into molecular targeted drugs for lung cancer, colon cancer, kidney cancer, and breast cancer cell
line, and using the proteome development platform developed in (b), a large phosphorylation involved
in drug response Data was acquired. As a candidate factor which distinguishes susceptibility and
tolerance and to overcome resistance, CDK1, PLK1, FGFR2 for non small cell lung cancer and CD 10
for EGFR mutant type lung cancer were found. I also found Src for colorectal cancer.

Identification and validation of companion markers using clinical specimens or three-dimensional
cultured cells: We found CD10 as a biomarker candidate to predict efficacy of Erlotinib. It was
confirmed that CD 10 was highly expressed in the sensitive patient-derived cells as compared with the
cells obtained from resistant patient. Phosphorylation of S6 ribosomal protein was found as a
companion marker candidate for sorafenib using reverse-phase protein array (RPPA) platform.
Further immunostaining confirmed that this phosphorylation is elevated in patients with sorafenib
refractory.

Development of new protein quantification method and its application to cancer metabolic pathway
analysis: We have developed a new platform designated “in vitro proteome—assisted multiple reaction
monitoring (MRM) for protein absolute quantification GMPAQT). We applied iMPAQT to delineate the
metabolic landscape of human diploid fibroblasts. Oncogenic transformation of these cells gave rise to
relatively small but global changes in metabolic pathways that account for aerobic glycolysis
(Warburg effect) and increased rates of macromolecule synthesis. Our results thus provide a global
view of metabolic restructuring in cancer that underlies adaptation to a rapid growth state.

Study on annexin A4 (ANXA 4) as a companion diagnostic marker for cisplatin: Regarding the
usefulness of Annexin A4 as a companion diagnostic marker for cisplatin, it was confirmed that down
regulation of ANXA4 enhances the sensitivity of platinum preparations in vitro and in vivo.
Expression level of ANXA4 in ovarian cancer tissue could be a companion diagnostic marker for
cisplatin.

Development of blood detection method for lung cancer marker: We have examined to find biomarkers
on exosomes, which are secreted from cancer cells. We have identified Claudin-4 protein from 700
identified-proteins as a promising biomarker from patient-derived cancer organoid. Moreover, ephrin
type-A receptor 2 (EphA2) was identified by proteomic analysis and EphA2 on exosomes participates
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in angiogenesis as a ligand of the ephrin signaling pathway. These results support the development of
novel therapeutic strategies such as blockade of remote cancer communications through exosomes. It
is expected to be used as a useful marker for lung cancer in the future.
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