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This is a new type of industry-academia-public fund collaboration project directed toward innovative drug
discovery and establishment of predictive biomarkers of efficacy and safety, which are critical issues of
modern medicine. Development capability and know-hows of drug discovery from industry; clinical samples
and information of high quality, profound knowledge and expertise of diseases, and multi-layered omics
analytical platforms from academia; and the management of different disease projects by AMED
(government-sponsored funding agency). Various unique features are: matching schemes between academia
and industry, the involvement of industry from the planning stage of each project, multi-layered omics
analysis of clinical samples by cutting-edge technologies, academic data sharing with full care of industry’s
credit, and the hybrid-type large-scale budget. The project leader with the help of two chief coordinators
integrated five disease projects and eight core laboratories, and encouraged each project to yield maximal
results. The major accomplishments of each project are listed below. We also found a lot of issues and “gaps”
to be addressed in such a new project.

Disease 1: Cancer (National Cancer Center; Chugai Pharmaceutical Co., Ltd.)

In order to elucidate the molecular basis of tumor immunological microenvironment (TME), National Cancer
Center and Chugai Pharmaceutical Co., Ltd cooperatively constructed the original integrated database of
TIL, omics analyses and clinico-pathological information using surgical specimens from 222 lung cancer and
31 pancreatic cancer patients. On the basis of this database, we demonstrated that lung cancer was
immunologically categorized into several types. Furthermore, one specific cytokine which constructed
immune-suppressive TME was identified in pancreatic cancer, which has led to an investigator-initiated
clinical trial of the cytokine inhibitor.

Disease 2: Cancer (National Cancer Center; Ono Pharmaceutical Co., Ltd.)

In this disease area, we performed cell surface marker analyses by multicolor FCM (flow cytometry) and
gene expression analysis using cells derived from the ascites of gastric and ovarian cancer patients. We
developed ex vivo immune-response evaluation system based on fresh clinical samples, and performed
prospective omics analysis of patients treated with nivolumab. As a result, we successfully demonstrated
that cases with high levels of expression of IFNy-responsive genes were suggested to be sensitive to
nivolumab, and also found the importance of combination therapy of anti-PD-1, anti-TIGIT, or anti-TIM-3
antibody.

Disease 3: Cancer (National Cancer Center; Eisai Co., Ltd.)

Spheroids / organoids and PDX (Patient-derived xenograft) were established from surgical specimens of
colorectal cancers, and an anti-cancer drug under development (provided from Eisai Co., Ltd.) was
evaluated using the established models. Genotypes/phenotypes of the original cancer tissues as well as
effects of the drug to the in vitro/ in vivo models were characterized by various omics technologies, e.g.,
NCC oncopanels, Infinium methylationEPIC BeadChip, Agilent SurePrint G3 Human Gene Expression,
RNA-sequencing, 2DICAL and hydrophilic metabolome analysis. For evaluation of the anti-cancer drug,
which affects the Wnt signaling pathway, in vitro/ in vivo models derived from cases with and without
other driver mutation(s) than Wnt-related genes were selected. Comprehensive analysis using the multi-
layered omics data revealed at least 5 candidate PD biomarkers and efficacy/resistance-related biomarkers.
We are now planning an accompanying research of corporate clinical trial for the drug candidate, with the

aim of validation of the biomarkers.



Disease 4: Psychiatric disorders (National Center of Neurology and Psychiatry; Daiichi-Sankyo Co., Litd.)
The first aim of the study was to reveal molecular pathology of psychiatric disorders, including schizophrenia,
major depressive disorder, and bipolar disorder. To this end, we collected cerebrospinal fluid (CSF) together
with blood sample from psychiatric patients and healthy controls, and performed multi-layered omics
analyses (genome, proteome, metabolome, methylome, and transcriptome on mRNA). We collected 534 CSF
samples during the study period and obtained a total of more than 800 million omics data. Detailed clinical
information was also obtained. As a result, we detected promising candidate molecules for biomarker or drug
target of the psychiatric disorders. Another aim of the study was to explore actions of candidate chemical
compounds provided by Daiichi-Sankyo Co., Ltd. We obtained several lines of evidence that the compounds
have a neurite outgrowth-facilitating effect in cultured cortical neurons, suggesting their possible
psychotropic efficacy.

Disease 5: Diabetic nephropathy (National Center for Global Health and Medicine, National Hospital
Organization Chiba-Higashi National Hospital; Astellas Pharma Inc, Kyowa Kirin Co., Ltd.):

In this study, 106 patients with chronic kidney disease (CKD) who underwent renal biopsy due to the need
for definitive diagnosis and treatment were enrolled in the NHO Chiba-Higashi National Hospital, and
renal biopsy specimens, plasma and urine were collected (Panel 1 cohort study). As a Panel 2 cohort study,
301 patients with type 2 diabetes mellitus were enrolled, and plasma and urine were also collected once a
year from 2016 to 2020. We performed DNA methylation profiling using renal biopsy specimens from Panel
1, and analyzed the differences in methylation variable positions between diabetic nephropathy (DMN) and
non-diabetic CKD patients. We also performed transcriptome analysis using renal biopsy specimens and
identified differentially expressed genes in the kidney of DMN patients. For metabolome and proteome
analyses, we analyzed plasma and/or urine of subjects from Panel 1. We identified differentially excreted
metabolites in DMN patients, and also found that some metabolites were associated with a decline in renal

function of DMN patients in Panel 2 validation cohort.



