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In this project, we organized a research team by experts in DDS, cancer molecular
biology, clinical oncology, and aim to develop innovative cancer treatment based on DDS
technology to realize complete cancer cure by performing three major researches:
(1)development of innovative therapeutic drugs using state—of-the-art nanoDDS and
innovative evaluation system, (2)development of innovative nanoDDS that targets the
microenvironment of cancer, (3)establishment of an innovative evaluation method of nanoDDS
by using Patient-Derived Xenograft (PDX) model, through close collaboration. The project
consists of the following research subjects O - (@), and outlines of research results in
each subject are described below:

In subject @ entitled “Development of DDS to destroy network relating to proliferation,
progression and metastasis of cancer cells”, we developed the unit polyion complex (uint
PIC) type delivery system capable of delivering single molecule of nucleic acid medicine.
In order to realize selective delivery to cancer tissue and efficient cellular uptake by
cancer cells, we constructed a multivalent binding ligand, in which peptides were
introduced into a side chain of poly(amino acids). Furthermore, we integrated a ligand
molecule into unit PIC and revealed its superior RNAi activity to conventional unit PIC.
On the other hand, we developed polymeric micelles encapsulating mitochondria—targeted
drugs and clarified their drug release property in response to acidic pH environment in
cancer cells

In subject @ entitled “"Development of nano—DDS incorporating drugs and nucleic acids
for targeting cancer microenvironment”, we optimized the unit PIC for delivering various
nucleic acids provided by other groups in the research team. Consequently, we successfully
obtained unit PIC with prolonged longevity in the blood stream. We also constructed
polymeric micelles installed with ligand molecules for targeting specific metabolic pathway
in the microenvironment of cancer tissues and demonstrated their remarkable antitumor
activity solid tumor models of cancer stem cell-like cells

In subject @ entitled “Development of nano—-DDS incorporating drugs for the treatment
of intractable cancer”, we developed polymer micelles encapsulating mitochondria—targeted

drugs by new molecular design. It was confirmed that the micelles can load 20%(w/w) of



mitochondria—targeted drugs while showing the size of 50 nm and acidic pH-responsive drug
release characteristics. We also developed polymeric micelles containing a fluorescent
probe that visualizes singlet oxygen molecules in the tumor tissue and tumor cells for the
in vivo evaluation of polymer micelles encapsulating mitochondria—targeted drugs

In subject @ entitled "Development of miRNA-loaded uPIC medicine against the refractory
cancers”, we investigated the mechanisms of the anticancer activity of miR-143 and miR-
145, and demonstrated that miR-143 destroyed the Ras networks and miR-145 induced apoptosis
by inhibiting the Warburg effect through targeting c—myc. In addition, we demonstrated
that wunit PIC delivering miRNA exhibited remarkable antitumor effects for the
subcutaneously and orthotopically inoculated models of bladder cancer cells

In subject & entitled “Development of antisense oligonucleotides targeting TUGL
coupled with unit polyion complex”, we examined the therapeutic efficacy of nano DDS loaded
with antisense nucleic acid (ASO) targeting TUGL, a long non—cording RNA highly expressed
in brain tumor stem cells, against glioblastoma, which is the most intractable among brain
tumors. As a result, we demonstrated selective tumor accumulation effect and remarkable
antitumor efficacy of ASO-loaded nanoDDS in the orthotopically inoculated mouse model of
glioblastoma cells after systemic administration.

In subject ® entitled "Development of nucleic acid medicine targeting fusion gene in
gastric cancer”, we examined the gene fusion in the gastric cancer patient tissues that
were diagnosed in our hospital to clarify the involvement of the fusion gene in Japanese
gastric cancer. As a result, we identified the fusion gene—positive cases. For the
evaluation of efficacy of the drugs targeting the fusion gene, we needed to obtain the
fusion gene—positive gastric cancer cells available for cell culture and to establish an
in vivo gastric tumor model. In this regard, we searched for the fusion gene—positive
gastric cancer PDX lines and identified 2 gastric cancer PDX lines. We further established
a gastric cancer PDX-derived cell expressing the fusion gene. Collectively, we successfully
established the in vitro and in vivo system for the evaluation of nanoDDS delivering
nucleic acids targeting the fusion gene. Besides, we designed siRNAs that could suppress
the fusion gene expression.

In subject @D entitled “Analysis of anti—tumor activity of mitochondria—targeted drugs
that are encapsulated in micelles”, we evaluated glucose deprivation—selective cytotoxicity
of mitochondria—targeted drugs by using human pancreatic cancer cell lines. We found that
several drugs exhibited preferential cytotoxicity during glucose deprivation. The ICs
ratios (normal/glucose-starved conditions) of the representative drug were more than 50—
fold on average. We also confirmed that the identified drugs inhibited mitochondrial
functions at both cellular and molecular levels. To establish the proof of concept (POC),
we have been analyzing changes in gene—expression signatures and markers of unfolded
protein response under glucose—starved conditions. Besides, we started to evaluate the
glucose deprivation—selective cytotoxicity of mitochondria—targeted drug—encapsulated
micelles that were developed by other groups in the research team. Also, we started to

examine suitable cell lines derived directly from patients with pancreatic cancers for the



evaluation of mitochondria—targeted drugs and their micelles.

In subject ® entitled “Establishment of PDX mouse models for evaluation of novel nano—
DDS”, we have performed the histopathological, transcriptome and next—generation
sequencing analysis of patient—derived xenografts (PDX) mouse models established in our
institute, thereby selecting some pancreatic PDX lines which retained the gene expression
profiles, tumor heterogeneity, and histological characteristics of the original patient
tumors. Additionally, since the propagation of PDX lines by serial transplantation into
immunodeficient mice seems to be expensive and unpractical, we introduced cryopreservation
in addition to successive transplantation, and started maintenance and preservation for
these established PDX lines. We evaluated whether PDX lines could be maintained stably as
a frozen stock. As a result, we demonstrated that the PDX tumors derived from frozen stocks
retain the genetic and phenotypic heterogeneity typically seen in the patient tumors. Also,
we started to set up new evaluation systems for nanoDDS by real-time in vivo imaging.

In subject @ entitled “In vivo evaluation of tumor microenvironment and drug efficacy
using high—-field MRI” we developed an imaging method to evaluate the tumor microenvironment
and applied it in a preclinical study using non—invasive and high spatial resolution
magnetic resonance imaging (MRI). We optimized the MRI parameters and hardware to achieve
a b0—micron isotropic resolution and performed 3D intratumoral evaluation using a contrast-—
enhanced method. We checked the reproducibility of the pH-responsive contrast agent and
compared findings from MRI and immunostaining. In preparation of a longitudinal study of

the tumor microenvironment, we optimized the RF coil settings and imaging protocol
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