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Research Summary

While numerous studies have explored the possibility of directly targeting biomacromolecule
responsible for the onset or progression of disease phenotypes, in many intractable and/or rare diseases clinically
viable drugs against such targets have yet to become commercially available, for instance critical oncogenic
proteins, such as p53, RAS and MYC, or amyloid-f (AB) peptides for Alzheimer's disease (AD). Complexities in
three-dimensional protein surface topologies and binding pocket inaccessibility present major hurdles for protein-
level inhibitors to overcome and hinder the development of successful therapeutics. Additional externalities, for
example time, cost, and labor, can also delay rational design-based developments of new therapeutics. As such, a
new middle size strategy that can directly target critical driver genes may provide a more direct route to address
unmet medical needs for the conquest of those unfavorable diseases.

Pyrrole-Imidazole (PI) polyamide specifically recognizes, binds and targets the minor groove of
genomic DNA in a sequence-dependent manner. We have successfully synthesized various PI polyamide-drug
conjugates (PDC) targeting driver genes in the disease genome, and subsequently evaluated those conjugates,
both in vitro and in vivo, to confirm their anti-disease efficacy as well as genetic or epigenetic modification to the
target genes.

PDCs against their gene-level frequently showed promising anti-disease effect and subsequent target
modification in the unhealthy genome, and mouse models of various human diseases also confirmed the anti-
disease efficacy of PDCs, simultaneously showing little adverse events. Intriguingly, pharmacokinetic studies
also suggested PI polyamide conjugates to possess enhanced permeability and retention- (EPR) like effect, an
additional advantage for PDC’s to restrictively localize in tumor and tumor environments, as expected of well-
performing cancer therapeutics. We also confirmed that several modifications to a candidate PDC could alter its
intracellular localization, for instance improved specific mitochondrial localization and the subsequent reduction
of mutant mitochondrial DNA copy numbers. Druggability, synthesizability and modifiability of PDC, coupled

3



with the capability of targeting disease genomes at specifically affected lesions/locations, prevent a new design
strategy against difficult diseases.

We, the Chiba Cancer Center Research Institute are capable of producing PDCs at bench- and pilot-
scales, and accordingly proposed the use of PDCs for drug development pipelines to supply researchers under
drug discovery collaboration agreement.

In the last three years of this research projects, we have developed alkylating PI polyamides targeting
MYCN, immune checkpoints, ALK and PIK3CA (Cancer Research 79(4):830-840, 2019., The Japanese Journal
of Pediatric Hematology/Oncology; JJPHO 56:3 331-333 2019. and Cancer Science 112(3):1141-1149 2021.) and
established its bioinformatic estimation of the genome-wide off-target effects (PLoS One. Apr 9;14(4):0215247
2019.). We also developed cationic PI polyamides targeting GPR56 (Sci Rep 8(1):13741 2018.) and TGF-B1
(Molecules 25(12), 2883 2020.) for external researchers, according to the genome binding prediction and oft-
target effects using in-house software (Journal of Open Source Software 4(37):1423, 2019. and Biomolecules
10(4):544 2020.).

We also developed drug candidates targeting mitochondrial DNA mutations for mitochondrial disease
of MELAS initially. Intriguingly it also induced apoptosis to cervical cancer of HeLa cells when induced MELAS
3243G mutation in the cells (Cancer Sci doi: 10.1111/cas.14912 2021.). Not only for MELAS A3243G but also
for many other mitochondrial mutations in cancer cells, we have developed PIP-TPP targeting cancer specific
homoplasmic mtDNA SNVs in order to treat a substantial number of cancer patients and confirmed its anti-
cancer effect in various cancer type in vitro and in vivo. We believe our invention of this novel therapeutic
approach targeting mitochondrial DNA should provide a definite-curative remedy for cancer patients and perhaps
patients with various mitochondrial diseases (W0/2020/189779).

Thus, we have successfully completed this research projects and discovered new anticancer approach
including several drug candidates. Some of those are promising for future clinical use and have been founded by
the AMED projects starting the year of 2021.

In the end, we would like to express our sincere thanks to the AMED and their staffs involved

in this project.



