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In this research and development project, we will construct and maintain a new PIP conjugate library based on the
molecular design of transcription initiation region targeted PIP conjugates. And, lead compounds that control various
disease-related gene clusters are searched and selected by screening. Then, the purpose of the research is to enhance
the practical value of the PIP conjugate library by analyzing and evaluating the drug efficacy mechanism and
dynamics of lead compounds in detail. Specifically, the research was developed by listing the following R & D items
(D-(4).

Item 1: Construction of PIP conjugate library: A library that enables gene sequence-specific screening search is
created by using PIP conjugates with various gene expression control abilities. In addition, derivatization produces a
lead compound with fluorescence.

Item 2: Screening evaluation of PIP conjugate: RT-PCR and DNA microarray analyzer will be utilized to evaluate
the control ability of disease-related genes for cultured human cells in the PIP conjugate library. In addition, DNA
damage reaction and histone protein modification reaction will be evaluated.

Item 3: Elucidation of gene regulation mechanism of PIP conjugate: Utilizing next-generation sequencer, identify
binding sites on the genome of promising lead compounds having disease-related gene control ability. In addition, the
relationship between the binding site and the gene expression control mechanism, the causal effect of gene expression
level and sequence specificity will be elucidated.

Item 4: Drug evaluation of PIP conjugate: We will proceed with therapeutic evaluation in model mice transplanted
with diseased cells using lead compounds that control disease-related genes. In addition, the fluorescence-imparted
lead compound is used to evaluate the dynamics and localization in cells and tissues.

Research results in support :

PIP conjugate library that specifically suppresses gene expression: We created a chlorambucil(Chb)-pyrrole
imidazole polyamide (PIP) conjugate library with 81 varieties of DNA sequence-specific damaging potential.

PIP conjugate library that specifically activates gene expression: Using the Bi-PIP conjugate, we confirmed the
specific activation of gene expression in which histone acetyltransferase (HAT) was induced in the sequence-specific
binding of PIP.

Functional evaluation of various PIP conjugate libraries: The constructed PIP conjugate with 6-base sequence
recognition ability is considered to be the most suitable molecular design at present as a drug candidate with many
experimental examples of cell and animal experiments.

Research results in sophistication :

Functional analysis and evaluation of Chlorambucil (Chb)-PIP conjugate: As a result of administration of Chb-
M'to Xenograft mice transplanted with human lung cancer cells, clear reduction of lung cancer cells has been observed.
Almost no weight loss was seen at that time.

Functional analysis and evaluation of PIP conjugates with dimer forming ability: We synthesized PIP conjugates
introduced with cyclodextrin and adamantane, and aimed to improve target sequence specificity by dimer formation.
Functional analysis and evaluation of PIP conjugates with mitochondrial accumulation: We synthesized PIPs with
a peptide group (MPP) having mitochondrial accumulation, and confirmed the intracellular accumulation in
mitochondrial tissues, and the suppression of ND6 gene expression by binding of PIP to the LSP promoter region.
Functional analysis and evaluation of PIP conjugates with guanine quadruplex structural binding: We have
succeeded in developing a PIP conjugate that simultaneously recognizes and specifically binds to the guanine
quadruplex structure and the double-stranded DNA in the vicinity.

Control of DNA binding orientation by cyclic PIP: We investigated the sequence and structure of DNA and various
crystallization conditions, and succeeded in X-ray crystal structure analysis at SPring-8 using the obtained single crystal
of the DNA-cyclic PIP (NDB: 6M5B).

Functional analysis and evaluation of hairpin PIP conjugate: We have developed a near-infrared fluorescent PIP
conjugate that enables live cell imaging specific to human telomeria sequences.




