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Reviewer for Bio Technologies  Allan Balmaln

DESCRIPTION (provided by applicant):

The major purpose of this proposal is to establish a novel designable multi-targeted
approach in a tumor-specific manner by means of pre-transcriptional targets, such as
the double-stranded genomic DNA using nucleic acid binding chemicals. The object of
this research is, therefore, to develop and evaluate a novel target DNA recognition
approach using Pyrrole-Imidazole {Pl) polyamide molecules or its conjugates for safe
administration, diagnosis and therapy in cancer patients. In the last two years
discovery phase and drug candidate development have been successfully established
by this project. Four sub projects were proposed by the Bio Technologies Group,
which are:

1. Development of Molecules for Cancer Diagnosis and Therapy,

2. DNA Binding Molecules for Amplified Oncogene Detection and Silencing,

3. Development of a Novel Radiation Dynamic Therapy against Cancer Cells in
Internal Organs, and

4. Peptide Nucleic Acid Molecules for Over-expressed Genes for Disease
Diagnosis and Therapy.

CRITIQUE

Significance: It is well recognized that nucleotide recognition approaches are one of
the most promising “next generation” therapeutic approaches for human disease.
Many laboratories and funding agencies have invested heavily in this field, field
especially in applications of siRNA technologies. Nucleotide recognition approaches
have the unique property of targeting the source of the information that drives cancer
cells, which is encoded in the DNA sequence. Initially this project seeks to identify the
complex genetic and epigenetic components that drive tumor development, to
ultimately identify the genetic causes of tumorigenesis. This is done primarily by
exploiting mouse genetics to develop models of cancer that closely mimic the
processes that cause cancer in human populations. The goal is to identify genetic
targets in mouse models that will provide novel routes to therapeutic approaches in
humans. The research team has developed intriguing nano-technological approaches,
which emphasize the team’s ability to develop unique diagnostic and therapeutic
approaches for complex diseases, such as cancer. For instance their use of pyrrole-
imidazole polyamide based drug candidate molecules is an interesting approach that
may lead to the anticancer drugs and provide a viable altemative to more widely
studies approaches such as those based on small interfering RNAs (siRNAs). Those
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molecules may also have applications in cancer diagnosis, when targeting cancer-specific
genetic events such as gene amplifications. In addition to these specific targeted approaches,
the team has also developed a novel radiation mediated photo dynamic therapy (PDT)
approach to cancer treatment. Although the unique mixture of scientists and clinicians in the
team has allowed them to pursue these multiple strategies and make considerable progress, the
team may need to develop a more focused approach concentrated on the most promising
strategy, in the subsequent years of this funded project. Because each project needs a
substantial amount of effort, the team would be well advised to invest their efforts in one of the
most feasible approaches.

Approach: This is a competing continuation report from productive investigators. During the
previous funding period of two years, the applicants made significant progress toward
completion of all of the specific sub-projects.

More than10 peer-reviewed publications from the Pt and hundreds from collaborators are cited
as having been funded wholly or partly by this grant within a retatively short period. Many are
highly collaborative, multi-author endeavors; thus, it is difficult to ascertain what the actual
contributions were and how they directly related to the original publications. Nonetheless, this
level of productivity is extremely impressive.

The goals of this continuation report involve focusing on therapeutic target discovery using
mouse carcinogenesis models, pharmacokinetics of P! polyamides, development of preclinical
drug candidates and assessment of parametric X-ray for radiation induced PDT for cancers in
internal organs. In general, the application is primarily a technological tour de force to identify
anti-cancer drug candidates. The PI has proposed to utilize a genome-wide genetic and
epigenetic search in conjunction with multi-phenotypic detection in a mouse model of human
cancer. The orthologous regions of the human genome were analyzed for identification of
human cancer related genes. This is a densely writien proposal, that is difficuft to follow. The
presentation also includes several peripheral issues which, while interesting, are not clearty
connected with the main themes of this proposal. Nonetheless, the research directions are
important, cleverly designed and appropriately resourced. The greatest concerns, and questions
that should be addressed, are: (1) Is the scope of the project too excessive for a 5-yr proposal?
(2) How consistent will therapeutic effect of PI palyamides be? (3) Why drop the already-
identified (and sometimes successful) drug development approaches in favor of nucleotide
binding approaches? For the first, the P! has carefully outlined the costs of the analyses within
the proposal, but the “bottom line” is not readily apparent. In short, the costs in terms of
personnel, assay costs, chemical synthesis and animal husbandry would seem to exceed the
time and budget proposed. With regard to consistency of the polyamide therapeutic effects in
rodents, the theoretical considerations would seem to support the proposal; however, subtle
changes in species could profoundly affect the parameters of therapeutic and/or adverse effects
of P! polyamides. While the proposal is carefully presented, more detailed explanations for how
the PI polyamide will be able to become localized in certain tissues, remain sufficiently stable to
get into the nucteus, and then to target specific DNA sequences, would be required to assure
that “rivial’ parameters are not responsible for increased variance or false negative/positive
findings in animal models. The proposal to evaluate the parametric X-rays for PDT raises some
substantial concerns, This description is not all inclusive, but meant to provide some feedback
to justify the scoring. The results of in vitro treatment of human cancer cell cultures with
parametric X-rays are promising and led to cell growth inhibition in at least two cancer cell lines,
but the approach raises some significant concerns. Non tumorous cellular behavior upon
exposure to parametric X-rays is not described. Why ionizing radiation, which includes
substantial amount of 33.4Kev X-rays, may not show this effect using clinically used PDT drugs
or X-ray sensitive chemical conjugates. It is not clear why parameric X-rays show such effects
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while ionizing radiation does not. Consistency using more in vitro analysis and in vivo tumor
model studies compared with ionizing radiation would show its application more appropriately.
The analysis of PNAs is appropriate. However, important details regarding which type of PNA
used for RNA recognition wilt be needed.

Pl acknowledges that the team may have to “identify new key cancer regulators” to identify
novel targets for cancer therapy. This may be correct, but is rather open-ended and lacks
important details regarding molecules and prioritization. The Pl polyamide study is an
impressive and highly challenging study, with a good probability of providing a drug for
anticancer therapy. There are many challenging problems that need to be solved. The possible
adverse effects on the human body have not been studied at all. Chemical delivery to tissue,
cell type and nuclear localization is unclear. We also need an improved understanding of tissue
distribution, stability, metabolism and excretion of Pl polyamides.

Nonetheless, the research proposed by Dr. Nagase and colleagues in this continuation report is
extremely exciting and should be funded in full by the appropriate organization.

Investigators: Dr. Nagase (15% effort) received his MD (1987) and PhD (1999) degrees from
Kumamoto University in Japan. He has experience in academia and industry before joining the
Nihon University, where he holds full professor with the rank of Associate Professor at Roswell
Park Cancer Institute and SUNY-Buffalo. He has been involved in several large research efforts,
among which are included the analysis of the involvement of the Adenomatous Polyposis Coli
(APC) gene, Aurora-A and trefoil factor 3 in cancer development. He will be assisted by an
assistant professor, 3 trainees, 9 PhD candidates and three technicians. Dr. Nagase has
initiated coltaborations with 8 researchers in Nihon University including Drs. Motoichiro
Takahashi, Satoru Takahashi, Yoshiaki Matsumoto, Tsugumichi Koshinaga, Noboru Fukuda
and Koichiro Kano. Their involvement amplifies the likelihood of obtaining useful results.

Environment: The facitities at Nihon University School of Medicine, Research Cancer are
excellent, especially for performing the types of experiments proposed in this proposal. All of the
key molecular genetic assays and preclinical experimental approaches are available.

Innovation: Complex phenotypes involving contributions from multiple genes in cancer
development are not a newly described area of research, but they are not widely studied for
therapeutic targets because of the complexity. Dr. Nagase has proposed a clever twist on the
‘standard’ molecular target therapy by incorporating targets of key regulators for cancer
treatment. Again, this avenue of study is not common, but critically important. Research
involved in the designable molecule of Pl polyamide is intriguing. This study also has the
potential to lead to a new paradigm for drug discovery.

Protection of Human Subjects from Research Risks: The application refers to data
exchange and analysis of human samples at other institutions. IRB approval from his institution
and institutions for the collaborators are appropriately obtained.

Inclusion of Women Plan: Not applicable.

Inclusion of Minorities Plan: Not applicable.

Inclusion of Children Plan: Not applicable.

Vertebrate Animals: Acceptable, all 5 points are covered.
Biohazards: No concerns.

Mode! organism sharing plan: Acceptable

DATA SHARING PLAN: Acceptable.
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Overal! Evaluation: This is @ competing continuation report from a productive, highly
collaborative investigator. The application is densely written and challenging to follow, but the
nature of the proposed studies - to evaluate in a genome-wide manner the key genetic and
epigenetic targets that are correlated with multi-stage carcinogenesis model - are potentially
extremely informative and may provide unique information on DNA targets. Two issues may
need to be addressed in the next funding period: the consistency and magnitude of the
therapedutic effect of radiation induced PDT and Pl treatments may not be sufficiently high to
interpret the data obtained; and previously identified drug targets may not be sufficiently specific
to justify studying in detall. In addition, translation of the findings to human application may be
challenging. The Pt polyamide as a candidate drug is an outstanding, if challenging, research
area. The proposed project is well organized as a result of the PI's experience and deep
understanding of drug discovery, and the excellent team of collaborators assembled.

Budget: The budget of next year period with continuation plan of three more years is
requested; however, there are concerns that the budget may not be adequate to accomplish the
proposed studies.

Please feel free to contact me if there are any additional questions regarding this proposal.

Allan Balmain, PhD, FRSE



