Biological Activity of a Py-Im Polyamide Androgen Receptor Antagonist

Thesis by
John W. Phillips

In Partial Fulfillment of the Requirements
for the Degree of
Doctor of Philosophy

California Institute of Technology
Pasadena, California
2011

(Defended May 31+, 2011)



© 2011
John W. Phillips
All Rights Reserved

il



To Valerie.

For all those late nights and long weekends.

il



v
Acknowledgements.

I ' would like to thank Peter Dervan for providing a superlative training environment
for my six years at Caltech. The mentorship and teaching philosophy you have demonstrated
over the years have been invaluable. I would also like to thank the members of my committee,
Dennis Dougherty, Bil Clemons, and Judy Campbell for their support and interest in my
graduate work.

I have had the privilege of working with supremely talented colleagues in the
Dervan lab, for which I am also grateful. I would particularly like to thank my intramural
collaborators: Carey Hsu, Jim Puckett, Michelle Farkas, Christian Dse, Dave Chenoweth,
Dan Harki, and Ben Li. Thanks also to Nick Nickols, a senior graduate student who gave me
the best introduction to graduate-level research that I could have ever hoped for. Jevgenij
Raskatov also deserves my gratitude for participating in our many scintillating scientific
discussions.

I would also like to thank Kenneth Karanja, my collaborator and coauthor in the
Campbell lab. His expertise, keen insight, and unexpected interest helped me close the
final chapter of my graduate research, and just in the nick of time, too.

Caltech is home to a number of staff scientists whose fine work has contributed to this
thesis. I would like to single out Shelley Diamond for her dedication and professionalism.
Her expertise in flow cytometry was instrumental to my work on the mechanism of
polyamide cytotoxicity. Her decades of experience and high standards for data quality

helped me tremendously.



Abstract.

Py-Im polyamides are cell-permeable, programmable, sequence-specific, DNA
minor groove-binding small molecules. When designed to bind a DNA sequence that
matches the consensus DNA-binding sequence of a transcription factor, they can be used
to block the binding of that transcription factor to its response element in vitro and in cell
culture. We have used this approach to inhibit the genotropic activity of the endogenous
transcription factors HIF 1o, glucocorticoid receptor (GR), and androgen receptor (AR).
In this work, we report the completion of a library of hairpin Py-Im polyamides targeted
to all possible 5’>-WGNNNW-3’ (W = A or T) sequences. These compounds bind their
target DNA sequences with high affinity. One compound from this set targets the sequence
5’-WGWWCW-3", which matches the DNA binding consensus sequence of GR and
AR and has been shown to inhibit the gene regulatory activity of these proteins in cell
culture. Herein, we show that a cyclic derivative of this compound maintains its activity
against AR-driven gene expression in hormone-sensitive LNCaP prostate cancer cells. As
androgen receptor signaling is crucial to prostate cancer growth and metastasis even in its
recurrent form, we next examine the activity of the AR/GR antagonist in a tissue culture
model of castration-resistant prostate cancer. In this model, the polyamide retains its
activity against AR-driven mRNA expression, but it fails to inhibit the binding of AR to its
response element. The polyamide-mediated repression is also accompanied by significant
cell stress and cytotoxicity, which are explored in the final two chapters of this thesis. The
former investigates a role for polyamides as inhibitors of DNA Topoisomerase II. Despite
in vitro evidence indicating polyamides prevent Topoisomerase II binding, no evidence for
this is found in cell culture. The final chapter reveals that polyamide-mediated cytotoxicity
is likely due to inhibition of DNA synthesis. This occurs at concentrations similar to those
used for transcription factor inhibition, suggesting that S-phase disturbance accompanies

efforts to regulate gene expression with polyamides.
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