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SUMMARY

On the basis of previous knowledge of the androgen receptor regulation of other
genes in prostate epithelial cells and of prostate specific antigen gene expression, it
was hypothesized that regulation of TRPM8 gene expression by the androgen
receptor is through a genomic pathway by binding at least two AREs at the TRPMS8
promoter: one in the proximal promoter initiates TRPM8 transcription; the other one
at a distal promoter site enhances the TRPM8 transcription activity. The aim of this

thesis was to test this hypothesis.

Transient Receptor Potential Maelastatin 8 (TRPM8) non-selective cation channel is
a member of the TRP family of cation channels. The expression of TRPMS8 is
regulated by the androgen receptor. It has been proposed that the functions of
TRPMS8 may be to act as a cold sensor and/ or to regulate regulation of ion and
protein secretion in the prostate gland. TRPM8 may also be involved in the
regulation of prostate epithelial cell proliferation or apoptosis. In the benign prostate
and in the early stages of prostate cancer, TRPM8 expression increases whereas its
expression in advanced stages of prostate cancer decreases. In hormone refractory
prostate cancer TRPM8 expression is lost. These observations indicate a potential
role of TRPMS8 in the progression of prostate cancer, especially the early stages of

the cancer. The distinct expression patterns of TRPMS8 in different stages of prostate

13



cancer also make it a potential marker for diagnosis and for prediction programs for

prostate cancer.

The bioinformatic search for ARE in the TRPM8 promoter was performed in human,
chimpanzee and baboon. In the 6 kb TRPM8 promoter, four putative AREs have
been identified and are conserved across the three species. The 6 kb TRPMS8
promoter was subsequently cloned into a luciferase reporter vector (pGL3 Basic) to
investigate its androgen responsiveness. However, insignificant androgen response

was found.

The endogenous TRPM8 mRNA expression pattern during androgen depletion and
re-addition was also investigated by RT-qPCR. This was to predict the potential
response pattern of the 6 kb TRPM8 promoter during androgen treatment in the
luciferase experiments. The endogenous TRPM8 mRNA expression study also

provided information to optimize the conditions for the luciferase experiments.

The search for AREs was then expanded to the region from +1 kb to -30 kb (relative
to the transcription start site) of the 5’ regulatory region and the 5’ untranslated
region of TRPM8 using ChIP —gPCR analysis to directly detect the in vivo androgen

receptor binding sites. 32 pairs of qPCR primers were designed and synthesized.
14



They were validated by PCR-gel electrophoresis followed by sequencing
confirmation. The ChIP-gPCR has identified an in vivo AR binding site, designated
as Androgen Receptor Binding Site 1 which contains a putative ARE, located at

around -28 kb of the 5’ regulatory region of the TRPM8 gene.

The following functional test of Androgen Receptor Binding Site 1 by luciferase
reporter gene assay showed that with androgen stimulation, it specifically inhibited
luciferase expression in a luciferase reporter construct driven by the 6 kb TRPMS8

promoter.

In conclusion, we have detected a potential ARE that serves as a silencer in the 30 kb
5 regulatory region of the TRPMS8 gene. This indicated a more complicated
mechanism of androgen receptor regulation of TRPM8 gene transcription: the
androgen receptor may bind to some other ARE(S) to initiate and /or enhance
TRPM8 gene transcription; under certain condition, AR may repress the TRPM8
gene transcription through the binding to the silencer within Androgen Receptor

Binding Site 1. However, further experiments are needed to test this hypothesis.

In future experiments, it would be helpful for our understanding of AR regulation of

TRPMS8 gene expression to 1) identify the ARE sequence within the Androgen
15



Receptor Binding Site 1; 2) further test the four putative AREs identified by cross
species analysis; 3) search for AREs in the 5 untranslated region, introns of the
TRPM8 gene; 4) identify the region in the TRPM8 promoter that the Androgen

Receptor Binding Site 1 interacts with to exert its regulatory function.

16



DECLARATION

I certify that the work embodied in this thesis is the result of original research
conducted while 1 was enrolled as a PhD student in the Department of Biochemistry
at Flinders University, South Australia. This thesis does not incorporate without
acknowledgment any material previously submitted for a degree or diploma in any
university; and that to the best of my knowledge and belief it does not contain any
material previously published or written by another person except where due

reference is cited.

Yabin Zhou

17



ACKNOWLEDGMENTS

I would like to express my sincere thanks to my principle supervisor Professor Greg
J. Barritt for his supervision, advice, and encouragement during the whole

candidature of my PhD study.

Special thanks to my co-supervisor Dr. Michael Michael for his supervision, great
help and valuable advice, especially on techniques regarding gPCR and ChIP assays.
I would also like to thank Dr. Lisa for her comments and help during the course of

this study.

I would like to thank Dr. Grant Buchanan and Dr. Eleanor Need for kindly sharing
their ChlP-seq data, ChIP assay protocol, and helpful advice on the ChIP assay. |
would also like to thank Ms Anne Rogers for her advice and helps with luciferase
assays; Dr. Donggui Hu and Dr. Robyn Meech for their advice and help with ChIP
assays and EMSA; Dr. Tim Chataway for his advice and help on using the Typhoon
Imaging system and Misonix Sonicator S-4000 and especially the opportunity he
provided for me to give a short talk to the Newell Foundation; Ms Angela Binns and
Dr. Tadija Petronijevic for various advice and help during the course of this study;
Dr. Hakan Muyderman for the interesting chat on a career as a scientist and for being

a good companion to share the office with; Prof Neil Sims for his valuable comments

18



on my annual review of progress reviews, Dr. Roland Gregory for his advice of PBL

tutoring.

| am grateful to the members of the Ca** signalling laboratory for their friendship
and support, as well as the members from the Dept. of Medical Biochemistry,

particularly Ms. Rachel Hughes and Ms. Diana.

I am always grateful to my parents and my wife Jin Hua for their love, understanding,

encouragement, and support at all times during my studies.

19



LIST OF ABBREVIATIONS

AR Androgen receptor

ARBS1 AR Binding Site 1

ARE Androgen response element

ChiP Chromatin immunoprecipitation
CMR1 Cold- and menthol-sensitive receptor
CPS Count per second

DBD DNA binding domain

DCS FBS Dextran / Charcoal stripped FBS
DHEA Dehydroepiandrosterone

DHT 5a-dihydrotestosterone

DRE Digital rectal exam

EMSA Electrophoretic mobility shift assay
ER Endoplasmic reticulum

FBS Fetal Bovine Serum

GRs Glucocorticoid receptors

HDAC Histone deacetylases

HGPIN High-grade PIN

HPRT Hypoxanthine guanine phosphoribosyl tranferase
IPLA2 Independent phospholipase A2
LARII Luciferase Assay Reagent Il

LPC Lysophosphatidylcholine

LPI Lysophosphatidylinositol

NE Normalized gene expression

PIN Prostatic intraepithelial neoplasia



PIP2 Phosphatidylinositol 4,5-bisphosphate

PLB Passive Lysis Buffer

PSA Prostate specific antigen

gPCR Quantitative real-time PCR

RPMI Roswell Park Memorial Institute medium

RT Reverse transcription

SD Standard deviation

TF Transcription factor

TNM Tumour, node, metastases

TRP Transient receptor potential

TRPM Transient receptor potential melastatin

TRPM8 Transient receptor potential cation channel, subfamily
M, member 8

TSS Transcription start site
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