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Abstract

Background: Breast cancer is endemic, ranking the number one cancer in women
worldwide. About 80% of all breast cancers are late onset, arising in post-
menopausal women, and are mainly estrogen receptor alpha (ERa) positive and
p53 wild type. However, the function of p53 is compromised in many cancers
due to constitutive degradation of p53 by the ubiquitin ligase human double 2
(hdm2). Degradation of p53 by hdm2 can by blocked by the p14ARF tumour
suppressor protein; however p14ARF is frequently deleted in breast cancer. By
re-introducing p14ARF into breast cancer cells p53 function can be restored. In
this study, an inducible p14ARF ERa positive breast cancer model was used to
determine the effects of reactivating p53 in hormone-dependent breast cancer.
While the role of p53 in the breast cancer treatment is well recognised as a tumour
suppressor, the evidence supporting an opposite action of p53 in treatment

resistance and recurrence in breast cancer is emerging.

Aims of this thesis: The overall aim of this thesis was to define the role of p53 in
ERa+ breast cancer cells. This aim was addressed by three specific aims, 1) to
determine the global proteomic changes associated with p14ARF-p53 activation
in breast cancer, 2) to characterise and validate novel p53 regulated proteins and
associated signalling pathways, detected by the proteomic analysis, and 3) to
examine the morphological and protein expression changes occurring in the

cellular metabolism focusing on mitochondria dynamics post p53 activation.

Methods: Stable isotopic labelling in cell culture and mass spectrometry (LC-
MS/MS) techniques were used for proteomic profiling of simultaneous global

Xvi



protein changes in breast cancer cells post activation of the p14ARF-p53
signalling pathway. High resolution immunofluorescent microscopy, conventional
Western blots and RT-qPCR and bioinformatics analyses were used for p14ARF-

p53 signalling validation.

Results: 1) SILAC LC-MS/MS analyses identified a unique global differential
profile of protein expression changes upon activation of the p14ARF-p53 pathway
over a 24 h and 72 h period. Listings of the proteome changes have been
deposited in the PRoteomics IDEntifications (PRIDE) archive with identification
numbers PXD009334. Significantly downregulated proteins were associated with
cell cycle arrest, DNA repair, and anti-apoptosis. Many of the upregulated
proteins were specifically associated with modulation of the metabolic pathways
in favour of oxidation and mitochondria regulation. 2) The tumour suppressor p53
Is usually associated with the modulation of the calcium regulator protein annexin
A5 to promote cell death or to permanently facilitate cell cycle arrest to prevent
tumour growth. Due to the sequence similarity of the annexin family of proteins,
it is difficult to determine how these multi-faceted proteins are regulated. Using
unbiased, quantitative proteomics we identified p53-differential regulation of the
annexin/S100A family through unique peptide recognition at the N-terminal
regions. This report is the first to describe how p53 acts as the central
orchestrator of these calcium regulators and its role in cell survival and function
in breast cancer. 3) Changes in the mitochondria occurring after p53 activation
were studied using immunofluorescence, visualising on the high resolution
DeltaVision OMX Blaze™ microscope and analysing using IMARIS x64 software.
Activation of the p14ARF-p53 pathway resulted in unique changes in cellular

metabolism. Activation of this pathway had dramatic effects on the morphological,
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activity and protein expression changes in the mitochondria, observed by an
increase in mitochondrial biomass, activity, cellular distribution, sphericity and

volume.

Summary: Overall, the work presented in this thesis provides a unique insight into
the key proteins involved in the changing cell metabolism in hormone dependent
breast cancer cells upon p53 activation and elucidates the role for p53 as a
master regulator of cellular processes. Specific proteins and signalling pathways
that are synchronised to rapidly hit the brakes on proliferation and coordinate
metabolic cellular switching in breast cancer are discussed. These p53 proteome
snapshots will provide valuable information on the duplicity of p53 in cell survival

and its potential role in latency and resistance to treatment in breast cancer.
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