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Prostate cancer (PCa) is a leading cause of male cancer-related death globally (1). The androgen receptor (AR)
remains the main therapeutic target for lethal PCa, and although AR pathway inhibitors (ARPIs) remain the
cornerstone of treatment, resistance is inevitable and advanced PCa remains fatal (2). We, and others, have shown
that most ARPI resistant castration-resistant prostate cancers (CRPCs) have ongoing addiction to AR signalling (3-
7). This can be driven by AR amplifications, AR activating point mutations and constitutively active AR splice
variants (3, 6). Critically, all currently available ARPIs have limited anti-tumour activity against these
mechanisms of resistance and innovative therapeutic strategies that overcome persistent AR signalling are
urgently required.

We have identified that targeting a specific phosphatase (not named for confidentiality; referred to as phosphatase
throughout) represents an attractive approach to overcome persistent AR signalling. We have shown that genomic
knockdown of the phosphatase preferentially inhibits the growth of AR-driven cell lines when compared to AR-
independent cell lines. Next, we have demonstrated that genomic knockdown of the phosphatase dramatically
decreases PSA levels, ablating AR signalling, suggesting that this phosphatase is a novel critical regulator of AR
signalling. Critically, genomic knockdown of the phosphatase reduced the growth of 22Rv1 PCa cell lines that are
resistant to FDA-approved ARPIs, and novel ARPIs being clinically evaluated, suggesting that targeting the
phosphatase will provide greater patient benefit than current therapeutic strategies in development. Furthermore, we
have demonstrated preferential expression of this phosphatase in cells of prostate lineage providing clear evidence
that therapies targeting this phosphatase will deliver PCa specific effects and spare normal tissues. Finally, the
phosphatase is predicted to be both degradable and ligandable confirming its tractability and supporting rapid
clinical translation of this approach (8). Taken together, targeting this phosphatase, identifies an innovative
tractable therapeutic target to completely ablate persistent AR signalling, through a novel mechanism of




action, to deliver cancer specific kill to tumours from patients with limited treatment options, helping them
live longer and better lives.

Overarching hypothesis

Identification of a specific phosphatase as a therapeutic target to inhibit persistent AR signalling through a novel
mechanism of action will support the development of an innovative treatment that delivers robust anti-cancer activity
in ARPI resistant tumours to improve the outcome for patients with lethal PCa.

Project aims
1) We will evaluate the RNA and protein expression of the phosphatase, and develop and quantify

phosphatase-specific activity signatures, across multiple PCa patient cohorts, to demonstrate that
levels/activity signatures of the phosphatase are higher in prostate tumours, compared to other advanced
cancers, and that they associate with persistent AR signalling to drive resistance to current standard of care
treatments and worse clinical outcome for men suffering from lethal PCa.

2) We will utilise clinically relevant PCa patient-derived and cell line models to confirm that the phosphatase is
essential for the growth of lethal PCas with persistent androgen receptor signalling in vitro, determining the
mechanism through which the phosphatase regulates AR signalling, to support that targeting the
phosphatase represents an attractive therapeutic strategy for lethal PCa.

3) We will elucidate predictive biomarkers, that will include expression of the phosphatase, to identify
advanced PCa that respond robustly to targeting the phosphatase, confirming these findings in PCa patient-
derived and cell line models in vivo to support the clinical development of therapeutic strategies targeting
the phosphatase in lethal PCa.

Aim 1

Clinical qualification of phosphatase RNA expression and novel phosphatase activity signatures in pan-
cancer and PCa patient whole-exome and transcriptome cohorts. Firstly, following genomic knockdown/out
(inducible small hairpin RNA (shRNA) and/or CRISPR/Cas9) of the phosphatase in multiple PCa cell line models we
will perform RNA-seq and develop novel phosphatase activity signatures (developed in Aim 2). Following which, we
will utilise our established institutional and publicly available pan-cancer and localised/lethal PCa patient cohorts to
interrogate the clinical relevance of phosphatase RNA expression and activity signatures confirming that
phosphatase RNA levels/activity signatures demonstrate prostate tumour/tissue specificity and associate with AR
expression/signalling signatures. Following this, we will focus on phosphatase RNA expression and activity
signatures in localized and lethal PCa cohorts to determine the association with: (1) the development of castration
resistance, (2) common PCa molecular subtypes, (3) gene expression and signalling pathways including AR
signalling signatures, and (4) clinical outcome data. Clinical qualification of phosphatase protein expression in
pan-cancer and PCa patient tissue biopsy cohorts. We will utilise established tissue biopsy cohorts to provide
further insights into the clinical significance of phosphatase protein expression in prostate and other cancers. Having
analytically validated an immunohistochemistry (IHC) assay that specifically detects the phosphatase protein
expression in tissue we will confirm that the phosphatase protein levels are higher, and specific to, prostate tumours
when compared to other commonly occurring cancers. Following this, we will evaluate the association between the
phosphatase at protein level and those characteristics described above (for RNA analyses).

Aim 2

Development of PCa phosphatase activity signatures. Genes consistently upregulated upon phosphatase
overexpression (inducible plasmids) and downregulated upon knockdown (KD; small interfering RNAs (siRNAs)
and/or inducible shRNAs) in PCa cell line models will be selected to generate a phosphatase-Activated signature.
Conversely, genes downregulated upon phosphatase overexpression and upregulated upon KD will define a
phosphatase-Repressed signature. These signatures will be utilised in Aim 1. Molecular characterisation of our
PCa patient-derived and cell line models. We will quantify phosphatase RNA (RNA-seq), protein (western blot,
WB/IHC), and activity signatures, in all our models and compare this to AR expression/signalling signatures to
further validate our clinical studies in Aim 1. Validation of the phosphatase as a critical factor for the growth of
PCa models with persistent AR signalling. We will expand our preliminary data and assess the impact of
phosphatase KD (siRNAs and inducible shRNAs) on cell growth (CellTiter-Glo) in PCa cell lines and patient-derived
xenograft-organoids (PDX-Os), both with and without persistent AR signalling. We will also address the mechanism



of cell growth inhibition, analysing cell cycle arrest (fluorescence activated cell sorting, FACS and quantitative
polymerase chain reaction, gqPCR/WB), apoptosis induction (Caspase-Glo 3/7 and gPCR/WB) and senescence ([3-
Galactosidase detection, and gqPCR/WB). Comparison of the effectiveness of phosphatase KD and ARPIs in
PCa models with persistent AR signalling. We will assess the impact of phosphatase KD in comparison to FDA-
approved ARPIs and those in clinical development by evaluating RNA and protein levels of AR-FL, AR-V7, and AR-
regulated genes (QPCR and WB), as well as cell growth (CellTiter-Glo) and mechanism of cell growth inhibition in
PCa cell lines, PDX-Os, and LuCaP 2D models, with high phosphatase expression and persistent AR signalling.
Confirmation that phosphatase controls AR activity. We will perform RNA-seq following phosphatase KD in PCa
cell lines with persistent AR signalling, analysing AR signalling signatures. Additionally, we will assess whether
phosphatase KD affects the transactivation of a PSA ARE3-driven luciferase reporter in AR-negative PC3 cells
transfected with AR-FL or AR-V7. Determination of the molecular mechanism underlying AR regulation by
phosphatase. We will analyse the effects of phosphatase KD (in AR positive PCa cell line models with high levels
of phosphatase) on: (1) AR localisation (Immunofluorescence, IF/IHC and cytoplasmic vs. nuclear fractionation), (2)
AR chromatin binding and transcriptional activity efficiency (self-transcribing active regulatory region sequencing,
chromatin immunoprecipitation (ChlP) sequencing and HiChlIP), (3) phosphatase interactome (phosphatase co-
immunoprecipitation/mass spectrometry), and (4) phosphatase-dependent phosphoproteome (phosphoproteomics).

Aim 3

Identification of genomic aberrations modulating PCa model response to phosphatase KD. We will first
assess the response to phosphatase KD in a panel of PCa cell lines, PDX-O, and LuCaP 2D models, representing
the most common CRPC genomic aberrations. Next, we will perform a genome-wide CRISPR/Cas9 dropout screen
in PCa cell line models with high phosphatase levels and persistent AR signalling to: (1) cross-validate the genomic
aberrations influencing the response to phosphatase KD identified in our LuCaP 2D and PDX-O panel, (2) identify
genomic alterations affecting phosphatase KD response that are not represented in our set of PCa cell lines, PDX-
O, and LuCaP 2D models, (3) discover potential synergistic therapeutic combinations by identifying genes whose
loss/KO enhances the antiproliferative effects of phosphatase KD and for which targeted drugs are available.
Validation of biomarkers predicting response to phosphatase KD. We will first develop novel PCa cell line
models that harbour genomic aberrations identified as predictive biomarkers for response to phosphatase KD. To
achieve this, we will generate long-term KD (stable shRNAs) and/or KO (CRISPR/Cas9) models using PCa cell lines
with high phosphatase levels and persistent AR signalling. Subsequently, we will evaluate the effects of
phosphatase KD on cell viability (CellTiter-Glo) and AR signalling (gQPCR and WB analysis of AR-regulated genes) in
these genetically modified PCa cell lines, aiming to assess whether phosphatase KD is more effective in the
presence of these aberrations, thereby validating their predictive role. In vivo validation of the most promising
single agent predictive biomarker approach. The most promising predictive biomarkers will be validated in vivo
using our PDX models with high phosphatase levels, persistent AR signalling, and the identified genomic
aberrations influencing phosphatase KD response. Once the tumours are established, phosphatase will be silenced
with doxycycline treatment (inducible shRNAs). If these models are unavailable, PCa cell lines harbouring the
relevant genomic aberrations (or genetically modified to harbour them) will be used. In vivo antitumor efficacy will be
assessed through tumour growth measurement, and pharmacodynamic modulation will be evaluated via
gPCR/RNA-seq and WB/IHC.
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Note: the ICR’s standard minimum entry requirement is a relevant undergraduate Honours degree (First or 2:1).

Pre-requisite qualifications of applicants: First/2:1 in biological/medical sciences or related subject
area

Intended learning outcomes: Knowledge: Prostate cancer biology and medicine
Knowledge: AR and calcium signalling/phosphatase
biology

Skills: Interdisciplinary working/skills

Skills: Bioinformatics and clinical analyses

Skills: Immunohistochemistry/immunofluorescence
Skills: Patient-derived models

Skills: Molecular biology

Project suitable for a student with a background in: |X| Biological Sciences

|:| Physics or Engineering

|:| Chemistry

|:| Maths, Statistics or Epidemiology
|:| Computer Science



