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1. INTRODUCTION:

The serine protease, Kallikrein-related peptidase 4 (KLK4), is a rational therapeutic target for
prostate cancer (PCa) as it is up-regulated in both localised and bone metastatic cancerous
tissue, and is an independent biomarker discriminating between benign and malignant prostate
tissue [1,2]. KLK4 has been reported to increase PCa cell proliferation, induce an epithelial to
mesenchymal transition (EMT)-like response in PC3 PCa cells [4], and could have a role in PCa
“homing” to bone [5]. Recently, my co-mentor Distinguished Professor Judith Clement showed
that KLK4 regulates the transforming growth factor (TGF)- pathway in the tumor-stromal
microenvironment by cleaving a number of TGF-3 extracellular matrix binding partners; thus
regulating the bioavailability of TGF-f3 (Fuhrman-Luck et al, unpublished), a cytokine that drives
PCa growth, bone homing, EMT and immune suppression [6]. We therefore hypothesize that
blockade of KLK4 activity will inhibit PCa growth and prevent metastasis to secondary sites like
bone. This project aims to develop a novel therapeutic strategy targeting KLK4 specifically in
PCa. KLK4 siRNA is incorporated into a novel drug-delivery platform currently in development
by my mentor, Prof Pamela Russell with collaborators from the Australian Institute of
Bioengineering and Nanotechnology (AIBN), University of Queensland. In this drug-delivery
system, the KLK4 siRNA is conjugated to a hyperbranched polymer (HBP) backbone, which is
also attached at the periphery with a short peptide that binds to prostate specific membrane
antigen (PSMA; expressed on 90% of PCa) for prostate-specific delivery of the therapeutic cargo

(Fig 1).
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Fig 1. Schematic of our polymeric nanomedicine.
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3. ACCOMPLISHMENTS:

e What were the major goals of the project?

Specific Aim 1: Synthesis of our KLK4-targeting agents and ethics applications

o Task 1: Synthesis of our KLK4-targeting conjugates (in progress)

o Task 2: Obtain animal ethics approval (100% complete)

o Task 3: Obtain human ethics approval (100% complete)

Specific Aim 2: Generation and characterisation of KLK4-expressing PCa cell lines
o Task 1: Transfection of PCa cell lines with KLK4 (100% complete)

o Task 2: Confirmation of KLK4 expression by transfectants (100% complete)
Specific Aim 3: In vitro studies to assess effect of KLK4-targeting conjugates




o Task 1: Determine effects of KLK4-inhibition on PCa cell behaviour and EMT (50%
complete)

o Task 2: Study effects of KLK4-blockade on PCa homing and establishment in bone (in
progress)

Specific Aim 4: In vivo studies to assess how KLK4-targeting affects PCa growth and bone

metastasis

o Task 1: Effect of KLK4 antagonism on incidence and growth of orthotopic tumors and bone
metastasis in mice (50% complete)

o Task 2: Studying the role of KLK4 in PCa homing using a novel human engineered model.
(50% complete)

e What was accomplished under these goals?

Specific Aim 1: Synthesis of our -KLK4-targeting agents

o Task 1: Synthesis of our KLK4-targeting conjugates

In collaboration with chemists from AIBN, we have now successfully synthesised and
characterized both in vitro and in vivo our PSMA-targeting hyperbranched polymer (HBP) basic
structure (prior to KLK4 siRNA attachment). This work (Fuchs & Tse et al.) was recently
published in the journal Biomacromolecules (impact factor 5.75). Since a high targeting
efficiency towards PSMA by the HBPs is fundamental to our PCa-targeting therapeutic
approach, a significant amount of my research activity was focused on optimising the system
(hence caused some delay), but we have now successfully achieved this. HBPs were conjugated
with one of three distinct ligands that bind to the extracellular domain of PSMA; 1) a short
peptide (from Dr Warren Heston, Cleveland Clinic, USA), 2) the J591 antibody (from Dr Neil
Bander, Weill Cornell Medical College, USA), and 3) urea glutamate (commercially available).
We sought to determine which of these polymers ie HBP-peptide, HPB-]591, HBP-GlutUrea, or
HBP-control (no ligand) has the best PSMA-targeting efficiency, and be subsequently attached
with our KLK4 siRNAs. All HBPs were also labelled with the fluorophore Cy5. Flow cytometric
analysis showed that HBP-peptide and HBP-]591 were internalised into PSMA-proficient
PC3/PIP-DsRed*luc* cells (abbreviated as PC3/PIP hereafter) but not PSMA-deficient
PC3/FLU-DsRed*luc* cells (abbreviated as PC3/FLU) via binding to PSMA in a time dose-
dependent and time-dependent manner (please see Appendices section for full manuscript for
all figures and methodology). No PSMA-mediated cell internalisation of HBP-GlutUrea or HBP-
control was observed. These findings were confirmed by confocal microscopy (see manuscript).
Since the HBP-peptide showed high specificity for PSMA, and as a smaller molecule as
compared to HBP-]591, it is likely to have better pharmacokinetics in vivo; hence, we performed
additional experiments with this polymer. In vitro competitive binding and internalisation
assays further confirmed that endocytosis of HBP-peptide is PSMA-mediated (see manuscript).
This was demonstrated using five PCa cell lines; PC3/PIP, LNCaP, C42b cells (all PSMA-
proficient) and PC3/FLU and DU145 cells (both PSMA-deficient) (see manuscript). In vivo, HBP-
peptide injected intravenously strongly targeted towards pre-established subcutaneous
PC3/PIP tumors but minimally to PC3/FLU tumors, as assessed by in vivo fluorescence imaging
(see manuscript). These results strongly indicate that the HBP-peptide is an excellent
therapeutic delivery vehicle to PCa cells (see Figs 2 to 4 for selected experiments from
the manuscript involving HBP-peptide), and has been selected to be attached with KLK4
siRNA (see page 7).
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Fig 2. Flow cytometric analysis of PC3-FLU cells (PSMA-deficient; black bars) and PC3-PIP cells
(PSMA-proficient; red bars) incubated with HBP-peptide or HBP-control across multiple
concentrations and time points. Analysis was performed to assess Cy5 signal in cells given as
the geometric mean fluorescence intensity (MFI) of Cy5 of the entire cell population, and the
percentage of cells positively stained. n=3.

HBP-peptide
PIP

HBP-control
FLU

FLU

Merged

Fig 3. PSMA-mediated endocytosis of HBP-peptide and was confirmed by confocal microscopy.
PC3-FLU and PC3-PIP cells were incubated with HBP-control or HBP-peptide at 0.2uM for
120mins. Confocal microscopy was performed to assess Cy5 signal in cells; DAPI (nuclear),
DsRed (cytosolic) and Cy5 staining is shown.
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Fig 4. (A) Arepresentative BALB/c nude mouse bearing subcutaneous PC3-FLU (left flank) and
PC3-PIP (right flank) tumors injected intravenously with HBP-peptide and Cy5 localization
imaged using the In-Vivo Xtreme instrument at 1, 3, and 6 days post injection. (B) Box and
Whiskers plot (mean; min to max) of average radiance efficiency (Cy5) of various
tissues/organs following excision 48 h post-injection with HBP-peptide (n = 4) with an
accompanying representative fluorescence image.

The overall goal of this project is to develop a novel therapeutic system in which KLK4 siRNA
can be delivered specifically to PCa cells, by virtue of their expression of PSMA, to inhibit KLK4-
mediated pro-tumor mechanisms. Two siRNA sequences targeting KLK4, siKLK4(A) and
siKLK4(B), were purchased from Ambion, Life Technologies. Transfection of KLK4-
overexpressing PC3/PIP cells (see page 9 for details regarding the generation of this cell line)
with siKLK4(A) or siKLK4(B) significantly reduced KLK4 mRNA levels by 75-80% relative to
siControl treatment (Fig 5A and B). From experience, this level of knock-down is typical from
siRNA treatment, and could be sufficient to induce changes in cellular function. siKLK4(A),
siKLK4(B) and siControl are currently being conjugated onto HBP-peptide by
collaborators from AIBN. siRNA sequences are shown in Table 1, and KLK4 qRT-PCR primers
in Table 2.
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Fig 5A). Demonstration of KLK4 mRNA knock-down following transfection of PC3/PIP-KLK4
cells with siKLK4(A) or siKLK4(B) constructs using RNAIMAX reagent (Life Technologies)
across a range of concentrations for 48 hours (n=1), as determined by qRT-PCR. B)
Confirmation that both siRNA constructs when used at 10nM inhibit KLK4 mRNA expression
(n=3).

Table 1. siRNA information.

Sense (5'=>3") Antisense (5'=>3")
siControl #1 Sequence not available Sequence not available
(Cat# AM4611, Ambion)
siKLK4(A) GAAGGACUCCUGCAACGGUtt ACCGUUGCAGGAGUCCUUtg
siKLK4(B) GUGGAUAGAGAAAACCGUCtt GACGGUUUUCUCAUCCACtc
Table 2. KLK4 primer sequences for qRT-PCR.

Sense (5'=>3") Antisense (5'=>3")
KLK4 GAGGGCAAGACCAGAAGGACT | TTTCCGAAAGACACAAGGCC
RPL32 (reference) GCACCAGTCAGACCGATATG ACTGGGCAGCATGTGCTTTG

o Task 2: Obtain animal ethics approval

Animal ethics approval has been granted, and in vivo experiments are underway (see Specific
Aim 4 section). The animal ethics approval number is: QUT/TRI/542/15/DOD/APCRC-Q. The
study title is: “Targeting KLK4 to inhibit prostate cancer growth and metastasis”.

o Task 3: Obtain human ethics approval

Human ethics for using bone tissue from patient donors have been obtained. The QUT human
ethics approval number is: 1400001024. The study title is “Investigating the biology of human
join tissue”.

Specific Aim 2: Generation and characterisation of KLK4-expressing PCa cell lines

o Task 1: Transfection of PCa cell lines with KLK4.

PC3/PIP (PSMA+), PC3/FLU (PSMA-) and C42b (PSMA+) cells (all negative for KLK4 protein)
were stably transfected with the pRc/RSV-full length KLK4 plasmid (full length KLK4) or the
pRc/RSV plasmid (empty vector), provided by Prof Viktor Magdolen (Technical University of
Munich, Germany). Briefly, 3x105 cells seeded in 6-well plates were transfected with 500ng of
plasmid DNA using Lipofectamine reagent (Life Technologies), and selection for transfectants
began 72 hours post-transfection with G418 antibiotic at 1mg/mL.

o Task 2: Confirmation of KLK4 expression by transfectants

Stable over-expression of KLK4 mRNA by PC3/PIP-KLK4 cells and C42b-KLK4 was
demonstrated by qRT-PCR (Fig 6A). PC3/PIP-KLK4 cells have ~120,000-fold higher expression
of KLK4 mRNA as compared to PC3/PIP-Vec cells. In contrast, C42b-KLK4 cells have ~3-fold
greater KLK4 transcript levels than C42b-Vec cells. KLK4 protein was detected by western blot
in the conditioned media (CM) of PC3/PIP-KLK4 cells but not C42b-KLK4 (Fig 6B). Confocal
microscopy further confirmed expression of KLK4 protein by transfectants (Fig 6C). Since KLK4
protein was detectable only in PC3/PIP-KLK4, the PC3/PIP model was primarily used in
subsequent functional assays.
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Fig 6. A) Over-expression of KLK4 mRNA levels by PC3/PIP-KLK4 and C42b-KLK4 cells was
confirmed by qRT-pCR, but KLK4 protein was only detectable in CM of PC3/PIP-KLK4. B) The
CM was prepared culturing 3 million tranfectant cells in serum-free media in T75 flasks for 48
hours. 100 ng of rKLK4 was positive control. (n=4).
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Fig 6.C) Confocal fluorescence microscopy images confirming cytoplasmic expression of
KLK4 by PC3-PIP-KLK4 cells but no expression by control cells.

Specific Aim 3: In vitro studies to assess effect of KLK4-targeting conjugates

o Task 1: Determine effects of KLK4-inhibition on PCa cell behaviour and EMT
= Subtask 1 and 2): Cell proliferation, migration and invasion assays.
Since KLK4 siRNA is currently being conjugated onto HBP-peptide by our collaborators, the
experiments done to date have mainly involved comparing the in vitro characteristics of
KLK4-transfectants with vector-transfectants, to identify cellular functions of KLK4 which
we aim to inhibit with HBP-peptide/KLK4siRNA. PC3/PIP-KLK4 showed a trend towards
having a faster rate of cell proliferation when compared to PC3/PIP-Vec cells, as assessed by
Prestoblue reagent (Life Technologies) (Fig 7A). Treatment of PC3/PIP-KLK4 cells with
siKLK4(A) and siKLK4(B) also reduced cell proliferation as assessed by cell counting in a
preliminary experiment (Fig 7B). Since KLK4 protein was not detectable in CM of C42b-
KLK4 or C42b-Vec cells, proliferation assays were not performed on those cells.
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Fig 7. Effect of KLK4 on proliferation of PC3/PIP cells. A) Proliferation rate of PC3/PIP-
Vec and PC3/PIP-KLK4 cells seeded at 2 different cell densities in 96-well plates was
assessed by incubation with Prestoblue reagent. B) Cell counting using a
haemcytometer was performed on cells 48 hours after siRNA treatment (10nM). (n=1).

The effect of KLK4 over-expression on cell migration was assessed using the Incucyte time-
lapse microscopy system. PC3/PIP-KLK4 cells showed a trend towards a faster rate of
wound closure in the wound-scratch assay as compared to PC3/PIP-Vec cells (Fig 8A). The
correlation between KLK4 with a faster migration rate is unlikely to be due to cell
proliferation as differential migration rate is apparent after 4-6 hours. These findings will
be validated by transwell migration assays. Another preliminary experiment was
performed to assess the migration of PCa cells towards CM containing KLK4. Parental
PC3/PIP cells migrated more rapidly towards CM of PC3/PIP-KLK4 cells than to those from
PC3/PIP-Vec cells in a transwell assay (Fig 8B). The ability of HBP-peptide/KLK4siRNA to
inhibit the effects of KLK4 on cell motility will be assessed.
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Fig 8. A) Preliminary evidence of faster migration rate by PC3/PIP-KLK4 cells than PC3/PIP-
Vec (n=2 biological replicates, each with 40 technical replicates) based on the Incucyte time-
lapse microscopy system. B) Parental PC3/PIP cells appear to move more rapidly towards CM
containing KLK4. (n=2 biological rep, each with 3 technical reps).

The next question addressed was, whether or not the apparent faster cell migration rate of
PC3/PIP-KLK4 was mediated by KLK4 over-expression, and if so, could this be inhibited by
KLK4 siRNA treatment? PC3/PIP-KLK4 cells were seeded in a 96-well plate at 70% confluence,
treated with either siControl, siKLK4(A) or siKLK4(B) (all at 10nM) for 48 hours (to allow
sufficient time for protein expression inhibition), then setup in a wound-scratch assay in the
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Incucyte system. Treatment with either siKLK4 constructs correlated with a slower rate of
wound closure as compared to siControl, suggesting that KLK4 plays a role in the apparent
enhanced-migratory rate of PC3/PIP-KLK4 cells (Fig 9). The results also suggest that these
specific siKLK4 sequences have potential therapeutic activity.
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Fig 9. Pre-treatment of PC3/PIP-KLK4 cells with siKLK4(A) or siKLK4(B) correlated with
slower cell migration in the Incucyte scratch-wound assay (n=3 biological reps, each with 30
technical reps).

The effect of KLK4 over-expression on the invasive capabilities of PC3/PIP cells was assessed
cells using a modified 3D Matrigel™ assay. The culture of PC3/PIP-KLK4 cells over a period of
7 days resulted in the majority of colonies growing with an invasive stellate morphology (Fig
10A). In contrast, PC3/PIP-Vec cells grew as more rounded and less-invasive colonies over the
same period. This effect was highly reproducible (n=3). Mechanistically, KLK4 could be
mediating an invasive phenotype by acting intracellularly, or through extracellular activities.
To explore the latter possibility, parental PC3/PIP cells were again grown on matrigel but
incubated with 100% CM from PC3/PIP-KLK4 or PC3/PIP-Vec cells for up to 5 days (Fig 10B).
Cells treated with PC3/PIP-KLK4 CM exhibited a more invasive phenotype, suggesting that the
extracellular function of KLK4 mediates this effect. The cells failed to grow further beyond 5-7
days. The ability of HBP-peptide/KLK4siRNA to inhibit the pro-invasive effects of KLK4 will be
assessed using the same assays.
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Fig 10. A) Growth of PC3/PIP-Vec and PC3/PIP-KLK4 on matrigel in media containing 5%
FBS for up to 7 days to assess their invasive morphology. B) Growth of parental PC3/PIP cells
on matrigel and incubated in 100% CM from PC3/PIP-Vec or PC3/PIP-KLK4. n=3.

Although C42b-KLK4 and C42B-Vec cells did not secrete detectable amounts of KLK4 protein,
[ performed the matrigel experiments as described above as well. As expected, there is no
evidence of KLK4 altering the phenotype of the C42b model (Fig 10).
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Fig 11. Growth of C42b-Vec and C42b-KLK4 on matrigel in media containing 5% FBS (A) or
CM from KLK4- or Vec-transfectants (B).

= Subtask 3): RT-qPCR and western blot for markers of EMT

To study the potential effect of KLK4 over-expression in inducing EMT-like changes in PCa cells,
gRT-PCR was performed on a number of EMT-associated markers on RNA of KLK4-transfected
or Vec-transfected cells (Fig 11). Over-expression of KLK4 in the PC3/PIP model positively
correlated with higher mRNA level of Snail, a potent EMT-inducing transcription factor.
However, no overt changes in the expression of other EMT-related genes were observed. To
test if the increase in Snail expression in PC3-PIP/KLK4 cells was mediated by KLK4, we
examined Snail mRNA levels in cells treated with the siRNA constructs. Treatment with
siKLK4(A) did not influence Snail mRNA levels (Fig 13). However, to our surprise, siKLK4(B)
treatment appeared to correlate with higher Snail mRNA levels. The reason for this is not clear,
and further investigations are warranted. As expected, no differences between KLK4 and EMT
markers were seen in the C42b model (Fig 12). Currently, the link between KLK4 and EMT in
these cells is not clear. The primer sequences for these genes are listed in Table 3 below.

Snail Slug Zebl Twist

3

n
o

2

ression (MRNA)

Relative expre

-

=_‘ |’

R expres:

o s a

5 o 5

Relative expression (mRNA!
o o 5

s & =

Relative expression (mRNA}
o ° a

5 o 5

pression (mRNA)

EMT-inducing TFs

1

S g
Ve  KLK4 Vec  KLK4 Vec  KLK4 T Ve  KLK4

Vimentin Fibronectin N-Cad NRP1
T1s T15 T 15 T 15
g g g g
510 510 § 1.0 510
Mesenchymal 3} H H
Mark: g 0.5 ,%;- 0.5 : 0.5 & 0.5:
arkers 2.0 80 8
H : : :
5 5 5 =
£ 0.0 2 00 & 0.0 & 0.0
Vec  KLK4 Vec  KLK4 Vec  KLK4 Vec  KLK4
Ecad EpCam
<3 L 20
© ®
£ s
Epithelial §:
H 2 1.0
Markers &, H
; e
ki k|
20 2 00

Vec  KLK4 T Vec KLK4

Fig 12. qRT-PCR for EMT markers in the PC3/PIP model. (n=5).
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Fig 14. qRT-PCR for EMT markers in the C42b model. (n=3).

Table 3. Primers for EMT markers.

Sense (5'=>3’) Antisense (5'=>3")

Snail CCTCCCTGTCAGATGAGGAC CCAGGCTGAGGTATTCCTTG

Slug GGGGAGAAGCCTTTTTCTTG TCCTCATGTTTGTGCAGGAG

Zebl CAACTACGGTCAGCCCT GCGGTGTAGAATCAGAGTC

Twist GGAGTCCGCAGTCTTACGAG TCTGGAGGACCTGGTAGAGG
Vimentin GAGAACTTTGCCGTTGAAGC GCTTCCTGTAGGTGGCAATC
Fibronectin CAGTGGGAGACCTCGAGAAG TCCCTCGGAACATCAGAAAC
N-Cadherin ACAGTGGCCACCTACAAAGG CCGAGATGGGGTTGATAATG
Neuropilin-1( NRP1) AGGACAGAGACTGCAAGTATGAC | AACATTCAGGACCTCTCTTGA
E-Cadherin TGCCCAGAAAATGAAAAAGG GTGTATGTGGCAATGCGTTC
EpCam TGCTCAAAGCTGGCTGCCAAATG | GTGCCGTTGCACTGCTTGGC
RPL32 (reference) GCACCAGTCAGACCGATATG ACTGGGCAGCATGTGCTTTG

o Task 2: Study effects of KLK4-blockade on PCa homing and establishment in bone
Subtask 1): Migration assays using CM from human osteoblasts — in progress
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=  Subtask 2): Cell adhesion assay - in progress

=  Subtask 3):Co-culture of PCa cells with osteoblasts within a novel tissue engineered bone.
Yet to commence - this is because fresh patient material/osteoblasts are very precious
and expensive to transformed into tissue engineered bone, hence these experiments will be
performed with HBP-peptide/siKLK4 is successfully conjugated.

Specific Aim 4: In vivo studies to assess effect of KLK4-targeting conjugates

Two in vivo experiments designed to optimise the cell dose for injection via the intraprostatic
(modelling primary prostatic tumours) and intracardiac (modelling metastasis) routes, and thereby,
reveal potential effects of KLK4 expression on tumour growth and metastasis, are complete. In the
orthotopic model, tumour expression of KLK4 correlated with significantly smaller tumours based on ex
vivo tumour weightand in vivo bioluminescence (Fig 15A-C). In vivo expression of KLK4
was confirmed by immunohistochemistry of resected tumours (Fig 16). Tumours were also
stained for Numa (human marker), ki67 (proliferation) and cleaved caspase 3 (apoptosis).
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Fig 15. KLK4 production by prostate cancer cells is associated with tumour growth
inhibition in an orthotopic tumour model. A) Post-necropsy tumour weight of PIP-Vec
was significantly higher than that of PIP-KLK4. B) Lesser tumour bioluminescence by PIP-
KLK4 cells throughout the experiment. C) Tumour bioluminescence images of representative
mice from PIP-Vec and PIP-KLK4 groups.
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Fig 16. Immunohistochemical analysis of resected orthotopic PIP-KLK4 tumours confirms
expression of KLK4 protein. Staining for human cell origin (Numa), Ki67 and cleaved

caspase-3 also performed.

In the metastatic model where tumour cells were injected intracardiac, mice injected with
PC3-PIP/KLK4 cells consistently had lesser tumour burden based on bioluminescence
imaging throughout the course of the experiment as compared to the PC3-PIP/Vec group (Fig
17). These results are consistent with the orthotopic model, and overall suggest that KLK4
may exhibit an anti-tumour effect when expressed at large amounts. This is a surprising
observation given that our hypothesis was that KLK4 expression would render tumour

cells more aggressive. The mechanisms underpinning the apparent anti-tumour effect of

KLK4 is not clear, and will be investigated. Analysis of the effects KLK4 on bone (osteolysis
vs osteogenesis) by ultra-high resolution microCT (computed tomography) and histology is

currently underway.
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Fig 17. KLK4 production by prostate cancer cells is associated with tumour inhibition in a
metastasis model. A) Tumour bioluminescence images showing lesser tumour burden in
mice injected intracardiac with PIP-KLK4 cells. B) PIP-KLK4 mice had significantly lower
total tumour bioluminescence signals throughout experiment.

What opportunities for training and professional development has the project
provided?

My laboratory, the Australian Prostate Cancer Research Centre-Queensland (APCRC-Q),
Queensland University of Technology, has provided me with excellent training
opportunities in PCa research. Led by world renowned PCa researchers in Prof Colleen
Nelson (Executive Director), Prof Judith Clements (Scientific Director; my co-mentor) and
Prof Pamela Russell (Head of Biomedical Imaging and Prostate Cancer Models; my mentor),
[ have been working alongside and learning from experts in varied specialties. | have had
significant exposure to biomarker discovery, hormonal regulation of gene expression,
epithelial to mesenchymal transition (EMT), animal models, cancer imaging, cancer stem
cells, circulating tumor cells (CTCs), metabolomics, targeted therapeutics and
bioinformatics. In addition, I have been regularly discussing research ideas with clinician-
scientists from the Princess Alexandra Hospital, which has been invaluable in my
development into a truly translational PCa research scientist.

My individualised training program involves regular meetings with my mentor, co-mentor

and collaborators to discuss results and brainstorm new ideas:

» 1have one-on-one meetings with my mentor, Prof Pamela Russell, at least three times a
week. She has >30 years of experience in PCa research with an international reputation
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for development of in vitro and in vivo urological cancers, including the RM1(BM) model
of bone metastasis in an immunocompetent mouse model, gene therapy (to proceed to
Phase I clinical trial; NCT00625430; http://clinicaltrials.gov) and more recently, on PCa
theranostics using nanotechnology. She has >200 publications (H-index 53, Google
Scholar), procured >$35million in grants, and received the inaugural award for Prostate
Cancer Researcher of the year in 2010 from the Prostate Cancer Foundation of Australia
which she helped to establish, and was a member of the scientific committee
for Movember’s Global Action Plan (2010-2014), amongst other honours. I also
receive guidance from her in relation to writing manuscripts, grant/fellowship
applications, and for networking with potential collaborators.

[ have regular meetings with my co-mentor, Distinguished Professor Judith Clements,
fortnightly to discuss the progress of my project. I also attend the lab meetings of her
group fortnightly. Prof Clements is a world leading researcher in the kallikrein family of
proteases. She has >240 publications (H-index 57, Google Scholar), and has made many
seminal findings including the identification of 12 new PSA-related enzymes, extending
the Kallirekin family of genes to 15. In 2007 she was awarded the prestigious
international Frey-Werle Foundation Gold Medal for her significant contributions to the
kallikrein protease field on their roles in hormone dependent cancers. I have received a
tremendous amount of support from her.

I meet with my polymer chemistry collaborators, Professor Andrew Whittaker and Dr
Kris Thurecht from AIBN, every two months to discuss about the project. Both are experts
in the fields of biomaterials science, nanotechnology and imaging. Working with them
has given me invaluable insight into the chemistry/nanotechnology discipline.

The table lists other professional development opportunities I have, or will, participate in:

Prostate cancer-focused seminars/meetings/conferences

APCRC-Q laboratory meetings Tuesdays Weekly
Endocrine, Metabolism & Plasticity (EMP) group | Thursdays Fortnightly
meetings

Prostate Cancer World Congress August 17-20,2015 | Annually
International Symposium on Kallikreins and Kallikrein- | Sept 28-Oct 1, 2015 | Biannually
Related Peptidases

2015 Prostate Cancer Collaborative Research Symposium | Nov 25-28, 2015 Biannually
Institute seminars

TRI Symposium Tuesdays Fortnightly
TRI Early Career Researcher (ECR) Seminars Fridays Weekly
Workshops

Research Methods Group (RMG) - Biostats ‘ Thursdays | Fortnightly

How were the results disseminated to communities of interest?
Our first manuscript (Fuchs and Tse et al.) which describes the design, synthesis and initial
in vitro and in vivo characterisation of our hyperbranched polymer system used in this
project was published in the journal Biomacromolecules. This is a cross-disciplinary journal
that covers the fields of chemistry, nanotechnology, bioengineering and medicine (impact
factor 5.75). Based on this work, the original awardee, Brian Tse, gave oral and poster
presentations at the Prostate Cancer World Congress held at Cairns, Australia (Aug 17-20,
2015). The conference was attended by world leading clinicians (urologists, surgeons,
medical oncologists, radiation oncologists etc...) as well as high profile translational
research scientists. He also presented data at two other international conferences, both held
in Australia: 1) the 6th annual International Symposium on Kallikreins and Kallikrein-
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Related Peptidases (Sept 28-Oct 1, 2015), and 2) the 2015 Prostate Cancer Collaborative
Research Symposium (Nov 25-28, 2015). [ gave a lecture on prostate cancer imaging and
therapy to third year science students at the Queensland University of Technology (QUT)
on September 22nd, 2015. [ have also presented my work at the Australian Prostate Cancer
Research Centre-Queensland (APCRC-Q) weekly seminars, as well as the group meetings of
my co-mentor Prof Judith Clements, and collaborators at Australian Institute of
Bioengineering and Nanotechnology (AIBN), University of Queensland. Dr Thomas Kryza
has only been working on this project for the past 4 months and there have been no
external presentations on this topic by him during this time except internally to the
mentoring team and Dr Brian Tse who is acting as an advisor on the project and the
Clements lab group.

What do you plan to do during the next reporting period to accomplish the

goals?All in remaining in vitro and in vivo work will be completed by Dr Thomas

Kryza.

4. IMPACT:

What was the impact on the development of the principal discipline(s) of the
project?

Whilst this project has yet to result in translational outcomes, it has the potential to
significantly improve clinical management of PCa. Despite the development of next
generation anti-androgen drugs and chemotherapies, castrate-resistant PCa remains
incurable. Thus, new therapies that target other PCa-promoting pathways need to be
developed. Our therapy aims to prevent PCa progression by inhibiting KLK4, which
promotes EMT and homing to bone, in order to prolong patient survival and improve their
quality of life. Experiments are designed to not only perform preclinical testing of our
therapy, but to also study how KLK4 promotes PCa progression. This knowledge is
invaluable in its own right, and will help us refine our therapies in the future.

What was the impact on other disciplines?
Nothing to report.

What was the impact on technology transfer?
Nothing to report.

What was the impact on society beyond science and technology?
Nothing to report.

CHANGES/PROBLEMS:

Changes in approach and reasons for change AND actual or anticipated problems or
delays and actions or plans to resolve them

Please see below the revised SOW for Dr Kryza upon acceptance of the award.
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Site 1: | APCRC-Q, QUT Site | AIBN
Level 3, TRI, 20 Cornwall Street, 2: Level 4, Building 75, University of
Woolloongabba, Brisbane, 4102 Queensland, St Lucia, Corner of College
Australia and Cooper road, Brisbane 4072, Australia
Investigators: Investigators:
Dr Thomas Kryza (PI) Prof Andrew Whittaker (Collaborator)
Prof Pamela Russell (Mentor) Dr Kris Thurecht (Collaborator)
Prof Judith Clements (Co-Mentor)

Site 3: | IHBI, QUT
Level 6, IHBI, 60 Musk Avenue, Kelvin
Grove, Brisbane, 4059 Australia

Investigators:
A/Prof Jonathan Harris

Time

Site

Specific Aim 1: Synthesis of KLK4-targeting agent, and Ethics Application

Task 1: Synthesis of our KLK4-targeting conjugates (siRNA and antibody
conjugated to hyperbranched polymers).

Collaborators from AIBN are still in the process of performing the conjugation of
KLK4-targeting siRNA (siKLK4) to the hyperbranched polymer (HBP) linked with a
PSMA-targeting peptide. As described in detail in the progress report, the
conjugation of the PSMA-targeting peptide to the HBP (the first step) had been
optimized, and we clearly showed in vitro and in vivo that these polymers are
taken up by PSMA+ prostate cancer cells specifically, and with high efficiency;
these exciting data were recently published: Fuchs & Tse et al. (2015)
Biomacromolecules 16 (10), pp 3235-3247. The conjugation of KLK4 siRNA to
this polymer (second step) has required more optimization than initially
anticipated; hence the delay. Our collaborators continue to work diligently to
finalise the chemistry procedure. To ensure the completion of Task 1, we have
now enlisted Dr Jon Harris at the Institute of Health and Biomedical Innovation
(IHBI), Queensland University of Technology (QUT), who has extensive
experience in synthetic peptide chemistry to attempt an alternative conjugation
strategy for attaching the siKLK4 to a synthetic polymer base. We acknowledge
that design and synthesis of these polymers may take some time, and final
products are likely to be available to test in the second half of the remaining 6
months of the award. As such, during months 1-6, we will primarily focus on the
biological function of KLK4 in prostate cancer both in vitro and in vivo, as
additional evidence toward its role in driving the disease, and supporting the
efficacy of inhibiting KLK4 as an anti-cancer strategy. Particularly, to date there
have been no in vivo studies analyzing the role for KLK4 in prostate cancer
metastasis, despite strong supporting evidence from in vitro studies [1,2],
its elevated expressing during EMT [3] and in clinical metastases [2], and
its established functional role in other clinical pathologies involving bone
remodelling [4]. Thus, the proposed remaining in vivo work is an important final
step in validating the role for KLK4 as a driver of prostate cancer metastasis.
Completing the remaining proposed in vitro and in vivo experimentation will also
provide