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ABSTRACT

Albumin can promote intratumoural drug accumulation and uptake due to its interaction
with albumin-binding proteins in tumour microenvironment, therefore albumin has
emerged as an attractive drug carrier for cancer diagnosis and treatment. Tropomyosin
receptor kinase A (TrkA) is regarded as one of the potential therapeutic targets in
oncology and, in breast cancer, is associated with the stimulation of tumour growth and
metastasis. By taking advantage of these two perspectives, in this project, we have
developed novel albumin-based nanoparticles (NPs) to enable targeted delivery of TrkA

inhibitors for breast cancer therapy.

In the first part of this project, novel aloumin hybrid NPs (Alb-HNPs) loaded with a
selective TrkA inhibitor GNF-5837 were prepared and evaluated for antineoplastic
efficacy in a panel of breast cancer cell lines. The nanomedicines (GNF-Alb-HNPs)
were formed through a unique polyelectrolyte complexation process where albumin and
GNF-5837 were encapsulated by a stabilising layer of oppositely charged chitosan and
dextran sulphate polysaccharides. GNF-Alb-HNPs showed a particle size of ~150 hm
and excellent colloidal stability, which makes them ideal for passive targeting to
tumours through the enhanced permeability and retention (EPR) effect. GNF-Alb-HNPs
were shown to specifically inhibit TrkA phosphorylation and downstream mitogen-
activated protein kinase (MAPK) signalling in MDA-MB-231 breast cancer cells,
resulting in anti-proliferative and pro-apoptotic effects. Compared with the free GNF-
5837, the GNF-AIb-HNPs not only exhibited an enhanced anti-proliferative and anti-

invasive effects but also significantly increased the apoptosis of cancer cells.

In the second part of this project, we aimed to develop on-demand Alb-HNPs that can
respond to the tumour microenvironment and facilitate deep tumour penetration.
Gelatine-aloumin hybrid NPs (Gel-Alb HNPs) were developed for the delivery of the
TrkA inhibitor GNF-5837, where the overexpression of matrix metalloproteinase
(MMP) enzymes in the tumour can trigger site-specific release of the small drug-bound
albumins for efficient uptake by cancer cells. The nanomedicines (Gel-Alb-GNF HNPs)
were prepared using a pH-controlled complexation process from the pre-synthesised
cationic gelatine, dextran sulphate and albumin-bound GNF-5837. Gel-Alb-GNF HNPs
had a particle size of ~130 nm with narrow size distribution (polydispersity index:
0.15). They displayed excellent colloidal stability but disassembled in the presence of

MMP-2 which is elevated in the extracellular matrix of tumours and can degrade
iv



cationic gelatine. Gel-Alb-GNF HNPs were shown to significantly inhibit malignant
TrkA phosphorylation and downstream MAPK or Akt signalling in breast cancer cells
but markedly increased their caspase-dependant apoptosis. Moreover, the migration and
invasion activities of cancer cells were dramatically suppressed and the inhibitory
effects were more prominent with Gel-Alb-GNF HNPS than the GNF-Alb-HNPs.

Overall, results suggest that both Alb-HNPs and Gel-Alb HNPs are able to markedly
improve the efficacy and specificity of encapsulated TrkA inhibitor GNF-5837 for
breast cancer therapy. As TrkA receptor has been implicated in chemosensitisation as
well as neuropathic pain, it is anticipated that these novel therapeutic approaches will be
adaptable for the treatment of chemotherapy resistance and cancer associated pain.
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Thesis Overview

In this thesis, our aim was to develop novel albumin hybrid NPs (Alb-HNPs) that not
only enable tumour accumulation and site-specific drug release in tumour
microenvironment, but also exploit the natural trafficking of aloumins to enhance the
uptake of the bound drug by cancer cells. Furthermore, this thesis is the first known
attempt to investigate the anti-cancer effects of the selective TrkA inhibitor GNF-5837

in breast cancer.
This thesis has been divided into 5 chapters:

Chapter 1 is an introduction that summarises the established body of knowledge related
to the research topics in this thesis. It gives some general background on the use of
nanotechnology in cancer therapy and introduces different types of nanocarriers for
cancer drug delivery. It then focuses on the current progress and development of
albumin-based nanocarriers. Later, it introduces the involvement of TrkA signalling in
breast cancer and the potential of TrkA inhibitors as molecularly-targeted therapeutics.

Finally, our research aims and hypotheses are defined in the end of this chapter.

Chapters 2 and 3 are two original research papers that result from the research project.
Chapter 2 involves the development of novel Alb-HNPs that enhanced the targeting
specificity and efficacy of TrkA inhibitor against breast cancer cells. To continue with
that work, Chapter 3 describes the further development of gelatine-albumin HNPs (Gel-
Alb HNPs) that facilitate cellular uptake of TrkA inhibitor through site-specific size
reduction and drug release in the tumour microenvironment. Each paper includes the
materials and methods used in that study as well as the presentation and discussion of
research results. A linking text before each paper has been provided to state the context
and rationale for the work presented in the paper and situate the paper in the context of

the research project as a whole.

Chapter 4 includes the general summary, discussions and conclusions of the thesis.
Chapter 5 is our published review paper that discusses the important considerations for
the design of antibody-targeted nanoparticles for cancer therapy. It serves as the
relevant future perspective of this thesis for the development of next generation Alb-
HNPs with active targeting to further enhance targeting efficiency and improve

therapeutic outcomes.

xii





