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ABSTRACT

Polyethyleneglycol (PEG) conjugates of peptides, proteins and an aptamer are in
routine clinical use as first generation nanomedicines. Here a new family of polymer
therapeutics based on PEG conjugates containing a coiled-coil peptide motif as a
molecular switch are proposed. The coiled-coil motif is adopted by many naturally
occurring proteins/peptides, including transcription factors key to cancer progression
(E2F1/AP-1) and Ebola virus proteins (VP35/GP2). These were chosen as the first
targets, however there is potentially a much wider role for this novel family of
therapeutics.

First studies selected coiled-coil motif peptide sequences (using computational
prediction software and published literature) that were then synthesised using a solid
phase approach, purified and characterised. To facilitate subsequent PEGylation,
peptides were engineered to include an N-terminal cysteine residue. mPEG-maleimide
(~5,500 g mol”) was then conjugated site-specifically via the cysteine thiol. A
purification method optimised using cation-exchange chromatography enabled the
removal of both unreacted mPEG-maleimide and free peptide; purity was > 95 % for
each conjugate.

Proof of concept was obtained with mPEG-FosW¢, which was designed. to
inhibit coiled-coil heterodimerisation of native c-Jun and c-Fos proteins (AP-1). 'H,
>N HSQC spectroscopy confirmed target hybridisation of heterodimeric coiled-coils
FosW¢ : c-Jun and mPEG-FosWc¢ : c-Jun. In addition, both NMR and CD spectroscopy
showed that both heterodimers adopted very similar structures under physiological
conditions, irrespective of the presence or absence of PEG. Further studies using
fluorescently labelled conjugates investigated cellular uptake in MCF-7 cells, and
biological activity was assessed using the MTT assay with and without the use of a
cationic transfection reagent.

These studies demonstrate the potential of mPEG-coiled-coil motifs as
therapeutic agents. However, demonstrating reproducible biological activity was not
possible with the intracellular targets. Investigating the biological activity of the
conjugates designed to target the extracellular Ebola virus fusion proteins remains an

exciting prospect.
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CHAPTER 1: General Introduction

1.1 Introduction

Worldwide, cancer, with 7.6 million attributed deaths in 2005 is one of the top
ten leading causes of mortality (World Health Organisation (WHO) Fact Sheet No. 297,
2006). In the UK alone, over 250,000 people are newly diagnosed with cancer each
year (Office for National Statistics, 2008). Most common among these are breast, lung,
colorectal, and prostate cancer (Figure 1.1a). Although new treatments such as the
monoclonal antibody Herceptin® (www.herceptin.com) offer hope to carefully selected
Human Epidermal growth factor Receptor 2+ (HER2+) cohorts, astonishingly breast
cancer remains the leading cause of death for adult women; for women in their late 30s
it is responsible for approximately 10 % of all deaths in high income countries and rises
to 14 % for women in their 50s (World Health Statistics, 2008).

Chronic diseases have now overtaken infectious diseases as the leading cause of
death globally (Abegunde, 2005) (Figure 1.1b). However the “...book has not yet been
closed on infectious disease” despite infamous words to the contrary by the then
Surgeon General of the United States, William H. Stewart in his 1969 annual report
(cited in Nelson, 2003). Of recent concern is the spread of endemic zones of infectious
diseases with climate change (Kuhn et al, 2005). Pathogens such as Ebola (Peters &
LeDuc, 1999), avian influenza (Claas et al, 1998; Ungchusak et al, 2005), Severe Acute
Respiratory Syndrome (SARS) coronavirus (Eichelberger, 2007) and multi-drug
resistant bacteria (Enright ez al, 2002) pose not only a psychological but a real threat to
human health. Furthermore, as a result of the recent political climate, infection is not
limited only to the ‘natural’ spread of pathogens but there is also the fear of such agents

being used in bio-terrorism (Bray, 2003; Peters, 2005).

The aim of this research was to capitalise on the growing understanding of the
regulatory importance of coiled-coil motifs present in many proteins (Lupas et al, 1991)
and develop a new therapeutic class of conjugates containing coiled-coil peptide motifs

as putative molecular switches for a diverse range of pathologies (Figure 1.2).

The hypothesis prof)osed is that polymer-coiled-coil motif therapeutics will be
able to dock with target proteins in a highly specific manner and induce a clinically

significant biological response. As large, multi-component, macromolecular entities














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































