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Abstract

The principle of using suicide genes for gene directed enzyme prodrug therapy (GDEPT) of
cancer has gained increasing significance during the 20 years since its inception. The astute
application of suitable GDEPT systems should permit tumour ablation in the absence of
off-target toxicity commonly associated with classical chemotherapy, a hypothesis which is
supported by encouraging results in a multitude of pre-clinical animal models. This review
provides a clear explanation of the rationale behind the GDEPT principle, outlining the
advantages and limitations of different GDEPT strategies with respect to the roles of the
bystander effect, the immune system and the selectivity of the activated prodrug in contribut-
ing to their therapeutic efficacy. An in-depth analysis of the most widely used suicide gene/pro-
drug combinations is presented, including details of the latest advances in enzyme and prodrug
optimisation and results from the most recent clinical trials.
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1. Introduction

Classical chemotherapy has been established over the course of several decades
as a standard treatment for cancer patients, proving successful in retarding a vari-
ety of tumour types (Chabner and Roberts, 2005). Since currently available drugs
are not cancer specific, however, difficulties remain in attaining therapeutic intratu-
moral concentrations in the absence of systemic and off-target organ toxicity,
meaning that their therapeutic index is often poor (Chatelut et al., 2003; Scripture
and Figg, 2006). This is particularly the case in the treatment of solid tumours, in
which poor neo-vascularisation and associated necrotic regions often render them
relatively refractory to the efficient uptake of systemically delivered drugs (Jain,
2001, 2005; Munn, 2003).

Decades of cancer research, however, have provided detailed knowledge of the
molecular mechanisms involved in tumorigenesis, tumour invasion, angiogenesis
and metastasis, as well as those involved in tumour suppression, growth control,
apoptosis and the immune response (Kufe et al., 2005). This knowledge has in turn
provided targets for cancer gene therapy (Seth, 2005) and cell based therapy (CBT)
(Gunzburg and Salmons, 2005; Pereboeva and Curiel, 2004), whereby exogenous
genetic information is delivered to the cancer patient with the aim of effecting
tumour ablation.

The majority of cancer gene therapy and CBT approaches involve strategies either
to suppress the function of activated oncogenes, to restore the expression of func-
tional tumour suppressor genes, to potentiate the anti-tumour activity of the
immune system, to down-regulate angiogenesis and metastasis, or to initiate tumour
self-destruction (Seth, 2005). The latter strategy can be accomplished either via the
intratumoural delivery and expression of so-called ‘‘toxic genes’’, which encode pro-
teins which cause cell death directly (Agarwal et al., 2006; Johannes and Decaudin,
2005), or by the expression of so-called ‘‘suicide genes’’, which encode enzymes
which are not toxic per se, but which catalyze the formation of highly toxic metab-
olites following the application of a much less toxic prodrug. The use of suicide
gene/prodrug combinations in this way is known as gene directed enzyme prodrug
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