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SUMMARY

Semliki Forest Virus (SFV) vector is a transient RNA based suicidal
expression vector system and has been previously used as a potential anti-cancer
agent. Recently, a new enhanced SFV vector has been developed, pSFV10-E. Cells
transfected with this vector yield up to ten times more foreign protein than cells
transfected with original (non-enhanced) expression vector pSFV10. The two IL-12
gene subunits were cloned from mouse splenocytes and inserted into the pSFV10-E
and pSFV10 vectors. Both the pSFV-mIL-12 constructs were characterised for their
expression levels qualitatively and quantitatively in BHK-21 and K-BALB cells. The
secretion of biologically active mIL-12 was confirmed by inducing splenocytes for
IFN-y production using IL-12 expressed by BHK-21 and K-BALB cells. K-BALB,
CT26, and 4T1 tumours are the experimental tumour models in our study.

Subcutaneous K-BALB tumours in BALB/c mice were treated with six
intratumoural injections of rSFV10-E-mIL-12 VLPs in an increasing order of titres at
4x10’, 4x10%, and 4x10’i.w/injection. Administration of high titre rSFV10-E-IL12
VLPs to treat K-BALB and CT26 tumours in BALB/c mice demonstrated complete
and permanent tumour regression in comparison to control or rSFV10-IL12 treated
groups. Inhibition of primary tumour growth and lung metastases of a metastatic
(4T1) tumour model indicated the potential of high titres of rSFV10-E-IL12 particles
as an efficient anti-tumour therapeutic agent. Histopathology and immuno-
histochemistry of tumours revealed tumour necrosis in addition to aggressive influx of
CD4+ and CD8+ T-cells and other immune cells. Higher levels of an antiangiogenic
factor IP-10 were detected in IL-12 treated animals compared to control treated
groups indicating antiangiogenic effect induced by IL-12.

Another in vivo tumour treatment study using rSFV10-E replicons expressing
IL-18 at a titre of 4x10° IU/injection on K-BALB and CT26 tumours investigated
antitumour activity of IL-18 in vivo. Although IL-18 induced tumour inhibition, the

overall treatment effect was not as effective as IL-12 treatment.
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1. GENERAL INTRODUCTION

Cancer is generally regarded as a molecular disease of uncontrolled cell
growth caused by the acquisition of transforming mutations by cells. A number of
properties distinguish tumour from normal cells, including their invasiveness, loss of
growth contact inhibition and their lack of response to regulation. The origin and host
response to tumours is currently the focus of extensive basic and clinical research.
Among more than 200 different types of malignancies, all share common features of
uncontrolled growth and lack of differentiation. Currently, surgery is the primary
method for treatment of cancers but is a less effective method for complete
eradication of cancerous growths or in preventing the development of metastases. In
addition, even though chemo- and/or radiotherapy have provided the only alternative
or adjuvant to surgery, the associated toxicity with these regimes is closely related to
their inability to effectively target the tumour. In the search for more specific and less
toxic cancer treatment strategies, cancer immunotherapy and cancer gene therapy
have emerged as promising candidates. Research on cancer gene therapy has largely
focussed on induction of apoptosis in cancer cells or on stimulation of immune
mechanisms to eliminate cancer cells. Many investigations have used viral vectors
such as retro, adeno, adeno-associated, herpes viruses, and poxviruses or alphavirus
vectors (Karlsson, 2004; Lundstrom, 2001). Recently, there has been much interest in
the use of replication competent viruses in the treatment of cancer, because of their
greater oncolytic potential (Tanaka et al., 2003; Daemen et al., 2000). Generally,
another approach to using vectors for tumour treatment, which has recently been
developed, is to target the tumour vasculature.

Alphavirus expression systems are based on infectious clones, which are
grown as plasmids in bacteria. These plasmids are transcribed in vitro to produce
vector RNA that can be transfected into cells (Berglund et al., 1993). Alphavirus
suicide vectors allow only transient expression of foreign genes and limited
penetration of tissue because they can only undergo one round of replication and no
infectious progeny are produced (Liljestrom et al., 1991).

A study of the treatment of two model tumours in mice was carried out more
recently to assess the potential of immune stimulation in combination with apoptosis
induction by Semliki Forest virus (SFV) and its derived vector for tumour treatment

(Smyth et al., 2004). The inherent ability of the SFV vector to induce apoptosis has



already been successfully exploited in the treatment of tumours in BALB/c nu/nu
mice (Murphy et al., 2000; Murphy et al., 2001). It has been shown that the tumour
vasculature can be disrupted following administration of cytokines such as IL-12 and
IL-18 (Coughlin er al., 1998; Asselin-Paturel et al., 1999; Chada et al., 2003).
Immuno-gene therapy with cytokines is one of the strategies being developed for the
activation of immune cells to enhance anti-tumour responses and inhibition of tumour
angiogenesis. These and other studies have indicated that the SFV vector is an
effective tumour therapy agent (Atkins et al.,, 2004). More recently a new high-level
SFV expression vector (pSFV10-E) has been constructed which gives expression
levels up to 10-fold higher than the standard expression vector (pSFV10) (Sjoberg et
al., 1994).

In this study, we constructed pSFV10-IL12 (normal expression of murine IL-12)
and pSFV10-E-IL12 (enhanced expression) vectors and examined the anti-tumour
effect of rSFV-IL12 constructs in three different tumour models to demonstrate the
consistency of IL-12 therapeutic efficacy. K-BALB cells are murine sarcoma virus
transformed mouse fibroblasts that overexpress the K-ras oncogene and form
aggressive localised syngeneic tumours in immunocompetent BALB/c mice on
subcutaneous (s.c.) injection (Aaronson et al., 1971; Stephenson et al., 1972). CT26
cells are murine colon adenocarcinoma cells, which form localised tumours of low
immunogenicity in BALB/c mice after s.c. injection (Brattain et al, 1980). To
examine the effect of treatment on a metastasising tumour model, we have selected
the highly malignant, spontaneously metastasising 4T1 mouse mammary carcinoma
model that also readily develops into tumours on s.c. implantation (Aslakson et al.,
1992; Pulaski and Ostrand-Rosenberg, 1998). In addition, the antitumoural ability of
SFV expressing cytokine IL-18 was examined. IL-12-induced specific immunological
memory has been reported, making IL-12 a promising candidate for permanent and
specific tumour eradication. This study combines the immunotherapeutic approach of
attracting host immune responses to the tumour and inhibition of tumour angiogenesis
through expression of cytokine IL-12, and has demonstrated IL-12 induced anti-

metastatic activity.



1.1 CANCER

Cancer 1s a collective term for malignant neoplasms arising in the body,
amounting to hundreds of different disease states. It is the second leading cause of
death in the world (Futreal et al., 2004). Cancer is distinguished by renegade cells
with no functions other than to proliferate, spread, and forge a destructive path
through healthy tissue. The command of this unrestrained, potentially deadly growth
is dispatched by genes rendered abnormal perhaps by viruses, radiation,
environmental poisons, defective genes inherited from parents, wrong dietary choices
or a combination of all the above. Tumours can be divided into two main groups:
benign or malignant. Benign tumours grow within a well-defined capsulated structure,
which limits the tumour spread in to the circulatory system, maintain the
characteristics of the cell of origin, and are usually well differentiated. Cancer,
malignant tumour, is distinguished from benign tumours by the properties of
dedifferentiation, invasiveness, and often the ability to metastasise. The development
of cancer is dependent on a series of genetic changes in somatic cells, which involve:
the loss of differentiation, deregulation of cell growth/death, genomic instability, and

changes in the relationships of cells with surrounding tissues (Michor et al., 2004).

1.1.1 Genesis of a cancer cell

Cancer development is the result of a multi stage process, and cancer cells have
acquired a number of genetic alterations by the time they become invasive and
metastatic (Hanahan and Weinberg, 2000). A normal cell turns malignant because of
mutations in its DNA, which can be inherited or acquired. There are, however, two
main categories of genetic change that lead to cancer: (i) inactivation of tumour
suppressor genes, and (ii) activation of proto-oncogenes to oncogenes. Oncogenes
confer malignancy on a cell. Proto-oncogenes normally control cell division and
differentiation, but ultimately can be converted into oncogenes as a result of point
mutations, gene amplification, chromosomal translocation, or the action of viruses.

Oncogenes not only interfere with cellular differentiation but also can confer
autonomy of cell growth by affecting one or more of the signal transduction
mechanisms for cell division by producing abnormalities in; (i) the production of

autocrine growth factors; (1) the receptors for growth factors; (iii) receptor linked



signalling pathways: the cytosolic and nuclear transducers; and (iv) cell cycle

transducers such as cyclins and cyclin dependent kinases.

ka2 Oncogenes

Alterations in the cellular genome affecting the expression or function of
genes controlling cell growth and differentiation are considered to be the main cause
of cancer. Molecular cancer research aims at identifying the genes that are altered in
the various tumour types and elucidating the role of these genes in carcinogenesis. A
recent review by Futreal et al (2004) reported that 291 cancer genes have been
identified to date, which accounts for over 1% of the genes in the human genome.
The genes, which contribute to tumourigenesis, are referred to as oncogenes and
tumour suppressor genes (Weinberg, 1994). In the development of cancers,
oncogenes, such as ras and bc/-2, undergo a mutational event, which leads to
dominant gain of function, whereas tumour suppressor genes, such as p53, are
associated with recessive loss of function due to mutation (Hanahan & Weinberg,
2000). Overexpression or inactivation of these proteins can result in change of a cells
resistance/susceptibility to apoptosis induction and the development of cancers
(Zornig et al., 2001). Bcl-2 proteins can be anti- (Bc/-2 and Bcl-x) or pro- (Bax)
apoptotic and, together with p53, are among the most studied proteins involved in the
regulation of apoptosis and its role in the development of malignant disease (Sjostrom

& Bergh, 2001).

1.1.2.1 Ras oncogenes

A family of genes that is frequently found to harbour mutation in human
tumours is that of ras genes. This family consists of three functional genes, H-ras, K-
ras, and N-ras, which encode similar proteins with molecular weights of 21kDa
(Si'lvia Guerrero et al., 2002). Mutations in K-ras are most commonly associated
with human disease (Bos, 1989). K-BALB tumours that express K-ras oncogene are
recently used as an experimental tumour model in tumour studies experiment (Smyth
et al., 2004). Mutated ras genes were first identified by their ability to transform
NIH/3T3 cells after DNA transfection. Subsequent analysis of a variety of tumour

samples revealed that in some human tumours one of the three ras genes harboured a



point mutation; as a result, the protein product has an altered amino acid at one of the
critical positions 12, 13 or 61. The ras genes, which encode 21 kDa guanosine
triphosphate (GTP) binding proteins (p21), function as binary switches at nodes in a
variety of signal transduction pathways. Ras p21 proteins typically cycle between an
inactive guanosine diphosphate (GDP)-bound state and an active GTP-bound state at
the plasma membrane of normal cells (Satoh et al., 1992; Boguski & McCormick,
1993). The functional and structural resemblance of the ras proteins with G-proteins
controlling adenylate cyclase has led to the proposal that normal p21lras proteins are
involved in the transduction of external stimuli induced by growth factors or factors
involved in cell differentiation.

The correlation between oncogenic ras and uncontrolled cellular proliferation
is well defined but other areas, like its influence on apoptosis, remain less definitive
(Cox & Der, 2003). Cell-type is believed to play a major role on the influence of
oncogenic ras, with apparently contradictory effects commonly observed between
different cells (Diaz et al., 2004). The highest incidence is found in tumours from the
exocrine pancreas, where more than 80% of the tumours harbour a mutated K-ras
gene. Oncogenic ras proteins are crucial in mediating many malignant characteristics

of transformed cells and therefore have good potential as targets for tumour therapy
(Downward, 2003).

1.1.2.2 Apoptosis regulatory genes

Apoptosis or programmed cell death, first described in 1972, is a series of
genetically controlled events which result in the removal of unwanted cells without
disruption of tissues (Kerr et al., 1972). As with differentiation or proliferation,
apoptosis is an important method of cellular control responsible for the maintenance
of the state of homeostasis (Wyllie ez al., 1972). Apoptosis differs from necrosis or
accidental cell death in a number of important ways. Firstly, it is an active process as
opposed to an unplanned process induced by cell injury. Secondly, apoptotic cells are
recognised by phagocytes and removed before they disintegrate. Apoptotic cells show
condensation of nuclear, heterochromatin, cell shrinkage and loss of positional
organisation of organelles in the cytoplasm. In contrast, in necrosis, cells become
leaky, release macromolecules and rapidly disintegrate, thereby inducing

inflammation (Renehan ef al., 2000; Sperandio et al., 2000).



Several proteins are expressed which exert direct inhibitory or regulatory
effects on the various pathways of apoptosis, including: [APs (inhibitor of apoptosis)
(Liston et al., 1996), FLIPs (Fas-associated death domain-like ICE [IL-converting
enzyme] inhibitory proteins) (Irmler et al., 1997), TRIP (TNFR [TNF-receptor] -
associated factor, TRAF [TNFR-associated factor] -interacting proteins) (Lee & Choi,
1997), tumour suppressor protein p53 (Levine et al., 1991), and the Bcl-2 family of
proteins (Reed, 1997).

One of the most important controls of cell cycle progression and apoptosis
induction is the tumour suppressor p53 gene product. The p53 protein has been
defined as a nuclear phosphoprotein which functions as a transcription factor for the
activation of a variety of cell cycle- and apoptosis-related genes (Levine et al, 1991).
As a consequence, pertubations in p53 expression and function are associated with a
broad array of malignancies (Hollstein et al.,, 1991). p53 arrests the cell cycle
following detection of DNA damage in order to allow time for DNA repair to occur
(Kastan et al., 1991). Should the damage prove to be irreparable, p53 subsequently
initiates apoptosis induction through upregulation of death receptors such as Fas and
DRS, the proapoptotic protein Bax, and through inhibition of anti-apoptotic signals
such as NF-kB (Vogelstein et al., 2000). Genotoxic stress inducers of apoptosis,
including UV- and y-irradiation, and chemotherapeutic drugs, are dependent on p53
induction (Kuerbitz er al.,, 1992; Lowe et al., 1993). In addition, when cells are
induced to proliferate by deregulated expression of certain viral and cellular
oncogenes, they undergo p53-dependent apoptosis, unless rescued by pro-survival
Bcl-2-like gene products, which act to block apoptosis specifically (Symonds et al.,
1994; Levine, 1997).

The Bcl-2 family of proteins, potent repressors of apoptosis, control the
permeability of the outer mitochondrial membrane (OMM), thus regulating the
release into the cytoplasm of apoptosis-related factors, such as cytochrome c, from the
mitochondrial intermembrane space (Green & Reed, 1998). The Bcl-2 gene was
localised to chromosome 18, at the site of one of the breakpoints of a reciprocal
translocation, also involving chromosome 14, in B-cell follicular lymphomas
(Tsujimoto et al., 1985). Family members Bcl-2, Bcl-x;, Bcl-w and Mcl-1 inhibit
apoptosis induction whereas Bax, Bak and Bok promote it. The Bcl-2 protein was

defined as unique, because it contributed to malignant cell expansion primarily by



prolonging cell survival, rather than by increasing the rate of cellular proliferation
(Yang & Korsmeyer, 1996).

Inhibition of cell death, either by suppression of those genes which induce cell
death, or by activation of those genes which cause cell survival, therefore contributes
to the development of tumours. There is considerable interest in this area not just to
gain a better understanding of tumourigenesis but also because it may in the near

future reveal novel targets for tumour therapy.

1.1.3 Tumour immunology

Successful immunotherapy of cancer will ultimately require understanding the
natural relationship between the immune system and tumours as they transform,
invade, and metastasise. Given the vast number of genetic and epigenetic changes
associated with carcinogenesis, it is clear that tumours express many neoantigens. A
central question in the immunology is whether recognition of tumour antigens by the
immune system leads to activation (surveillance) or tolerance. Immune surveillance is
a concept that envisages prevention of the development of most tumours through early
destruction of abnormal cells by the host’s immune system. Ever since its proposal by
Thomas (1959) and then Burnet (1970), the immune surveillance hypothesis has come
under relentless attack. The hypothesis is that tumours arise with similar frequency to
infection with pathogens and that the immune system constantly recognises and
eliminates these tumours based on their expression of tumour- associated antigens
(TAAs) (Ehrlich, 1909). A corollary to the original immune surveillance hypothesis is
that progressor tumours in animals as well as clinically progressive spontaneous
tumours in all species, are not eliminated because they develop active mechanisms of
either immune escape or resistance (Uyttenhove et al., 1983; Shankaran, ef al., 2001).
The mechanisms by which tumour cells may escape killing by the immune system
include: (i) Induction of tolerance to tumour antigens; (ii)) Development of tumour
cells lacking antigens to which the immune system has responded; (iii) Modulation of
tumour antigen expression. (iv) Suppression of anti-tumour immunity; (v) Poor
immunogenicity of the tumour perhaps resulting from lack of expression of MHC
class I; (vi) Expression of Fas ligand (FasL) on tumours, which may induce apoptosis

of effector cells. The emerging evidence for immune surveillance systems of



carcinogenic events is counterbalanced by evidence that the normal immune response
to tumour antigens is tolerance induction rather than activation.

Oncogenic DNA and RNA viruses code for both cell surface and nuclear viral
antigens, which become expressed by the tumour, and are shared by all tumours
induced by the same virus. However, because of random mutagenesis of DNA,
chemically induced tumours often express antigens unique to the individual tumour.
An antigen such as the carcinoembryonic antigen (CEA), a cell surface glycoprotein
with a putative role in cell adhesion, is expressed at very low levels in normal adult
tissues, but is overexpressed in the foetus and in 90% of colorectal, lung, ovarian and
pancreatic cancers (Chung-Faye et al., 2000). Alpha-fetoprotein (AFP) is highly
associated with germ cell derived tumours and hepatomas. The antigens are not
unique to tumour cells since they are also found in normal cells during embryonic
development and at low levels in normal human serum.

In addition, there is considerable evidence for quantitative and qualitative
differences in antigens associated with normal vs tumour cells. These antigens can be
divided into tumour specific antigens (TSA), those unique to tumour cells, or TAAs
also found on some normal cells. Another classification system is based on the origin
or nature of the antigens and includes viral, chemical, oncofetal and differentiation
antigens. Humoural immune responses to tumours are believed to be less potent than
cellular responses, and therefore most research has concentrated on the identification
of antigens recognised by T-cells (Rosenberg, 2001). It is possible however, that both
cellular and humoural immune responses have roles to play in tumour cell killing
(Reilly ef al., 2001). Antibody responses can contribute to target cell killing through
complement-dependent cytotoxicity (CDC), and through antibody-dependent cellular
cytotoxicity (ADCC), activating NK cells, y6T-cells and macrophages to exert their
cytotoxic effects on target cells (Herlyn et al., 1985; Mellstedt, 2000).

The innate immune system is now recognised as having some ability to
discriminate tumour cells from normal cells (Diefenbach & Raulet, 2002). NK cells,
y8T-cells, and macrophages are believed to play an important role in the innate
immune response to tumours through expression of the NKG2B receptor. The
engagement of this receptor by a ligand results in the implementation of cytolytic
responses by the leukocyte (Bauer et al., 1999). Ligands for NKG2B are expressed in
cells in response to stress and have been detected on transformed and infected cells

(Groh et al., 1996). Induction of antitumour adaptive immune responses has also



been demonstrated via initial recognition of such ligands by the innate immune
system (Diefenbach et al., 2001). Specific antitumour immunity appears to develop
in tumour-bearing patients in much the same way as it does to pathogens or foreign
antigens. Both TSA and TAA associated with tumour cells appear to be processed and
presented in association with MHC class I molecules, making them potential targets
for cytotoxic T cells. NK cells kill tumour cells not expressing MHC class I molecules
and this pathway may be involved in the killing of tumour cells which down-regulate
MHC class I molecules (Ljunggren & Karre, 1990; Garrido et al., 1997). Many
tumour antigens are endogenously synthesised and therefore presented via peptides
associated with the MHC class I molecules. It is for this reason, and the relative
technical ease, that research has concentrated on the identification of those reactive
with CD8" T-lymphocytes.  Recognition of the central role played by CD4" T-
lymphocytes in antitumour immunity however, has led to the identification of several

MHC class II-restricted TAAs (Toes et al., 1999; Rosenberg, 2001; Wang, 2003).

1.2 CANCER THERAPY

Recently, advances in molecular cancer research have revealed numerous new
therapeutic targets, some of which have already been tested in clinical settings.
However, the clinical management of cancer patients is still based on surgical and/or
radiological eradication of the primary solid tumour and chemical/radiological anti-
proliferative/cytotoxic treatment of the disseminated disease. Despite a great deal of
improvement in the control of benign disease, only slow progress has been seen in
malignant disease. As a result, mortality of cancer patients is still high due almost
exclusively to the development of metastases. One obvious explanation for this
discrepancy could be a difference between the molecular pathways controlling tumour
growth and tumour progression. Clinical evidence has clearly established that
chemotherapy and radiotherapy exert only limited efficacy in the majority of
malignant diseases (Eckhardt, 2002)

The potential targets for tumour therapy include the oncogenes themselves,
their RNA transcripts, and their protein products. Several approaches to the
therapeutic uses of oncogenes are worth considering: (1) antibodies can be used
against growth factors and other factors associated with the transformed phenotype,

such as enzymes or proto-oncogene products like ras p21. This includes the use of



antibodies to focus toxic agents or cells of the immune system on cancer cells; (ii)
oncogenic nucleic acid sequences could be targeted by anti-sense nucleotides of DNA
or RNA, or by nucleotide anti-metabolites such as dideoxy- or methyl phosphonate-
modified nucleotides; (iii)) a mutated oncogene might be directly replaced by its non-
mutated normal counterpart by gene therapy. ‘Naked’ nucleic acid vaccines are
potentially useful candidates for the treatment of patients with cancer, but their
clinical efficacy has yet to be demonstrated (Liu ef al., 1998; Zhang et al., 2005).
Efforts have already been made to enhance the efficacy of nucleic acid vaccines by
using ‘self-replicating” RNA as a cancer vaccine (Ying et al., 1999). While a large
number of cancer gene therapy studies have concentrated on the correction of genetic
abnormalities associated with cancer (through the ablation of activated oncogenes;
Downward, 2003) or the replacement/augmentation of deleted/non-functional tumour
suppressor genes (Roth, 2003), these approaches are limited, given the diversity of
genetic mutations observed in cancers. Other approaches include the expression of
angiogenesis inhibitors (Feldman & Libutti, 2000), pro-apoptotic factors (Murphy et
al., 2001), and prodrug activation (Moolten & Mroz, 2002). The largest field of
cancer gene therapy is that of immunotherapy, stimulating the induction or
potentiation of host anticancer immune responses (McCormick, 2001).

In addition, anti-p53 antibodies in the sera of patients with a variety of cancers
have been demonstrated (Gumus et al., 2004; Limpaiboon ef al., 2005) and also the in
vitro induction of cytotoxic T-cells specific for wild type and mutant p53 peptides
(Lee et al., 2004; Hoffmann et al., 2002). The demonstration that the immunisation of
the patients with a vaccinia virus vector containing a CEA peptide can induce
cytotoxic T cells which recognise MHC restricted binding motifs in CEA (Tsang et
al., 1995), indicating that it is possible to generate immune responses to the ‘self-
antigens’ expressed by tumour cells that offers an additional potential avenue for

therapeutic intervention in the future.

1.2.1 Gene therapy

Gene therapy shows considerable promise as a treatment for patients with
advanced or resistant carcinoma. In gene therapy, well-characterised genes, and their
regulatory elements are introduced into genes of the patient’s cells using vectors. It is

assumed that gene therapy will ultimately be used in association with other treatment
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for advanced tumours where presently no effective treatment can be advocated. Gene
therapy modulates chemotherapy and is used as adjuvant therapy after surgery. In
patients with high risk of tumour recurrence and also in situations with no clinically
detectable disease, it may also be effective. However, it is limited in cancer patients
by difficulty in achieving efficient gene delivery into tumour cells. Despite the current
uncertainties, gene therapy could hold exciting prospects for better treatment for
cancer. The current strategies employed in gene therapy of malignant disease include
targeting of oncogenes, drug resistant gene therapy, targeted gene therapy, genetic
immunomodulation and gene silencing by antisense small interfering RNAs using
both viral and non-viral vectors as gene carriers.

Tumour suppressor gene therapy: In tumour cells, the activities of
oncogenes and tumour suppressor genes (constituents of normal genomes) are either
activated or suppressed. In tumour gene therapy, clinical protocols have been
designed either to inhibit the expression of mutant oncogene L-ras, p21 or to replace
the defective anti-oncogene p53 using intratumoural injection of viral vectors
expressing normal k-ras or p53 respectively. Viral vectors have the potential for
delivering these genes. This approach is suitable for respiratory, digestive tract and
some metastatic tumours because high concentrations of the non-toxic agents can be
achieved through local injections and these agents warrant great promise providing a
high therapeutic index and as adjuvant therapy to surgery for patients with early stage
cancer.

Drug resistant gene therapy: Several genes confer drug resistance to
hematopoietic progenitor cells. One of the first cancer gene therapy strategies
proposed, and the most frequently used, were designed to kill cells directly using
toxic or prodrug therapy (Davis, 1996). Suicide genes, the genes that sensitise cells to
drugs that are normally non-toxic, are an alternative approach to the development of
selective therapy (Moolten et al., 1994). The principal suicide gene currently under
study is the thymidine kinase gene of herpes simplex viruses (HSV-TK) (Jia et al.,
1994). The HSV-TK phosphorylates the systematically delivered antiviral drug,
gancyclovir into an intermediary metabolite, which is then converted by cellular
kinases into a potent inhibitor of DNA polymerase, leading to cell death (Huang er al.,
2003). Normal cells remain unaffected by the drug. Several trials have used this
approach to treat glioblastomas (Freeman et al., 1993). Investigators have recently

used recombinant viral vectors to deliver high levels of HSV-TK to tumours such as
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lung carcinoma (Osaki et al., 1994), melanoma (Vile et al., 1994), mesothelioma
(Hwang et al., 1995) and squamous cell carcinoma of the head and neck (O’Malley et
al., 1995). Antitumour immune responses are produced in a minority of patients, with
mixed clinical response in melanoma and kidney cancers. Current protocols are
attempting to introduce drug resistance genes into hematopoietic cells to provide
increased protection from commonly used myelosuppressive chemotherapeutic agents
(Sorrentino et al., 1992). Gene transfer of multidrug resistance gene (MDR)-1 allows
for the production of P-glycoprotein, which functions as a cellular efflux pump, and
expels a range of toxic metabolites from the cell. Mickisch et al., (1992), and other
investigators showed that MDR-1 gene transfer provided resistance to a wide range of
chemotherapeutic agents, including paclitaxel, anthracyclines and bisanthrene. Other
potential genes include dihydrofolate reductase (May et al, 1995) and O°-
methylguanine-DNA methyltransferase, an efficient DNA repair enzyme, which was
shown to protect mouse hemotopoietic cells from nitrosourea-induced toxicity
(Moritz et al., 1995).

Targeted gene therapy: Several genes inhibit tumour neovascularisation, an
important step in tumour progression and metastasis. The majority of cancer gene
therapy protocols have been aimed at immunostimulation (Ponsaerts et al., 2003;
Henderson et al., 2005). Tumour associated antigens (TAAs) can be targeted for
cancer vaccination. TAA can elicit specific antitumour immune responses;
vaccination with vaccinia-CEA (carcinoembryonic antigen) in breast and colon
adenocarcinoma has been investigated (Conry et al., 1995). MUC-1, a TAA and erb
B2/neu, a receptor for a growth factor, are also being considered for breast cancer.
Several tumour vaccine trials involving melanoma are underway following the recent
cloning of melanoma-associated antigen encoding genes. Many cancers can be
recognised and destroyed by a tumour-specific immune response, usually mediated
through cytotoxic T cells or natural killer (NK) cells (Durrant et al., 1995). The
activation of this process requires three synergistic signals; (i) presentation of tumour-
associated antigens to T cells in conjugation with MHC class I and MHC class II
molecules, which transport the tumour antigens to the cell surface, (ii) additional
costimulatory molecules, such as B7-1 and B7-2, which are required for effective
induction of the efferent arm of the immune response, and (iii) cytokines secreted by

the helper T cell population following stimulation by the antigen presenting cell
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(APC). Many cancers may be defective in any one of the above pathways, which may
contribute to T cell anergy to the tumour antigens (Harding ef al., 1992).
Antisense/ribozymes; Ribozymes are RNA molecules that function as
catalysts for other RNAs (Gibson et al., 2000). The identification of specific genes
that contribute to the development of cancer, including dominant protooncogenes and
tumour suppressor genes, presents an opportunity to use these genes as prevention and
treatment targets. Based on this realisation, the introduction of a functional tumour
suppressor gene, or the downregulation of an activated oncogene, could lead to the
destruction of the malignant cell. The use of ribozymes in cancer has focussed mainly
on the inhibition of tumour specific oncogene expression. Ribozymes have the added
advantage that following degradation of the target mRNA molecule, the molecule
becomes free to bind to another molecule, thereby increasing the levels of oncogene
ablation. Hammerhead ribozymes specific for Bc/-2 mRNA have been shown to
sensitise prostate cancer cells to apoptotic cell death induction (Dorai et al., 1997).
Antisense technology involves the introduction into the cell of a gene construct that
has a base sequence complementary to the RNA sequence targeted for inhibition. The
advantage of this is the potential to achieve ablation of oncogene activity at the
proximal level of mRNA splicing, transport or translation. This strategy has been used
effectively for the downregulation of mutant k-ras protein in NSCLC cell lines
(Georges et al., 1993; Mukhopadhyay et al., 1991). K-ras, a member of the GTPase
family of oncoproteins, is frequently mutated early in lung, colorectal and other
cancers (Marshall, 1991). In colon cancer cell lines, antisense oligonucleotides
(ASO’s) complementary to K-ras inhibited cell growth, colony formation, and K-ras
expression in a dose-dependent manner (Sakakura et al., 1995). Expression of Bcl-X,
a close anti-apoptotic homologue of Bcl/-2, was similarly downregulated using a
2’methoxy-ethoxy-modified ASO in a number of small cell lung cancer cell lines
(Leech et al., 2000). Other oncogenes targeted include the cAMP-dependent protein
kinase A (Nesterova et al., 1995), and TGFa (Laird et al., 1994). Cleavage of the
human papillomavirus oncogenes involved in cervical cancer, by ribozymes in vitro
has been reported (Takahashi ef al., 1989). As p53 is inactivated in up to 70% of
human lung malignancies, a significant number of wt-p53 gene replacement protocols
have been applied to lung cancers (Fujiwara et al., 1994). More recently however, this

strategy has been applied to a myriad of other human cancer cell lines, including,
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squamous head and neck (Liu et al., 1995; Frederick et al., 1999), ovarian (Hamada et
al., 1996), colorectal (Harris et al., 1996), prostate and nasopharyngeal carcinomas
(Li et al., 1997), with the successful induction of programmed cell death in culture
and in subcutaneous mouse xenograph and orthotopic (intratracheal) cancer models
(Fujiwara et al., 1994). Bax overexpression may also facilitate apoptosis induction in
more resistant cell lines; particularly those that overexpress key apoptosis inhibitors,
such as Bcl-2 (Kagawa et al., 2000; Xiang et al., 2000). These studies suggest that
there are many appropriate targets for ribozyme strategies in cancer therapy.

Currently, the genes most frequently used in gene therapy trials are HLA B7/B2M (to
co-stimulate the macrophages with tumour antigen), IL-2 (to stimulate cellular
immunity against cancer cells), thymidine kinase (to activate gancyclovir in the
cancer cells) and GM-CSF (to stimulate the macrophages). Other trials use TAAs
such as CEA (an antigen present on adenocarcinoma), p53 (an anti-oncogene),
MART-1 (a TAA present on melanoma), and interferon gamma IFN-y (a lymphokine
secreted by T-lymphocytes to activate macrophages).

RNA interference is considered to have begun as an evolutionarily ancient
mechanism for protecting organisms from viruses. Many viruses have RNA, rather
than DNA, as their genetic material and go through at least one stage in their life
cycle in which they make double stranded RNA. Perhaps not surprisingly, all
multicellular organisms have evolved a well conserved protein apparatus that destroys
double stranded RNA but this has also been found to play a role in maintenance of the
organism’s own genome stability by suppressing the movement of mobile genetic
elements, such as transposons and repetitive sequences.

The gene silencing process of RNA interference (RNAi1) involves the
manufacture of short double stranded RNA molecules by an enzyme called DICER,
which cleaves RNA duplexes into 21-26 base pair oligomers. These small interfering
RNAs (siRNA) cause sequence specific, post-transcriptional gene silencing by
guiding an endonuclease, the RNAI induced silencing complex (RISC), to mRNA.
This process has been seen in a wide range of organisms such as Neurospora fungus
(in which it is known as quelling), plants (post-transcriptional gene silencing), and
mammalian cells (RNAi1). Downregulation of target gene expression has been found
to involve interactions at multiple levels. Where there is complete or near complete

sequence complementarity between the small RNA and the target, the Argonaute 2
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component of RISC mediates cleavage of the target transcript (Liu et al., 2004;
Meister et al., 2004). In contrast, where there is sequence mismatch between the
miRNA and the target transcript, the mechanism appears to involve repression of
translation predominantly (Kim et al., 2004). More recently, it has been recognised
that siRNA molecules can induce transcriptional silencing through promoter
methylation (Kawasaki et al., 2004; Morris et al., 2004).

The major challenge in turning RNA interference into an effective therapeutic
strategy is the delivery of RNA interference agents, whether they are synthetic, short
double stranded RNAs or viral vectors directing production of double stranded RNA,
to the target cells within the body. While siRNA technology has proven extremely
powerful and robust for cell culture work, translating this success reliably to animals
or humans is proving very difficult, due to insufficient bioavailability of the

compounds.

1.2.2 Immunotherapy

Immunotherapy is an attractive strategy for cancer treatment. However, self-
tolerance is one of the major mechanisms that dampen immune responses against self-
tumour antigens (Sotomayor et al., 1996; Morgan ef al., 1998). It is believed that the
effective T cell immunity is a critical component of the immune response to a
growing tumour. With the identification of TAAs (Van der Bruggen et al., 1991;
Vanden Eynde et al., 1997), immunotherapeutic strategies designed to induce cellular
immune responses have received much attention as a promising approach for the
treatment of many types of cancer. In this context, immunotherapy, which has been
amply validated as an effective therapeutic strategy in animal model systems (Yu et
al., 2002), has attracted much attention in recent years. The concept of
immunotherapy is based on the immunosurveillance theory (Thomas 1959; Burnet
1970). According to this theory, the host’s immune system monitors and eliminates
tumour cells because of their expression of TAAs. Interest in the clinical application
of immunotherapy as a treatment regimen has been rekindled in the last two decades
by (1) revival of the immunosurveillance theory, (ii) availability of well defined and
structurally characterised human TAAs, (i) progress in our understanding of the
molecular pathways required for the induction and maintenance of an immune

response, and (iv) advances in methodologies for the development of specific
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immunological probes in the form of TAA-specific cytotoxic T lymphocytes (CTLs)
and monoclonal antibodies (mAbs). Many studies have generated much information,
and have highlighted some of the major challenges that face tumour immunologists
today. Contrary to the results obtained in animal model systems (Yu et al., 2002;
Milstein et al., 1999), the clinical outcomes of immunotherapy of malignant diseases
have been generally disappointing. In particular, there has been a lack of correlation
between immune and clinical response in patients treated with immunotherapy (Ko et
al., 2003; Marincola et al., 2003). Possible explanations for these disappointing
results are: genetic variation in humans in comparison to inbred animal strains,
immune dysfunction in patients, a higher tolerance of certain antigens by the human
immune system than the murine, and the advanced nature of disease in patients
selected for clinical trials (Ko er al., 2003; Rosenberg, 2004). A variety of
immunotherapeutic strategies has been investigated to date with varying success.
Many involve the induction or potentiation of host immune responses against specific
TAAs, antigenically undefined tumour cell preparations, or the exploitation of pro-
inflammatory cytokines such as IL-2, I[L-12 and GM-CSF (Rosenberg, 2001; Dranoff,
2004). Tumour cells or accessory cells genetically engineered to produce IL-12 or
IL-18 have also been used in animal models of cancer immunotherapy (Yamanaka et
al., 2002, 2003). Immunotherapy has been used to target TAAs by either passive or
active therapeutic modalities. The former strategy has utilised TAA-specific
antibodies and/or CTLs, while the latter strategy has relied on the induction of TAA-
specific cellular and/or humoural immune responses in situ. The adoptive transfer of
immune cell populations can also implement passive immunotherapy. Many
investigators have aimed to enhance the ability of adoptively transferred T cells,
particularly CTLs, to target tumours (Kessels et al., 2002). For cell-based
immunotherapy, T cells can be transfected with T-cell receptor (TCR) genes specific
for the TAA of interest, or chimeric constructs containing antibody variable regions
with defined specificities, to increase tumour targeting (Schumacher, 2002; Sadelain
et al., 2003). Because of the requirement for constant infusions to maintain
therapeutic efficacy, passive immunotherapy may not represent a practical long-term
therapeutic modality.

The majority of the previous studies have relied exclusively on the
administration of a single immunotherapeutic agent. An alternative approach has been

to combine passive and active immunotherapeutic modalities in order to elicit
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multiple immune effector functions concurrently. In a HER-2/neu transgenic mouse
model, a combination of potent humoural and cellular immunity to the same TAA
target elicited higher numbers and enhanced the function of TAA-specific CTLs, and
increased tumour-free survival compared with either therapy alone (Wolpoe et al.,
2003). As immunologists uncover more of the molecular mechanisms underlying
normal immune function, it is possible to rationally design immunotherapeutic
approaches to address the current limitations. By taking advantage of the growing
interest in the implementation of combination therapeutic strategies, it may be
possible to expand the role of immunotherapy as a treatment modality for malignant

diseases.

1.2.3 Oncolytic virotherapy

The resistance of cancers to conventional treatments has stimulated the search
for novel approaches. Replication competent viruses offer great promise for cancer
treatment because of their ability to amplify themselves and spread within the tumour
mass. Furthermore they are able to express foreign proteins that enhance their own
inherent cytolytic potential. Observations made in the early 1920s indicated that
viruses replicated in and lysed murine and other experimental human carcinoma after
inoculation of the patient with attenuated rabies vaccine (Dock, 1904; De Pace, 1912).
Oncolytic viruses, which have been tested as cancer therapeutics, have either been
naturally selected or have been genetically engineered to grow specifically in and kill
tumour cells. Specificity to cancer is derived by exploiting cell surface or intracellular
aberrations in gene expression that rise in malignancies during tumour evolution (Bell
et al., 2003). Adenoviruses are the most widely studied engineered oncolytic viruses
in the clinic. These adenoviral constructs include Onyx 015 (Bischoff et al., 1996;
Heise et al., 1997), CG7060 (Yu et al., 1999), CG7870 (Yu et al., 1999), d1922-947
(Heise et al., 1997), Ad5-CD/tk-rep (Freytag et al., 1998), Ad-delta24 (Fueyo et al.,
2000), Ad DF3-E1 (Kurihara et al., 2000), Onyx 411 (Johnson et al., 2002), OAV001
(Hallenbeck et al., 2002), KD3 (Doronim et al., 2000), and 01/PEME (Ramachandra
et al., 2001). Studies in the 1950s with Egypt 101 virus revealed anticancer activity in
the form of transient tumour necrosis in patients. However, further studies were
discontinued when immune compromised patients developed encephalitis (Southam ez

al., 1952; Huebner et al., 1956; Russel et al., 1994). Later attenuated mumps virus
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was tested in cancer patients and more impressive anticancer activity was observed.
Responses, however, were generally transient, and they were limited to the site of
injection (Asada, 1974; Yamanishi et al., 1970).

It was during the 1950s that cancer ‘virotherapy’ truly began to gain
significant momentum, and a number of human clinical trials were undertaken with
viruses such as influenza virus (Sinkovics & Horvath, 1993), Newcastle disease virus
(NDV) (Flanagan et al., 1955), and adenovirus (Heubner et al., 1956). Similar
experiments were reported up to the early 1980s by which time the oncolytic potential
of mumps virus (Asada, 1974), measles virus (Bluming & Ziegler, 1971; Taqi et al.,
1981) and reovirus (Hashiro et al., 1977) had also, amongst others, been examined
(Wheelock & Dingle, 1964). Unfavourable side effects were common during such
trials, however, and tumour inhibition/regression was rarely sustained (Sinkovics &
Horvath, 1993; Chiocca, 2002). Recently, a naturally attenuated strain of NDV
(PV701) has undergone phase I human clinical trials in the treatment of advanced
solid tumours with encouraging results, and phase II trials are now planned (Pecora et
al., 2002; Lorence et al., 2003). A number of articles report the potentiation of
cytotoxic effects by viruses expressing drug susceptibility genes while co-
administrating the appropriate cytotoxic drug (Aghi et al., 1999; Chase ef al., 1998;
Freytag et al., 1998). Enhanced cytotoxic effects have also been achieved by the
expression of IL-4 and IL-12. Moreover, antitumour immunity has been demonstrated
following administration of an IL-12 expressing HSV (Wong et al., 2001). This is
particularly noteworthy because stimulation of an antitumour immune response is
likely to be critical to the long-term success of the treatment.

An ideal anti-cancer virus would be based upon a highly lytic virus that has
been modified so that it would only replicate in tumour cells (by manipulating the
viral attachment proteins and/or the use of tumour-specific promoter/enhancer
elements). Bergman er al. (2001) have recently demonstrated that influenza A NS1
knockout virus replicates selectively in oncogenic ras-expressing cells and suggested
that the virus represents an attractive candidate for the therapy of tumours exhibiting
an activated ras-signalling pathway. The E1B and E1A-deleted adenoviral vectors
provide selective replication capacity and can be utilised as gene delivery vehicles to
potentiate the viral oncolytic effect (Johnson et al., 2002). Interestingly, in Freytag’s
work (1998), the prodrug anticancer effect was greater than the direct viral cytolytic

effect when the prodrug was administered early. Other viruses have also been
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explored preclinically as selective cancer therapeutics (e.g. poliovirus (Dobrikova et
al., 2003), vesicular stomatitis virus (Fernandez 2002), influenza virus (Bergmann et
al., 2003), and measles virus (Peng et al.,, 2003). The adenovirus mutant ONYX-015
(a.k.a. dI1520) is believed to replicate selectively in cells with altered p53 function
and has dominated clinical trials of engineered oncolytic viruses since its first
description by Bischoff et a/ in 1996. Clinical trials with ONYX-015 have now
entered phase III following encouraging results from previous trials during which it
was found to be well-tolerated with low toxicity to patients. Changing the surface
components, such as the fiber and knob, to alter cancer binding, particularly when
Coxsachic Adenovirus Receptors (CAR) expression is reduced or not displayed has
also demonstrated improved anticancer activity (Akiyama et al., 2004). Furthermore,
containment of viral particles in liposomes or polymer-coated ligands may improve
viral uptake particularly when administered systemically (Fisher er a/ 2003). Clinical
investigation of conditional replicating oncolytic viral therapies continues to be
pursued in oncology. There is a high degree of confidence now in the safety and
selectivity of a variety of oncolytic viruses. The cytolytic potential of naturally
occurring or engineered oncolytic viruses can be further enhanced through the
expression of heterologous genes encoding cytotoxic proteins, drug-sensitising
factors, or cytokines (Ring 2002). Furthermore, understanding of viral biology has led
to the modification of the viral genome in order to address therapeutic options and
safety issues. In addition, work now being carried out in addressing optimal viral
surface coat components, systemic clearance factors, potency, replication capacity,

oncolytic capacity, and gene delivery will begin, as more is understood.

1.2.4 Tumour vaccination

Numerous approaches are being used to develop vaccines for the treatment of
cancer. Prophylactic approaches focus on the use of vaccines that induce immunity to
viruses known to be associated with the development of a tumour. Work on the use of
alphavirus vectors as tumour vaccines has concentrated on three mouse models of
human tumours, all of which are weakly antigenic and express known tumour-
associated antigens. These are the P815 mastocytoma (Colmenero P et al., 1999),
Human papilloma virus (HPV) associated proteins E6 and E7, which are associated

with cervical carcinoma, and the breast and ovarian carcinoma antigen HER2/neu
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(Daemen et al. 2000; 2002; 2003). Vaccines developed against specific viral proteins
of HPV are currently in clinical trial. Sindbis Virus (SV) vectors expressing E7 fused
to the herpes simplex tegument protein VP22, which enhances spread to neighbouring
cells, have also been shown to have an enhanced anti-tumour effect (Cheng et al.,
2002). Similar results have been obtained by Cassetti et al. (2004) for a vector based
on VEE, and used to treat 3 different mouse tumour models; in this case mutated E6
and E7 genes lacking oncogenic potential were used. Vaccination with a SV layered
DNA-RNA vector expressing the antigen HER2/neu inhibited the growth of a mouse
breast carcinoma cell line and reduced the incidence of metastases (Lachman et al.,
2001).

A variety of tumour vaccine approaches has been explored for inducing or
enhancing a patient’s immunity to their tumour. These include injecting killed or
irradiated tumour cells from the patients, an approach which has had little success.
The identification of appropriate TAAs (those expressed at low levels on normal cells
and high levels on tumours), and their potentially immunogenic peptides has resulted
in their use in vaccines to focus the patient’s immune system to respond to antigens
that are primarily tumour associated. As with the immunisation using whole cells,
these antigens would most likely induce a T helper cell rather than a more desirable
CTL response, as they would enter APCs by an exogenous pathway and be presented
on MHC class II molecules. However, it is now clear that the APC presenting antigen
to the CTL needs first to be conditioned by interaction with a T helper cell before it
can effectively induce a CTL response. Moreover, antigens entering by the exogenous
pathway may in some instances be presented on MHC class I molecules and initiate a
CTL response.

Since most types of tumour cells do not express the co-stimulatory molecules
B7.1 and B7.2, which are important for the induction of an immune response, studies
were carried out to determine if transfecting tumour cells with these molecules would
enhance their immunogenicity (Tao et al., 2002). B7 transfected tumour cells induced
a strong CTL response against the tumour. Furthermore, these CTLs were sometimes
able to lyse parent tumour cells not expressing B7, because once activated, CTLs do
not need the B7 co-stimulatory signals to kill. Another approach involves transfecting
tumour cells with a cytokine gene, as certain cytokines expressed by the tumour may
attract, expand, and activate cells of the immune system and induce or enhance

immunity to tumour antigens. In experimental models, tumour cells transfected with
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cytokine genes such as IL-2 (Ge et al., 2003), IL-12 (Weber et al., 1999), I[FN-y
(Yang et al., 1999) and GM-CSF (Zhou ef al., 2005) are able to induce immunity to
the tumour resulting in its regression or rejection. A very active area of tumour
vaccine research involves loading of the patient’s dendritic cells (DCs) in vitro with
TAA and re-injection of these cells into the patient. Since immature DCs are best able
to ingest antigen and mature DCs are best at presenting antigen, loading of immature
DCs followed by cytokine induced differentiation of these cells to mature DCs is
more readily accomplished in vitro than in vivo. These mature, loaded APCs are then
reintroduced into the patient, fully able to stimulate T cells. Considerable effort is
directed at determining optimal conditions for loading and maturing DCs so they

induce strong CTL antitumour responses when introduced into the patients.

1.2.5 Targeting tumour vasculature

The central concept that tumour growth is angiogenesis dependent (Folkman,
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