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The study of cancer at the molecular level over the last  with other molecules, these genes, their RNA

two decades has led to the identification of major
groups of genes which, when disrupted or mutated,
can lead to the development of malignancy. Together

transcripts and their protein products are providing a
wide range of targets for therapeutic intervention.
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INTRODUCTION

The need for better cancer treatment is evident.
In the developed world, approximately one in three
persons contracts cancer and around one in four of
these dies from the disease. The worldwide
incidence of cancer is predicted to double from 10
to 20 million over the next two decades and the
death rate will increase from 6 to 10 million.
Advances in treatment with surgery, radiotherapy
and chemotherapy have had a limited impact on
mortality. Cures can be achieved in childhood
cancers, testicular cancer and lymphoma, and
improvements in survival rates have been made as
a result of the adjuvant drug treatment of breast
and colorectal cancer. However, the majority of
human cancers are difficult to treat, especially in
their advanced, metastatic forms. The need for
new and effective forms of systemic therapy is
pressing and the discovery of novel, mechanism-
based agents directed against the molecular
pathology of cancer is of enormous potential™.

It has been known for many years that cancer
has a genetic component and it is clear that there is
a multistage progression to malignancy. The
application of modern molecular techniques to
study cancer over the last 2 decades has led to the
identification of 4 major groups of genes which are
involved in tumourigenesis — oncogenes, tumour
suppressor (TS), cell cycle control (CCC) and
mismatch repair (MMR). Cellular oncogenes
(proto-oncogenes) encode proteins, which are
important in the control of cell proliferation,
differentiation, cell cycle control and apoptosis.
Mutations in these genes act dominantly and lead
to a gain of function. In contrast, TS genes inhibit

cell proliferation by arresting progression through
the cell cycle and block differentiation. CCC genes
are involved in the positive and negative
regulation of the cell cycle and they interact with
oncogenes and TS genes, and in some cases may be
considered to be such in their own right. To ensure
that DNA replication is complete and that any
damaged DNA.Is repaired, cells must pass through
specific checkpoints and MMR genes ensure that
damaged DNA is repaired. There is compelling
evidence for the importance of these genes in the
etiology of many human tumours.

RECEPTORS AS TARGETS
Receptor tyrosine kinases — ERBB

Receptor tyrosine kinases (RTKs) are important
regulators of intercellular communication controlling
cell growth, proliferation, differentiation, survival
and metabolism. Deregulation of protein tyrosine
kinase activity usually results in RTKs with
constitutive or greatly enhanced signalling capacity
leading to malignant transformation®. Protein
tyrosine kinases (PTKSs) are potential targets because
in several cancers their activity is up-regulated by
gain-of-function mutations or over-expression. PTK
activity can be up-regulated by several mechanisms:
genomic re-arrangements e.g. BCR-ABL* in chronic
myelogenous leukaemia (CML); point mutations e.g.
FIt-3 in acute myelogenous leukaemia (AML) and c-
kit (the receptor for stem cell factor) in
gastrointestinal stromal tumours; over-expression
e.g. epidermal growth factor receptor (EGFR) in
various cancers; and ectopic or inappropriate
expression of growth factors such as vascular
endothelial growth factor (VEGF) and its receptors

(*The convention used in this review is italics for a gene and normal case for its protein product e.g., MYC and MYC)
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on endothelial cells which are involved in
angiogenesis®. ERBB receptors belong to the
epidermal growth factor (EGF) family of
structurally related RTKs and four ERBB members
have been identified so far; ERB1 (EGFR, HER1);
ERBB2 (HER2, Neu); ERBB3 (HER3); and ERBB4
(HER4)®,

Prevention or inhibition of RTK signalling
includes selective targeting of the extracellular ligand-
binding domain, the intracellular tyrosine kinase or
the substrate-binding region. Pharmacological agents
such as monoclonal antibodies (Mabs), antibody
conjugates, antisense oligonucleotides and small
chemical compounds have been developed for these
purposes, for example Imatinib (Gleevec/Glivec)
which is being used for the treatment of CML and
gastrointestinal tumours®?,

Small molecule tyrosine kinase inhibitors that
have been developed for the treatment of ERBB1
and ERBB2 expressing tumours include ZD1839
and OSI-774 (ERBB1) and tryphostins, 4,5-
dianilinophthalamide and emodin (ERBB2). These
agents have shown considerable promise in vitro
and in preclinical animal models. Both ZD1839
and OSI-774 have shown activity in Phase | and Il
clinical trials and further clinical trials in a variety
of tumour types are currently underway. Second
generation inhibitors are under development by a
number of pharmaceutical companies®.

Additional strategies for the inhibition of RTKs
include the use of immunotoxins. One promising
immunotoxin is the EGF fusion protein
DAB389EGF, which contains the enzymatically
active and membrane translocation domains of
diphtheria toxin and sequences for human EGF. A
variety of EGFR-expressing tumours, such as breast
cancer and non-small cell lung cancer, have been
shown to be sensitive to DAB389EGF in preclinical
studies and this recombinant toxin is now under
evaluation in Phase Il clinical trials?.

BRC-ABL

The tyrosine kinase activity of the BCR-ABL
oncoprotein results in reduced apoptosis and thus
prolongs survival of CML cells. The tyrosine kinase
inhibitor Imatinib selectively suppresses the
proliferation of BCR-ABL-positive cells and is an
example of a rationally designed, molecular-
targeted drug for the treatment of a specific cancer
(CML)®9, Three large multinational studies in
patients with late chronic-phase CML, in whom
previous interferon treatment had failed, have
shown that achievement of a haematological and
cytogenetic response increased the earlier the
treatment was started with Imatinib in the course of
the disease and that these responses were
associated with  improved survival and

progression-free survival®. Preclinical studies have
shown that the combination of Imatinib with
various anticancer agents might have synergistic
effects and several phasel/Il studies are evaluating
the feasibility of combining Imatinib with
interferon, polyethylene glycol (PEG)ylated
interferon, cytarbine and other single-agent or
combination chemotherapy regimens, in patients
with either chronic-phase or advanced CMLD.
Combinations of Imatinib and girradiation or
alkylating agents such as busulfan or treosulfan are
being evaluated for their synergistic activity in
BCR-ABL-positive CML cell lines. Such data will
provide the basis to further develop Imatinib-
containing conditioning therapies for stem cell
transplantation in CMLE,

Estrogen receptor (ER)

Estrogen (estradiol) is a steroid hormone that
affects growth, differentiation and function of the
female reproductive organs, including the breast,
uterus and ovaries and also plays several other
important physiological roles e.g. in maintaining
bone density and protecting against osteoporosis.
Estrogen also promotes cancer cell growth in the
breast and the uterus. All of these effects are
mediated by estrogen binding to ERs and the ER
regulates gene transcription both directly, by
binding to an estrogen-responsive element in gene
promoters, and indirectly, by binding through other
transcription factorst.

Estrogen has been a major target in the treatment
of breast cancer since the end of the 19th century and
tamoxifen was the first selective estrogen receptor
modulator (SERM) to be developed. It has estrogen-
like actions in maintaining bone density and in
lowering circulating cholesterol, but antiestrogenic
actions in the breast. It has proved to be valuable in
the treatment of ER-positive breast cancer. The
finding that tamoxifen could inhibit the growth of
breast cancer, but at the same time stimulate the
growth of endometrial cancer in the nude mouse
model, indicated that its mode of action is specific to
atarget tissue. The overall conclusion from clinical
trial data is that there is a 2-3 fold increase in the risk
of endometrial cancer in tamoxifen-treated
postmenopausal patients. Another SERM, raloxifene,
binds to ERs to competitively block-estrogen-
induced DNAtranscription in both the breast and the
endometrium. However, its poor bioavailability and
its short biological half-life mean it is not as effective
an anti-tumour agent as tamoxifent.,

The role of tamoxifen in chemoprevention (i.e.
breast cancer prevention) in high-risk pre- and
post-menopausal women is more controversial
with conflicting results being reported from studies
that have addressed this question®. Use of



December 2003

KuwAIT MEDICAL JOURNAL

255

raloxifene in postmenopausal women with
osteoporosis decreased the risk of vertebral
fractures, increased bone mineral density in the
spine and reduced the risk of invasive breast cancer
by 72% and the risk of ER-positive breast cancer by
84%". A Phase Ill, double-blind trial of tamoxifen
and raloxifene in which post-menopausal women
are randomized to tamoxifen or raloxifene orally
for 5 years, will compare the relative merits of
raloxifene and tamoxifen for the prevention of
invasive breast cancer, as well as their effects on the
cardiovascular system and bones®.

The molecular determinants for the tissue
specificity of SERMs are under investigation and it is
known that tissue-specific co-regulator expression
levels determine tamoxifen's different effects on
breast and endometrial tissue. This improved
understanding of the mechanism of action of SERMs
should lead to better SERMs without carcinogenic
side effectst.

Retinoic acid receptor (RAR) and retinoid X
receptor (RXR)

Retinoids are natural derivatives of vitamin A or
retinol. The retinoid signal is mediated through
RARs and RXRs on target cells, each of which
comprise three isotypes —a, b, g — as well as several
isoforms. RARs and RXRs are transcription factors
that act predominantly as RAR-RXR heterodimers,
positively or negatively modulating gene
transcription. Natural and synthetic retinoids are
effective inhibitors of tumour cell growth in vitro
and in vivo but the natural derivatives have limited
therapeutic use due to their toxicity. Synthetic
compounds selective for the different retinoid
receptor isotypes are currently undergoing clinical
evaluation. In addition, the combination of
retinoids with other chemotherapeutic agents may
also be of value in cancer therapy™.

Peroxisome proliferator-activated
(PPARg)

PPARg is a nuclear receptor and transcription
factor that regulates the expression of many genes
relevant to carcinogenesis. Deficient expression of
PPARg can be a significant risk factor for the
development of cancer but, paradoxically, in some
cases overexpression can enhance carcinogenesis.
In experimental models ligands for PPARg have
been shown to suppress breast carcinogenesis and
to induce differentiation of human liposarcoma
cells. By analogy to the SERM concept, it has been
suggested that PPARg modulators (SPARMS),
designed to have desired effects on specific genes
and target tissue without undesirable effects on
others, will be clinically important in the future for
chemoprevention and chemotherapy of cancert?,

receptor g

OTHER TARGETS
Proteasomes

Protein degradation is fundamental to cell
viability and the primary component of the protein
degradation pathway in the cell is the 26S
proteasome which is a large multiprotein complex
present in the cytoplasm and the nucleus of all
eukaryotic cells. The central role of the proteasome
in controlling the expression of regulators of cell
proliferation and survival has led to interest in
developing proteasome inhibitors as anti-cancer
agents. Studies in vitro and in vivo have shown that
proteasome inhibitors have activity against a
variety of tumours and one of these agents, PS-341
(bortezomid, VELCADE™), has been tested in
clinical trials. These phase I trials showed that the
treatment was well tolerated as a single agent and
preliminary evidence of biological activity was seen
in some patients, thereby providing the rationale
for Phase Il and Il trials in multiple myeloma.
Phase Il trials in several haematological
malignancies and solid tumour types are also in
progress and additional trials of bortezomib, in
combination with other cytotoxic regimens, will
focus on its activity in solid tumours®!. Drugs that
affect protein degradation by the proteasome are a
potentially promising class of agents that are just
beginning to be explored.

p53

Mutations in this TS gene occur in half of all
human cancers and regulation of the protein is
defective in a variety of others. Strategies directed
at treating tumours that have p53 mutations
include gene therapy, viruses that only replicate in
p53 deficient cells, and the search for small
molecules that reactivate mutant p53. Potentiating
the function of p53 in a non-genotoxic way in
tumours that express wild type protein can be
achieved by inhibiting the expression and function
of MDM2 (a negative regulator of p53)i4,

Over 6,000 papers have described p53
alterations in human tumours -15,121 somatic and
196 germline mutations in p53 are catalogued in the
International Association of Cancer Registries
(IARC) database!™!. Over 1,700 different mutations
in p53 have been reported. The mutations are found
throughout the open reading frame (ORF) as well
as at splice junctions, and although the most
common site for mutations is in exons 5-8, which
encode the DNA binding domain of the protein,
over 13% of mutations lie outside this regioni,
Mutation of p53 is often associated with a poor
prognosis.

In the past decade the genetic and biochemical
analysis of the p53 pathway that leads from cellular
stress (through p53 activation) to growth arrest and
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apoptosis, has identified many targets for
therapeutic development. It has also led to the
realization that the toxicity and efficacy of many of
the current treatments are also affected by the
activity of the p53 pathway. Most cytotoxic drugs
induce the p53 response in normal tissues, hence
contributing to their toxicity, whereas tumours that
retain the normal p53 gene function are in many
cases more responsive to treatmentt4:7,

The various therapeutic approaches based
around the p53 pathway can be summarized as
follows: 1) treatments for tumours in which the p53
gene is mutant - including gene therapy with wild
type p53, exploiting the absence of p53 to enable
selective drive of therapeutic gene expression,
exploiting the absence of p53 to enable selective
viral replication, exploiting small-molecule
inhibitors of the p53 response, mimicking the
function of downstream genes, reactivating mutant
p53; 2) treatments for tumours in which the p53
gene is wild type (activating the function of the
endogenous p53 gene in the tumour) - including
inhibiting MDM2, blocking the p53-MDM?2
interaction, inhibiting nuclear export and
mimicking p144% which is a small protein-activator
of the p53 responsei*.

Lack of functional p53 in tumours, either
through mutation or by other mechanisms, such as
overexpression of MDM2, can affect the efficacy of
standard radiation and chemotherapy. The
relationship between p53 status and sensitivity to
chemotherapy has been extensively studied in
breast and ovarian cancers. The majority of
findings from these studies show that mutation or
alteration in p53 can lead to decreased sensitivity
and resistance to cytotoxic drugs. Numerous in
vitro and in vivo studies have also shown that loss of
p53 function increases post-irradiation clonogenic
cell survival. This correlates with an abrogated G1
checkpoint control and changes in apoptosisi”.
Collectively, the evidence indicates an association
between lack of functional p53 and inability of
tumour cells to undergo apoptosis in response to
chemotherapy and/or radiotherapy. Restoration of
normal p53 function in tumours might restore the
apoptotic pathway and therefore lead to an
increased response to conventional therapeutics™”.

A low molecular weight compound (PRIMA-1)
has been found to be capable of inducing apoptosis
in human tumour cells through restoration of the
transcriptional transactivation function to mutant
p53. This molecule restored sequence-specific DNA
binding and the active conformation to mutant p53
proteins in vitro, and in vivo in mice it showed an
anti-tumour effect without apparent toxicity. This
molecule may serve as a lead compound for the
development of anti-cancer drugs targeting mutant

p53%, Numerous small molecular weight agents
have been identified that are capable of reactivating
both wild type and mutant p53 in vivo, and these
hold great promise for treatment in the future®,

Death receptors — members of the tumour
necrosis factor receptor (TNFR) superfamily -
signal apoptosis independently of p53. Decoy
receptors, in contrast, are a non-signalling subset of
the TNFR superfamily that attenuate death
receptor function. Agents that are designed to
activate death receptors (or block decoy receptors)
might therefore be used to kill tumour cells that are
resistant to conventional cancer therapy.
Concomitant with the evaluation of the safety and
efficacy of such agents in preclinical models is the
identification of suitable candidates for clinical
investigation. The identification of more TNF and
TNFR superfamily members through the Human
Genome project has yielded novel apoptosis based
approaches that have the potential to expand
cancer therapy in a new direction®,

Raf kinases

Raf kinases are proto-oncogenes that work at
the entry point of the mitogen-activated protein
kinase/extracellular-signal-regulated Kkinase
(MAPK/ERK) pathway, a signalling module that
connects cell surface receptors and RAS proteins
to nuclear transcription factors. The pathway is
hyperactivated in 30% of human tumours and
impinges on all the functional hallmarks of cancer —
immortalization, growth factor-independent
proliferation, insensitivity to growth-inhibiting
signals, ability to invade and metastasize, ability to
attract blood vessels, and evasion of apoptosis. Raf
is an attractive target for therapy as a single
inhibitor could block several cancer-promoting
elements at once.

Although Raf activation is still incompletely
understood, three approaches are currently under
investigation to inhibit the Raf-MEK (MAPK/ERK
kinase) pathway. The first is the use of antisense
RNA to downregulate Raf-1 protein levels. The
second is the use of chemical Raf inhibitors such as
BAY 43-9006, which has entered Phase | trials after
encouraging preclinical results. The third approach
is inactivation of MEK by Raf and PD184322 is a
drug that does this effectively in preclinical studies
with colon cancer xenografts in nude mice and
which is now proceeding to clinical trials 2.

Cyclin-dependent kinases (CDKSs)

With the recent understanding of the role of
CDKs in cell cycle regulation and the discovery that
approximately 90% of all neoplasia is the result of
CDK hyperactivation, leading to the abrogation of
the Rb pathway, novel CDK modulators are being
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developed. Most CDK inhibitors have anti-
proliferative properties associated with apoptosis-
inducing activity and display anti-tumour activity.
However, their cellular targets remain to be
identified??. The first two CDK modulators tested
in clinical trials, flavopiridol and UCN-01,
demonstrated significant preclinical activity in
haematopoietic models. Both compounds have
also demonstrated activity in some patients with
non-Hodgkin's lymphoma. The best schedule to
be administered, combination with standard
chemotherapeutic agents and demonstration of
CDK modulation in tumour samples from patients
in these trials are important issues that need to be
addressed in order to ensure the best possible use
of these agents®!,

Angiogenesis

Angiogenesis and lymphangiogenesis are
thought to be essential for tumour progression and
metastasis®®!. The initial encouraging results
obtained with anti-angiogenic agents meant that
there was a rush to take this research from the bench
to the clinic. However, this has been tempered by
the realization that anti-angiogenic therapy is not
the panacea for cancer. There are many possible
reasons for this, including endothelial and tumour
cell heterogeneity, the presence of survival factors
within the tumour micro-environment, the problem
of defining the best dose and schedule and
angiogenesis-independent regrowth of tumours®!,
More than 300 angiogenesis inhibitors have been
discovered to date and there are currently over 80
anti-angiogenic agents in clinical trials involving
over 10,000 patients®?! but so far no therapy based
on angiogenic modulation has shown sufficient
clinical benefit to be approved for such an
indication®. It is clear that not enough was known
about the molecular mechanisms of tumour
angiogenesis when trials of anti-angiogenic
compounds began in the 1990s, and the manner in
which these drugs are administered must be
changed to achieve maximum clinical efficacy®.

It has been argued that the traditional strategies
that are used for assessing efficacy of anti-cancer
therapies in clinical trials are not appropriate for
agents that modulate angiogenesis since most
angiogenic modulators are cytostatic, slowing or
stopping tumour growth, without producing an
objective remission. It has been suggested also that
imaging studies, for example MRI, could have a
key role in assessing the efficacy of treatments®.

Cancer cells begin to promote angiogenesis early
in tumourigenesis and this “angiogenic switch’ is
characterized by oncogene-driven  tumour
expression of pro-angiogeneic proteins, such as
vascular endothelial growth factor (VEGF), basic

fibroblast growth factor, interleukin-8, placenta-
like growth factor (PLGF), transforming growth
factor-b, platelet-derived enodothelial growth
factor, pleotrophin and others®.

Paradoxically, tumour progression is associated
with both increased microvascular density and intra-
tumoural hypoxia. This paradox arises because the
tumour vasculature is structurally and functionally
abnormal, resulting in perfusion that is characterized
by spatial and temporal heterogeneity™. In addition,
decreased aerobic (hypoxic) conditions in tumours
induce the release of cytokines that promote
vascularization and thereby enhance tumour growth
and metastasist®!. Hypoxia-inducible factor 1 (HIF-1)
controls oxygen delivery (via angiogenesis) and
metabolic adaptation to hypoxia (via glycolosis). In
xenograft models tumour growth and angiogenesis
are correlated with HIF-1 expression. HIF-1 consists
of a constitutively expressed HIF-1b subunit and an
oxygen and growth factor-regulated HIF-a subunit.
Three members of the HIF-1la family have been
cloned to date: HIF-1a, HIF-2a, HIF-3a. HIF-1a has
been the most extensively characterized and in
human cancers it is over-expressed as a result of
intratumoural hypoxia and genetic alterations
affecting key oncogenes and TS genes. HIF-1a over-
expression in biopsies of brain, breast, cervical,
esophageal, oropharyngeal and ovarian cancers is
correlated with treatment failure and mortality.
Genes that are involved in many processes are
transcriptionally activated by HIF-1 including those
that are involved in important aspects of cancer
biology such as angiogenesis, cell survival, glucose
metabolism and invasion. Since increased HIF-1
activity promotes tumour progression, inhibition of
HIF-1 could represent a novel approach to cancer
therapy and two potential candidates for HIF-1
targeted therapy are renal cell carcinoma and
glioblastoma multiforme®23,

Five mammalian VEGF family members have
been identified to date: VEGF, VEGF-B, VEGF-C,
VEGF-D and PLGF. Almost all types of cancer cells
express VEGF, which uses VEGF receptor 1
(VEGFR-1) and VEGFR-2 for signalling.
Associations have been observed between VEGF
expression, the vascular density in human tumours
and patient prognosis®. Several studies have
shown that over-expression of VEGF-C or VEGF-D
induces lymphaniogenesis and promotes tumour
metastasis in mouse tumour models. Using such a
model it has been demonstrated that VEGFR-3
signalling can be inhibited by recombinant
adenoviruses expressing the VEGFR-3-lg fusion
protein (which binds VEG-C) resulting in
suppression of tumour lymphangiogenesis and
metastasis to regional lymph nodes, but not lung
metastasis®!.
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Although anti-angiogenic therapy is a promising
approach, concerns have been raised that it will
select for highly aggressive, hypoxia-adapted
tumour cells. Tumour cells deficient in p53 display a
diminished rate of apoptosis under hypoxic
conditions, which might reduce their reliance on
vascular supply, and hence their responsiveness to
anti-angiogenic therapy. Although anti-angiogenic
therapy targets genetically stable endothelial cells in
the tumour vasculature, genetic alterations that
decrease the vascular dependence of tumour cells
can influence the therapeutic response of tumours to
this therapy®. In addition, the assumption that
selection for endothelial cells that are resistant to the
therapy is unlikely to occur has been called into
question by the identification of mutations affecting
proteins in apoptotic pathways in endothelial cells of
patients with primary hypertension. The
combination of anti-angiogenic agent and an
inhibitor of HIF-1 might be particularly effective, as
the angiogenesis inhibitor would cut off the
tumour's blood supply and the HIF-1 inhibitor
would prevent the ability of the tumour to adapt to
the ensuing hypoxia. Under these conditions of
severe intratumoural hypoxia, a therapeutic
window for inhibition of HIF-1 activity is most
likely to exist. The dramatic effects of total HIF-1a
deficiency on vascular development in mice also
suggest that inhibition of HIF-1 could potentiate
the effect of angiogenesis inhibitors and reduce the
potential for the development of drug resistance®.

The blood vessels of individual tissues are
biochemically distinct, and pathological lesions put
their own ‘signature’ on the vasculature. The
development of targeted pharmaceuticals necessitates
the identification of specific ligand-receptor pairs and
knowledge of their cellular distribution and
accessibility. Using new methods, such as in vivo
screening of ‘phage libraries', which permits the
identification of organ-specific and disease-specific
proteins expressed on the endothelial surface, it is
now possible to decipher the molecular signature of
blood vessels in normal and diseased tissue®®. Since
in tumours both blood and lymphatic vessels differ
from normal vessels, peptides and antibodies that
recognize these vascular signatures and can be used
in targeted delivery therapeutic approaches are
being developed®=. Pigment-epithelium derived
factor is an example of a naturally occurring
angiogenesis inhibitor which has an important role
in vascularisation in the eye, targets only new
vessel growth and has shown good potency in in
vitro and in vivo models®!. However, an important
challenge for the successful translation of
angiogenesis inhibitors into clinical application is
the lack of markers to determine efficacy in most
cases®l,

Polymorphisms in the angiogenic genes/factors
may in part explain the variation in tumour
angiogenesis, which has been observed between
individuals. The establishment of a DNA repository
containing samples from over 1,800 breast cancer
patients to identify gene polymorphisms in
angiogenesis-related genes that play an important
role in tumour growth and progression illustrates
the intensive efforts that are underway in this
area®, It is clear that in order to optimize anti-
angiogenic therapy a much greater understanding
of the fundamentals of angiogenesis will be
required which should lead to new approaches of
attacking tumour vasculature®,

Epigenetic silencing

Epigenetic inactivation of genes that are crucial
for the control of normal cell growth is a
characteristic of cancer cells*?®, These epigenetic
mechanisms include crosstalk between DNA
methylation, histone modification and other
components of chromatin higher-order structure,
and lead to the regulation of gene transcription.
Unlike mutagenic events, epigenetic events can be
reversed to restore the function of key control
pathways in malignant and pre-malignant cells and
re-expression of genes epigenetically inactivated
can result in the suppression of tumour growth or
sensitization to other anti-cancer therapiest*!. Small
molecules that reverse epigenetic inactivation are
now undergoing clinical trials. This, together with
epigenomic analysis of chromatin alterations such
as DNAmethylation and histone acetylation, opens
up the potential to define epigenetic patterns of
gene inactivation in tumours and to use drugs that
target epigenetic silencing®2.

Two key changes in chromatin are associated
with epigenetic transcriptional repression - DNA
methylation and histone modifications. DNA
methylation is the only commonly occurring
modification of human DNA and results from the
activity of a family of DNA methyltransferase
enzymes (DNMT). DNA methylation leads to the
binding of a family of proteins known as methyl-
binding domain (MBD) proteins. Several of the
members of this family have been shown to be
associated with large protein complexes containing
histone deacetylase (HDAC). To date several trials
using agents that target DNMTs and HDACs have
been completed or are underway 2.

Mitochondria

Genetic and/or metabolic alterations in this
organelle are causative or contributing factors in a
variety of human diseases including cancer. Point
mutations, deletions or duplications of mitochondrial
DNA are found in many cancers and the
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accumulation of mutations in mitochondrial DNA
has been found to be tenfold greater than that in
nuclear DNA. The many distinct differences in
mitochondrial structure and function between
normal cells and cancer cells provide molecular sites
against which novel and selective chemotherapeutic
agents might be targeted™.

A new class of anti-cancer agents {lipophilic
cations (DLCs)} has been developed that exploits
the higher mitochondrial membrane potential seen
in some carcinoma cells versus control epithelial
cells. Although the use of DLCs as anti-cancer
agents has shown promise, there is at present no
real understanding of the biochemical basis for the
increased mitochondrial membrane potential in
carcinoma cells. Knowledge of the specific
biochemical alterations leading to the increased
membrane potential should lead to a more rational
approach to the choice of highly selective DLCs for
clinical use in the future®,

Carbohydrates

Experimental evidence directly implicates
complex carbohydrates in recognition processes,
including adhesion between cells, adhesion of cells
to the extracellular matrix, and specific recognition
of cells by one another. In addition, carbohydrates
are recognized as differentiation markers and as
antigenic determinants. Modified carbohydrates
and oligosaccharides have the ability to interfere
with  carbohydrate-protein interactions and
therefore, inhibit the cell-cell recognition and
adhesion processes, which play an important role in
cancer growth and progression. Galectins are a
family of proteins that share an affinity for b-
galactoside moieties and significant sequence
similarity in their carbohydrate-binding sites. Many
epithelial tumours, such as colon, thyroid and breast
express both galectin-1 and -3. Increased expression
of galectin-1 by tumour cells is positively correlated
with a metastatic phenotype and a poorly
differentiated morphology. Selectins are a group of
cell adhesion molecules that bind to carbohydrate
ligands and play a critical role in host defence and in
tumour progression and metastasis.

Interfering with normal cell recognition using a
large or a small sugar molecule has been reported
to block the progression of tumours by interfering
with angiogenesis, cell-cell, cell-matrix interactions,
tumour invasion, and metastasis and a modified
natural polysaccharide modified citrus pectin
(MCP) has been shown to have anti-tumour effects
in vitro and in animal models. In Phase Il clinical
trials on colorectal cancer patients, MCP showed
clinical activity, with five out of 23 patients showing
tumour stabilization and one patient showing
tumour shrinkage®.

Cyclooxygenase 2 (COX-2)

COX-2 is an inducible prostaglandin G/H
synthase, which is over-expressed in several human
cancers. Oncogenes, growth factors, cytokines,
chemotherapy and tumour promoters stimulate
COX-2 transcription via protein kinase C and RAS-
mediated signalling. For example, the level of COX-
2 is elevated in breast cancers that over-express HER-
2/neu as a result of increased signalling. The use of
non-steroidal anti-inflammatory drugs (NSAIDS),
which are prototypic COX-2 inhibitors, is associated
with a reduced risk of several malignancies,
including colorectal cancer®!. Treatment with
celecoxib, a selective COX-2 inhibitor, has been
shown to reduce the number of colorectal polyps in
patients with familial adenomatous polyposis
(FAP)#, Selective COX-2 inhibitors are being
evaluated in conjunction with chemotherapy and
radiotherapy in patients with cancers of the colon,
lung, esophagus, pancreas, liver, breast and cervix.
These studies should provide information on
whether selective COX-2 inhibitors are effective in
either preventing or treating cancer®* and the
results of these clinical trials are awaited.

Antisense RNA or oligonucleotides

Following the initial discoveries of natural
antisense RNAs in prokaryotes, numerous
applications of antisense RNA-mediated regulation
have been demonstrated in a variety of experimental
systemstsd, These non-translated mRNAs directly
repress gene expression by hybridizing to a target
RNA, rendering it functionally inactive. Specificity of
antisense RNAfor a particular transcript is conferred
by extensive sequence complementarity with the
“sense’ or target RNA. Translation of a target mMRNA
is inhibited following formation of a sense-antisense
RNA hybrid. In addition, the duplex molecule may
become sensitive to double-strand-specific cellular
nucleases. Other effects of antisense RNA may
include transcriptional attenuation of the mRNA and
also disruption of post-transcriptional processing
eventst,

Oncogene DNA and RNA differ in nucleotide
sequences from normal proto-oncogene DNA and
RNA, and it is therefore theoretically possible to
design specific antisense molecules to block
translation of oncogene mMRNA. There have been
many attempts to reverse the transformed
phenotype by expressing large amounts of mMRNA
from the DNA strands complementary to the one
coding an aberrant oncogene protein. In the nuclei
of the cells the two complementary mRNA strands
hybridize to form a double-stranded structure that
effectively prevents translation of the mRNA. It is
now possible to design antisense oligonucleotides
(ODNs), or catalytic antisense RNAs (ribozymes),
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which can pair with and functionally inhibit the
expression of any single stranded nucleic acid.
These compounds interact with mRNAby Watson-
Crick base-pairing and are therefore, highly specific
for the target protein. This high degree of specificity
has made them attractive candidates as therapeutic
agentst. To give just one example out of many,
ODNs directed at HER2 are in preclinical
evaluation for the treatment of breast cancer”. With
the implementation of gene therapy in early clinical
trials, oligonucleotide mediated suppression of
gene expression has emerged as an important
complementary strategy to gene therapy.
Evaluation of the antisense blocking of specific
genes involved in cancer, AIDS and a variety of
other diseases has resulted in questions arising
about how these genes really work®, Even
though the phosphorothioates are generally
believed to represent the first generation of
antisense nucleotides, they suffer from certain
drawbacks and non-specific side effects®™. In vivo
data is mainly limited to methylphosphonates and
in particular phosphorothioates, which have
entered clinical trials as the first generation of
antisense compounds.

However, as stressed in a review of the antisense
treatment of viral infection®, many simple but
critical questions remain unanswered and this is
also true of its application in cancer. Areview in the
mid 1990s5" focused on those aspects of chemistry
and mechanism that were thought to be important
and relevant for the therapeutic use of
deoxynucleotide agents. Most of these, as well as
the promise and the shortcomings®* in the field of
antisense are still relevant today.

In haematological disorders antisense ODNs are
being employed as ex vivo bone marrow purging
agents and as potential drugs for direct in vivo
administration to patients with leukaemia®®. In
vitro data from cell culture experiments showed that
an antisense ODN (G3139) designed to hybridize
with the mRNA of BCL2 can sensitize lymphoma
cells to the apoptotic effects of chemotherapeutic
agents. A Phase | study in 21 patients with BCL2-
positive relapsed non-Hodgkin's lymphoma patients
who received an 18-mer phosphorothioate ODN
complementary to the first six codons of the BCL2
open reading frame (G3139) showed that no
systemic toxicity was seen at daily doses up to 110.4
mg/m? and that BCL2 protein was reduced in seven
of 16 assessable patients®?, Phase | and Il studies are
also being undertaken to test G3139 in combination
with docetaxel in patients with advanced breast
cancer, hormone-refractory prostate cancer and
other solid tumourst®,

ISIS 5132 is an antisense oligonucleotide which
has been shown to reduce Raf-1 mRNAlevels in the

blood cells from treated patients in Phase 1 clinical
trials. The results of Phase Il trials are awaited.

Another target of antisense ODNs is protein
kinase C-alpha (PKC-alpha), which belongs to a
class of serine-threonine kinases. An antisense
ODN directed against PKC-alpha has been
evaluated in Phase | and Il studies in patients with
low-grade lymphomas, and in combination with
carboplatin and paclitaxel in patients with stage 11B
or IV non-small cell lung cancer. Antisense ODNSs
against RAF-1, HRAS, MYB, protein kinase A and
DNA methyltransferase are also undergoing
preliminary clinical investigation in patients with a
variety of cancers including haematological,
colorectal, breast and ovary.

It has become clear that antisense therapeutics is
considerably more problematic than was naively
assumed initially and the approach has yet to have
a substantial impact on clinical practice. However,
there is considerable evidence that antisense ODNSs
are effective in vitro. Critical analysis of the
molecular and cellular behaviour of antisense
ODNs indicate that the clinical strategies that have
been utilized so far are sub-optimal for a number of
reasons including unfavorable antisense chemistries,
the wrong target or failure to achieve intracellular
access. Considerable further basic research is
required and an optimal antisense strategy is
therefore some years away.

RNA interference/inhibition (RNAI)

RNAI is an innate cellular process, which is
activated when a double stranded RNA (dsRNA)
molecule of greater than 19 duplex nucleotides
enters the cell, causing the degradation of not only
the invading dsRNA molecule, but also single
stranded RNAs (ssRNAs) of identical sequence,
including endogenous mRNAs. RNA interference
methods, like antisense strategies, are based on
nucleic acid technology. However, unlike the
antisense approach, double stranded RNAactivates
a normal cellular process leading to a highly
specific RNA degradation and to cell-to-cell
spreading of this gene silencing effect in several
RNAIi models. This systemic property potentially
provides great promise for therapy because the
delivery problems that have plagued other nucleic
acid based therapies could be at least partly
alleviated in RNAi-based gene silencing
applicationst®,

The demonstration that a single base difference
in synthetic small inhibiting RNAs (siRNAs) can
discriminate between mutated and wild type (WT)
p53 in cells expressing both forms, and can result in
the restoration of WT protein®, indicates the
potential of this approach. A better description of
the systemic nature of the response in whole
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animals together with the ongoing improvements
in in vivo nucleic acid delivery technologies could
enable RNAI to be used therapeutically, as a single
agent or in combination, sooner than is predicted at

presentt+sssn,

The second part of this review will deal with
gene therapy, immunotherapy and future
prospects.
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