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Introduction

The field of cancer chemoprevention has developed
considerably over the past two decades with several
large randomised trials having been undertaken. Some
of these have been positive and have included a
demonstration of the efficacy of tamoxifen to reduce
the risk of breast cancer [1] and finasteride to
have an impact on prostate cancer incidence [2].
Unfortunately several trials have been negative and
some have even produced results suggesting a dele-
terious effect of the agent under investigation [3].
Chemoprevention trials are, of necessity, usually very
large and extremely costly. To date, one of the main
methods for choosing agents to investigate in trials
has been retrospective population-based analysis of an
apparent association between ingestion of the agent
and a reduced incidence of cancer. Unfortunately such
analyses are often flawed by many sources of bias. In
addition, adverse effects of exposure to such agents
over a protracted period have not been anticipated.
Successful chemoprevention requires an agent which
has a significant impact on cancer risk but is also
extremely safe and well tolerated. With the increasing
understanding of molecular mechanisms leading to
carcinogenesis, it is imperative that cancer preventive
agents are developed more rationally and are targeted
towards these mechanisms — both to increase efficacy
and also to reduce the potential for toxicity. This
article will highlight some of the more promising
potential targets which can be used to choose and
design drugs for testing as chemopreventive agents.
The identification of targets could also enable the
development of biomarkers to test efficacy during early
clinical development.

Molecular targets for chemopreventive agents

Phenotypic and genotypic alterations occur during
carcinogenesis and lead to the features which define
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a malignant cell. One of these involves abnormalities
in the survival pathways which enable malignant
cells to avoid apoptosis. Among the best described
survival pathways are those involving the growth
factor receptor (GFR)/Ras/Mitogen Activated Protein
Kinase (MAPK) pathway [4], phophotidylinositol-3-
kinase (PI3K)/protein kinase B(Akt) [S] and signal
transducers and activators of transcription (STATSs) [6]
or nuclear factor kB(NF-xB) [7].

Signalling through the GFR/Ras/MAPK pathway is
central to regulating cell growth and several growth
factors activate the pathway. In many malignancies
there is amplification or over expression of GFRs
and oncogenic Ras leading to continuous activation
of the pathway. The PI3K/Akt pathway appears to be
central to survival of malignant cells with activation
blocking a number of mechanisms that would normally
induce apoptosis or lead to cell cycle arrest in damaged
cells. Malignant cells are frequently associated with
over expression or increased activation of different
components of this pathway. The transcription factor
NF-xB has been increasingly studied in recent years
and appears to be central to promoting tumour cells
in malignancies which are associated with inflam-
mation. Normally, NF-xB is associated with IxB
which leads to its inactivation. During malignancy,
IkB can be inactivated and degraded, freeing NF-
kB to translocate to the nucleus where it can
promote transcription to several different genes that
lead to induction of proliferation and inhibition of
apoptosis. There has been increasing demonstration
of deregulation of this pathway in malignancy. The
STATs pathways are involved in the regulation of
gene transcription in response to cytokine or growth
factor stimulation of a variety of receptors. They
appear to become overactive in several malignancies.
This can lead to the prevention of apoptosis through
increased expression of anti-apoptotic proteins such as
Bcl2 and Belxl.
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Cell cycle regulation

One of the hallmarks of malignancy is a loss of regu-
lation of cell cycle progression. Several proteins have
been identified which regulate progression through
the cell cycle and a group of molecules, the cyclins
and cyclin-dependent kinases have been extensively
investigated in recent years. Cyclin D1 is a rate-
limiting factor in progression of cells through the
Gl phase of the cell cycle [8]. Its over expression
is associated with carcinogenesis — particularly in
breast and prostate cancer. Another target protein
involved with cell cycle progression is activator
protein-1 (AP-1) [9]. A variety of growth factors and
oncoproteins are potent inducers of AP-1 activity. AP-
1 appears to be involved in the regulation of genes
involved with apoptosis and cell cycle progression by
activating the cyclin D1 gene. It also has effects at
repressing tumour-suppressor genes including p53. It
may also have a role in controlling metastasis.

The tumour suppressor gene, pS3, provides another
potential target for chemoprevention. It regulates many
cell processes including signal transduction, responses
to DNA damage, cell cycle control and apoptosis. p53
mutations are found in most tumour types and appear
to have numerous roles in carcinogenesis.

Growth factor signalling pathways

Many growth factors have been implicated in carcino-
genesis and include epidermal growth factor (EGF),
platelet-derived growth factor (PDGF), transforming
growth factors (TGF)-a and -3 and insulin like growth
factor (IGF). Many tumours appear to progress as a
result of increased activation of downstream signalling
from activation of the receptors. These result in
increased cell proliferation and suppression of apop-
tosis together with an increased potential for invasion
and metastasis. Agents targeted at the EGF receptor
(EGFR) may result in apoptosis of cancer cells.

Cyclo-oxygenase 2 (COX-2)

The cycloxygenases (COX-1 and COX-2) have been
an increasing focus as targets for chemopreventive
drug development [10]. These enzymes are responsible
for converting arachadonic acid into prostatglandins.
COX-2 is overexpressed in almost every pre-malignant
and malignant cell. Several mechanisms associated
with the activity of COX-2 in neoplasia have been
defined in recent years and these include induction of

resistance to apoptosis, promotion of angiogenesis, in-
crease in DNA mutagenesis and increased invasiveness
and reduced adhesion of epithelial cells.

Use of molecular targets to identify
chemopreventive agents

An understanding of the multiple molecular pathways
on targets which are deregulated during carcinogenesis
enables in vitro and in vivo assays to be developed
to screen potential chemopreventive agents before
further development occurs. An understanding of the
importance of increased expression of COX-2 has led
to the in vitro testing of several agents for their effects
on COX-2 expression. Modulation of this enzyme
increases the potential interests of an agent as would
measured effects on cell proliferation and survival
and markers of apoptosis. Several groups have also
developed assays of DNA damage and modification
of the level of damage by potential chemopreventive
agents may further add to their interest for future
development. Such in vitro assays clearly have
limitations but, positive results taken together with
effects on animal model systems (e.g. transgenic
or carcinogen-induced models of malignancy) can
provide sufficient rationale for the development of
trials in humans. Of increasing importance is the
development of biomarkers of efficacy in human
studies. Chemoprevention trials which use cancer
incidence as an endpoint require prolonged follow
up and large numbers of individuals. The use of
surrogate biomarkers which may involve modification
of molecular targets of carcinogenesis can be measured
in humans before and after exposure to a new potential
chemopreventive agent and can give much earlier
indications of potential efficacy.

The field of chemoprevention is thus beginning to
benefit from the incorporation of an understanding of
molecular targets for drug development. The increas-
ing incorporation of the understanding of such molec-
ular targets should markedly improve the ability to
identify appropriate agents for trials and should speed
up the determination of clinical efficacy in the future.

Conflict of interest statement

None declared.

References

1 Cuzik J, Powles T, Vernesi U, et al. Overview of the main
outcomes in breast-cancer prevention trials. Lancet 2003, 361,
296-300.



390

w

w

Thompson IM, Goodman PJ, Tangen CM, et al. The influence
of finasteride on the development of prostate cancer. N Engl J
Med 2003, 349, 215-224.

Beta Carotene Cancer Prevention Study Group. The Alpha-
Tocopheral. The effect of vitamin E and beta carotene on the
incidence of lung cancer and other cancers in male smokers.
N Engl J Med 1994, 330(15), 1029-1035.

Sebolt-Leopold JS, Herrera R. Targeting the mitogen-activated
protein kinase cascade to treat cancer. Nature Revs Cancer 2004,
4, 937-947.

Chen YR, Tan TH. Inhibition of the c-jun N-terminal kinase
(JNK) signalling pathway by curcumin. Oncogene 1998, 17,
173-178.

Yu H, Jove R. The STATs of cancer — new molecular targets
come of age. Nature Revs Cancer 2004, 4, 97-105.

WP Steward

7 Pikarsky E, Porat RM, Stein I, ef al. NF-xB functions as a tumour
promoter in inflammation-associated cancer. Nature 2004, 431,
461-466.

8 Diehl JA. Cycling to cancer with cyclin D1. Cancer Biol Ther
2002, 3, 226-231.

9 Bohmann D, Bos TJ, Admon A, Nishimura T, Vogt PK, Tjian R.
Human proto-oncogene c-jun encodes a DNA binding protein
with structural and functional properties of transcription factor
AP-1. Science 1987, 238(4832), 1386-1392.

10 Dannenberg AJ, Subbaramiah K. Targeting cycloocygenase-2 in

human neoplasia: rationale and promise. Cancer Cell 2003, 4,
431-436.





