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ABSTRACT (200 words)

Many cancers show a genetic instability phenotype that drives the accumulation of carcinogenic
mutations and dictates tumor responsiveness to therapy. Loss of p53 function compromises the
cellular responses to DNA damage and predispose to cancers via a multitude of mechanisms
including abrogation of apoptosis. The overall aim of this project is to inform design of better
therapeutic modalities through dissecting the complex relations between apoptotic cell death, p53
status and cytotoxic treatment. The project includes three lines of research: 1- Influence of p53 on
MicroRNAs (miRNAS) expression in response to DNA damage, 2- Relation between the emergence
of cancer stem cells and p53, 3- Dissecting the mechanisms of action of p53 target genes
differentially expressed in colon cancer cell lines with different wnt signalling status.

Collectively, The results of this research should have direct application in cancer therapy.




INTRODUCTION (maximum two pages — one sided)

Describe the background, overall objectives, specific aims, local relevance and relationship of the
project to current literature.

The transformation of a normal cell to a malignant one involves the acquisition of defects in various
cellular phenotypes over a period of time. Normally, the cells’ homeostatic checks would identify
these errors during replication, stop cell division, repair the error or, initiate the apoptosis cell suicide
program. Tumor cells are able to overcome these internal checks by preventing detection of the errors,
overriding the cellular checkpoint controls, and evasion of apoptosis [1]. Many cancers were found to
display a faster than normal rate of accumulation of genetic defects, a phenomenon referred to as
‘genetic instability’. For example, mutations with wide range of effects such as those of TP53 gene,
compromises the cellular responses to DNA damage and predispose to cancers via a multitude of
mechanisms.

Data from genetically manipulated animals show that p53 oncosuppressor protein deficiency may
abrogate the apoptosis of cells that have sustained DNA damage, thus permitting survival and
proliferation of cells bearing mutations [2]. Apoptosis is widely observed in tumors; however,
indicating that loss of ability to induce apoptosis must be restricted to particular pathways [3-4].
These altered apoptotic pathways not only play a role in carcinogenesis but also dictate the tumor cell
resistance to various therapeutic measures. Fortunately, the molecules mediating the actual irreversible
execution of cell death, including caspases, remain intact in most, if not all, malignant cells, leaving a
window open to exploit the apoptotic cell death in cancer treatment. Hence, a key task, from the
perspective of therapy development, is to define the integrity of cell death signaling axes in individual
tumors and the extent of their dependency on deregulated survival mechanisms. The major specific
aims of this project are detailed below.

Specific aim 1.
Influence of p53 on MicroRNAs (miRNAs, or miRs) expression in response to DNA damage

Background:

Recently, the dysregulation of noncoding RNA referred to as miRNAs has been linked to cancer
initiation and progression indicating that miRNAs may play roles as tumour suppressor genes or
oncogenes [6, 7]. Although aberrant microRNA (miRNA) expressions have been observed in different
types of cancer, their pathophysiologic role and their relevance to susceptibility to resistance to anti
tumor agents are still largely unknown [8]. Since, evidence is mounting that miRNAs are important in
the apoptotic process [6], we hypothesize that miRNAs expression could play a role in the regulation
of gene expression associated with the control of tumor cell susceptibility to lysis according to p53
status and its transactivation activity. In this regard, we will focus on the analysis of miRNA
expression and screen for those differentially expressed in sensitive and resistant tumor cells.

Aims: The expression profiles of miRNAs will be analyzed to determine whether any correlation exists
between miRNA expression, cytotoxic response, and/or p53 transactivation activity. It will be
important to examine whether these miRNAs have any role in the regulation of genes involved the
cellular responses to cytotoxic treatment.




INTRODUCTION (continued)

Describe the background, overall objectives, specific aims, local relevance and relationship of the
project to current literature.

Specific aim 2.
Relation between the emergence of cancer stem cells and p53

Background.

Stem cells can be defined by their ability to undergo self-renewal and give rise to cells that undergo
differentiation into specific, functionally mature cells of various tissues [9]. Cancer stem cells exhibit
some capacity for autonomous proliferation leading to the formation of tumors with an impaired
ability to undergo terminal differentiation. Tumor stem cells were identified in leukemia, and in solid
tumors such as breast, lung, and brain cancer [10-12]. Pro-survival members of the bcl-2 family and
sonic hedgehog (shh) gene appears to be crucial for the maintenance and self renewal of stem cells in
multiple mammalian tissue types including the epidermis [13]. The p53 tumor suppressor has also
been shown to be important for regulating the rates of apoptosis in stem cells [14] as well as acting as
a negative regulator of self renewal of brain stem cells [15]. In addition, p53 induction was associated
with downregulation of two transcription factors, oct-4 and nanog, previously shown to be important
for self-renewal and maintenance of pluripotency in hESCs [16]. Similarly, a recent study has shown
that upregulation of p53 in hESCs results in a rapid differentiation program and correlates with
changes in cell morphology and adhesion and loss of pluripotency markers. This differentiation
program may depend on the induction of p21 by p53 [17]. These findings have led to the suggestion
that one consequence of p53 activation in tumor stem cells is the induction of differentiation [17].
Somewhat surprisingly, deficiency of MDM2 leads to an increase in the stem cell population and
proliferation in intestinal epithelial cells [18]. This observation suggests the cancer stem cell
populations may acquire p53 compensatory resistance mechanisms.

The aim here would be to dissect the mechanisms underlying cytotoxic drug response, in relation to
p53/MDM2 and the stem cell markers to identify which tumor phenotype favours the emergence of
cancer stem cells subsequent to cytotoxic drug treatment.

Specific aim 3.
Dissecting the mechanisms of action of p53 target genes differentially expressed in colon cancer
cell lines with different p53 and/or wnt signalling status

Background:

Many cancers particularly those of the colon arise through deregulated wnt signalling as a primary
event. We and others have noticed that while the majority of colon cancers show evidence of
deregulated wnt signalling through mutation of APC or B-catenin (CTNNB1) genes, a small subset of
these tumors lack such changes [19]. The applicant, while at Helsinki University, Finland, performed
an expression microarray analysis which revealed novel target genes differentially expressed between
colon cancer cell lines with and without deregulated wnt signalling, genetic analysis of these
candidates (Glioma pathogenesis-related protein 1, GLIPR1 [20], and others) is already underway in
collaboration with Helsinki University.

The aim of this part of the project is to dissect the functional pathways of the p53-related targets that
are differentially expressed in tumors with and without wnt activation particularly their role and
position in apoptosis.
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