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ABSTRACT

Expression of the Kaposi’s sarcoma-associated herpesvirus (KSHV or HHV-8) cyclin
D homologue, K cyclin, may contribute to viral oncogenesis. This thesis shows that ectopic
expression of K cyclin also triggers an apoptotic response. Apoptosis is caspase-dependent
and is partially inhibited by expression of either a dominant negative (dn) caspase 9 or the
KSHV Bcl-2 homologue, indicating involvement of the mitochondrial apoptotic pathway.
Furthermore, even when K cyclin expression does not kill cells directly, it sensitises to
induction of apoptosis by various stress signals.

In primary fibroblasts, K cyclin expression induces accumulation of transcriptionally
active p53 with consequent apoptosis and growth arrest in wild type but not in p53-deficient
cells. In contrast, apoptosis is not accompanied by induction of p19**F protein and requires
neither E2F1 nor p19**. Interestingly, K cyclin-expressing wt and p53-deficient cells become
multinucleated and polyploid. Centrosome analysis of such cells shows that K cyclin
expression is associated with centrosome amplification and aneuploidy, which is further
exacerbated by p53 loss. I hypothesise that K cyclin expression leads to abortive cytokinesis
and polyploidy, ultimately triggering pS3-dependent apoptosis and growth arrest.

The in vitro data suggest that K cyclin expression is tumourigenic in a p53 null
background. To corroborate this, I developed a Ep K cyclin transgenic mouse model which
expresses K cyclin protein in B and T cells. These mice develop lymphomas at a low
incidence (10%) and long latency (5-9 months). Tumours often contain mutations in the p53
pathway. Ep K cyclin mice were crossed with p53 null mice. AllK cyclin transgenic pS3-/-
mice developed B and/or T cell lymphoblastic lymphomas extremely rapidly (around 85
days). These data show that p53 acts as a potent suppressor of K cyclin-induced tumours in

vivo.
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Chapter 1: Introduction

breakdown in prometaphase. The pairs of sister chromatids become attached to the
mictrotubules of the mitotic spindle and align at the equator of the spindle in metaphase. In
anaphase sister chromatids separate and move to opposite poles of the spindle, where they
decondense in telophase. M phase ends with the division of the cytoplasm during cytokinesis.

When quiescent cells are stimulated to enter the cell cycle, they undergo a period of
mitogen dependence in late G1. This transition period, called START in yeast and the
Restriction point (R) in mammalian cells, represents a point of no return after which cells
become refractory to mitogenic stimuli and are committed to complete the remaining phases -
of the cell cycle (Pardee, 1974). When extracellular conditions are less favorable, which is the
case for most cells in the human body, cells delay their G1 phase or enter a specialised rest
phase called GO.

Cells that have passed through the restriction point can only be blocked in one way:
upon the execution of so-called cellular checkpoints (Hartwell and Weinert, 1989). These are
intracellular control mechanisms that monitor the integrity of the DNA, the DNA replication
process, metabolic distress and proper attachment of chromosomes to the mitotic spindle.
Cells are transiently arrested before mitosis (G2/M), during mitosis (M) or at the next
restriction point (G1/S) itself to allow time for the damage or deficiency to be corrected. An
appreciation of the molecular processes that govern the cell cycle and its checkpoint controls

is central to our understanding of how and why cancer cells continuously cycle.

1.1.2 Identification of cyclins and Cdks: a bit of history

Genetic complementation studies in yeast have been instrumental in the identification
of the key regulators of the cell cycle. Using budding yeast Saccharomyces cerevisiae mutants
with a defective cell division cycle (cdc), Cdc28 was identified as a critical regular of G1/S
progression (Hartwell et al., 1974). Similar screens in fission yeast Schizosaccharomyces
pombe, showed that Cdc2 was essential for entry into mitosis and was homologous to Cdc28
(Nurse and Thuriaux, 1980). The proteins encoded by these genes were characterised as
Serine/Threonine kinases whose activity oscillates during the cell cycle. The importance of
this kinase as a universal cell cycle regulator was emphasised upon the cloning of human
Cdc2 by complementation of a fission yeast Cdc2 mutant with a human cDNA library (Lee
and Nurse, 1987).

“Cyclins” were originally discovered by scientists searching for proteins that
fluctuated in level through the cell cycle of the sea urchin Arbacia (Evans et al., 1983). It was
reasoned that proteins behaving in this manner were important for controlling cell division.
Their importance was underscored by the finding that cyclins were part of a protein complex

that promoted the onset of M phase in Xenopus oocytes, called maturation-promoting factor
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(MPF) (Lohka et al., 1988). Intriguingly, the other protein in the complex cross-reacted with
antibodies raised against yeast Cdc2 protein (Nurse, 1990). Further studies in fission yeast
revealed the interaction and cooperation in between Cdc2 and the cyclin-like protein cdc13
(Booher and Beach, 1987; Hagan et al., 1988). When cyclin binding was found to be essential
for kinase activity of Cdc2, the name cyclin-dependent kinase (Cdk) was eventually adopted

for Cdc2- family proteins.

1.1.3 Mammalian cyclin/Cdk complexes

While a single Cdk (Cdc2 or Cdc28) triggers the major transitions of the yeast cell
cycle, mammalian cells accommodate multiple Cdc-related genes. After identification of the
human Cdc2 homologue, called Cdk1, other human Cdks were identified by low stringency
hybridisation or by redundant PCR using oligonucleotides corresponding to conserved
regions (Elledge and Spottswood, 1991; Grana et al., 1994; Hanks, 1987; Johnson and Smith,
1991; Matsushime et al., 1992; Meyerson and Harlow, 1994; Tassan et al., 1995; Tsai et al.,
1991; Wu et al., 1994). At present, 9 different Cdks with known functions have been
identified, only four of which (Cdkl, 2, 4, 6) are involved directly in cell cycle control. Cdk7
contributes indirectly by acting as a Cdk-activating kinase (CAK) that phosphorylates other
Cdks (see section 1.2.4). Several Cdks act as components of the machinery that controls basal
transcription by RNA polymerase II (Cdk7, 8, 9). CdkS is expressed in post-mitotic cells of
the central nervous system and is required during neural differentiation (reviewed in Morgan,
1997).

Mammalian G1 cyclins D and E were cloned by their ability to complement
conditionally defective G1 cyclin (CLN) deficiency in budding yeast (Koff et al., 1991; Lew
et al., 1991; Xiong et al., 1992a). Three D-type cyclins exist (cyclin D1, D2 and D3), which
are differently expressed in various cell lineages, with most cells expressing cyclin D3 and
either D1 or D2 (Sherr, 1993). No differential roles for these cyclins have thus far been
recognised. Recently, a gene similar to cyclin E in sequence and biochemical properties was
cloned and called cyclin E2 (Lauper et al., 1998). Cyclins E1 and E2 have overlapping
expression patterns in mice tissues and are suggested to be co-overexpressed in human
tumours (Geng et al., 2001). Future research will elucidate whether any of their functions are
distinct. The human cyclins A and B were discovered by virtue of their homology with
Xenopus cyclins (Pines and Hunter, 1989; Pines and Hunter, 1990). Mammalian cells contain
two types of cyclin A and B. Cyclin Al is only expressed in meiosis and early in
embryogenesis, whereas cyclin A2 is found in proliferating somatic cells (Yang et al., 1997).

Cyclin B2 probably plays a role in Golgi remodelling during mitosis (Jackman et al., 1995),
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