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CAdARACTERISATION OF THE SPECTRUM OF
MUTATIONS IN HUMAN OVARIAN CANCER CELL LINES
AND OVARIAN TUMOURS. Paul Anthony Wright

Direct PCR based sequencing of a 1031bp fragment encompassing the
five conserved regions of p53 cDNA was performed in order to detect
mutations within a panel of 7 human ovarian carcinoma cell lines and
16 ovarian tumour biopsies. Total RNA was extracted, reverse
transcribed (RT) and subjected to 35 cycles of the polymerase chain
reaction (PCR). The PCR product was then sequenced using a PCR
based technique with nested primers adjacent to each evolutionarily
conserved region.  Single stranded conformational polymorphism
(SSCP) analysis was applied to the biopsy samples to evaluate its use as
a rapid screen for DNA abnormalities. The SSCP protocol used was
found to be ineffective for separation of ssDNA analogues produced by
primers used in the sequencing assay. Theoretical evaluation of the
secondary structures of these fragments was analysed by a public
domain computer package, in an attempt to predict the effect of
mutation on our SSCP products. Sequencing results showed that 3 of
the 7 cell lines (LK1, PAl and OVCAR-3) were all found to have
mutations. OVCAR-3 showed a 'Hot Spot' mutation at codon 248.
Two of the cell lines showed no mutations in agreement with other
groups and RT-PCR amplification of p53 in the remaining two lines
(OAW-28 and SKOV-3) was not pessible, suggesting a major alteration
in the gene sequence. Of the 16 human ovarian biopsy samples
analysed, 8 were found to harbour p53 mutations, 5/8 of which were
located within conserved regions, including 3 'Hot Spot' alterations at
codons 175 and 273 (x2). In 7 biopsy samples there was no evidence
of abnormality and RT-PCR of the final sample was unsuccessful. Of
a total of 12 p53 gene mutations found in the samples analysed all were
simple point mutations, of which 7 were transversions and 5
transitions. These results, while the numbers are small, confirm the
presence of mutations in approximately half of the ovarian tumours
and cell lines analysed. Gene deletion, resulting in truncated protein,
may be present in some of the p53-negative tumours. There may also
be related abnormalities in other genes whose products are components
of the cell cycle proliferation control mechanism but which have not
been covered by this study.
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1.0 BACKGROUND.

Cells which are associated with tumour formation have generally been
subjected to some form of alteration at the molecular level and changes
in the genetic code are most tumorigenic when located within one of
the genes which are involved in the mechanism of control over cell
division. There are a number of genes which are known to exert
control over this pathway, two of the most important being the tumour
suppressor genes p53 and the retinoblastoma susceptibility gene (Rb).
Interaction between a series of genes has been shown to effect a cascade
of events which control the operation of the cell cycle through an array
of checkpoints (Weinberg, 1993 and Thangue, 1994).

1.1 The Cell Cycle.

One fundamental property common to all living organisms is their
capacity to grow. This function is achieved at the cellular level by the
synthesis of new biomolecules such as proteins, nucleic acids
carbohydrates, lipids and other cellular constituents. The parent cell
must divide in such a way that genetic fidelity exists between itself and
the two daughter cells. = The mechanism by which the genetic
information is duplicated and then assigned to each daughter cell must
be highly efficient and under strict control. The sequence of events by
which this is accomplished in eukaryotic cells is known as the cell
cycle. This process involves both nuclear division (mitosis) and
cellular division (cytokinesis) but this division phase only accounts for
a small proportion of the cycle. The cell spends most of its time
preparing for these division events in growth phase by doubling in
mass and duplicating all of its contents. The nuclear growth phase

(interphase) is the period of time in which the nuclear contents are



duplicated. The interphase itself is divided into three distinct phases
called: a) G1 {gap-1), b) S (synthesis) and c¢) G2 (gap-2) (Figure 1).

The Gi-phase is representative of the first interval preceding
chromosomal DNA synthesis, a period in which the "decision” is made
to divide or remain in G1 stasis. The Gi-phase usually takes between 8
and 10 hours providing that the cell does not exit from the cycle at this
stage. Cells which do exit from the cell cycle after mitosis and before
S-phase, remaining in a resting/non dividing state, are said to be in Go-
phase. Such quiescent cells do not increase in mass yet retain the
functionality attributed to that particular tissue type without passing
into S phase to complete the cell cycle. It would appear that the fate of
a new-born cell is determined by whether or not it is "signalled", at
some point during early Gi-phase, for entry to S-phase.  This
signalling is, as yet, not entirely understood but there are a number of
molecules which have been found to be active in the G1 stage of the cell

cycle which act by inducing passage into S-phase.

The replication of the chromosomes has evolved into a highly ordered
chain of events beginning with the DNA sequences in each chromosome
becoming arranged into a series of replicons which replicate
independently of one another in a well defined sequence. All DNA
synthesis, with the exception of DNA repair mechanisms, takes place

exclusively in the S phase of the cell cycle.



Daughter Daughter
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Figure 1.  Diagrammatic representation of the Eukaryotic Cell Cycle. The cycle
includes both nuclear events (inner circle) and cellular events (outer circle). Cellular
events comprise a growth phase followed by a short division phase (cytokinesis).
The nuclear events comprise mitosis (M) and interphase period of which the latter
includes the synthetic phase and two "gap" periods G-1 and G-2. The end of each
cell cycle is characterised when the cell has divided into two daughter cells each
containing an individual nucleus with the full compliment (2C) of genetic material
(Becker, 1986).

1.2 Cell cycle control.

Cell cycle regulation is dependent on an equilibrium that exists between
a number of molecular control mechanisms which dictate whether the
cell will divide or remain quiescent. Two putative circuits, which

oppose one another by exerting either negative or positive effects on




the cell cycle, provide the necessary means by which equilibrium is
maintained. Examples of components involved in the positive circuit
are the oncogenes c-myc and c-fos which are up-regulated in S-Phase
and induce DNA synthesis. Conversely the negative circuit includes
genes which elicit control over the cell cycle by suppressing cell
division and DNA synthesis. = Examples of this category are the
tumour suppressor genes: p33, Rb and a more recent gene encoding the
cdk-interacting protein 1 (Cipl also known as WAF1, p21 and Sdil).
The function attributed to this family of genes is the control over Gi
(or Go/Quiescent cells) to S-phase progression. Both negative and
positive circuits appear to be interconnected in order to maintain a
balance between the complex mechanisms required for cell cycle
control.  S-phase progression requires activation of DRTFI1/E2F, a
component whose function is inhibited by pocket proteins during

quiescence.

1.3 DRTF1/E2F

E2F is a transcription factor that mediates the control of various genes
fundamental to the positive circuit of the cell cycle. These genes are
generally associated with DNA synthesis during S-phase and include
such genes as dihydrofolate reductase, DNA polymerase o, cdc2, c-
myc, cyclin A and B-myb. Many of these genes, including those
listed, have been shown to contain E2F-binding sites that rely upon the
interaction between a heterodimeric complex containing E2F protein
and another functional protein of the gene DRTFI1 referred to as DP
(DRTFI1 protein). This DP/E2F complex binds to specific residues
upstream of these genes and induces transcription thereby actuating

cellular proliferation as a subsequent event (Thangue et al., 1994).



The action of such a powerful and potentially hazardous element is
under strict control by a number of gene products called 'pocket
proteins', a family of proteins which comprise the major elements of
the negative regulatory circuit. They possess the ability to control the
transcription effects of the DP/E2F complex by binding to it in a
selective reversible manner, thereby preventing uncontrolled
proliferation.  Pocket proteins are most evident during Gi1 phase
where the 'decision' to progress to S phase is believed to be made.
Injection of pocket proteins into quiescent cells forces a cessation of Gi

to S-phase progression.

There are other known pocket proteins (p107 and p130) which are able
to bind to DP/E2F complexes that exert their own characteristic effects
at different key points in the cell cycle. The DP/E2F complex is also
open to slight change by the presence of different DP's and E2F's all of
which are able to cross react forming a range of heterodimers
(Thangue er al.,, 1994). The effects of this cascade of regulatory
elements is so far inconclusive, yet it appears that each form of this

DP/E2F complex plays a pivotal role in DNA synthesis.

Pocket proteins therefore provide the cell with a means of regulating
and orchestrating the cell cycle. Two of the most important pocket
proteins as described are the tumour suppressor genes pS3 and Rb.
However, in order to create a fuller picture of the events that control
cell division another group of genes need to be mentioned. The
function of the pocket protein pRb is indirectly controlled by p53 by
employing the use of cdk inhibitor proteins such as Cipl (Figure 2).

These three genes and gene products will be discussed in detail.
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Figure 2.  Model for the interaction of proteins which are required for the
regulation of progression through the Gi-S-phase border of the cell cycle. The DP-
E2F complex plays a central role as a transcription factor to a number of genes
employed in DNA synthesis, activation of this protein is controlled by a cascade of
events of which the tumour suppressor genes Rb and p53 are crucial factors. pRb
exerts its action by holding the DP-E2F complex in an inactive state, requiring
phosphorylation of the Rb protein by cdk/cyclin duplexes for release of the active
transcription factor. Both positive and negative signals may be triggered in response
to the state of the cell in the cycle. p53 has ultimate control over the final step of DP-
E2F activation and may prevent DP-E2F release by upregulation of Cip1 which blocks
the phosphorylisation of pRb by binding to cdks. MDM2 is capable of diffusing the
action of p53 by sequestration of the protein into the cytoplasm and exists as a
negative feedback loop with p53 by which p53 function may be maintained. Figure

adapted from Rressac-de-Paaillerets, (1994) and (Thangue et al., 1994)




1.4 The p53 Tumour Suppressor Gene

The tumour suppressor gene p53 is located on chromosome 17p13
(Miiicr et al., 1986, and Isobe er al.,, 1986) and encodes a 53 KDa
nuclear phosphoprotein (Levine ef al., 1991). The coding region of
the p53 gene comprises 1182 base pairs (393 amino acids). The gene
has 11 exons, the first of which is non-coding, which give rise to a 2.6-
Kb mRNA transcript and a 53 KDa protein after subsequent
translation. p53 was first discovered bound to the large T-antigen of
Simian Virus 40 (SV40) (Lane et al., 1979). This synergy was later

found to be a fundamental process of the viral replication strategy.

The normal tumour suppressor activity of p53 is blocked when the two
proteins (p53 and SV40 large T-antigen) are bound together, the
outcome of which is transformation of the host cell into a state of
uncontrolled growth.  The viral genome would benefit by the
increased efficiency of DNA replication. This effect led to the
discovery that p53 was involved in the control of cell proliferation by
blocking cell division near the G1 / S border of the cell cycle (Diller et
al., 1990; Martinez et al., 1991; Mercer et al., 1982). Reisman et al.,
(1988), described how the p53 gene was controlled by at least two
promoters, within its sequence, named pl and p2, the first of which is
located at the 5' end of the first exon, and the second has been mapped
to the first intron. The onset of cell differentiation triggers the up
regulation of p2 but the down regulation of pl, suggesting the

modulation of pS3 expression in cells undergoing differentiation.

p53 functions as a tumour suppressor gene which has a major role in
the control of the cell cycle. It is capable of binding to DNA in a

sequence specific manner (Kern er al 1991) and is able to induce the



transcription of certain genes due to a strong transcriptional activation
domain near its amino terminus (Fields and Jang, 1990; Raycroft ef al.,
1990). Secondly pS53, when associated with TATA-binding protein
(TBP), has also been shown to suppress the transcription of a variety of
genes whose promoters contain TATA elements (Seto er al., 1992,
Mack et al., 1993) where the TBP binding domain on p53 was mapped
between residues 20 - 57 (Liu et al., 1993). p53 would therefore
appear not only to affect tumour suppression/growth control itself, but
also control an array of other genes which in turn may implement

control of cell division.

1.4.1 pS3 Protein Structure and Putative function

Although a great deal still remains unresolved about the exact function
of p53, the overlying picture that emerges from work so far is that the
pS53 protein is involved in both apoptosis and cell differentiation. p53
exerts its negative regulation of the cell cycle by assessing the integrity
of DNA. The signal is then passed on to a host of other genes which
elicit either DNA repair followed by cell differentiation, or apoptosis.
In this way p53 is able to 'decide’ whether the damage is reversible in
which case the cell will remain in quiescence until the necessary repairs
have been made, otherwise the cell is removed from the organism.
pS3 is therefore able to act as a transcription factor to genes which are

capable of determining the future of the cell.

Full length wt-p53 protein has 393 amino acid residues which make up
3 functionally defined domains. The N-terminal region of the protein

i~ acidic and has been characterised as the transcriptional activation




domain (residues 1 - 43) (Unger et al., 1992, Fields er al., 1990 and

Raycroft er al., 1990) and contains a number of phosphorylation sites.

The second, core, domain (residues 100 - 300) is highly conserved and
is associated with sequence specific DNA binding (Bargonetti ef al.,
1993, Foord er al., 1991, Pavletich er al., 1993, and Wang er al.,
1993). Finally, the C-terminal region is involved in oligomerization
(residues 320 - 360) and is responsible for the formation of stable
tetramers with other p53 molecules (Pavletich eral., 1993,
Sturzbecher et al., 1992, Sakamoto e al., 1994 and Wang er al., 1993).
The C-terminus also exhibits three nuclear localisation signals (NLS)
(Addison et al., 1990; Dang and Lee, 1989; and Shaulsky ez al., 1990
& 1991) and a non-specific nucleic acid-binding (and reannealing)
region (residues 330 - 393) (Wang e al., 1993). The topographical
positioning of these domains has been shown to play an important role
in the activity of wt-p53, and alterations in the protein, by way of
mutation, generally show loss of activity due to an absent or reduced
binding affinity to DNA (Foord ef al.. 1991).

1.4.2 N-Terminal Transcriptional Activation Domain

Two functions, characteristic of a transcription factor, have been
observed in studies with p53. These are that the protein binds both to
specific and non-specific DNA sequences and recent reports have
shown that it may be involved in the activation, and even repression (in
certain genes) of transcription. p53 binds to the Human Ribosomal
Gene Cluster (RGC) (Kem et al., 1991), Murine Muscle Kinase Gene
(MCK) (Zambetti er al., 1992). Kem er al (1991) also described how
small fragments of human DNA containing three repeats of a TGCCT



sequence and certain critical guanine residues, were important to

confer a suitable binding epitope for pS3 protein.

The up-regulation of a gene called Mouse Double Minute 2 (MDM2) is
an interesting example of a gene controlled by p53 because there exists
an autoregulatory feedback loop (Figure 3) which in turn regulates
the amount of p53 in the system (Wu er al., 1993). Amplification of
the MDM2 gene was originally shown in human sarcomas (Oliner ez
al., 1992), but up-regulation of MDM2 has also been found to be
induced by another unknown pathway in breast cancer cell lines in

what would appear to be a response to hormonal control over lactation
(Moll et al., 1992).

This up-regulation has been known to induce the passage of cells into
tumorigenesis by sequestering p53 protein into the cytoplasm, away
from its site of action in the nucleus. This endogenous weakness in the
role of p53 occasionally appears to be the causative agent in breast
tumours, suggesting that the physiological mechanism at work has
broken down in some unknown manner in these tumours (Moll e al.,
1992).

Regulation of gene expression may also be achieved by protein :
protein interactions between pS53 and specific transcription factors
(Agofferal, 1993). For example, p53 negatively regulates
transcription by binding to the TATA-binding protein (TBP) required
for initiation of transcription in genes which possess this type of p53
response element (Seto ez al., 1992). This is not always the case since
p53 may also negatively regulate genes which lack the TGCCT

sequences such as c-fos, c-jun, retinoblastoma, interleukin 6, and
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proliferating cell nuclear antigen (PCNA) as well as the p53 gene itself
(Voss et al., 1991).

Intron 1

B RNA

pS3-MDM?2
complex

/ Sk

Transactivation of other genes

o)

Figure 3.  The p53-MDM?2 autoregulatory loop. p53 positively regulates MDM2
by activating MDM2 gene expression. MDM2, on the other hand, inhibits the trans-

activating function of the p53 after forming a p53-MDM?2 complex (Wu er al., 1993).

These phenomena are not exclusive to p53, since the transcription of
some genes do not appear to be affected either positively or negatively
by p53 (Seto et al., 1992). As described, the function of p53 would
seem to be that of a regulatory element, controlling the transcription of
various genes whose products form at least part of the cell

proliferation suppression system which controls the passage from G, to
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S phase (Diller er al., 1990; Martinez et al., 1991 and Mercher et al.,
1982).

1.4.3 Core Domain

The structures of both the p53 DNA-binding domain (Cho er al., 1994)
and the oligomerization region (Clore er al., 1994), have been
elucidated. The central, zinc-containing, domain of p53 is resistant to
proteolytic digestion (residues 102 - 292) and has the ability to
recognise specific DNA sequences, known as p53 elements. These
consist of four copies of the pentamer consensus sequence 5'-
PuPuPuCa/t-3' (Kern er al., 1991 and Pavletich er al., 1993) oriented in
opposing directions, the pentamer pairs may be separated by up to 13
base pairs in some sites (— <« X — «; each arrow represents a
pentamer sequence and X represents the variable spacing) (El-Diery
et al., 1992).

The DNA-binding domain of p53 consists of two antiparallel p sheets
which function as a scaffold that enables the structural elements to be in
the correct alignment at the interface of DNA. The structural
elements which comprise: a loop-sheet-helix (LSH) motif (H2) and loop
L1 are presented to the major groove and make side chain-base
interactions with 5'-GGC-3', and two large loop structures (L2 and L3)
which serve to navigate a critical arginine residue, Arg248, (within
L3) into the A/T rich region located in the minor groove of the DNA
binding site (Prives er al., 1994).

This interaction is in the form of ribose and phosphate contacts with

p53 and results in the compression of the DNA minor site around
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Arg248 which may be critical for the function of the protein.
Interactions between L2 and L3 are stabilised by an atom of zinc which
is held in place by four metal-binding ligands, Cys176 and His179 &
Cys238 and Cys242, the former of which are located in L2 and the
latter in L3. The structural integrity of these loops reflects directly on
the critical interaction of Arg248 in the minor groove, virtually
anything which upsets this framework is liable to alter the specificity of
p53-DNA-binding.

The DNA binding activity critical to p53 function, as is defined by the
L2 and L3 loops and the LSH motif, have been found to be encoded for
by the four conserved regions in which the majority of detected
mutations lie.  This finding now allows predictions to be made as to
how each of the hot-spot mutations are able to destabilise the central
domain of pS3 and its subsequent interactions with DNA (Prives,
1994).

40% of the mutations detected in the p53 gene map to just six sites. Of
these hot-spots only two directly interact with DNA through amino-
acid side chains (Arg248 from L3, and Arg273 from the strand to the
amino-terminal side of H2) (Burley e al., 1994). Neither of these
interactions involve the major groove of DNA. The remaining hot-
spot sites (Argl75, Arg249, Arg282 and Gly245) have no contact with
DNA whatsoever but instead participate in side chain-side chain or
backbone-side chain interactions within the p53 molecule and therefore

function to stabilise the protein structure.
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