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Abstract

Immunoreactive pS3 Protein as a Prognostic Indicator in Ovarian

Carcinoma. Michael Anthony Levesque, Department of Clinical Biochemistry,

University of Toronto. Master of Science, March 1997.

In ovarian carcinoma, the prognostic significance of p53 protein accumulation, usually
reflecting p53 gene mutation, remains to be established. Using a sensitive
immunofluorometric assay for p53 protein quantification, we evaiuated p53
overexpression in relation to patient survival and to clinicopathologic factors including
age, stage, grade, histotype, tumor size, and presence of residual tumor. In Cox regression
analysis, p53-positive patients exhibited two-fold higher risk for both relapse and death,
but at the multivariate level, p5S3 accumulation was not independently associated with
patient outcome. After stratification by factors associated with p53 status and outcome.
patients with well or moderately differentiated cancers were shown to have higher risk of
relapse (p<0.01) and death (p<0.01) when p53 protein accumulation was present. Kaplan-
Meier analyses confirmed these findings, which together indicated that mutant p53
protein in ovarian carcinoma is associated with poor prognosis in patients with low grade

tumors, early stage, or absence of residual tumor.
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Chapter 1. Infroduction

Carcinoma arising from the germinal epithelium of the ovary has the highest mortality
rate among gynecological malignancies and is the 4th leading cause of cancer death for
women (American Cancer Society, 1995). Reflecting the lack of warning symptoms,
absence of effective screening, and the proliferative capacity of this tissue, approximately
70% of patients present with advanced disease at diagnosis (Cannistra, 1993). Although
ovarian cancer has a propensity to remain limited to the abdominal cavity, the prognosis
of the patients is generally poor due to persistent residual or rapidly recurrent disease: the
S-year overall survival after surgical removal of malignancy does not exceed 30% for
Stage [II and 20% for Stage IV (Averette er al., 1995). Moreover, ovarian cancer cells are
highly invasive, have a high capacity to induce ascites, and present pleomorphic, usually
drug-resistent phenotypes. Notwithstanding the latter fact, all patients, with the exception
of those with low grade Stage I tumors, are recommended to receive postoperative
chemotherapy. The identification of ovarian cancer patients at higher risk for recurrent
disease or early death is of tremendous interest, as these individuals might benefit from

more intense or prolonged therapy.

Since clinical outcome is determined primarily by tumor invasion and metastasis, it is not
surprising that most prognostic markers are direct or surrogate measures of these events.
Although much can be predicted for an individual patient on the basis of the disease

stage, presence of ascites, tumor grade, and performance status (Omura ef al., 1991), and



on the serum CA-125 level (Bast et al., 1983), there may be situations in which more
precise information is required. A number of additional histologic or molecular features
of ovarian tumors have been proposed to indicate residual tumor aggressiveness and
hence risk for relapse or death. Particular interest has focused on recently described
markers of proliferation [DNA index (Demirel et al., 1996), S-phase fraction (Kaern ef
al., 1994), Ki-67 index (Henriksen et al., 1994), nm23 (Scambia er al., 1996),
proliferating cell nuclear antigen (PCNA) (Thomas er al., 1995))], drug resistance and
DNA repair {leukocyte platinum adducts (Gupta-Burt et al., 1993), DNA excision repair
helicase complexes (Dabholkar et al., 1994), pi70 (Kavallaris er al.. 1996), muitidrug
resistance proteins (Izquierdo er al., 1995)], serum cytokine levels [colony stimulating
factor-1 (CSF-1) (Scholl et af., 1994), interleukin-6 (Plante er al., 1994)], and signal
transduction pathways [epidermal growth factor receptor (Bartlett et al., 1996), c-erbB2
(Fajac et al., 1995), serine-threonine kinases (Bellacosa er al., 1995)] to name but a few.
Most of these reports have been based on limited retrospective studies without
informative multivariate analysis or confirmation in other studies. None of these new

markers has yet proven influential in the management of patients with ovarian cancer.

Very likely, the molecule most studied for its potential to predict disease-free or overall
survival, as well as response to postoperative treatment in virtually every human
malignancy has been the p53 tumor suppressor protein. The tremendous interest in p53 is
due to evidence that: p53 is the most frequently altered gene in human cancer (Hollstein

et al., 1991); it normally suppresses the growth of tumor cells containing multiple genetic



changes (Baker et al., 1990); germ line mutation of p53 has been linked to an inherited
predisposition to cancer, the Li-Fraumeni syndrome (Malkin et al., 1990); increased
amounts of cellular p53 protein after DNA damage have been associated with cell cycle
arrest (Kastan et al., 1991) and programmed cell death (Shaw et al., 1992); and mutations
or losses of p53 have been associated with gene amplification (Livingstone et al., 1992)
and polyploidy (Cross et al., 1995). Observations that 40-80% of epithelial ovarian
tumors may harbor p53 gene mutations (Kupryjanczyk et al., 1993; Milner et al., 1993;
Kappes et al., 1995), that some of these mutations are inherited in the germline (Buller ef
al., 1993; Kupryjanczyk et al., 1993), and that the same pattern of p53 alterations often
occur at multiple sites of metastasis (Jacobs et al., 1992) have strongly implicated p33 in
the pathogenesis of ovarian neoplasia. Although p53 genetic abnormalities, as well as
accumulation of mutant p33 protein usually accompanying missense mutations (Finlay ar
el., 1988), have been shown to be associated with several other prognostic factors in
ovarian cancer (Kupryjanczyk er al., 1993; Renninson et al., 1994; Kappes et al., 1995;
Klemi er al., 1995), a few studies have demonstrated that pS3 has independent prognostic
value in this disease (Klemi et al., 1993; Klemi er al., 1995; van der Zee er al., 1995).
Agreement has not been unanimous, however, since other studies have failed to correlate
p53 alterations with survival of ovarian cancer patients (Kohler et al., 1993a; Hartmann er
al., 1994; Niwa et al., 1994; Sheridan et al., 1994). While differences in the study
populations may partly explain the discrepancies, methodologic differences, especially in
the assessment of p53 overexpression in tumor tissue, may be far more important for

studies in which p53 protein accumulation is under evaluation (Wynford-Thomas, 1992).



In contrast to all of these latter studies in which immunochistochemical (IHC) techniques
were used to detect p53 protein, we employed a quantitative enzyme-linked
immunosorbent assay (ELISA) to measure p53 protein concentrations in extracts of
ovarian tumors from 90 patients and related p53 expression status to other

clinicopathologic variables and to patient survival.



Chapter 2. Literature Review

2-1. An Historical P i f pS3
First identificd in 1979 by virtue of its association with simian virus 40 (SV40) large T
antigen and by its apparently high expression in chemically induced tumors or
spontaneously transformed cells (DeLeo et al., 1979; Linzer et al., 1979), pS3 was
initially classified as a tumor antigen. Further experiments suggested that p53 expression
might be dominantly oncogenic, since transfection of cloned p53 cDNA into rodent cells
of limited lifespan could result in their immortalization (Jenkins et a/., 1984) and p53
could cooperate with activated ras in transforming ceils (Parada et al., 1984). Besides
SV40 large T antigen, adenoviral EIB 55 kDa protein was also found to form a tight
complex with p53 protein (Sarmow et al., 1982), suggesting a common pathway whereby
DNA transforming viruses stimulate cell proliferation. Additional insight into the cellular
role played by p53 was anticipated from studies showing that p53 production in
nontransformed cells was increased after exposure to uitraviolet (UV) radiation
(Maitzman et al., 1984) and that p53 was found complexed to a 70 kDa heat-shock

protein in transformed cells (Hinds et al., 1987).

In the late 1980’s, however, several discoveries defined the normal function of p53 to be
anti-oncogenic. Whereas wild-type p53 could inhibit transformation induced by
combinations of oncogenes (Finlay et al., 1989) and could suppress the growth of cancer

cells (Baker er al., 1990), only mutant p53 could cooperate with ras in cellular



transformation (Hinds et al., 1989). Furthermore, the screening of DNA from colon
cancer patients revealed that chromosome 17p losses encompassing the p53 gene were
usually found together with mutations affecting the remaining p53 allele, a theoretical
hallmark of a tumor suppressor gene (Baker et al., 1989). When these observations were
extended to the other major forms of human cancer, p53 was shown to be the most

commonly mutated gene in human malignancy (Nigro et al., 1989).

As a result of the many thousands of manuscripts relating to p53 which have been
published, especially over the past 5 years, great strides have been taken toward
understanding the cellular functions of pS3 and the consequences of its inactivation, as
well as toward cataloguing the p53 alterations found in human tumors. Applications of
this basic knowledge to the care of patients with cancer, in terms of early diagnosis,
prediction of clinical outcome and response to treatment, and in the design of novel

anticancer therapies, are presently the subjects of intense investigation.

2-2. Molecular Biology of p53

2-2-1. Structure of p53

2-2-1-1. Overview
Human p53 is a gene of approximately 20 kb, which contains 11 exons and codes for a

protein of 393 amino acids (Lamb and Crawford, 1986). Sequence analysis of the coding



region has revealed five evolutionarily conserved regions (Soussi ef al., 1990). The first
and smallest of these regions is located near the amino terminus and spans codons 13
through 19. The other four conserved regions are clustered more centrally in an area
bounded by codons 100 to 300. Functionally, the p53 protein can be divided into thirds,
containing the amino-terminal activation domain (residues 1-13), the central core which
has sequence-specific DNA-binding activity (residues 100-300), and the multifunctional

carboxy-terminal domain (residues 300-393).

2-2-1-2. The Amino-Terminal Activation Domain

Fusion of 72 amino acids from the amino terminus of p53 to a heterologous DNA-
binding domain can activate transcription of a test gene (Fields and Jang, 1990). The
function of this domain in transcriptional activation is also supported by the array of
proteins to which it binds in vitro, including the TATA box-binding protein (TBP)
component of the general transcription factor TFIID (Horikoshi et al., 1995), several
TBP-associated factors (TAFs) including Drosophila TAF40 and TAF60 (Thut er al.,
1995), human TAF31 (Lu and Levine, 1995), and the p65 subunit of the
transcription/repair factor TFIIH (Wang et al., 1995). p53 also recognizes the eukaryotic
single-stranded DNA-binding replication protein A (RPA) (p70) (Dutta et al., 1993). The
product of the MDM2 gene also binds p53 in this region (Oliner et al., 1993). These
interactions may be important for transcriptional regulation, as mutation of residues 22
and 23 renders p53 transcriptionally inactive (Lin et al., 1994) and disrupts its

interactions with TAFs and MDM2 (Lin er al., 1994; Thut et al., 1995).



2-2-1-3. The Central DNA-Binding Domain

The vast majority of pS3 missense mutations in tumors are clustered within the central
core region of p53 (Hollstein er al., 1994), which contains the sequence-specific DNA-
binding domain (Pavletich et al., 1993). The three-dimensional co-crystal structure of this
domain bound to its cognate site has been solved (Cho er al., 1994), revealing a structure
not similar to any other known DNA-binding protein. Several specific points, including
codons 248 and 273 which are mutational hotspots, directly contact the DNA. Rather than
zinc fingers, there are two antiparallel B sheets which anchor three loop-based elements;
two of these loops contact the DNA, while the third stabilizes the shape of the region. At
least two tumor antigens, SV40 large T antigen (Jenkins ef al., 1988) and human
papilloma virus (HPV) E6 protein (Mansur e¢r al., 1995), and two cellular proteins,

pS3BP1 and p53BP2 (Iwabuchi ef al., 1994), bind this region.

2-2-1-4. The Multifunctional Carboxy Terminus

The carboxy terminus of p53 can function as an autonomous domain capable of
nonspecifically binding to different forms of DNA, including damaged DNA (Lee et al.,
1995b), and reannealing complementary single strands of DNA or RNA (Balkalkin e al.,
1994). The carboxy terminus can be further subdivided into three regions, a flexible
linker (residues 300-320) that connects the DNA-binding domain to the tetramerization
domain, the tetramerization domain itself (residues 320-360), and, at the extreme
carboxyl terminus, a stretch of 30 amino acids which is rich in basic residues (residues

363-393). The structure of the tetramerization domain consists of a 8- sheet-turn-a-helix



motif that can homodimerize; the p53 tetramer contains a pair of such dimers (Jeffrey et
al., 1995). Although it is known that the minimal region of mutant p53 necessary for
cellular transformation localizes to this oligomerization domain (Shaulian et al., 1992),
the normal role of this domain is not clear, since observations that pS3 oligomerization is
required for DNA binding (Pietenpol er al., 1994) are contradicted by findings that this

domain is dispensible for sequence-specific trans-activation (Shaulian et al., 1993).

One mechanism whereby the transcriptional properties of p53 might be regulated is
autoinhibition by the last 30 amino acids of the carboxy terminus. Several groups have
found that p53 is stimulated to specifically bind DNA when this region is deieted (Hupp
et al., 1992), bound by antibody or DNA-activated kinase (Hupp er al., 1992; Halazonetis
et al., 1993) or phosphorylated by protein kinases casein kinase II (Hupp et al., 1992) or
protein kinase C (Takenaka et al., 1995). DNA binding may also be stimulated by
peptides spanning a region within the last 30 amino acids of the carboxy terminus (Hupp
et al., 1995). These findings prompted the hypothesis that the carboxy terminus functions
to regulate the conversion of p53 between forms which are inactive or active for DNA
binding, in a manner similar to allostery. Regulation of p53 by this region is probably
more complex, however, given the observations that different domains of p53 recognize
single-stranded DNA and internal DNA segments (Bakalkin er al., 1995), and that the
p53 carboxy terminal monoclonal antibody PAb421 stimulates sequence-specific DNA
binding but inhibits nonspecific interaction and reannealing by p53 (Jayaraman and

Prives, 1995). In one configuration, p5S3 might be inhibited for DNA binding but might



10

remain active for other activities, whereas the second conformation might allow

sequence-specific DNA binding but preclude nonspecific interactions with DNA.

2-2-2. Signaling Pathways Upstream of p53

It is likely that there are multiple pathways by which p53 can be induced, potentially
resulting in an increase in the level of p53 and conversion of p53 from an inactive to an
activated form for DNA binding. Most cells contain very small quantities of wild-type
p53, which displays a tumover rate on the order of minutes. Irradiation of cells either
with ionizing radiation or UV light induces p53, most likely post-transcriptionally
(Kastan ef al., 1991), and the presence of DNA strand breaks appear critical for this
response (Nelson and Kastan, 1994). p53 has also been proposed to mediate a more
general stress response to suboptimal growth conditions, in light of findings that it is
induced by hypoxia, heat, and nutrient starvation (Zhan et al., 1993; Graeber ef al., 1994).
For instance, p53 induction and an associated G1 arrest was found recently to be induced
by ribonucleotide depletion in the absence of DNA damage, prompting the suggestion

that p53 serves as a metabolite sensor (Linke ef al., 1996).

Although accumulation of p53 in virally transformed cells was thought to be caused by
complex formation with viral proteins known to interact with p53, this is not always the
case. For instance, SV40 T antigen has been shown to stabilize p53 without physically
interacting with it (Bargonetti et al., 1992). Moreover, the expression of either adenovirus

E1A or the E7 protein of oncogenic forms of HPV, both of which bind the retinoblastoma
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protein but not p53, have also been shown to stabilize p53 (Lowe and Ruley, 1993;
Demers et al., 1994b). The cellular product of another tumor suppressor gene, WT1, also

stabilizes pS3 without direct interaction (Maheswaran et al., 1995).

Studies of HPV have also revealed that it has evolved a mechanism to inactivate p53 by
degradation mediated by the virally encoded E6 protein. Formation of a complex of E6,
p33, and a cellular protein, E6-AP, targets p53 for ubiquitin-dependent proteolysis
(Scheffner er al., 1993). This same pathway may normally degrade p353 in cells, since a
cell line with a defect in the ubiquitin pathway was shown to accumulate p53 protein

(Chowdary et al., 1994).

Recent experiments showing that the form of p53 inactive for DNA binding may be
converted into an active state in vitro have suggested that p53 functional activity in vivo
might be regulated after DNA damage without gross changes in cellular p53 content. For
cxample, transcription from a pS3-responsive reporter construct was shown to be
stimulated after microinjection of cells with an antibody against a p53 carboxy-terminal
epitope (Hupp et al., 1995). Another very interesting possibility is that redox conditions
may also regulate the DNA binding ability of p53 such that oxidation inhibits DNA
binding while reduction favors it (Hainaut and Milner, 1993). It is thought that oxygen
radicals, produced in response to various stresses including ionizing radiation, might alter

the redox state of specific cysteine residues in the central core of p53 implicated in zinc
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ion coordination and thereby affect the conformation of the DNA binding domain.

(Hainaut and Milner, 1993).

Because p53 is phosphorylated at a number of serines and threonines within its amino-
and carboxy-termini, the participation of kinases and phosphatases in the regulation of
p53 function has also been postulated. Protein kinases shown to phosphorylate p53
include cyclin-dependent kinases (CDKs), casein kinases [ and II (CKI and CKII),
double-stranded DNA-activated protein kinase (dsDNA-PK), and protein kinase C (PKC)
(Meek, 1994). Mitogen-activated protein kinase (MAPK) (Milne er al., 1994), Jun amino-
terminal kinase 1 (JNK1) (Milne et al., 1995), and Raf kinase (Jamal and Ziff, 1995) have
also been shown to phosphorylate pS53. Although it has been reported that
hyperphosphorylation of p53 catalyzed by CKII (Hupp er al., 1992), PKC (Takenaka er
al., 1995), and CDKs (Wang and Prives, 1995) may increase DNA binding by p53, the
overall significance of p53 phosphorylation is uncertain since other studies have found no
effect of p53 phosphorylation status on p53 function (Slingerland er al., 1993; Fiscella et

al., 1994).

Other intriguing possible mechanisms of p53 regulation include negative autoregulation
whereby p53 may bind to its own mRNA and specifically inhibit translation (Mosner er
al., 1995), and stimulation of p5S3 DNA binding by short single strands of DNA of the

sort generated during nucleotide excision repair processes (Jayaraman and Prives, 1995).
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2-2-3. Regulation of Gene Expression by p53

2-2-3-1. Overview

Since almost every tumor-derived pS3 mutant has lost its ability to bind DNA and induce
expression of nearby genes (Vogelstein and Kinzler, 1992b), the transcriptional activation
function of p53 is most probably a major component of its biological effects. After the
determination of the consensus DNA binding site of p53 (El-Deiry er al., 1992), the
human genome has been estimated to contain several hundred p53-binding sites (Tokino
et al., 1994). A potentially large number of genes may therefore be under the control of
p53 transcriptional regulation. The list of p53 target genes compiled to date suggests that
p53 may be involved in modulating cell cycle control, apoptosis, DNA repair,
differentiation, angiogenesis, and growth factor signalling. However, whether all of these
genes are true p53 response genes may be questionable. Discussed below are candidate

p53-regulated genes which have functions that are especially relevant to the biological

functions of p53.

2-2-3-2. GADD4S

Expression of one the growth arrest and DNA damage-inducible genes, GADD45, was
shown to be increased when cells are subjected to DNA damage leading to arrest in the
Gl phase of the cell cycle (Kastan et al., 1992). A p53 consensus sequence has been
found in intronic sequences of GADD4S5, and in many, but not all, types of cells,

GADDA4S induction after DNA damage is p53-dependent (Kastan et al., 1992; Lu and



14

Lane, 1993). It is thought that GADD4S5 may participate in the cellular response to DNA
lesions by interacting with the replication and repair factor PCNA, thereby inhibiting

entry of cells into S-phase (Smith et al., 1994).

2-2-3-3. MDM2

The murine double minute number 2 gene, MDM2, is amplified in a subset of human
sarcomas and encodes a protein that binds to p53 and inhibits p53-mediated
transactivation (Momand et al., 1992; Oliner et al., 1993). The MDM2 gene itself
contains p53 binding sites in its first intron and can be activated in response to UV
radiation (Barak er al., 1993). Taken together, these findings imply an autoregulatory
feedback loop between p53 and MDM2 (Barak er al., 1993) which prevents overactivity
of p53 transcriptional induction, perhaps important during embryonic development (Jones

etal., 1995).

2-2-3-4. WAF1

The wild-type activated fragment / gene, WAF 1, also known variously as p21, cipl, sdil
and mda6, depending on the reseach focus of the many groups identifying it, was the first
gene to provide a molecular link between p53 induction and growth arrest. WAF1 was
found to be highly conserved and showed p53-dependent induction in a number of
vertebrate cell lines (El-Deiry er al., 1993). The upstream regulatory region of WAFI
contains p53 DNA binding sites (El-Deiry et al., 1993). Expression of the WAF1 protein,

which binds to a wide range of cyclin/CDK complexes and to the DNA processivity
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factor PCNA (Xiong er al., 1993), has been shown to result in growth suppression of
brain, lung, and colon cancer cell lines (El-Deiry et al., 1993). Several studies have
demonstrated that p53-dependent G1 arrest in response to irradiation is mediated, at least
in part, by p53 induction of WAF1 (El-Deiry er al., 1994; Deng et al., 1995). However,
the expression of WAF! in many tissues of mice in which p53 has been homozygously
deleted suggests that it is also transcriptionally regulated by p53-independent
mechanisms (Michieli ef al., 1994), one of which was recently demonstrated to involve a
transcription factor known as interferon regulatory factor (IRF)-1 (Tanaka et ai., 1996)
activated by signal transducers and activators of transcription (STAT) proteins in

response to y-interferon (Chin et al., 1996).

2-2-3-5. Other Target Genes Activated by p53

Although the volume of data supporting the involvement of GADD45, MDM2, and
WAFI in the mediation of the pS3 response to genotoxic stress is impressive, the p53-
inducibility of many other genes has also been demonstrated to varying degrees. Reported
to be upregulated by p53 transactivation are: an apoptosis-promoting gene, bax
(Miyashita and Reed, 1995); the insulin-like growth factor binding protein 3 (IGF-BP3)
gene (Buckbinder et al., 1995); the cyclin G gene, of unknown function (Okamato and
Beach, 1994); the gene encoding thrombospondin-1, an inhibitor of angiogenesis
(Dameron et al., 1994); the gene for a novel transcription factor, HIC1, which is
hypermethylated in cancer cells (Makos Wales et al., 1995); the gene for PCNA

(Shivakumar e al., 1995); the transforming growth factor-a gene (TGF-a) (Shin et al.,
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1995); the gene for the apoptosis-associated cell surface receptor FAS/apol (Owen-
Schaub et al., 1995); the EI24 gene following treatment with the cytotoxic drug etoposide
(Lehar et al., 1996); and eight newly isolated genes, of unknown function, expressed in
p53-induced apoptosis (Amson er al., 1996). As lengthly as it appears, the above list is

not exhaustive.

2-2-3-6. Transcriptional Repression by p53

A number of genes lacking p53 consensus binding sites have been shown to be
transcriptionally repressed by wild-type p53. These genes include: bel-2 (Miyashita et al.,
1994); hsp70 (Agoff et al., 1993); c-fos (Kley ef al., 1992); Rb (Osifichin et al., 1994);
basic fibrobiast growth factor (bFGF) (Ueba et al., 1994); multi-drug resistance 1
(MDR1) (Chin et al., 1992); insulin-like growth factor Il (IGF-II) (Zhang et al., 1996a);
and O°-methylguanine-DNA methyltransferase (Harris e al., 1996). Early data suggested
that that only promoters containing TATA boxes were repressed (Mack ef al., 1993), and
coupled with evidence that p53 interacts with TBP, a model was proposed in which p53
inhibits transcription by sequestering TBP from the basal transcriptional machinery
(Mack er al., 1993). Since pS3 can also bind to specific TAFs, these may also be
necessary for p5S3-mediated repression (Sabbatini er al., 1995). In the case of the hsp70
promoter, however, p53-mediated repression likely occurs by an interaction between p53

and CCAAT-binding factor (CBF), an activator of transcription (Agoff et al., 1993).
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2-2-4. Induction of Cell Cycle Arrest by p53

Overexpression of wild-type p53 was initially shown to cause growth arrest of colorectal
carcinoma cells (Finlay et al., 1989), and later work localized the timing of the p53-
specific growth suppression to the G1 phase of the cell cycle (Kastan er al., 1991). When
subjected to ionizing radiation, cells containing wild-type p53 show an induction of p53
and subsequent cell cycle arrest in G1 and Gl phases, whereas cells lacking p53 only
undergo a G2 arrest (Kastan ef al., 1992). The principle pathway leading to cell cycle
arrest following DNA damage is thought to involve the p53-mediated upregulation of
WAFI, which encodes a CDK inhibitor able to inhibit cyclin E/CDK2 and cyclin
A/CDK2 activities (Dulic et al., 1994), allowing the accumulation of hypophosphorylated
Rb (Demers et al., 1994b), and resulting in radiation-induced Gl arrrest. Because
overexpression of WAF1 itself can lead to arrested growth (Harper er al., 1995). and
mouse cells null for the WAF1 gene have defective cell cycle arrest after radiation

exposure (Deng et al., 1995), WAF1 is likely a key target of p53.

It was originally theorized that p53 functions as a “guardian of the genome” (Lane, 1992)
such that DNA damage would trigger a transient G1 arrest in cells containing wild-type
p33, allowing time for the repair of lesions to DNA before continuation of the cell cycle.
More recent experiments, however, have shown that DNA damage may result in a
prolonged and irreversible G1 arrest (DiLeonardo et al., 1994) and that a significant G2
arrest may also be induced (Agarwal et al., 1995; Aloni-Grinstein et al., 1995).

Moreover, other workers (Cross et al., 1995), observing that fibroblasts from p53
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knockout mice did not arrest in response to mitotic spindle inhibitors but, rather, would
undergo multiple rounds of DNA synthesis without the appropriate chromosome
segregation and consequently producing polyploid cells, proposed that pS3 might also
function as a mitotic checkpoint. Genetic instability associated with p53 loss may also be
caused by the multiple copies of functionally competant centrosomes generated during a
single cell cycle of p53-deficient mouse embryonic fibroblasts (Fukasawa et al., 1996).
Finally, it has been suggested that p53 may induce cell cycle arrest in a transactivation-
independent manner though overexpression of the gasl gene, which blocks the G, to S

transition (Del Sal er al., 1995).

2-2-S. Triggering of Programmed Cell Death by p53

While cell cycle arrest, mediated by transcriptional activation of p53 target genes, appears
to be a consequence of p53 induction in many cell types, p53 also may cause apoptotic
cell death in other cell lines (Shaw er al., 1992), especially those of hematopoietic
lineages (Yonish-Rouach er al., 1991). These results were confirmed in vivo with the
cancer-prone p53 knockout mice, thymocytes of which, subjected to ionizing radiation,
were resistant to apoptosis in contrast to thymocytes with wild-type pS3 (Clarke et al,
1993; Lowe et al., 1993b). Mice that were heterozygous for wild-type p53 showed a
sli‘ght resistance to thymocytic apoptosis, suggesting that precise levels of p53 may be
important. Although several stimuli, including DNA damage (Clarke et al, 1993; Lowe e¢
al., 1993b), adenovirus E1A expression (Debbas and White, 1993; Lowe and Ruley,

1993), c-myc expression (Wagner ef al., 1994), or withdrawal of growth factors (Gottlieb
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et al., 1994) can cause p53-dependent apoptosis, programmed cell death may also occur
by pathways independent of p53 (Clarke et al, 1993b; Lowe er al., 1993b). Inhibition of
pS3-mediated apoptosis has been shown to occur in the context of bcl-2 or adenovirus
EIB 19 kDa protein overexpression (Debbas and White, 1993), as well as by the
expression of growth factors including IL-3, IL-6, and erythropoietin (Yonish-Rouach et

al., 1993; Gottlieb et ul., 1994).

It is generally agreed that p53-mediated apoptosis may be an important mechanism by
which oncogene-expressing cells are deleted, thereby suppressing tissue transformation as
well as tumor growth and progression (Lowe et al., 1994b; Symonds et al., 1994). For
example, exposure of cells to potentially mutagenic physiological conditions, such as
hypoxia (Graeber et al., 1996) which almost always occurs in solid tumors, and UV
radiation (Ziegler er al., 1994) of the skin, has been shown to induce p53-dependent

apoptosis.

[n contrast to its function in mediating G1 arrest, the ability of p53 to trigger apoptosis
may not require transcriptional activation. Studies demonstrating that p53-dependent cell
death occurs in the presence of the transcriptional inhibitor actinomycin D or the
translational inhibitor cycloheximide (Caelles er al., 1994, Wagner er al., 1994), and
others showing that a p53 mutant defective in translation was still a potent inducer of
apoptosis (Haupt et al., 1995) support this hypothesis. However, conflicting results were

presented in another study which reported a requirement for the transcriptional activation
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function of pS3 for apoptosis (Yonish-Rouach et al., 1994). Separate transcription-
dependent and -independent modes of cell death may therefore be induced by p53, and
the relative importance of each of these pathways may vary with the cell type (Haupt er
al., 1996). In fact, recent evidence supports a role for transcriptional repression in
mediating apoptosis - two proteins which block pS3-dependent apoptosis, EIB 19 kDa
protein and bcl-2, were found to inhibit transcriptional repression but not to affect

transcriptonal activation by p53. (Shen and Shenk, 1994).

2-2-6. Participation of p53 in DNA Replication and Repair

Data have been accumulating which implicate a function of p53 in DNA replication and
repair. While the products of two different p53 target genes, WAF1 and GADD45, have
been shown to interact with the replication- and repair-associated PCNA (Flores-Rozas er
al., 1994; Smith er al., 1994, Waga et al., 1994) and, in the case of WAF]1, to inhibit the
function of PCNA in replication (Flores-Rozas et al., 1994; Waga et al., 1994), p53 may
itself directly regulate these processes. A number of proteins involved in DNA repair,
including the 70 kDa subunit of RPA (Dutta et al., 1993) which plays a role in both
replication and repair, and polypeptide components of the transcription-repair factor
TFIIH such as the DNA helicases XPD (ERCC2) and XPB (ERCC3) (Wang ¢! al., 1994;
Wang et al., 1995), have been shown to bind to p53. Both irradiated DNA and
mismatched DNA may be bound by p53 (Lee et al., 1995b). In addition, p5S3 has been
shown to block DNA replication using two experimental systems (Cox et al., 1995;

Miller et al., 1995). Reduced repair of DNA was observed in some cases associated with
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p53-deficiency (Smith er al., 1995; Wang et al., 1995). Finally, wild-type, but not mutant,
p53 protein has very recently been shown to exhibit 3'-to-5' exonuclease activity which
has been mapped to the core domain of the protein (Mummenbrauer et al., 1996). As
impressive as this collective evidence may be, an equally voluminous collection of
findings suggest that p53 is not involved in replication and repair of DNA. For example,
other workers have reported that DNA replication may actually be stimulated by p53 in
vivo (Kanda et al., 1994), that p53 knockout mice have normal DNA repair rates (Sands
et al., 1995), and that p53 does not influence DNA repair in vitro (Leveillard et al., 1995).

These discrepancies clearly indicate the need for more experimentation.

2-2-7. Role for p53 in Embryonic Development

The mere fact that mice lacking both alleles of the p53 gene were viable implied that p53
was dispensible for growth, differentiation, and embryonic development (Donehower et
al., 1992). However, a more careful examination of a number of embryonic tissues
revealed an unexpectedly high incidence of exencephaly in p53-null embryos, all cases of
which were female (Sah et al., 1995). Lethality of a subset of p53-deficient embryos was
also observed in another study (Nichol er al., 1995), in which the teratogenicity of
embryos was found to be dependent upon the pS3 genotype of the pregnant female mice.
Embryonic lethality of MDM2-deficient mice has also been shown to be dependent on
p53 status, such that mice null for MDM2 but with at least one normal p53 allele die in
utero while the homozygous deletion of p5S3 was sufficient to rescue embryos from death

associated with MDM2 deletion (Jones et al., 1995; Montes de Oca Luna et al., 1995).
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2-3. S3 Dysfunction in C

2-3-1. Prevalence of pS3 Alterations in Malignancies

p33 genetic alteration occurs with extraordinarily high frequency in diverse types of
human cancer. The analysis of screening data from more than 2500 cancers worldwide
revealed that 37% contained mutation of the pS3 gene (Greenblatt er al., 1994). Tumor
types differed markedly in their p53 mutation rates, where alterations of p53 were
commonly present in lung (>50%), colon (>50%), esophageal (45%), ovarian (44%),
pancreatic (44%), skin (44%), stomach (41%), head and neck (37%), bladder (34%),
sarcoma (31%), prostate (30%), hepatocellular (29%), brain (25%), adrenal (23%), breast
(22%). endometrial (22%), mesotheliolomal (22%), renal (19%), thyroid (13%),
hematological (12%), carcinoid (11%),, melanoma (9%), parathyroid (8%), and cervical
(7%) cancers. In contrast, Wilms tumors, testicular cancers, pituitary tumors, and
pheochromocytomas rarely harbored p53 mutations. Not surprisingly, other literature
focusing on p53 alterations in specific cancer types of patients in more defined risk
groups and geographic locations often have reported p53 mutation rates differing from

the summarized data given above.

The Li-Fraumeni syndrome (LFS) is characterized by early-onset malignancy, usually at
multiple sites, and by the inheritance of p53 missense mutations (Malkin et al., 1990).
Common tumor types affecting LFS families include breast carcinomas, soft tissue

sarcomas, brain tumors, osteosarcomas, leukemias, and adrenocortical carcinomas. Later
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in life, these individuals are also highly susceptible to the development of lung cancer,
prostate cancer, pancreatic cancer, melanoma, skin cancer, lymphoma, and stomach

carcinoma.

Allelic losses, missense and frameshift mutations, intragenic deletions, and epigenetic
changes have all been shown to occur in the p53 gene of human tumor tissues. While
other tumor suppressor genes are often disrupted by nonsense mutations leading to a
truncated protein product, p53 mutations are mostly substitution changes that prevent
sequence-specific transcriptional activation (Vogelstein and Kinzler, 1992b).
Approximately 40% of p53 mutations cluster in four of the evolutionarily conserved
hotspots which encompass the DNA binding domain (Cho er al., 1994). Interestingly, the
spectrum of DNA base changes constituting mutations of p53 is distinctly different in
various types of tumors (Greenblatt er al., 1994). In fact, given evidence that certain
mutations are associated with specific carcinogens, some mutagens might leave
"fingerprints", depending on the site and type of DNA damage (Vogelstein and Kinzler,
1992a). For example, dipyrimidine mutations such as CC—TT transitions occur in
approximately 10% of skin cancers, where UV light is the principle carcinogen, but are
rare in other malignancies with p53 mutations (Ziegler ef al., 1993). While G:C—A:T
transitions are common in colon cancer, possibly resulting from deamination of
methylated CpG sites, they are much less frequently detected in hepatocellular and lung
carcinomas (Greenblatt et al., 1994). On the other hand, G:C—T:A transversions are

more prevalent in lung carcinoma than in colon and gastric cancers and are associated
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with cigarette smoking (Miller et al., 1992). p53 mutation at codon 249 is much more
frequent in hepatocellular carcinoma, where hepatitis B and aflatoxin act as synergistic

carcinogens, than in other cancers (Hsu er al., 1991).

2-3-2. Loss of p53 Function and Tumorigenesis

One of the strongest implicators of pS3 dysfunction in human tumorigenesis is the very
high mutation rate of this gene. Also supporting the involvement of p53 in tumor
formation are a wide range of in vitro and in vivo studies. Convincing evidence was
provided by "p53 knockout" mice, which developed normally but which were
predisposed to early-onset cancer, most commonly malignant lymphoma with lower
frequencies of sarcoma or breast or ovarian cancers (Donehower er al., 1992). Mice
heterozygous for p53 inactivation developed fewer lymphomas but had more carcinomas
and had a more delayed onset of tumorigenesis that was enhanced by chemical
carcinogen exposure (Harvey er al., 1993) or by ionizing radiation (Kemp et al., 1994).
Mouse embryo fibroblasts from p53 -/- mice had altered growth characteristics compared
to wild-type fibroblasts, including shorter doubling time, ability to grow under low cell
density, and lack of senescence at high passage (Harvey er al., 1993). Loss of p53 has
also been shown to allow the immortalization of hematopoietic cells by myc or raf
oncogenes (Metz er al., 1995). Whether p53 is necessary and/or sufficient for
immortalization, or whether the absence of p53 allows other genetic changes to occur
which result in immortalization, is presently unclear. In skin (Kemp et al., 1993) and

prostate (Thompson et al., 1995) cancer model systems, p53 deficiency was found to
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correlate with increased malignant progression (but not with tumor initiation or
promotion) and with a high degree of metastasis, respectively. The absence of wild-type
p53 was also associated with aggressive tumor growth and a decrease of apoptosis of
brain choroid plexus epithelial cancer, suggesting that p53-dependent apoptosis may act

as a check to tumor growth and progression in this tissue (Symonds et al., 1994).

Other aspects of tumor growth and progression may also be influenced by p53 loss of
function. The efficient growth of tumors is dependent on the ability to promote
angiogenesis. Wild-type p53 expression results in the secretion of inhibitors of
angiogenesis (Dameron er al., 1994), and this may be an additional mechanism by which
the presence of wild-type p53 inhibits tumor progression. Hypoxic conditions, such as
those in a tumor with inadequate blood supply, induce accumulation of p53 protein
(Graeber ¢t al., 1994). The ensuing reducing environment, by redox regulation, would be
expected to stimulate the DNA binding ability of p53 (Hainaut and Milner, 1993). Since
hypoxia has also been shown to induce p53-dependent apoptosis (Graeber et ai., 1996),
low oxygen conditions may provide a selective advantage for cells carrying p53 mutation,
evidenced by results showing that cells lacking p53 can overtake cells with wild-type p53
after hypoxia treatment. Hypoxia may further favor tumor expansion by loss of
expression of anti-angiogenic factors, such as thrombospondin-1 (Dameron et al., 1994),
or by increased expression of the angiogenic vascular endothelial growth factor (VEGF)
gene (Schweiki er al., 1992), which may also be induced by mutant p53 in synergy with

PKC (Kieser et al., 1994).
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Misssense mutations of p53 might affect its function in several ways, including loss of
wild-type p53 function, a trans-dominant effect of mutant over wild-type p53 function
(dominant-negative effect), and gain of oncogenic potential. The fact that p53 null mice
are highly tumor-prone strongly argues that loss of p53 tfunction contributes to
tumorigenesis. A dominant-negative effect of mutant p53 proteins, possibly through
oligomerization with wild-type p53, may result in an inhibition of the wild-type ability to
bind DNA and activate transcription. Coexpression of several p53 mutants together with
wild-type p53 resulted in the suppression of wild-type p53-regulated transcriptional
activation (Kem er al., 1992), and indirect evidence from a yeast assay identifying
dominant-negative p53 mutants suggests that the majority of mutant p53 proteins found
in human tumors have the capacity to function in a dominant-negative fashion
(Brachmann er al., 1996). In support of these in vitro findings, increased tumor incidence
has been found in p53 wild-type mice carrying a dominant-negative transgene (Harvey ef
al., 1995). Some pS3 mutants are capable of conferring increased tumorigenicity,
metastatic potential, and tissue invasiveness (Dittmer et al., 1993). Such gain-of-function
properties of some mutant p53 proteins may be related to the ability of the mutant, but not
the wild-type, p53 proteins to preferentially stimulate transcription from promoters of
genes such as MDRI1 (Dittmer et al., 1993). Alternatively, or in addition, gain-of-
function mutants may associate with cellular proteins p38 or p42 (Chen et al., 1994) or
may synergize with PKC in the induction of the VEGF gene (Kieser er al., 1994). A very
interesting experiment demonstrating both the dominant-negative and gain-of-function

effects was performed with transgenic mice expressing a mutant p53 protein in wild-type
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and pS3-deficient genetic backgrounds. Expression of this mutant increased tumor
incidence in mice carrying one or both wild-type alleles but not in mice that were

homozygous null for p53 (Harvey et al., 1995).

2-3-3. Clinical Implications of pS3 Alterations

2-3-3-1. Diagnosis and Monitoring of Cancer

The high prevalence of p53 mutations in human cancer suggests that p53 could be used as
a marker of malignancy. In various cancer types, p53 mutational events may occur early
or late in tumor progression. p53 mutations have been found in late or advanced stages of
gastrointestinal cancer (Fearon and Vogelstein, 1990), prostate cancer (Navone et al.,
1993), ovarian cancer (Kohler er al., 1993a), bladder cancer (Fujimoto et al., 1992),
cervical cancer (Tsuda and Hirohashi, 1992), endometrial cancer (Tsuda and Hirohashi,
1992), and liver cancer (Nishida er al., 1993). In other cancers, however, including those
of lung (Chiba et al., 1990), head and neck (Boyle er al., 1993), and breast (Thor et al.,
1992) origins, p53 mutations occur most often in early stages of disease. p53 alteration
has also been associated with the progression of Barrett's epithelium to invasive
esophageal carcinoma (Casson et al., 1994), and the conversion of benign colonic
adenoma to malignant colon carcinoma has been shown to correlate with the acquisition
of p53 point mutation, theorized as one of the essential molecular events involved in
colon cancer progression (Fearon and Vogelstein, 1992). Although p53 mutation can thus
occur in the earliest clinically detectable stages of the neoplastic process in some types of

cancer, the fraction of tumors with an altered p53 gene is typically higher in late stage
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tumors. Alteration of p53 status assessed by molecular diagnostic strategies or
immunochemical analyses (see below) of tissue biopsy samples, cytologic specimens, or
cells collected from nipple aspirates might be an early indicator of response in cancer
chemoprevention trials as well as an indicator of disease in screening programs that use
cytologic specimens. In fact, the potential of p53 mutational analysis to aid in the early
diagnosis of cancer has already been demonstrated in some cases. Both an invasive
bladder carcinoma specimen, and a cytologic preparation made from urine collected nine
years before surgery, were found to contain the same p53 mutation (Hruban er al., 1994).
Bronchial biopsy samples from patients with lung cancer have also been found to harbor
pS3 mutations (Mitsudomi ef al., 1993), and the sputum of a series lung cancer patients
were frequently found to have p53 mutations, detected one year prior to the diagnosis of

lung cancer in one case (Mao ef al., 1994).

Very soon after p53 protein accumulation was recognized in tumor tissue, mutant p53
proteins, as tumor specific antigens, were proposed to be targets of the host immune
system. Examination of serum has shown that some patients with cancer harboring a
mutated p53 allele have mounted a humoral immune response to abnormaliy high levels
of p53 resulting from the prolonged stability of the mutant forms released from the dying
tumor cells. Serum antibodies against p53 have been found in approximately 10-20% of
patients with breast (Crawford et al., 1982; Green et al., 1994), lung (Winter et al., 1992),
colon (Angelopoulou er al., 1994; Houbiers et al., 1995), and ovarian (Angelopoulou er

al., 1994) cancers but in a smaller percentage of patients with leukemia or with thyroid or



29

prostate cancers (Lubin er al., 1995a). Although the vast majority of sera containing
autoantibodies against p53 are from patients whose primary tumor tissues overexpress
p53 (Wild er al., 1995), a detectable immune response to pS3 protein does not appear to
be a consistent phenomenon, since the proportion of tumors with mutant p53 protein is
usually considerably higher. Serological diagnosis of cancers such as liver angiosarcoma
in workers exposed to vinyl chloride (Trivers et al., 1995) or lung cancer (Lubin er al.,
1995b) may be possible since the anti-p53 immune response may be early events

detectable before clinical manifestation of these diseases.

Carriers of a mutated p53 gene in families affected by LFS, characterized by an elevated
risk of early-onset breast cancer, childhood sarcomas, and other neoplasms (Malkin er al.,
1992), have a 50% likelihood of being given a diagnosis of cancer by the age of 30, and
the probability increases to nearly 90% by the age of 65. Treatment of the primary cancer
with radiation or chemotherapeutic agents may increase the risk of second cancers. Rapid
DNA-based screening tests have been developed to detect these germline p5S3 mutations,
but simpler tests of p53 function have also been described to identify carriers (Frebourg et
al., 1992; Camplejohn et al., 1995). The potential benefits of predictive testing for
germline p53 mutations among cancer prone individuals has been subject to debate, and a

number of bioethical and economic issues have also been raised (Li ef al., 1992).
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2-3-3-2. Prognostic Value of p53

Consistent with findings that p53 alterations often correlate with more aggressive tumor
phenotypes, the presence of p53 mutation has been associated with worse clinical
outcome in many forms of cancer. Contributing to the poor prognosis of patients with
p53 mutation may be the loss of wild-type p53 tumor suppressor function, resistance to
radio- or chemotherapy, or the acquisition of oncogenic properties by mutant pS3. The
rapid progression, including invasion and/or metastasis of follicular lymphomas (Sander
et al., 1993), gliomas (van Meyel er al., 1994) and of many other cancers, including brain
(Sidransky et al, 1992), bladder (Fujimoto et al., 1992), breast (Mazars et al., 1992; Faille
et al., 1994), gastric (Kakeji er al., 1993), head and neck (Boyle et al., 1993), prostate
(Visakorpi et al., 1992), ovarian (Teneriello er al., 1993), liver (Hsu et al., 1993), and

thyroid (Donghi ef al., 1993) carcinomas have been associated with p53 mutations.

Decreased survival of patients with various types of cancer have also been associated
with mutations of the p53 gene. In breast cancer, accumulation of p53 protein was
correlated with both p53 mutation (a relationship common to most, if not all,
malignancies) and shortened survival (Thor er al., 1992; Friedrichs et al., 1993), and has
predicted decreased overall survival in node-negative patients (Silvestrini ef al., 1993).
This latter finding might prove to be of especial importance since a proportion of axillary
lymph node-negative breast cancer patients undergo an accelerated relapse and hence
may be good candidates to receive adjuvant chemotherapy, which otherwise is not

administered to these patients. Not all studies of p53 gene mutation or protein
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accumulation and survival of node-negative breast cancer patients, however, have come
to the same conclusion (Rosen et al., 1995). In colorectal cancer, accumulation of p53
was found to correlate with high risk for disease recurrence and decreased survival time
after surgery (Bosari et al., 1994), and in lymph node-positive colon cancer, p53 was
shown to be an independent prognostic factor (Zeng er al., 1994). p53 mutation and/or
protein overexpression has also been reported to predict shortened overall survival in soft
tissue sarcomas (Drobnjak ez al., 1994), gastric cancer (Martin et al., 1992), chronic
myelocytic leukemia blast crisis (Nakai er al., 1994), nonsmall cell lung cancer
(Mitsudomi er al., 1994), endometrial cancer (Soong et al., 1996), colorectal cancer (Goh
et al., 1995), prostate cancer (Bauer er al., 1995), and renal cell carcinoma (Uhlman er al.,

1994).

2-3-3-3. p53 and Resistance to Treatment

Given that wild-type, but not mutant, pS3 is able to induce programmed cell death under
certain, although not yet clearly defined, circumstances, and that the effectiveness of
many antineoplastic therapies correlate with their ability to induce apoptosis, it might be
expected that the pS53 functional status of a tumor would predict radio- or
chemosensitivity (Fisher, 1994). Experimental evidence exists to support this hypothesis.
Treatment of p53 +/+ mouse thymocytes with radiation resulted in apoptosis, whereas
pS3 -/- thymocytes were resistant. (Clarke et al., 1993; Lowe et al., 1993b). Similarly,
treatment of mouse +/+ fibroblasts transformed with adenoviral E1A protein and the ras

oncogene with either y-irradiation or chemotherapeutic drugs resulted in apoptotic cell
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death, whereas p53 -/- fibroblasts were resistant to apoptosis (Lowe et al., 1993a). Using
Burkitt lymphoma cell lines, similar results were obtained (Fan et al., 1994). The
therapeutic responsiveness of p53-deficient tumors to y-radiation or adriamycin was
found in another study to be impaired relative to tumors expressing wild-type p53 (Lowe
et al., 1994a). Using the same EIA- and ras-transformed fibroblasts injected into
immunocompromized mice, these authors demonstrated radio- and chemosensitivity of
tumors with wild-type p53, which underwent apoptosis and regression, compared to p53-
deficient tumors which continued to enlarge and displayed few apoptotic cells. Another
study found a correlation between radiosensitivity and the ability ot wild-type p53 to
induce G1 arrest in a variety of cell lines; transfection of a dominant-negative pS3 mutant
into radiosensitive cells abrogated the G1 arrest and led to resistance to ionizing radiation
(Mcllwrath er al., 1994). Sensitivity of gastric and esophageal cell lines to a number of

antineoplastic drugs was also shown to be p53-dependent (Nabeya et al., 1995).

Other evidence, however, suggests that p53 status might not necessarily predict
therapeutic outcome. Experiments in which p53 in tumor cells was targeted for
degradation by HPV16 E6 did not give rise to radio- or chemoresistance (Wu and El-
Deiry, 1996). Some studies have, in fact, shown that inactivation or mutation of p53
renders cells more sensitive to cytotoxic agents whose primary mechanism of action is
DNA damage (Fan er al., 1995; Xu et al., 1995). Radioresistance did not correlate with
p53 mutation in a series of squamous cell carcinoma cell lines (Jung er al., 1992).

Sensitivity of ataxia-telagiectasia cells to cisplatin was also not p53-dependent (Zhang et
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al., 1996b). Tamoxifen-sensitive breast cancer cells transfected with a mutant p53 cDNA
did not become resistant and retained estrogen growth dependence (Elledge et al., 1995).
Treatment with tamoxifen, however, has been shown by other workers (Guillot et al.,
1996) to dramatically decrease p53 protein levels, leading to a loss of wild-type p53
response to genotoxic treatment. Very recently, however, the radioresistance of p53-
deficient cells, which typically retain the ability to arrest at the G2/M transition, has been
shown to be circumvented by treatment with caffeine, an inducer of p34°“? kinase which
is the universal determinant of entry into S-phase (Yao er al., 1996). Although the
different in vitro findings may be accountable by variable experimental conditions and
cell types, it is the in vivo impact of p53 function that is of great clinical relevance. In one
study, the later, drug-resistant stages of non-Hodgkin lymphomas were revealed to have
p53 mutations far more frequently than lymphomas which did not progress to an
aggressive phenotype (Lo Coco e al., 1993). The mutational status of pS3 was found to
predict responsiveness to S5-fluorouracil regimens of patients with advanced colorectal
cancers (Benhattar et al., 1996), and in patients with breast cancer, pS3 mutations
affecting specific residues conferred greater resistance to doxorubicin than other

mutations (Aas et al., 1996).

2-3-3-4. Gene Therapy for p53

Several strategies to reconstitute normal p53 function in tumor cells which have p53
mutations are presently being explored. One of the most exciting involves the

replacement of the pS3 gene or its transcriptional targets with viral vectors. Successful
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p53 gene therapy to replace lost or dysfunctional endogenous pS3 would rely on a
number of factors, including efficient deleivery of the expression vector to target tumor
cells, sustained functional expression of pS5S3 protein in the tumor cells, cell death
following pS3 expression, acceptable toxicity to normal cells, absence of a deleterious
host immune response, and increased survival of the host. Replication-deficient
adenoviral vectors have proven effective vehicles for the delivery of wild-type p53 into
several prostatic (Srivastava ef al., 1995; Yang et al., 1995), cervical (Hamada et al.,
1996), head and neck (Liu et al., 1994), breast (Runnebaum et al., 1995), and ovarian
(Santoso et al., 1995) carcinoma cell lines containing mutated p53 and resulted in growth
suppression via G1 arrest and/or apoptosis in all cases. [n breast cancer cells expressing
wild-type p53 protein, recombinant adenoviral expression of wild-type p53 also led to
cytotoxicity, mediated by apoptosis, but normal mammary epithelial cells were resistant
to cytotoxicity mediated by gene transfer (Katayose et al., 1995). Apoptotic cell death,
associated with infection by a p53-expressing adenovirus, was also shown to be induced
in breast cancer cells with a multidrug resistance phenotype (Blagosklonny and El-Deiry,
1996). Very recently, the ability of a retroviral vector containing the wild-type p53 gene
to promote tumor regression of patients with lung cancer was evaluated in a small pilot
study, which noted an absence of clinically significant toxic effects, an increase of
apoptotic bodies present in posttreatment biopsies, and tumor regression or growth
stabilization in most of the patients studied (Roth e al., 1996b). Rather than using wild-
type p53 to replace the absent or defective endogenous p53 of tumor cells, one group of

workers have suggested using an engineered “dominant wild-type” p53 protein which
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substituted the tetramerization domain for a leucine zipper-like coiled coil and could

overcome transdominant inhibition by endogenous mutant p53 (Waterman et al., 1996).

Under certain conditions, mutant p53 proteins can adopt wild-type properties. It was
initially assumed that all tumor-derived p53 mutants were defective for sequence-specific
transactivation. However, because mutations may affect different structures, and therefore
specific properties, of p53 protein, not all p53 mutants would be expected to be equal
with respect to normal function. For example, His-273 and Ala-143 mutants may show a
degree of wild-type DNA binding and transcriptional activating activity, whereas other
mutants are generally inactive in these assays (Chen et al., 1993; Pietenpol et al., 1994).
The restoration of DNA binding and/or transcriptional activity of some p53 mutants has
been shown to be accomplished by stimulation with PAb421 (Hupp ¢r al., 1992; Zhang et
al., 1993), incubation with the bacterial heat shock protein dnaK (Hupp er al., 1992),
using artificial, high affinity DNA binding sequences (Pietenpol et al., 1994), or
temperature shift (Zhang et al., 1994). Translation of these basic findings into clinically
applicable treatments for cancer has not yet been reported. Other interesting approaches
of targeting p53 for therapeutic benefit include: 1) using antisense wild-type p53
oligonucleotides, which have been shown to cause growth inhibition when expressed in
wild-type pS3-containing HeLa cells (lotsova and Stehelin, 1995), and 2) p53
immunotherapy, illustrated by a study showing that immunization of mice with a p33-
expressing poxvirus protects them against the growth of tumors containing mutant p53

(Roth et al., 1996a)
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2-4, Analytical Methodology to I ine 053 Functional S

2-4-1. Methods for Detecting p53 Genetic Abnormalities

Direct sequencing of all 11 exons of the p53 gene, amplified by polymerase chain
reaction (PCR), is the most precise method for detecting p53 mutations, although
sequencing of exons 5 to 8 (codons 126 to 306) alone has been shown to detect more than
85% of all p53 mutational changes (Greenblatt er al., 1994). Sequencing of the p53 gene
has been performed on tumor biopsies (Mitsudomi et al., 1993) and on the tumor cells
present in minute quantities in body fluids such as urine (Hruban et al., 1994) or sputum
(Mao et al., 1994), and has shown itself to be useful in determining the presence or
absence of a germline pS3 allele in family members of patients with Li-Fraumeni
syndrome (Malkin ef al., 1990) or with other hereditary cancer syndromes (Sameshima ¢r
al., 1992; Brugieres et al., 1993). As powerful as the technique has been demonstrated,
direct sequencing of the p53 gene has been considered to be unsuitable for routine clinical
testing because of excessive time and labor requirements. However, the introduction of
rapid, automated, and high-throughput sequencing instruments promises to overcome
these limitations. In one recent study of breast cancer patients, automated sequencing of
the complete coding region of p53 yielded prognostic information and predicted response
to adjuvant therapy and radiotherapy (Bergh er al., 1995). The use of solid-phase,
automated genomic DNA sequencing on a robotic workstation was demonstrated to

detect p53 mutations in basal cell carcinoma of the skin (Hedrum er al., 1994).
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Genetic abnormalities of pS3 have also been demonstrated by less expensive and simpler
analyses, the results of which were later usually confirmed by direct DNA sequencing.
The altered electrophoretic mobility, under non-denaturing conditions, of single strands
of PCR-amplified p53 fragments containing missense mutations can be compared to the
migration rate of wild-type fragments in order to detect mutations. This technique, single-
strand conformation polymorphism (SSCP) analysis, has a sensitivity and specificity
approaching 90% for detecting p53 mutations (Orita et al., 1989), and has been applied
for the analysis of cancer cell lines (Murakami ef al., 1991) and of most types of tumors
(Chang er al., 1992; Hunter et al., 1993; Kupryjanczyk et al., 1993; Lohmann er al.,
1993; Kappes et al., 1995; de Witte ef al., 1996). p53 mutations have also been detected
by other screening methods, including denaturing gradient gel electrophoresis (Beck et
al., 1993) and the related constant denaturant gel electrophoresis (Borresen er al., 1991),
both of which, like SSCP, have sensitivities for detecting p53 mutation less than direct

sequencing.

2-4-2. Methods for Detecting p53 Protein Accumulation

Wild-type p53 protein has a lifespan of several minutes, leading to nearly undetectable
levels of pS3 protein in most cells, whereas the much longer half-lives of p53 mutants
facilitate their detection (Nigro et al., 1989). The strong correlation between p53 gene
mutation and p53 protein accumulation existing under most, but not all, circumstances
permits simple immunological methods for p53 protein detection to substitute for the

more complex and labor-intensive molecular biology techniques. Most commonly, these
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methods take the form of routine IHC techniques which are rapid, technically simple, and
able to provide antigen localization with respect to histologic features of the tumor. A
compilation of 84 studies in which IHC and sequencing methods were performed on the
same tumor sets revealed that sensitivity for immunostaining for mutant p53 was 75%
and the positive predictive value was 63% (Greenblatt er al., 1994). The significant
percentages of false-positive and false-negative findings typical of IHC (or of ELISA)
may result from the fact that nonsense mutations, which lead to truncated forms of p53,
do not result in increased concentrations of p53 intracellularly; moreover, p53
concentrations are increased in some tumors, particularly melanomas and testicular

carcinomas, without containing any mutations (Harris and Hollstein, 1993).

Although THC techniques have proven invaluable for the rapid screening of essentially
every tumor type for p53 accumulation, methodologic differences resulting from various
combinations of tissue fixation and antigen unmasking procedures (for formalin-tixed,
paraffin-embedded sections), primary anti-p53 antibody, and criteria for designating the
p33 expression status of the specimens, have made cross-study comparisons of IHC-
detected p53 protein difficult (Baas et al., 1994; Fisher er al., 1994). An alternative to
[HC is the measurement of soluble p53 protein in tissue extracts by quantitative
immunoassay. Although these ELISA methods likewise suffer from inherent pitfalls,
including the requirement for fresh frozen tissue and the inability to localize p53
expression to cellular or tissue components, they may offer several advantages. Relative

to IHC, ELISAs may be performed with minimal technical expertise, they generate
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numerical results amenable to objective and consistent interpretation, and they may
provide enhanced specificity owing to the use of two p53-specific antibodies (in the most
common assay configuration). ELISAs for p53 have been used to determine p53
concentrations in extracts from tumors of breast (Bartkova et al., 1993; Hassapoglidou ef
al., 1993), gastrointestinal (Bartkova et al., 1993; Joypaul ef al., 1993), vulval (Bartkova
et al., 1993), and lung (Pappot et al., 1996) origins and have been shown to be
comparable to immunohistochemistry, when performed in parallel, for the assessment of
p53 protein status in breast (Vojtesek et al., 1993) and gastrointestinal (Joypaul er al.,

1993) tumor specimens.

2-4-3. Methods for Directly Assessing pS3 Functional Status

Both mutational analysis of the p53 gene and ITHC detection of accumulated p353 protein
are, in a sense, surrogate measurements for the ability of the endogenous p53, if
expressed at all, to function as a tumor suppressor. Because the p53 gene has been shown
to be subject to a broad range of mutational events affecting different functional domains
of the protein, various pS3 mutants would be expected to differ in their abilities to bind to
DNA and activate transcription of target genes or to inhibit the expression of other genes.
Functional assays of p53 have been developed to screen for germline mutations in LFS
family members at risk of disease although, in principle, they may also be applied for the
evaluation of the functional capacity of p53 mutants present in sporadic cancers. Briefly,
these methods involve cloning of the patients’ cDNA, isolated from fibroblasts or

lymphocytes, 1) in vitro into an expression vector followed by cotransfection into human
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p53-deficient Saos-2 cells together with a reporter plasmid containing a p53-responsive
element and the p-galactosidase gene for colony selection (Frebourg er al., 1992), 2) in
vivo by recombination in Saccharomyces cerevesiae yeast cells also containing a plasmid
encoding the HIS3 gene expressed under a p53-responsive promoter allowing growth
selection in media lacking histidine (Ishioka et al., 1993), or 3) by an adaptation of the
previous assay in yeast in which expression of the enzyme ADE2 is driven by p53
transcriptional activation, allowing color selection for identifying wild-type, mutant, and
even temperature-sensitive p53 alleles (Flaman et al., 1995). All of these assays were
demonstrated to detect most tumor-derived p53 mutations, supporting the contention that
the most important property of p53 with regard to tumor suppression is transcriptional

activation through sequence-specific DNA binding.
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Chapter 3. Hypothesis

Given that mutation of the p53 gene occurs frequently in ovarian carcinoma, that
missense mutations are usually accompanied by overexpression of mutant p53 protein,
and that loss of p53 function is thought to lead to genetic instability as a consequence of
derangements in cell cycle control, apoptosis, and possibly DNA repair, it is hypothesized
that the presence of mutant p53 protein accumulation in ovarian carcinoma tissues might
indicate aggressive phenotypes and therefore identify patients with poorer prognoses
compared with other ovarian cancer patients in whose tumors p33 protein is not

overexpressed.
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Chapter 4. Objective

A retrospective cohort study was to be performed in order to examine if pS3 protein
accumulation, determined using a time-resolved immunofluorometric assay of p53, in
extracts prepared from primary ovarian carcinoma tissues, could predict reduced disease-
free and/or overall post-surgical survival of ovarian cancer patients independently of
other clinicopathologic features including disease stage, grade, histological type, residual

tumor size, menopausal status, and patient age.
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Chapter 5. Materials and Methods

3-1. Study Population

Ninety patients operated consecutively at the Department of Gynecologic Oncology of
the University of Turin, Turin, Italy between 1989 and 1993 for treatment of primary
epithelial ovarian carcinoma were included in this study. Five patients for whom tumor
specimens were available had been excluded for various reasons (one had been diagnosed
as having an ovarian lymphoma, two had provided primary breast cancer tissues, one had
had a primary colon cancer metastatic to the ovary, and one patient had been lost to
follow-up). The age range of these patients was 20 to 78 years, with a median age of 54
years. Patients were followed-up at the same centre for periods ranging from 1.3 months
to 552 months; the median follow-up time was 22.2 months. Additional
clinicopathologic variables for which the patients had been characterized at the time of
surgery, including menopausal status, stage according to the criteria of the International
Federation of Gynecologists and Obstetricians (FIGO, 1987; Beahrs et al., 1992), and
histologic grade and type based on World Health Organization (WHO) (Serov and Souly,
1973) criteria, are summarized for the patient population in Table §-1-1. With the
exception of patients with Stage IA/IB disease who did not receive post-surgical

chemotherapy, all others were treated with cisplatin-containing regimens.



5.2, Optimization of Tissue Extraction Proced

In order to identify a simple yet effective procedure to release soluble p53 protein from
ovarian tumor specimens, six specimens for which sufficient tissue were available were
each processed by three different cellular disruption methods performed in parallel: one
used routinely at Sunnybrook Health Sciences Centre in Toronto, Ontario, to isolate
estrogen and progesterone receptors from breast tumor tissues prior to their quantification
(Dr. Donald J.A. Sutherland, personal communication), and two reported by other groups
(Bartkova et al., 1993; Lavigueuer et al., 1989) to result in pS3 protein solubilization
from breast, colon, skin, gastric, lung, bone, and lymphoid tumors. The protein extraction
method yielding the highest p53 levels would subsequently be applied to all of the
ovarian tumors. For this experiment, a sample cut from a randomly selected surface of
each of the six specimens was first immersed in liquid nitrogen and pulverized to a fine

powder, and then partitioned into three approximately equal (0.2 g) portions.

One portion was suspended in 3 mL of homogenization buffer (0.01 mol/L Tris, pH 7.4,
1.5 mmol/L ethylenediaminetetraacetic acid (EDTA)-disodium dihydrate, and 5 mmol/L
sodium molybdate) and homogenized on ice with a single 5 second burst of a “polytron”
(Pro Scientific Inc. Monroe CT). Between-sample carryover was minimized by washing
the rotor-stator in three consecutive volumes of distilled water after homogenization of
each sample. Clarification of each homogenate, divided into three 1| mL volumes, was
performed either by centrifugation at 100,000 g for 1 hour at 4°C in a Beckman L5-50

ultracentrifuge (Beckman Instruments, Fullerton CA) using a TY-65 rotor, or by
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centrifugation at 15,000 g in an Eppendorf 5415C centrifuge (Brinkmann Instruments,
Westbury NY) at 4°C either for 30 minutes or for 1 hour. In all cases, the supernatant was
carefully removed and stored at -20°C for two days until total protein determination and

p53 immunoassay (see below for both procedures).

A second portion was combined with 3 mL of a lysis buffer (50 mmol/L Tris, pH 8.0, 150
mmol/L NaCl, 5§ mmol/L EDTA, 1% Nonidet NP-40, and 1 mmol/L
phenylmethylsulfonyl fluoride), vortexed, and incubated on ice for 30 minutes. Equal (1
mL) volumes of each disruptate were either centrifuged at 15,000 g at 4°C for 30
minutes, as suggested by the authors describing this method (Bartkova er al., 1993), or
for 1 hour, or were ultracentrifuged at 100,000 g at 4°C for 1 hour as described above. As

before, the supernatant fractions were stored at -20°C for 2 days until analysis.

A more harsh treatment of the pulverized tissue involved adding the tissue powder to 3
mL of RIPA buffer (50 mmol/L Tris, pH 7.5, 150 mmol/L NaCl, 1% Triton X-100, 1%
sodium deoxycholate, 0.1% sodium dodecyl sulfate (SDS), 1 mmol/L
phenylmethylsulfonyl fluoride, and 0.05 mmol/L aprotinin) followed by homogenization,
as described above, and by incubation of the tubes on ice for 30 minutes. Centrifugation
of the homogenate, in two | mL volumes, was performed at 15,000 g at 4°C for either 5
minutes, as originally described (Lavigueuer et al., 1989) or for 30 minutes, to collect the

supernatants, stored afterwards at -20°C.
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A commercially available kit (Pierce Chemical Co., Rockford IL) based on the use of the
bicinchoninic acid (BCA) detection reagent was used, as directed by the product literature
for performing the “microtitre plate protocol”, to assay the ovarian tumor extracts for
total protein. Assayed in parallel were protein standard solutions, ranging in
concentration from 0.05 to 2 g/L, which were made by serial dilution of a 2 g/L albumin
standard with a buffer containing 50 mmol/L Tris, pH 7.4, and 7.5 mmol/L NaNj;. The
same buffer was used to dilute tumor extracts whose initial total protein concentrations
exceeded 2 g/L. Both standards and samples were assayed in duplicate. Ninety-six well,
transparent polystyrene microtitre plates (Dynatech Laboratories Inc., Chantilly VA)
served as the reaction vessels. Absorbance at 545 nm (close to the absorbance maximum
of the reaction product, 562 nm) was measured on an ELISA plate reader (Bio-Tek
Instruments Inc., Winooski VT). Calculation of protein concentrations in the tumor
extracts, by interpolation from a linear calibration curve, was performed using Deltasoft

ELISA Analysis software (BioMetallics Inc., Princeton NJ).

-4, Time-Resolved | 0 ic A { 053 Protei

S-4-1. Brief Description

A noncompetitive “sandwich” immunofluorometric assay developed previously in our
laboratory, a schematic of which is shown in Figure 5-4-1-1, was used to quantitate

mutant p53 protein levels in the ovarian tumor extracts (Hassapoglidou ef al., 1993). The
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assay involves capture of soluble pS53, present in samples and calibrators, by monoclonal
PAb240 antibody immobilized onto microtitre wells coated with goat anti-mouse
immunoglobulin (GaMIg). Bound p53 is then detected by subsequently added polyclonal
CM-1 antiserum and alkaline phosphatase-conjugated goat anti-rabbit antibody (GaRIg-
ALP). Dephosphorylation of the enzyme substrate, diflunisal phosphate, yields a product
which enters into a complex with Tb** and EDTA, capable of absorbing UV light at 336
nm and emitting long-lasting fluorescence at 615 nm. The use of lanthanide chelates as
fluorescence labels and of time-resolved fluorescence has been shown to facilitate assay
designs characterized by low background signals and hence high detection sensitivities

(Christopoulos and Diamandis, 1992).

5-4-2. Reagents and Solutions

Dilution of the microtitre well-coating GaMIg antibody was made in S0 mmol/L Tris, pH
7.4, containing 7.5 mmol/L NaN;. The wash solution was a 5 mmol/L Tris buffer, pH 7.8,
containing 150 mmol/L NaCl and 0.5 g/L Tween 20. The blocking solution was a 50
mmol/L Tris buffer, pH 7.8, containing 10 g/ bovine serum albumin (BSA) and 7.5
mmol/L NaN;. Diluents for the two anti-pS3 antibodies, polyclonal CM-1 and
monoclonal PAb240, were respectively a 50 mmol/L Tris buffer, pH 7.8, containing 60
g/L BSA and 7.5 mmol/L NaN,, and the same buffer to which 0.5 mol/L KCl was also
added. The latter buffer, supplemented with 10% goat serum, was also used to dilute the
GaRlIg-ALP. The stock enzyme substrate solution consisted of 0.01 mol/L diflunisal

phosphate in 0.1 NaOH. For the assay, the stock substrate solution was diluted 10-fold in
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the substrate buffer, a 0. mol/L Tris buffer, pH 9.1, containing 0.15 mol/L NaCl, 1
mmol/L MgCl, and 7.5 mmol/L NaN,. The developing solution, containing 1 mol/L Tris
base, 0.4 mol/L NaOH, 2 mmol/L TbCl;, and 3 mmol/L EDTA, was used without pH

adjustment.

5-4-3. Antibodies

With the exception of the PAb240 antibody, all antibodies used in the assay were
purchased from commercial suppliers. Both the GaMIg and the GaRIg-ALP were Fc
fragment specific, had been affinity purified to remove cross-reactivities with human
serum proteins (and also with bovine and horse serum proteins in the case of the GaMIg),
and were supplied as ~1 mg/mL preparations (Jackson ImmunoResearch Inc., West
Grove PA). CM-1 antiserum, raised in rabbits against recombinant wild-type human p53
protein and recognizing both mutant and wild-type p53 (Midgley et al. 1992), was
aliquoted and frozen at -20°C upon receipt as suggested by the manufacturer (Novocastra

Laboratories Inc., Newcastle upon Tyne, UK) to prolong its stability.

Frozen PAb240 hybridoma cells were generously provided by Dr. David Lane
(University of Dundee, Dundee, UK), and cultured in RPMI-1640 medium supplemented
with 10% fetal bovine serum and 50 g/ gentamycin (all from Gibco BRL, Life
Technologies Inc., Gaithersburg MD) according to standard practice (Harlow and Lane,
1988). Log-phase growing cells, in suspension, were allowed to reach a density of ~10’

cells'mL before being centrifuged at 1000 g for 10 minutes to collect the supernatants,



49

which were used in the immunoassay without purification. Monoclonal PAb240 reacts

only to p53 protein in a mutant conformation (Gannon et al., 1990).

5-4-4. pS3 Standards

A protein standard preparation was not commercially available at the time that this study
was performed. In order to assign quantitative values to the results of the assay of the
tumor extracts, an ovarian tumor extract with very high pS53-associated
immunofluorescence was selected as the calibrating material. Dilution of this extract,
given an arbitrary p53 concentration of 1000 units per litre (U/L), in 50 mmol/L Tris
buffer, pH 7.8, containing 60 g/ BSA and 7.5 mmol/L NaN; (PAb240 diluent), yielded
standard solutions of 0, 2, 5, 20, 50, and 200 U/L which were aliquoted into small
volumes, frozen at -80°C, and thawed immediately before use. Assay of these primary
standards along with the extracts of the ovarian tumors allowed the relative p53 levels in
the latter specimens to be determined by interpolation from the standard curve, which
plotted the background-corrected raw fluorescence counts against the defined
concentrations of the calibrator solutions. A series of standards were included in each 96-
well microtitre plate. Extracts whose initial pS3 protein concentrations exceeded 200 U/L
were reassayed after dilution in PAb240 diluent. Assayed also in each run were extracts
of breast tumors as controls, prepared by the method determined to be optimal (see
above) and aliquoted for storage at -80°C until use, which had p53 protein levels of 1, 3,
10, and 80 U/L. Analytical features of the assay, including linearity, precision, and

detection limit have been described previously (Hassapoglidou er al., 1993).
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5-4-5. Assay Procedure

Ninety-six well, white polystyrene microtitre plates (Dynatech Laboratories Inc.,
Chantilly VA) were incubated overnight at 4°C with 100 pL/well of the GaMIg diluted
400-fold in the coating buffer. After six washing cycles, the wells were blocked by the
addition of 250 uL of blocking solution at least 30 minutes before the addition of the
samples. Two cycles of washing were followed by the addition, in duplicate, of the
ovarian tumor extracts to be assayed for p53, of the standards, and of control samples, all
in 50 uL volumes, together with 100 uL. of PAb240 hybridoma cell cuiture supernatant
diluted 20-fold in the PAb240 diluent. The plates were incubated for 3 hours at 37°C on a
shaker platform. All subsequent incubation steps were performed at room temperature,
also on a shaker platform. After another six washing cycles, CM-1 antiserum was diluted
5000-fold in its diluent and added in 100 pL volumes to the wells for a | hour incubation.
The plates were washed again as above before 100 uL of GaRIg-ALP, diluted 5000-fold
in its diluent, was added for another 1 hour incubation. The final six cycle washing step
was followed by the addition of 100 uL of the diluted enzyme substrate and incubated for
10 minutes. Developing solution was added in 100 pL volumes without washing the

wells for a 1 minute incubation before fluorescence measurement.

5-4-6. Instrumentation

Two pieces of equipment were essential for the performance of the p53 immunoassay: an
automated, programmable plate washer (Adil Instruments, Strasbourg, France), and a

Cyberfluor 615 Immunoanalyzer (Cyberfluor Inc., Toronto, Canada) which could
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measure fluorescence in a time-resolved mode directly from the microtitre plates.
Calculation of calibration curves, using the cubic spline method, and thereby of p53
concentrations in the samples, was performed by the

instrument software.

5.5, Det inati f Ti Speci H ity f 53
Expression

To control for potential specimen sampling error, that is, for possible differences in p53
protein accumulation throughout the resected ovarian tumors, three pieces of tissue were
cut from different surfaces of each tumor specimen and were independently pulverized,
extracted using the optimal method (see above), and assayed both for p53 and total
protein as described above. The final pS3 protein value reported for each specimen was
the mean of the three total protein-adjusted p53 protein concentrations determined in the

separate extracts made from each specimen.

5.6, Determination of Reproducibility of E ion Proced

Because extracts made from different portions of each tumor might also have differed, to
some extent, due to poorly reproducible extraction efficiencies, 10 tumors with
consistently high protein-adjusted p53 concentrations (above 15 U/g in all 3 sampies
from each specimen), 5 cases with consistently low pS3 levels (below 1 U/g), and 4 in
which the 3 extracts made yielded discrepant p53 assay results, were further subjected to

the following experiment. Only specimens with sufficient material available were
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included. Approximately 0.50 g of each of the tumors was completely pulverized, divided
into 4 equal portions (~0.15 g), and combined with 500 mL of extraction buffer. For each
set of 4 portions, one pair was left on ice for 30 minutes, while the other pair was
homogenized, as described above, before incubating it on ice for 30 minutes. All extracts
were then assayed for both p53 and total protein. As an indicator of the variability of
extraction, with and without homogenization, protein-adjusted p53 concentrations were
compared within each pair, and between the two pairs prepared for each tumor specimen.
Differences between the means of the pairs were examined using a Wilcoxon Signed
Rank test. Precision, expressed as %CV, was calculated for each method as described

elsewhere (Westgard, 1981).

5.7.1 histochemical Detection of pS3

§-7-1. Reagents and Solutions

The formol calcium post-fixative consisted of a 4% formaldehyde solution containing 70
mmol/L CaCl,. Phosphate buffered saline (PBS), used to dilute the normal (goat)
blocking serum, the primary anti-p53 antibody, and the biotinylated secondary antibody,
and also used for all of the washing steps, was a solution containing 150 mmol/L NaCl,
10 mmol/L Na,HPO,, 2 mmol/L. KH,PO,, pH 7.2. The nonimmune goat serum and the
horseradish peroxidase-conjugated avidin-biotin complex (ABC) were supplied in the
Vectastain Elite ABC kit (Vector Laboratories Inc., Burlingame CA). The ABC solution

was prepared by mixing together two reagents, avidin DH and the biotinylated peroxidase
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H, respectively, at least 30 minutes before use. The peroxidase substrate solution,
containing 3,3’-diaminobenzidine tetrahydrochloride (DAB), H,0,, and NiCl,, was

prepared from reagents provided separately by the same manufacturer.

§-7-2. Antibodies

DO-1 hydridoma cells, the frozen stocks of which were provided by Dr. David Lane
(University of Dundee, Dundee UK), were cultured in Dulbecco’'s modified Eagle’s
medium supplemented with 10% fetal bovine serum, 100 mg/L sodium pyruvate, and 50
g/L gentamycin (all from Gibco BRL. Life Technologies Inc., Gaithersburg MD)
following standard techniques (Harlow and Lane, 1988). Cells were grown in log phase
until reaching a density of ~10” suspended cells/mL, at which time they were centrifuged
at 1000 g for 10 minutes to collect the antibody-containing supernatant. Monoclonal DO-
| antibody recognizes both mutant and wild-type p53 protein and has been shown to be
suitable for immunohistochemical localization of p53 on sections fixed with a variety of
agents (Vojtesek et al., 1992). The biotinylated GaMIg, reacting against both heavy and
light chains of mouse IgG, was provided in the Vectastain Elite ABC kit (Vector

Laboratories Inc., Burlingame CA).

§-7-3. Specimen Preparation

Two ovarian tumor specimens were selected on the basis of very high (200 U/g) and low
(0.60 U/g) p53 expression determined by immunoassay and subjected to IHC analysis to

validate the p53 immunoassay findings. The p53-positive specimen by ELISA was from a
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Stage IV, grade G2, serous ovarian carcinoma, whereas the p53-negative specimen was
from a Stage [lI, grade G3, undifferentiated lesion. For each of the two, the entire
specimen remaining after pulverization and extractions for both cellular proteins and
nucleic acids (see below) was embedded in OCT medium (Miles Inc., Elkhart IN) while
still frozen, and 6 um “thin” sections were cut in a cryostat and placed on Superfrost/Plus
slides (Fisher Scientific Co., Pittsburgh PA). After allowing to air dry for 15 minutes, the
sections were fixed in acetone for 15 minutes and treated with formol calcium for 15
seconds with gentle agitation. Post-fixation in formol calcium had been demonstrated to
increase the nuclear and cytologic detail of frozen sections without destroying sensitive
lymphoid surface antigens (Stratis ez al., 1988). The sections were rinsed briefly in warm
tap water and washed in three consecutive volumes of PBS, in which the slides were left

until the immunostaining procedure (see below).

§-7-4. Inmunostaining Procedure

Acetone-fixed, formol calcium-postfixed sections of the ovarian tumors were incubated
for 15 minutes with goat serum (nonimmune) diluted 60-fold (1.5%) in PBS. All
incubation steps were performed at 37°C in a humidified chamber. After blotting excess
serum from the sections, they were incubated with the DO-1 primary antibody, present in
cell culture supernatant, diluted 50-fold in PBS containing 1.5% goat serum for 20
minutes. The sections were washed vigorously in PBS for 5 minutes before the biotin-
labeled secondary antibody, diluted 200-fold in PBS containing 1.5% goat serum, was

added for a 20 minute incubation period. The sections were washed for S minutes in PBS
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as before, and incubated for 20 minutes with the prepared ABC reagent. After a final
wash step for 5 minutes in PBS, the sections were incubated with the peroxidase substrate
solution for 5 minutes, treated for a few seconds with 5% HCI in ethanol, and washed in
warm tap water for 5 minutes. Finally, the sections were dehydrated by consecutive
incubations in isopropanols of increasing strength and in xylene, and coverslipped with
Permount (Fisher Scientific Co., Pittsburgh PA). Controls consisted of adjacent sections

of each tumor in which the primary antibody was omitted (replaced by diluent only).

§-7-5. Instrumentation

Frozen ovarian tumor specimens were sectioned using a Leitz 1720 Digital cryostat
(Leica AG, Heerbrugg, Switzerland). All incubation steps in the IHC staining procedure
were performed in a heated, humidified slide incubator (Signet Laboratories Inc.,
Dedham MA). The results of immunostaining were assessed using a Leitz DMR
microscope (Leica AG, Heerbrugg, Switzerland) equiped with a Wild MPS 48/52

photographic system.

5.8, Single-Strand Confl ion Pol hism Analvsi

S-8-1. Reagents, Solutions, and PCR Primers

DNA was extracted with a 10 mmol/L Tris buffer, pH 8.0, containing 0.1 mol/L EDTA,
20 pg/mL bovine pancreatic RNase A (Sigma Chemical Co., St. Louis MO) and 0.5%

SDS. Dialysis after the extraction step was performed using a 50 mmol/L Tris buffer, pH
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8.0, containing 10 mmol/LL EDTA. Three pairs of oligonucleotide primers, identical to
those used by another group (Miyashima et al., 1991) to amplify p53 exons 5-6, 7, and 8,
are given in Table 5-8-1-1 and were made by an automated DNA sequencer at Dalton
Chemical Laboratories, Toronto, Canada. The other components of the PCR reaction
mixture, including AmpliTaq DNA polymerase (250 Units, 5 Units/uL), each of the
deoxynucleoside triphosphates (ANTPs) in 10 mmol/L concentrations, 10X PCR buffer
consisting of 500 mmol/L KCI and 100 mmol/L Tris, pH 8.3, and a 25 mmol/L MgCl,
solution, were provided in a kit (Perkin Elmer, Foster City CA). The 10X exchange
reaction buffer used for PCR product labeling contained 500 mmol/L imidazole HCI, pH
6.4, 180 mmol/L MgCl,, 50 mmol/L dithiothreitol, 1 mmol/L spermidine HCI, and 1
mol/L EDTA, pH 8.0. The TE buffer used to dissolve the DNA was a 10 mmol/L Tris
buffer, pH 8.0, containing | mmol/L EDTA. The electrophoresis gel loading buffer for
SSCP analysis contained 95% formamide, 20 mmol/LL EDTA, 0.05% bromophenol blue,
and 0.05% xylene cyanol. The TBE running buffer contained 100 mmol/L Tris, pH 8.0,

100 mmol/L boric acid, and 200 mmol/L EDTA.

5-8-2. DNA Extraction

Genomic DNA from ~100 mg of each of nine pulverized ovarian tumor tissues, and from
~5 X 10" COLO 320HSR cells (American Tissue Type Collection, Rockville MD),
colorectal carcinoma cells overexpressing mutant p53 (Hassapoglidou et al., 1993) and
cultured under the same conditions used for the PAb240 cell line (see above), was

prepared essentially as described elsewhere (Sambrook et al., 1989). Briefly, harvested
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COLO 320HSR cells were resuspended first in ice cold PBS and centrifuged again before
they were resuspended in PBS at a concentration of ~5 X 10’ cells/mL. Ten volumes of
DNA extraction buffer were added to the cell suspension and to each of the ovarian tumor
tissues for a 1 hour incubation at 37°C, after which proteinase K (Sigma Chemical Co.,
St. Louis MO) was added to a concentration of 100 pg/mL for a 3 hour incubation at
50°C. An equal volume of phenol equilibrated with 0.5 mol/LL Tris, pH 8.9, was added
and the two phases were separated by centrifugation at 5000 g after mixing for 10
minutes; this extraction step was repeated two more times. The pooled aqueous phases
were finally dialyzed against dialysis buffer until the OD,, of the dialysate was less than

0.05. The purity and yield of the DNA were determined spectrophotometrically.

5-8-3. PCR Amplification and Product Labeling

PCR was carried out according to standard practice (Innis ef al.,, 1990), in which 20 puL
reaction volumes, containing S mmol/L MgCl,, 100 ng of each primer, 200 pmol/L of
each dANTP, 100 ng of high molecular weight DNA, and 2 Units of AmpliTaq DNA
polymerase, underwent thirty cycles of denaturation (94°C for 30 seconds), annealing
(60°C for 2 minutes), and extension (72°C for 3 minutes). A final extension step at 72°C
for 5 minutes followed the 30 cycles. Sizes of the amplified DNA fragments, and the
approximate yield, were confirmed by electrophoresis on a 3% agarose gel stained with
ethidium bromide. Purification of the PCR products from primers and other contaminants
was achieved using Centricon-30 spin columns (Amicon Inc., Beverly MA) according to

manufacturer’s instructions.
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Performed as described elsewhere (Sambrook et al., 1989), the purified PCR products
were labeled on their 5’-termini with [y”-P]ATP by combining, for each reaction, 20-50
pmoles of DNA, 5 pL of 10X exchange reaction buffer, 5 uL of 1 mmol/L ADP, 1 uL of
50 nmol/L ATP, 50 pmoles of [y2-P]JATP (10 uCi/uL), H,O up to 40 pL, 10 pL
polyethylene glycol (24% w/v), and 1 pL. T4 polynucleotide kinase (20 Units) (New
England Biolabs, Beverly MA). After incubation for 30 minutes at 37°C, 2 pL of 0.5
mol/L EDTA was added, and the DNA was extracted with chloroform and then
precipitated with two volumes of ethanol for 15 minutes at 0°C. Centrifugation at 14,000
g for 10 minutes at 4°C allowed recovery of the DNA, which was then dissolved in TE

buffer.

§-8-4. Electrophoresis Conditions and Autoradiography

For each specimen, approximately 100 ng of radiolabeled DNA (1-3 pL) was combined
with 7-9 uL of gel loading buffer, heat-denatured at 95°C for 3 minutes, chilled on ice,
and rapidly loaded onto a 0.4 mm 5% nondenaturing polyacrylamide gel (50:1
acrylamide: N,N -methylene bisacrylamide) equilibrated with running buffer containing
10% glycerol. Electrophoresis was performed at 7 W for 12 hours at room temperature.
After fixation with a solution of 5% glacial acetic acid and 15% methanol for 15 minutes,
the gel was dried at 60°C, and autoradiographed against Kodak XAR-5 film (Eastman

Kodak Co., Rochester NY) at -80°C with intensifying screens.
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5-8-5. Instrumentation

PCR was performed in a Perkin Elmer DNA Thermal Cycler (Perkin Elmer Inc., Foster
City CA). A sequencing type apparatus (Fisher Scientific Inc., Pittsburgh PA), having 35
X 45 cm glass plates and 0.4 mm spacers was used for polyacrylamide gel
electrophoresis. Drying of the gel was performed using a heated slab gel drier (Bio-Rad

Laboratories Inc., Hercules CA).

3-9. Ethical Issues Addressed

The use of all materials of human origin had been approved by the Ethics and Research
Committee at the University of Toronto. Clinical specimens were processed and assayed
for p5S3 protein by immunoassay without knowledge of the corresponding patient
clinicopathologic or survival information, provided subsequently by our collaborators in
Italy. These workers had also assigned only numbers both to the specimen containers and

to the clinicopathologic/survival records, thus protecting patient identities.

5.10. Statistical Analvsi

5-10-1. Numerical Data

Continuous numerical data collected for this study included data generated by p53
immunoassay and total protein assay of the ovarian tumor extracts, and also those

assembled by our collaborators at the University to Turin, who provided us with the age
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of each of the patients. The p53 protein concentration (in U/L) measured in each extract
was divided by the total protein content, yielding protein-adjusted p53 protein levels
expressed in U/g. The distributions of the unadjusted and protein-adjusted p53 protein
concentrations, and of the patient ages, were revealed by frequency distributions (and
illustrated by histograms) and summarized by the calculation of descriptive statistics,

including the mean, standard deviation, skewness, and kurtosis for each variable.

5-10-2. Categorical Data

The status of several ordinal categorical variables, including tumor stage and grade, were
recorded for each patient. Also provided by the Italian investigators was an estimation,
made for each patient at the time of surgery, of the diameter of the nonresectable, residual
tumor mass. Although a numerical variable, residual tumor size was reported simply as 0
cm, <5 cm, or >5 cm. Data regarding the histologic type of the tumors, whether or not the
patient had reached menopause at the time surgery was performed, and the status of the
patient on the last follow-up date with respect to both cancer relapse (relapse versus
relapse-free) and survival (alive versus dead), all nominal categorical variables, were also
collected in Italy and made available to our group. For statistical analysis, the
classification schemes of two variables, stage and histotype, were further collapsed
(Stages I and II versus Stages III and IV; endometrioid versus serous versus all other
histotypes reported). For the same purpose, patients were also divided into four groups on
the basis of age, categorized as <40 years, 40-49 years, 50-59 years, and >60 years of age,

and were dichotomized into either p53-negative or p53-positive groups based on the
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arbitrary selection of a protein-adjusted p53 protein level as the cutoff point for p53-

positivity (see below).

In order to determine if tumors classified as either pS3-negative or -positive clustered
within groups defined by the tumors’ status for each of the other clinicopathologic factors
considered in this study (age, menopause, stage, grade, histotype, and residual tumor size)
and for relapse-free and overall survival, 2 x 2, 2 x 3, and 2 x 4 contingency tables were
constructed and analyzed by Chi square tests. Differences were considered significant

when the probability values were 0.05 or less.

§-10-3. Survival Analysis

For survival analysis, two different end points of follow-up - cancer relapse (either local
recurrence or distant metastasis) and death - were used to calculate disease-free and
overall survival, respectively. Disease-free survival was defined as the time interval
between the date of surgery and the date of identification of recurrence or metastatic
disease. Overall survival was defined as the time interval between the date of surgery and

the date of death due to cancer, other causes of death having been excluded.

The Cox proportional hazard regression model (Cox, 1972) was used to evaluate the
strength of the associations (i.e. the hazard ratios and their confidence intervals) between
each of the prognostic markers, including p53, and disease relapse or death. This analysis

was conducted at both univariate and multivariate levels. In the multivariate analysis, the
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presence of mutant p53 protein, stage (which was not included in overall survival analysis
because the model did not converge), grade, residual tumor, and age were included in the
model. All these variables except age were categorized dichotomously (i.e. p53-positive
versus p53-negative, Stages I/Il versus Stages III/1V, grades G1/G2 versus grades G3/G4,
and the presence of residual tumor versus the absence of residual tumor). Application of
the Cox model, to determine the ability of p53 protein accumulation to predict patient
relapse or death, was repeated after dichotomous stratifications of the patients, as above,
by stage, grade, and residual tumor presence. The latter analyses were performed using
both age-adjusted and unadjusted models. Kaplan-Meier survival curves (Kaplan and
Meier, 1958) were constructed for pS3-positive and -negative patients. Within each p53
category, Kaplan-Meier curves were also calculated for subgroups, defined as above, with
different stage, grade, or residual tumor. The log rank test (Mantel, 1966) was used to
examine the differences between the Kaplan-Meier curves. Probability values determined

from both the Cox analyses and the log rank tests were considered significant at p<0.05.

5-10-4. Computer Software

Initially, all data were entered into a Microsoft Excel version 5.0 spreadsheet (Microsoft
Corp., Redmond VA) to serve as a platform for export into the statistical analysis
software. While SAS version 6.02 (SAS Institute, Cary NC) was used to calculate
descriptive statistics and to analyze contingency tables, EGRET (Statistics and
Epidemiology Research Corp., Seattle WA) was used for Cox proportional hazard and

Kaplan-Meier survival analyses (including log rank tests). All graphical figures were
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made using either Word for Windows version 6.0 (Microsoft Corp., Redmond VA) or

SigmaPlot version 2.01 (Jandel Scientific Corp., San Rafael CA).



Chapter 6. Resulis

5-1. Extraction Optimizati

Shown in Figure 6-1-1 are the total protein-adjusted p53 concentrations determined from
the immunoassay of the six ovarian tumor specimens plotted against the different
methods used to extract proteins from the pulverized tissues. The methods under
comparison included those published (Lavigueur et al., 1989; Bartkova ef al., 1993) and
in routine practice, as well as variations of the three in which the centrifugation
conditions used to clarify the extracts were changed. Except in the case of specimen 1,
extracts made by the eight extraction procedures applied to each of the specimens did not
differ markedly in their pS3 protein levels. Because no apparent advantages were
conferred by either homogenization of the buffer-suspended tissue powder or
ultracentrifugation for 1 hour, compared to chemical lysis and centrifugation at a lower
speed (15,000 g) for 30 minutes or 1 hour, the method selected to release p53 from the
ovarian tumor specimens was that of Bartkova er al., (Figure 6-1-1, method F) modified
to include the addition of proteinase inhibitors (10 mg/L phenyimethylsulfonyl fluoride,

and 1 mg/L each of leupeptin and aprotinin) to the extraction buffer.
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6-2. pS3 Assay Performance

6-2-1. Standard Curve and Assay of Controls

Assay of the six standard solutions, given arbitrary pS3 concentrations of 0, 2, 5, 20, 50,
and 200 U/L, yielded calibration curves from which unknown levels of p53 were
determined. A representative calibration curve is shown in Figure 6-2-1-1, which
demonstrates the almost linear assay response across the range of p53 standard solutions;
within a given assay run, standards of successively increasing p53 concentrations yielded
consistently two-fold greater fluorescence counts. Since this applied to the two lowest
standards, a p53 concentration of 2 U/L could easily be discriminated from zero. The p53
concentrations determined from the control samples did not differ by more than 29%,

15%, 12%, and 10% from the established p53 levels of 1, 3, 10, and 80 U/L, respectively.

6-2-2. Reproducibility of Extraction

In the series of 18 tumor specimens used to assess the variability of the selected
extraction method and its comparison to that of the same method including a
homogenization step, the protein-adjusted p53 concentrations found in the 4 aliquots of
tissue powder differed widely. Since the estimates of precision, expressed as %CV, were
31% and 25%, respectively, both methods suffered from considerable variability.
Homogenization, therefore, did not lead to much improved reproducibility of p53 assay
results, nor did it increase the overall yield of p53 released since a Wilcoxon Signed Rank

test failed to find a net difference between the medians of the two groups of mean



66

protein-adjusted p53 levels (p=0.44) (data not shown). These resuilts provide further

support for our choice of extraction method but indicated its large inherent variability.

6-2-3. Tissue Heterogeneity for p53

Small masses of tissue sampled from different sites of each tumor specimen did not differ
markedly with respect to p53 content, judging by the observation that the mean
imprecision (%CV) between the triplicate samples was 35%, not very different from the
variability expected from tissue extraction (31%), p53 assay (10-30%), and total protein

assay (~10%) results.

6-2-4. Distribution of p53 Protein Levels and Selection of a Cutoff Point

The distribution of the mean protein-adjusted pS3 concentrations determined from the 3
samples taken from each of the 90 ovarian tumor specimens is shown as a histogram in
Figure 6-2-4-1 and had the following characteristics: minimum=0.35 U/g, maximum=30
U/g, median=2.21 U/g, mean=18.14 U/g, and standard deviation=32 U/g. For statistical
analyses, a cutoff point of 3 U/g, at which and beyond, p53 protein concentrations were
considered positive was arbitrarily selected based on the frequency distribution. Use of

this cutoff resulted in a 43% p53-positivity rate.

The two tumor specimens which were sectioned while frozen, fixed, and stained with

DO-1 antibody against p53 protein both displayed excellent morphological preservation.
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The two photomicrographs of Figure 6-3-1 show the immunostaining results of
specimens which were shown previously to be very highly positive, and negative,
respectively, for p53 by immunoassay. While both sections had faint staining of stromal
components, only the section of the p53-positive tumor had intense nuclear staining and
fainter cytoplasmic staining confined to epithelial cells. On an adjacent section of the
pS3-positive tumor which was processed in parallel, the replacement of the reagent
containing DO-1 antibody by its diluent resulted in immunostaining comparable to that of

the p53-negative specimen (data not shown).

The results of the SSCP analysis of exons 5 to 8 of the pS3 gene amplified from nine

ovarian tumors, and from COLO 320HSR cells as a positive control, is displayed in
Figure 6-4-1 and compared with p53 protein concentrations determined by immunoassay
in protein extracts of the same tumors in Table 6-4-1. Altered electrophoretic mobilities
in exons 5-6 in one specimen, in exon 7 in another, and in exon 8 in two tumors were
associated with p53 protein overexpression. In contrast, p53 protein did not accumulate in
three tumors whose SSCP analysis did not reveal band shifts. For three specimens,
however, SSCP and immunoassay provided discrepant findings: p53 protein accumulated
in two specimens whose exons 5 to 8 did not show aberrant bands, but was undetectable
in a tumor in which a band shift was found in exons 5-6. A faster migrating conformer of

exon 7 from COLO 320HSR cells was also observed (data not shown), a finding which
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was consistent with the presence of a missense mutation in this exon at codon 248

(Murakami et al., 1991).

Table 6-5-1 presents the relationships between pS3 protein expression status and other
clinical or pathologic variables, including patient age, menopausal status, stage, grade,
residual tumor size after surgery, and histologic type. Patients with p53-negative tumors
tended to be younger than patients with p53-positive tumors, but the difference was not
statistically significant. Of all p53-negative patients, 43% were younger than 50 years of
age. In the p53-positive group, only 23% of patients were in the same age category.
Similar tendency was also observed between p53 and menopausal status, because
menopause is an age-dependent event. The presence of mutant p53 protein was also

associated significantly with late stage, high grade, presence of residual tumor, and serous

histotype.

The positivity rates for p53 per stage were 5% (1 of 21) for Stage I disease, 17% (1 of 6)
for Stage 11, 57% (29 of 51) for Stage III, and 67% (8 of 12) for Stage IV ovarian cancer.
Similarly, the positivity rates for p53 per grade were as follows: 13% (2 of 16) for G,
40% (10 of 25) for G2, and 55% (27 of 49) for G3. The positivity rates for p53 were 18%
(6 of 34) in patients with no residual tumor 5 cm or smaller in size, and 64% (16 of 25) in
patients with residual tumor larger that 5 cm. Positivity rates for p53 expression also

varied with histologic type: 29% (2 of 7) for clear cell tumors, 10% (2 of 21) for
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endometrioid tumors, 38% (3 of 8) for mucinous tumors, 61% (22of 36) for serous
tumors, 50% (4 of 8) for unclassified tumors, and 60% (6 of 10) for undifferentiated

tumors.

The associations between these prognostic markers and cancer relapse or death are shown
in Table 6-6-1. Statistically significant relationships were not observed between either
endpoint and patient age or menopausal status, although there were trends for older or
postmenopausal women to suffer a relapse or die more frequently. Stage, grade,
histotype, and postsurgical residual tumor size were all associated significantly with
cancer relapse or death. Patients whose tumors were p53-positive also had higher relapse
and death rates in comparison with patients whose tumors were p53-negative, and these

differences were statistically significant.

The strength of the associations between each individual predictor and disease-free or
overall survival are demonstrated by the univariate analysis in Table 6-7-1. The
presence of residual tumor showed the strongest relationship to cancer relapse and death,
and the hazard ratio reached maximum values of 8.3 and 27.5, respectively. Patients with
late clinical stage (III or IV) or poorly differentiated (G3) tumors had a two-to-seven-fold
increased risk of developing recurrent or metastatic disease or of dying compared with

those with early stage (I or II) or with well or moderately differentiated (G1 of G2)
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tumors. The hazard ratio for patients with p53-positive tumors was 2 for both disease-free
and overall survival. When all these predictors were included in the Cox model
(multivariate analysis in Table 6-7-1), however, the presence of residual tumor was the
only predictor significantly associated with disease-free and overall survival. Mutant p53
protein, stage, and grade were shown to have no independent value for predicting the

prognosis of ovarian cancer patients.

The associations between p53 expression status and cancer relapse or death in subgroups

of patients who were categorized based on their stage (I or II versus IIf or [V), grade (G1
or G2 versus G3), or postsurgical residual tumor (presence versus absence) were also
examined (Table 6-8-1). Patients with well (G1) or moderately (G2) differentiated cancer
had a significantly higher risk of developing recurrent disease or of dying if p53 protein
was overexpressed in their tumors compared with patients who had tumors of the same
grade but were pS3-negative. Patients with no postsurgical residual tumor also
demonstrated significantly increased risk for relapse or death when the tumors were p53-
positive. Although higher risks for relapse and death were observed in patients with p53-
positive tumors who had disease of an early stage, the elevated risk did not reach
statistical significance. The risks for cancer relapse or death were not significantly
different between p53-negative and -positive tumors in patients with late stage, poorly

differentiated tumors, or when residual tumor was present.
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In agreement with the univariate Cox analyses were log rank tests of differences between
the Kaplan-Meier survival curves (Figure 6-9-1) which demonstrated that patients with
p53-negative tumors had significantly longer disease-free survival compared with
patients with pS3-positive tumors. A similar tendency was revealed for overall survival,
with borderline statistical significance (p=0.06). Similarly, comparison of Kaplan-Meier
curves for pS3-negative and p53-positive patients within subgroups defined by stage,
grade, and residual tumor presence confirmed the Cox regression analyses of patients
stratified by the same variables. Figure 6-9-2 shows the disease-free and overall survival
curves for cancer patients with grades Gl and G2. In this subgroup, patients with p53-
negative tumors had substantially longer disease-free and overall survival than did
patients with p53-positive tumors (p<0.01). These differences were not observed in
patients with poorly differentiated cancer (Figure 6-9-3). For patients with residual tumor
after surgery (Figure 6-9-4) or late stage (Figure 6-9-5), there were no differences
between p53-positive and p53-negative tumors with respect to survival. Kaplan-Meier
curves were not calculated for patients with early stage cancer or with no residual tumor

because of the small number of patients in each p53-positive group.
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Chapter 7. Discussion

7-1. Molecular Basis of Sporadic Ovarian C

7-1-1. Oncogenes and Tumor Suppressor Genes

There is now overwhelming evidence that most human malignancies are the end result of
an accumulation of mutations within growth regulatory genes - oncogenes and tumor
suppressor genes - which are normal cellular genes involved in the control of cell
proliferation and differentiation. Whereas oncogenes normally act to stimulate cell
growth, and specific alteration of a single allele of a proto-oncogene is sufficient for its
activation, inactivation of both copies of a tumor suppressor gene is usually required to
circumvent the normal contraints to cell proliferation. Recently identified have been a
third class of cancer-related genes involved in DNA-mismatch repair, deficiencies of

which are thought to contribute to the mutation of growth regulatory genes.

Cellular proto-oncogenes are generally participants in various signal transduction
pathways integrating messages from the local external and internal environments and
leading to altered expression of genes influencing cell division and differentiation. The
most extensively studied oncogenes in ovarian cancer are HER2/neu and K-ras.
Overexpression of the HER2/neu gene, which codes for a growth factor receptor
structurally similar to epidermal growth factor receptor (EGFR) (Schechter et al., 1984),

has been identified in human breast and ovarian carcinomas and has been shown to result
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from the presence of multiple copies of the HER2/neu gene in these tumors (Slamon et
al., 1989). Increased levels of HER2/neu protein have been found in approximately one-
third of ovarian carcinomas (Slamon et al., 1989) and have been associated with poor
prognosis (Berchuck et al., 1990). Mutations in the ras proto-oncogene have been
identified in a wide range of human adenocarcinomas, as well as in approximately 50%
of borderline and invasive mucinous ovarian carcinomas (Mok et al., 1993; Teneriello et
al., 1993). Borderline ovarian tumors constitute a unique subgroup of ovarian neoplasms
characterized by an unusual degree of epithelial cell proliferation and atypia compared to
benign ovarian tumors, but they lack the stromal invasion characteristic of ovarian
carcinomas. Although they are known to metastasize within the peritoneal cavity, they
rarely result in death. The frequent finding of K-ras mutations in borderline tumors
(Pieretti et al., 1995) suggests that K-ras mutations are an early event in the development
of carcinoma of the ovary and that borderline tumors are indeed precursors to invasive

tumors. a notion that remains subject to controversy (Lawrence, 1995).

Loss of tumor suppressor gene function may occur by means of a number of mechanisms,
including deletion of the gene, inactivating mutations, absent gene transcription, or
inactivation of a structurally normal gene product. Loss of both functional copies of a
tumor suppressor usually resuits from an inactivating mutation in one allele and deletion
of the remaining wild-type allele, a condition referred to as loss of heterozygosity (LOH).
Almost a decade ago, cytogenetic analysis had revealed frequent structural aberrations

and deletions of chromosomes 1, 2, 6, and 11 (Tanaka et al., 1987), suggesting that
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inactivation of genes on these chromosomes may contribute to ovarian tumorigenesis.
Molecular genetic techniques have more recently been used to detect submicroscopic loss
of genetic material in ovarian tumors. Restriction fragment length polymorphism (RFLP)
analysis and microsatellite analysis of ovarian tumor cell lines and clinical tumor
specimens has revealed a high frequency of LOH on chromosomes 6p, 6q, 9q, 13q, 17p,
and 17q (Okamoto et al., 1991; Tsao et al., 1991; Cliby er al., 1993; Pieretti et al., 1995).
Of particular importance appear to be the losses of loci on chromosome 17: on the short
arm, LOH and mutations of the p53 gene as well as LOH at a more distal locus (17p13.3)
have been observed in a high percentage of ovarian tumors (Phillips ef al., 1993); on the
long arm, losses of the BRCAI region and a more distally located locus (17q22-23) are
frequently observed (Goodwin er al., 1993; Saito et al., 1993). In one study involving 16
polymorphic markers spanning the length of chromosome 17, LOH for at least one locus
on this chromosome was found in approximately 40% of ovarian tumors (Pieretti ef al.,
1995). More than 80% of the tumors with chromosome 17 loss exhibited loss of all
informative markers, suggesting complete loss of an entire chromosome 17 and therefore
that the loss of tumor suppressor genes on this chromosome confers a selective growth

advantage during tumor progression.

7-1-2. pS3 Alterations in Ovarian Cancer

Molecular genetic analysis of p53 has provided insight into ovarian cancer progression.
Somewhat controversial has been the notion that ovarian malignancies typically

presenting at diagnosis, where tumor is found at multiple sites throughout the peritoneal
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cavity, are unifocal in origin. One study comparing the mutational spectrum of the p53
gene in cancer cells at several sites within the same patients (Mok er al., 1992) and
another study combining p53 genetic analysis with X chromosome inactivation analysis
of primary tumors, metastatic deposits and ascites (Jacobs ef al., 1992) strongly support a
monoclonal origin of ovarian cancer. The same conclusion was formulated from the
findings of a cytogenetic analysis which found that the identical patterns of loss for
alleles examined on chromosomes 1, 6, 11, 13, 16, and 17 occured in the multiple tumor

sites within a patient with familial ovarian cancer (Gallion et al., 1996).

Although some studies have demonstrated the relative paucity of pS3 mutations or
chromosome 17p losses in borderline ovarian tumors compared to frankly malignant
tumors (Kupryjanczyk et al., 1995; Lee et al., 1995b; Wertheim et al., 1996), the
accumulation of pS53 protein has been reported to occur in 10-20% of these tumors
(Kupryjanczyk ef al., 1994; Hutson er al., 1995). Stage 1 ovarian tumors, however, are
found to have p53 protein accumulation at a much higher frequency (~40%)
(Kupryjanczyk et al., 1994), reflecting the higher mutation rate of stage I neoplasms
(Kupryjanczyk er al., 1995). While the bulk of evidence indicates that the p53 mutation
rate increases with the stage of the disease (Mazars er al., 1991; Kohler et al., 1993b),
chromosome 17 LOH analysis of ovarian carcinomas with areas of benign or borderline
epithelium adjacent to invasive carcinoma has suggested that p53 losses may appear early
in ovarian cancer progression. In one study (Zheng et al., 1995), 52% of ovarian

carcinomas had p53 mutations, compared to none of the tumors of low malignant
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potential and none of the solitary cystadenomas. However, all cystadenocarcinomas with
pS3 mutations and adjacent morphologically benign cysts harbored the same pS53
mutation in both tissues, and were further concordent with respect to LOH at the p53
locus. The simple explanation for this finding is that the small proportion of benign
ovarnian cysts which have p53 mutation may progress to malignancy, but it is also
possible that the p53-mutated benign cysts may be differentiated cells derived from the
adjacent carcinoma (Liu and Nuzum, 1995). The latter possibility is quite exciting as it
points to a viable treatment alternative to cytotoxic therapy for ovarian cancer patients,
that is, the forced differentiation of neoplastic cells achieved perhaps by pharmacological

agents.

A large number of studies have documented frequent allele loss and mutation of p53 in
human ovarian carcinomas and have related these genetic events to p53 protein
overexpression, phenotypic changes, and expression of other cancer-related genes.
Chromosome 17pl3 LOH has been observed in 50-90% of ovarian cancers of various
histologic types, determined primarily by RFLP analysis (Okamoto ef al., 1991; Tsao et
al., 1991; Foulkes et al., 1993; Phillips ef al., 1993; Frank et al., 1994; McManus et al.,
1994). Reflecting the likelihood that such chromosome losses might have targetted other
tumor suppressors near the p53 locus, p53 gene mutations affecting the protein coding
sequence have been found at slightly lower frequencies, ranging from 30 to 80% and
detected by SSCP followed by sequencing of aberrant cases (Okamoto et al., 1991,

Kihana et al., 1992; Naito et ai., 1992; Kupryjanczyk et al., 1993; Milner et al., 1993;
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Kim er al., 1995), by chemical mismatch cleavage (Sheridan er al., 1993), or by
temperature-gradient gel electrophoresis followed by direct sequencing (Kappes et al.,
1995). These studies have revealed that gross rearrangements of the p53 gene occur
infrequently in ovarian tumor specimens (Tsao ef al., 1991), in contrast to ovarian cancer
cell lines in which small p53 deletions and insertions were found in over half of the cell
lines examined (Yaginuma and Westphal., 1992; Runnebaum et al., 1994). p53 genetic
abnormalities are usually absent in benign ovarian tumors and in normal ovarian
epithelium (Naito et al., 1992). Identified in sporadic ovarian carcinomas have been
missense (mostly transition base substitutions), nonsense, and frameshift pS3 mutations,
as well as small (1-2 bases) intragenic deletions and insertions. These mutations have
been found to cluster in exons 5 and 7 (Mazars ef al., 1991; Sheridan er al., 1993; Niwa et
al., 1994; Kim et al., 1995), although mutations in other exons as well as polymorphisms
have also been reported (Kohler et al., 1993b; Kim et al., 1995). Interestingly, one recent
study reported an incidence of null mutations, including deletions, insertions, splice
junction changes, and nonsense mutations leading to truncation or complete absence of
the p53 gene product, equal to 20% in ovarian carcinomas, which is far greater than that
observed in the majority of other human cancers (Skilling ef al., 1996) and suggests that
p53 protein accumulation might not corrrelate closely with pS3 mutation (see below). The
predominance of transition mutations suggests that p53 mutational events in ovarian
cancer likely occur because of spontaneous errors in DNA synthesis and repair rather than
by the direct interaction of carcinogens with the p53 DNA sequence (Greenblatt et al,

1994). While the screening of hereditary ovarian cancer patients in one study did not
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reveal any germline p53 mutations but found only silent polymorphic base substitutions
(Buller er al., 1995), another group reported the presence of a splice site p53 mutation in

a family with hereditary breast-ovarian cancer syndrome (Jolly et al., 1994).

As in other cancers, overexpression of p53 protein in ovarian cancer appears to correlate
closely with the presence of p53 gene mutations, particularly those in the highly
conserved central domain of p53 (Marks et al., 1991; Kupryjanczyk et al., 1993; Kappes
et al., 1995). A similar general concordance has also been demonstrated between p53
protein accumulation and allelic loss on chromosome 17p13 (Eccles et al., 1992; Frank ef
al., 1994; McManus et al., 1994; Sheridan et al., 1994). In all of these studies, p53
accumulation was predominantly nuclear and was detected by standard [HC techniques
coupling monoclonal or polyclonal immunoreagents against p53 to enzyme-driven
chromogen deposition in fresh frozen (Eccles et al., 1992; Sheridan et al., 1994) or
formalin-fixed, paraffin-embedded (Marks et al.. 1991; Kemns et al., 1992; Kupryjanczyk

et al., 1994; Renninson ef al., 1994) ovarian tumor tissues.

A number of biochemical, histologic, and anatomic characteristics of ovarian tumors
thought to indicate the tissue proliferative capacity and degree of differentiation have
been associated with p53 gene mutation and/or protein overexpression. Significantly
correlated with p53 abnormalities have been DNA aneuploidy (Marks et al., 1991;
Kihana er al., 1992), Ki-67 expression (Henriksen et al., 1994), high histologic grade

(Kupryjanczyk et al., 1993; Hartmann et al., 1994; Kupryjanczyk et al., 1993: Kim et al,
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1995), serous histotype (Kupryjanczyk ef al., 1993; Fujita er al., 1994; Rennison et al.,
1994), large tumor size (Kohler er al., 1993b), high S-phase fraction (Klemi et al., 1995),
and late stage (Marks et al., 1991; Niwa et al., 1994; Kim et al., 1995). Demonstration of
these associations has not been consistent, however, since other studies have not shown
pS3 mutation or overexpression to be related to some these factors (Marks et al., 1991;
Renninson et al., 1994; Niwa et al., 1994, Klemi er al., 1995). On the other hand, two
studies comparing the presence of p53 mutations and activating mutations in K-ras were
in agreement that these two events occur independently of each other (Teneriello ef al.,
1993; Fujita et al., 1994). The possibility that p53 abnormalities might associate with at
least some of these other factors known or suspected to predict survival of ovarian cancer
patients led to studies examining the prognostic potential of pS3 mutations and protein
overexpression. These studies too have not been concordent given that disease recurrence
or overall survival was not significantly related to either pS3 mutation (Niwa er al., 1994;
Sheridan er al., 1994) or to p53 protein accumulation (Marks et al., 1991; Kohler e al.,
1993a; Hartmann et al., 1994) in many of the multivariate survival analyses performed to
date, while in a few other studies, p53 immunostaining was an independent predictor of
survival in patients with serous ovarian tumors (Klemi ef al., 1994) and in patients with a
variety of malignant epithelial ovarian neoplasms (Klemi et al., 1995; van der Zee et al.,
1995). Clearly, further studies are needed to clarify the prognostic utility of p53 alteration

in ovarian cancer.
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7-2. 083 Protein A lation in T Tissue D 1 by ELISA

[HC staining of tumor tissues for p53 protein is a rapid and simple technique which,
unlike biochemical analysis, can identify distinct staining patterns at single cell
resolution. An often cited disadvantage of p53 immunostaining, the significant rate of
false-negative and false-positive predictions of the mutational state of the p53 gene,
would be expected to be shared by any method of p53 protein detection and may be
dependent, at least to some extent, on the relative immunoreactivities of the antibodies
employed in these methods to the altered p53 proteins produced by the mutant p53 genes.
However, the choice of tissue (Bartek er al., 1993; Fisher et al., 1994) may also affect the
staining intensity and distribution of stained cells using a single anti-pS3 antibody. The
section pretreatment, such as by enzymatic digestion or by microwaving to unmask
otherwise cryptic pS3 epitopes (Baas et al., 1994; Lambkin er al., 1994; Tenaud et al.,
1994), is another example. Since monoclonal anti-p53 antibodies differ in their epitope
specificities and p53 mutants may vary in terms of epitope expression, selection of the
primary immunoreagent is probably the single most important factor determining the
success of [HC for p53 protein detection. It was therefore suggested that a cocktail
consisting of at least three antibodies, one recognizing each of the three functional
domains of p53 protein, enhances detection sensitivity (Tenaud et al., 1994). Monoclonal
antibodies are also differentially sensitive to fixation-induced epitope loss. As a
consequence, certain antibodies may simply be ineffective on sections processed in
particular fixatives (Baas et al., 1994, Vojtesek er al., 1992), and although antigen

retrieval procedures have solved this problem in many cases, these techniques may also



differ in effectiveness depending on the antibody used for p53 detection (Lambkin er al,
1994; Tenaud et al., 1994). In addition, storage of paraffin slides for prolonged periods of
time before staining has been associated with loss of p53-immunoreactivity (Prioleau and
Schnitt, 1995). Finally, there is the subjective nature of interpreting I[HC, image analysis
being the exception, and the subdivision of specimens into groups (often simply p53-
negative and pS53-positive) based on arbitrary criteria. Numerous scoring systems for
designating the p53 status of tumor tissues have been devised which differ widely in
complexity. Such lack of consensus as to what constitutes positive p53 expression,
together with the wide range of IHC procedures used in the different studies, has meant
that the results of pS3-immunostaining in any tissue must be interpreted cautiously

(Wynford-Thomas, 1992).

Although ELISA-type immunochemical assays have been applied mostly to serum, they
have also been used for other fluid matrices, including cell extracts from pulverized
tissues. All ELISAs of p53 protein developed to date (Midgley er al., 1992; Vojtesek er
al., 1992; Hassapoglidou er al., 1993), including the two which are commercially
available (Oncogene Science, Uniondale, NY, USA), are of a "sandwich" configuration in
which soluble p53 is immobilized between a solid phase monoclonal antibody
recognizing mutant, wild-type, or both forms of p53, and enzyme-labelled polycional
antibodies. Because the signal intensities are quantitative, ELISAs are far less subjective
and obviate the high level of professional training needed to meaningfully interpret the

results of immunostaining in a standardized manner. Furthermore, the requirement for
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pS3 protein to simultaneously bind two immunoreagents and the rigorous multiple
washing steps between incubations may impart to ELISAs a greater degree of specificity.
Greater sensitivity may also result from the reduced background signal in the tumor
extracts, due to washing steps but also by the use of a sample matrix containing only
soluble components. Antigen unmasking is therefore not required in ELISAs. However,
the major limitation of ELISAs is the requirement for fresh frozen tissue, since they
cannot be applied to fixed tissue. Another major disadvantage of ELISAs of p53 is related
to specimen processing. Pulverization of the tissue, necessary for evenly distributed cell
lysis, destroys all tissue architecture and hence any information regarding the relationship
between p53 expression and histologic features. The p53 concentration in each extract
simply represents the average p53 protein level throughout the portion of the tissue
sampled. Accurate interpretation of ELISA results, like those of IHC, must take into
account the specificity of the primary antibody, which may recognize wild-type and/or
mutant p53 protein and which may, theoretically, display different affinities for p53

proteins mutated at different sites.

Comparison between ELISA and IHC for p53 protein detection, performed in parallel on
the same tumor tissues, has been reported for breast (Vojtesek er al., 1993), colon
(Joypaul et al., 1993), and gastric (Joypaul er al., 1993) cancers. These authors found
statistically significant correlations between p53 protein concentrations in frozen tissue,
measured by an ELISA method employing DO-1 and CM-1 antibodies, and the p53

immunostaining scores using polyclonal CM-]1 antiserum in sections of matched
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formalin-fixed, paraffin-embedded tissues. Since there were cases in both studies,
however, in which ELISA failed to confirm the p53-positive status indicated by IHC, the
latter technique was claimed to be more sensitive. Although it was not the purpose of the
present study to address this issue, when a standard IHC procedure for p53 protein was
performed using a different anti-p53 antibody on frozen sections of two ovarian tumors
for which extracts were also prepared and assayed for pS3 by our immunofluorometric
assay (in order to validate the latter method when applied to this tissue), very good
concordance was shown between immunostaining results and the p53 concentrations

measured by our ELISA.

To further validate the findings of our immunoassay, the p53 protein expression status of
nine other ovarian tumors was compared with the alterations in the p53 gene sequence in
the same specimens suggested by SSCP analysis. Aberrant band shifts were found in four
out of six specimens in which p53 protein accumulation occured but were also found in
one of the three pS53-negative ovarian tumors. Numerous explanations could have
accounted for the imperfect concordance between the SSCP and ELISA analyses. For
example, it is possible that mutant p53 genes leading to overexpression of
conformationally-altered p53 protein, detectable by PAb240 antibody in our
immunoassay, may have escaped detection by SSCP analysis if the p53 mutation led to
single-stranded conformers not resolvable from those of wild-type pS3. Furthermore, the
expression of a stabilized p53 protein may also have resulted from mutation outside of

the range of p53 exons examined (5 to 8) or as a consequence of nonmutational
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mechanisms. Conversely, an SSCP-positive result reflecting true p5S3 mutation may have
been accompanied by the absence of detectable p53 protein if the mutation caused a
reading frameshift leading to early transcription termination and thus to an unstable,
truncated protein product which might have been rapidly degraded or might simply not
have expressed the cryptic PAb240 epitope necessary for its detection by our ELISA. In
the latter case, modification of our ELISA by replacing the primary capture antibody,
PAb240, by a monoclonal antibody such as DO-1 which recognizes an amino terminal
epitope expressed on both mutant and wild-type conformations of p53 protein might have
led to improved agreement between ELISA and SSCP. Finally, SSCP mobility shifts in
the absence of pS53 protein accumulation might also have resulted from genetic
polymorphism, as has been reported elsewhere (Murakami er al., 1991). Although all of
these possibilities are supported by observations in the literature, they remain purely
speculative since further investigations were not carried out. Indeed, although sequencing
all of the nine cases might have eliminated or demonstrated at least some of the invoked
explanations, it was not performed in this study. Similar discordance in some cases has
been noted by other workers comparing p53 protein expression and SSCP findings in

ovarian cancers (Kupryjanczyk et al., 1993; Kappes et al., 1995).

This study represents the first application of a p53 immunoassay developed earlier in our
laboratory (Hassapoglidou ef al., 1993) to the quantification of p53 in ovarian carcinomas
and is also the first study, to our knowledge, in which p53 protein concentrations

measured by an ELISA were related to clinicopathologic features and to survival of
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patients with a malignant disease. Previously, the same immunoassay had been used in
two studies to determine pS3 protein levels in cytosolic extracts of breast tumors, but
patient clinical information was not available for either of the populations studied, thus
preciuding survival analysis (Hassapoglidou et al., 1993; Levesque et al., 1994). In one
of these studies (Levesque et al., 1994), concentrations of p53 protein were found to be
negatively associated with those of estrogen (ER) and progesterone (PR) receptors and
also with those of carcinoembryonic antigen (CEA), but were not significantly associated
with prostate-specific antigen (PSA) levels, in over 950 breast tumor tissue extracts
prepared for steroid hormone receptor analysis. Another study of 200 breast tumor
extracts from patients whose cancers were characterized for pS3 protein levels by our
ELISA and for the expression of PSA, ER, PR, EGFR, cathepsin D, and HER-2/neu, as
well as for S-phase fraction and DNA ploidy, demonstrated a number of significant
associations between p53 expression status and these other variables (Levesque ef al.,
1995a). Breast tumor specimens in which p53 protein concentrations exceeded a cutoff
point of S U/g were found to have reduced levels of both steroid hormone receptors, to
have elevated expression of EGFR and HER-2/neu, to have higher S-phase fractions, and
to be more likely of aneuploid DNA content, compared to pS53-negative breast tumor
specimens. These findings were highly suggestive that pS3 protein accumulation,
determined by an ELISA method, tended to occur in breast tumors which lacked steroid
hormone growth dependence, expressed oncogene products known to be associated with
aggressive tumor phenotypes, and displayed increased proliferative activities compared to

breast tumors not overexpressing p53 protein. A study employing an improved
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immunofluorometric assay of p53 protein (Levesque et al., 1995b) for assessing the
prognostic utility of p53 in a much larger series of breast cancer patients for whom
detailed follow-up information, including survival, is available is currently in progress

(Levesque et al., 1996).

The previous studies relating p53 expression to other features of breast cancer used
extracts prepared from the pulverized breast tumors by vigorous homogenization without
the addition of enzymes to digest the tissue matrix, followed by ultracentrifugation. This
method had been shown to be optimal for the isolation of steroid hormone receptors prior
to their quantification in breast tissue, but its application to ovarian tumor tissue for the
analysis of p53 might not have been appropriate. p53 protein has different
physicochemical properties from those of ER or PR, and compared to breast tumors,
which usually have a prominant adipose tissue component, tumors of the ovarian
epithelium tend to be more fibrous. For these reasons, variations of three different
extraction procedures for the release of soluble p53 protein from six resected ovarian
tumors were compared in a simple experiment, from which one method was selected to
be applied to all 90 specimens included in the study. Since the more labor-intensive
homogenization or ultracentrifugation did not significantly improve the yield of p53
released from most of the specimens tested, the simplest procedure was chosen and was
based on detergent-mediated cell lysis and moderate-speed centrifugation. Additional
experiments, however, such as comparison of total protein extraction efficiencies between

the eight methods differing in their use of buffers, centrifugation speeds, and proteinase
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inhibitors, and recovery experiments of protein added to each of the buffers, were not
performed. One variation of the selected method which was investigated, the inclusion of
a homogenization step before incubation with cell lysis buffer, was shown not to
noticeably improve the reproducibility of the p53 protein concentrations measured in 18
pairs of identical suspensions of ovarian tissue powders in lysis buffer. Sufficient tumor
tissue was available for each of the specimens so that the tissue remaining after sampling
could be stored for future studies. In order to avoid any kind of bias in sampling from
each of the 90 tumors and to ensure that the extracts used for p53 analysis were
representative of the specimens, three pieces of tissue were cut from each tumor and were
independently pulverized, extracted and assayed for p53 and for total protein so that the
concentrations of the former analyte were divided by those of the latter to provide p53

protein levels adjusted for the extraction efficiencies.

For the statistical analysis in which associations between p53 expression and other
variables, including survival, were examined, protein-adjusted concentrations of p53 were
assigned p53-negative or p53-positive status based on a cutoff level of 3 U/g. While there
was no a priori biological rationale for the selection of this cutoff value, which resulted
in a 43% p53-positivity rate, its use was convenient and suggested by the bimodality of
the distribution of log-transformed p53 concentrations. Selection of other cutoff points
within the range of 2-10 U/g would not have markedly changed the p53-positivity rate
since only seven specimens had p53 concentrations in this range. The application of the

Receiver Operator Characteristic (ROC) analysis (Zweig and Campbell, 1993) would



have been inappropriate in this case due to the lack of a “gold standard” method for p53
protein detection. Selection of a reasonable cutoff point for pS53-positivity which
exceeded a certain percentile of a distribution of p53 in extracts of normal epithelial

ovarian tissue was not possible due to the unavailability of such tissues.

7.3, p53 Protein S i Survival of Ovarian C Pati

In this study, groups of ovarian tumors defined on the basis of stage, grade, residual
tumor presence, or histotype classifications were found to differ in their p53-positivity
rates, suggesting associations, between p53 overexpression status and the status of these
other variables, which might prove to have confounding influences on the relationship
between p53 and patient survival. Consistent with other workers who reported that the
p53 mutational frequency is lower in early stages of ovarian cancer (Mazars er al., 1991;
Kohler et al., 1993a; Hartmann et al., 1994; Niwa et al.. 1994; Kim et al., 1995), we
observed increasing positivity rates for p53 protein as stage increased (ie. 5%, 17%, 57%,
and 67% in Stages I, I1, III, and [V, respectively). The increase in p53-positivity rate with
the increasing anatomic extent of the malignancy may indicate that aberrant pS3
expression may be a relatively late event in ovarian carcinogenesis that occurs during
tumor invasion and metastasis, or that ovarian cancers without p5S3 mutation represent a
different and perhaps less aggressive subset of tumors which metastasize less frequently.
The relationship between p53 and stage also may have accounted for the association
observed between p53 and the estimated size of the tumor remaining after laparotomy,

assuming that more extensive disease is less likely to have been completely eradicated by
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surgery. With respect to histologic type, the highest percentage of p53-positive specimens
occurred in serous tumors (61%), followed by undifferentiated (60%), unclassified (50%),
mucinous (38%), clear cell (29%), and endometrioid (10%) tumors. This finding is also
in agreement with previous reports which demonstrated a greater prevalence of p53
mutations and/or protein accumulation in serous carcinomas compared to those of
endometrioid or mucinous histotypes (Eccles et al., 1993; Kupryjanczyk er al., 1993;
Milner et al., 1993; Renninson et al., 1994; Klemi et al., 1995) and suggested that factors
relating to disease etiology, associated with the histological types, may determine the
frequency of functional inactivation of the p53 gene. Our finding that the p53-positivity
rates increased also as the tumors became less tissue-specifically differentiated (ie. high
grade) confirmed earlier work reported elsewhere (Kim et al., 1995; Klemi et al., 1995)
and was not surprising given the inverse relationship generally attributed between tumor

grade and proliferative activity.

In a preliminary analysis to demonstrate associations between relapse or death and status
for the potential prognostic markers, including pS53, it was found that patients who had
relapsed during their respective follow-up periods were more likely to be post-
menopausal, to have advanced stage and high grade disease, to have tumors of serous
histological appearance, to have residual tumor remaining after cytoreductive surgery,
and to have p53-positive extracts prepared from their ovarian tumors. Similarly, patients
who had died during follow-up tended to be those with late stage, serous tumors which

were not completely resected and which overexpressed p53 protein. Because this analysis
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did not control for the variable lengths of follow-up between individual patients, many of
whom became censored before the time of study termination and data analysis, it merely
suggested that these variables were predictive of disease outcome. Some of the
associations implied by this analysis were confirmed, however, in the more appropriate
Cox proportional hazard regression analysis, performed at both univariate and

multivariate levels.

Initial univariate analysis revealed that the detection of mutant pS3 protein in ovarian
cancer was significantly associated with increased frequency of relapse and death.
Patients with late disease stage, poorly differentiated tumors, or residual cancer diagnosed
after surgery also had significantly higher risk for both relapse and death. In muitivariate
analysis, where the contribution of all other factors in the model were controlled, only the
presence of postsurgical residual tumor was associated significantly with survival,
whereas none of the other markers, including p53, showed any independent predictive
value for patient prognosis. In another study, it was proposed that such predictive value
may be established at least for some of these parameters if longer follow-up periods are
evaluated (Hartmann ez al., 1994). Failure of p53 immunostaining or mutation to predict
survival of ovarian cancer patients in multivariate analysis has been an almost universal
finding in the literature (Marks et al., 1991; Kohler er al., 1993a; Hartmann et al., 1994;
Niwa et al., 1994; Sheridan et al., 1994), although a few studies did implicate p53 protein
accumulation with poor overall survival (Klemi et al., 1994; Klemi et al., 1995) or with

both progression-free survival and overall survival (van der Zee et al., 1995).
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Because postsurgical residual tumor presence, disease stage, and histologic grade were all
associated significantly with both p53-positivity and survival outcome, the possible
existence of interactions between these factors on patient survival were considered
because such interactions may lead to improper observation of the associations of these
markers with the outcome variables (Rosner, 1995). To avoid the possible effects of these
interactions and simultaneously to control for the confounding influence of other factors
when the predictive value of p53 was examined, we evaluated the relationship between
p53 expression and survival in patients who were classified into groups based on their
stage, grade, and residual tumor categories. In this analysis, a strong and significant
association was found between the presence of p53 accumulation and increased risk for
cancer relapse and death in well or moderately differentiated tumors (Gl or G2), but not
in poorly differentiated tumors (G3). This association was also observed in the subgroup
of patients who had no residual tumor. Similar predictive value of p53 was also
suggested, although not to a statistically significant degree, in patients with early stage
disease (I or I) but not in those with late stage cancer (III or IV). These observations
were further demonstrated by the Kaplan-Meier survival curves of patients subclassified
by grade, stage, or residual tumor presence with the exceptions that such survival plots
could not be constructed for the subgroups of patients with Stage [-II disease or with no
residual tumor because of the small number of patients in each p53-positive category who

developed cancer relapse or death.
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To our knowledge, this study is the first to demonstrate a statistically significant
relationship between the accumulation of p53 protein and poor outcome in a subset of
ovarian cancer patients, in this case those who had either well or moderately
differentiated carcinoma. The association between p53 overexpression and reduced
survival either in all patients or in the G1/G2 subgroup could not be explained by a
tendency of pS53-negative patients to receive potentially life-extending postoperative
therapies, since all but one of the 39 p53-positive patients received cisplatin-containing
regimens while only 30 of the 51 p53-negative patients were treated. In one of the two
studies that examined pS53 protein overexpression in early stage ovarian cancer (Hartmann
et al., 1994), no association was found between p53 abnormality and overall survival of
Stage [ patients in multivariate analysis, although the relationship approached statistical
significance at the univariate level. Another study also reporting that pS3 overexpression
was not associated with adverse outcome in early stage (I-1I) patients confirmed the [HC
findings in many cases by direct sequencing of the p53 gene. (Kohler er al., 1993a). The
only other study in which the prognostic significance of pS3 was evaluated in a subgroup
of patients considered the survival of patients with Stage III/IV tumors, who were
revealed to exhibit similar unfavorable outcome regardless of pS3 status (van der Zee er

al., 1995), an observation in agreement with our findings.

Our results prompted us to speculate that in tumors that are not well differentiated, in
addition to or independent of the presence of p53, the function of other genes may confer

an aggressive phenotype to the ovarian tumors which ultimately lead to the relapse and
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demise of the patient. These genes of uncertain identities may not be expressed in G1 or
G2 malignant lesions, and in this case, the unfavorable aspect of pS3 inactivation may
become manifest. Alternatively, it is also possible that ovarian neoplasms which are well
or moderately differentiated and nonmetastatic at the time of diagnosis represent a
different, less aggressive subset of ovarian tumors which are less likely to have acquired
p53 mutations. The lack of an easily identifiable premalignant lesion in the ovarian
epithelium, in contrast to breast and colon cancers, is a major obstacle in determining

whether aberrant p53 expression is an early or late event in ovarian carcinogenesis.

It is recognized that most patients with ovarian cancer have advanced disease at the time
of diagnosis and will therefore receive postoperative chemotherapy regardless of tumor
grade of other features. Our findings might be useful in guiding treatment decisions in the
small number of patients who present with early stage, low grade disease. In these
patients, assessment of p53 gene alterations or p53 protein overexpression might identify
those at higher risk of relapse and/or death, and hence for whom adjuvant treatment

would be warranted.

7-4. Conclusions

Using a time-resolved immunofluorometric assay to quantitate p53 protein expression in
extracts of 90 epithelial ovarian carcinomas, and the application of Cox proportional
hazard regression and Kaplan-Meier survival analyses, the presence of p53 protein

accumulation in patients with well or moderately differentiated disease was shown to be a
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strong and significant indicator of reduced disease-free and overall survival. In addition,
ovarian cancer patients with no diagnosable postsurgical malignancy displayed
significantly worse disease-free outcome when p53 protein was overexpressed in their
tumors, and a trend was similarly found between p53-positivity and disease-free survival
of patients with early stage disease. In poorly differentiated or late stage ovarian cancer,
however, other gene products may be linked to the invasive and metastatic phenotype and

hence may be of use as prognostic indicators.
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FLUORESCENCE 1 ine phosphatase (ALP)-

T conjugated goat anti-rabbit lgG
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Diflunisal phosphate

CM-1 rabbit polyclonal
antiserum against pS3
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Polystyrene microtitre well

Figure 5-4-1-1. Schematic of p53 Immunofivorometric Assay
Configuration
For details of reagent concentrations, incubation times, washing steps, and instrumentation, see
Chapter 5-4. and refer to Hassapoglidou e al., 1993. See also Chapter 6-2. for comments on
assay performance.
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Figure 6-1-1. Comparison of Extraction Methods for p53
Solubilization from Ovarian Tumors

Extracts prepared by eight different protein extraction methods from six ovarian tumors
were assayed for p53 by immunofluorometric assay. Each tumor is represented by a
single symbol.

Methods used were:

A steroid hormone receptor extraction buffer, spun 100,000 g for 1 hour
B steroid hormone receptor extraction buffer, spun 15,000 g for 1 hour
C steroid hormone receptor extraction buffer, spun 15,000 for 30 minutes

Selected D buffer of Bartkova et al., 1993, spun 100,000 g for 1 hour
Method E buffer of Bartkova et al., 1993, spun 15,000 g for |1 hour
——— = F buffer of Bartkova et al., 1993, spun 15,000 g for 30 minutes

G buffer of Lavigueur et al., 1989, spun 15,000 g for 30 minutes
H buffer of Lavigueur et al., 1989, spun 15,000 g for 5 minutes

For details of the experimental procedure, see Chapter 5-2. For comments on the results,
see Chapter 6-1.
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Figure 6-2-1-1. Calibration Curve of p53 Immunofiuvorometric
Assay

p53 standard solutions, assayed in duplicate, were dilutions of an ovarian tumor extract
with high pS3 immunofluorescence assigned an arbitrary p53 concentration of 1000 U/L.
See Chapter 5-4-4. for details.
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Figure 6-2-4-1. Distribution of p53 Concentrations in Ovarian
Tumor Extracts

Values are expressed relative to the total protein content of the 90 extracts assayed. The
dotted line represents the pS3 concentration (3 U/g) used as the cutoff point for p53-

positivity.



Figure 6-3-1. immunohistochemical Staining for p53 Protein
Frozen sections of two ovarian tumor tissues shown to be highly p53-positive (panel A)
and p53-negative (pane! B) by immunofluorometric assay were immunostained with DO-1
antibody and an avidin-biotin-peroxidase complex detection system (x400 magnification).
See Chapter 5-7. for details of the experimental procedure and Chapter 6-3. for comments
on the results.
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Figure 6-4-1. Single-Strand Conformation Polymorphism Analysis
of the p53 Gene
DNA from nine ovarian tumors and from COLO 320HSR cells were subjected to SSCP
analysis following PCR amplification. Autoradiographs showing exons 5-6, 7, and 8, are in
panels A, B, and C, respectively. See Chapter 5-8. for details of experimental procedure and
Chapter 6-4. for comments on the results.



1.0

cood e
ol L | _ P53 - (n=51)
o] 0.6 I Y PP PP
0 &= L
Q L.
a L e 1
§ 04 - l_|p=0.03
2 A
a |
02 - P53 + (n=39)|
|
|
00 | - l |
0 10 20 30 40
1.0 L'I:L“‘L---l_ll
L _
-
0.8 - I — pS&3 - (n=51)
o S i
‘8 0.6 L:_ L——
6 -
;
a =0.06
S 04 P
> 1
2 Lo
3 02 |
e p53 + (N=39) |
00 i | ] 1
0 10 20 30 40 50

Survival Time (Months)

134

Figure 6-9-1. Kaplan-Meiler Survival Analysis for All Patients

Panel A shows disease-free survival while panel B show overall survival for all p53-
negative and p53-positive patients without subclassification. Differences between
curves were evaluated by the log rank test. See Chapters 5-10-3. and 6-9 for details.

n: number of patients
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Figure 6-9-2. Kaplan-Meler Survival Analysis for Patients with Low

Grade Tumors

Panel A shows disease-free survival while panel B show overall survival for all pS3-
negative and p53-positive patients with Grade G1-G2 disease. Differences between curves
were evaluated by the log rank test. See Chapters 5-10-3. and 6-9 for details.

n: number of patients
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Figure 6-9-3. Kaplan-Meier Analysis for Patients with High

Grade Tumors

Panel A shows disease-free survival while panel B show overall survival for all p53-
negative and p53-positive patients with Grade G3 disease. Differences between
curves were evaluated by the log rank test. See Chapters 5-10-3. and 6-9 for details.

n: number of patients
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Figure 6-9-4. Kaplan-Meler Analysis for Patients with

Residual Tumors

Panel A shows disease-free survival while panel B show overall survival for all p53-
negative and p53-positive patients with residual tumor. Differences between curves
were evaluated by the log rank test. See Chapters 5-10-3. and 6-9 for details.

n: number of patients
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Figure 46-9-5. Kaplan-Meler Survival Analysis for Patients with Late
Stage Tumors

Panel A shows disease-free survival while panel B show overall survival for all p53-
negative and p53-positive patients with Stage I1I-IV disease. Differences between curves
were evaluated by the log rank test. See Chapters 5-10-3. and 6-9 for details.

n: number of patients



139

Table 5-5-1. Characteristics of Patient Population

Variable Number of Patients
Menopausal Status’
Pre 36
Post 53
Stage
| 21
I1 6
I 51
v 12
Grade
Gl 16
G2 25
G3 49
Histologic Type
Serous 36
Endometrioid 21
Mucinous 8
Clear Cell 7
Undifferentiated 10
Unclassified 8

1. Menopausal status unknown for one patient.
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Table 5-8-1-1. p53 Exons Amplified and Primers Used in PCR

Amplified p53 Exon Primers Used
Exon Codons Included' Lengtllz Sequence
Exon 5-6° 126 - 201 331 5’-GGAATTCTTCCTCTTCCTGC
AGTACTC-3’
5’-GGAATTCGCAAATTTCCTTC
CACTCGG-3¥’
Exon 7 225 - 261 145 5’-GGAATTCGTGTTGTCTCCTA
GGTTGGC-3’
5’-GGAATTCCAAGTGGCTCCTG
ACCTGGA-¥’
Exon 8 262 - 316 167 5’-GGAATTCCCTATCCTGAGTA

GTGGTAA-3’
5’-GGAATTCGTCCTGCTTGCTT
ACCTCGC-3’

WI\):—

(codons 188-201).

Range indicates codon positions.
Length given in number of bases.
Amplified fragment includes all of exon 5 (codons 126-187) and part of exon 6
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Table 6-4-1. Summary of SSCP Analysis of p53 Gene and
Comparison with p53 Immunofiuorometric Assay Resulis

Specimen SSCP Analysis Immunofluorometric Assay
Migntion of PCR Product p53 Conec. (U/g) Status'
Cell Line
COLO 320HSR Shift in Exon 7 Fragment 82.23 Positive
Ovarian Tumors
1 Normal 37.39 Positive
2 Shift in Exon 5-6 Fragment 0.513 Negative
3 Shift in Exon 5-6 Fragment 68.57 Positive
4 Shift in Exon 8 Fragment 64.48 Positive
5 Normal 19.27 Positive
6 Shift in Exon 8 Fragment 81.37 Positive
7 Normal 1.30 Negative
8 Shift in Exon 7 Fragment 9.26 Positive
9 Normal 0.43 Negative

1. p53-positivity status based on cutoff point of 3 U/g.
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Table 6-5-1. Associations Between p53 and Other
Clinicopathologic Variables

Variable Number of patients (%)
: P value'
pS3-negative pS3-positive

Age (years)

<40 8 (80.0) 2 (20.0)

40-49 14 (66.7) 7 (33.3)

50-59 16 (48.5) 17 (51.5)

60+ 13 (50.0) 13 (50.0) 0.22
Menopausez

Pre 25(69.4) 11 (30.6)

Post 26 (49.1) 27 (50.9) 0.06
Stage

I-11 25 (92.6) 2(74)

II-1V 26 (41.3) 37 (58.7) <0.01
Grade

Gl 14 (87.5) 2(12.5)

G2 15 (60.0) 10 (40.0)

G3 22 (44.9) 27 (55.1) 0.01
Residual tumor (cm)3

0 28 (82.4) 6(17.6)

<5 14 (46.7) 16 (53.3)

>5 9 (36.0) 16 (64.0) <0.01
Histotype

Endometrioid 19 (90.5) 2(9.5)

Serous 14 (38.9) 22 (61.1)

Others 18 (54.5) 15 (45.5) <0.01

1. p values determined from Chi-square tests.
2. Menopausal status unknown for one p53-positive patient.
3. Residual tumor unknown for one p53-positive patient.
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Table 6-6-1. Associations Between Clinicopathologic Variables, p53 and

Cancer Relapse or Death!
Variable Number of patients (%) p value! Number of patients (%) P value’
Relapse Relapse-free Dead Alive

Age (years)

<40 2(20.0) 8 (80.0) 2(20.0) 8 (80.0)

40-49 8 (38.1) 13 (61.9) 7(33.3) 14 (66.7)

50-59 13 (39.4) 20 (60.6) 7(21.2) 26 (78.8)

60+ 12 (46.2) 14 (53.8) 0.55 11(42.3) 15(57.7) 0.30
Menopausef'

Pre 10 (27.8) 26 (72.2) 9(25.0) 27 (75.0)

Post 25(47.2) 28 (52.8) 0.07 18 (34.0) 35 (66.0) 0.37
Stage

I-11 3L 24 (88.9) 0 27 (100)

1-1v 32(50.8) 31(49.2) <0.01 27(42.9) 36 (57.1) <0.01
Grade

Gl 1(6.2) 15 (93.8) 2(i2.5) 14 (87.5)

G2 12 (48.0) 13 (52.0) 6 (24.0) 19 (76.0)

G3 22 (44.9) 27(55.1) 0.01 19 (38.8) 30 (61.2) 0.10
Residual tumor (cm)’

0 4(11.8) 30(88.2) 12.9) 33 (97.1)

<5 15 (50.0) 15 (50.0) 10 (33.3) 20 (66.7)

>5 15 (60.0) 10 (40.0) <0.01 15 (60.0) 10 (40.0) <0.01
Histotype

Endometrioid 3 (14.3) 18 (85.7) 209.5) 19 (90.5)

Serous 16 (44.4) 20 (55.6) 11 (30.6) 25 (69.4)

Others 16 (48.5) 17 (51.5) 0.03 14 (42.4) 19 (57.6) 0.04
p53

Positive 20(51.3) 19 (48.7) 16 (41.0) 23 (59.0)

Negative 15(29.4) 36 (70.6) 0.04 11 (21.6) 40 (78.4) 0.05

1. In this analysis, the follow-up time for each patient was not taken into consideration.
2. p values determined from Chi-square tests.
3. Menopausal status unknown for one p53-positive patient.
4. Residual tumor unknown for one p53-positive patient.
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Table 6-7-1. Cox Proportional Hazard Regression Analysis

Variable ~___Relapse p value Death p value
HR'  95%CP HR' ~ 95% CP

Univariate Analysis:

ps3’ 2.03 1.06-3.89 0.03 1.95 0.96-3.97 0.06

Age 1.02 0.99-1.05 0.10 1.03 1.00-1.07 0.04

Grade® 2.23 1.11-4.47 0.02 3.22 1.42-7.30 0.01

Stage’ 728  220-24.11 <00l 0’

Residual®

Tumor 8.31 2.90-23.83 <0.01 27.48°  2.70-2044 <0.01
Multivariate Analysis:

ps3’ 0.84 0.41-1.72 0.63 0.86 0.40-1.87 0.72

Age 1.03 0.99-1.06 0.11 1.04 1.00-1.09 0.05

Grade® 0.79 0.38-1.67 0.54 1.00 0.42-2.34 0.99

Stage’ 269  0.55-13.15 022 0’

Residual’®

Tumor 5.35 1.42-20.14  0.01 30.89° 3.83-2488 <0.01

' Hazard Ratio.

2 Confidence Interval.

3 p53 presence versus p53 absence.

* Grade G1 and G2 versus G3.

5 Stage [ and II versus stage Il and IV.

% Residual tumor presence versus residual tumor absence.

”No death in the group of patients with stage I-II.

® Only one death in the group of patients with no residual tumor.
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Table 6-8-1. Cox Proportional Hazard Regression Analysis for

Subgroups of Patients

Variable __Relapse p value __ Death p value
HR"~ 95% CI HR" ~ 95% CI*

Grade 1-2:
ps3’ 11.07 3.28-37.34  <0.01 25.03  3.06-204.7 <0.01
ps53* 943 2.73-32.54 <0.0 20.67 2.52-169.3 0.0l
Grade 3:
p53’ 0.54 0.24-1.24 0.15 048  020-1.17 0.1l
ps3! 0.55 0.24-1.26 0.16 0.46  0.18-1.13  0.09
Stage I-11:
ps3’ 582  051-6681  0.16 0’°
p53* 843 046-1542  0.15 0°
Stage IHI-IV:
p53’ 1.04  0.53-2.05 0.90 0.97 047-198  0.92
p53* 094  0.46-1.90 0.86 0.76 0.35-1.62  0.76
No residual tumor:
p53° 14.17  1.45-1383  0.02 0°
ps3* 849 085-85.08  0.07 0°
Residual tumor:
p53° 0.71 0.36-1.43 0.34 091 042-1.94 080
ps3* 0.69 0.34-1.37 0.29 1.04 0.38-1.76  0.60
' Hazard Ratio.

2 Confidence Interval.

? Unadjusted analysis.

! Age adjusted analysis.

* No death in the group of patients with stage I-II.

® Only one death exists in the group of patients with no residual tumor, and convergency

could not be achieved in the calculation of model parameters.





