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Abstract p53 aberrations are the most common genetic
alteration found in human tumours and this review sum-
marizes the current understanding of the clinical signifi-
cance of p53 abnormalities. Immunohistochemical and
molecular techniques can demonstrate alterations at the
protein and gene level, respectively, but with a signifi-
cant discordance between the findings of either tech-
nique. The tumours evaluated in this review include can-
cers of the breast, lung, gastrointestinal tract, genitouri-
nary tract, and others. In most cases, only data on p53
protein are available and in each of these tumour types
discrepant conclusions on the clinical value of p53 ab-
normalities as prognostic indicators have been reached.
The role of p53 in the context of anticancer adjuvant
therapy has also been analysed. Experimental data sug-
gest that p53 affects the apoptotic response to anticancer
agents, but this has not yet been proven in a clinical se-
ries where this demonstration and its effect on therapy
could represent one of the most important endpoints in
p53 clinical research. The use of standardized techniques
to evaluate p53 gene mutation and protein accumulation
within controlled clinical series of patients entering pro-
spective trials is essential to answer the many remaining
questions on the clinical significance of p53 aberrations.
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The p53 gene: general introduction

In the 15 years following the discovery of the tumour
suppressor gene p53, a tremendous amount of basic and
applied research has been directed to dissecting the phys-
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iological functions of p53 protein, and aberrations of the
p53 gene have been linked to many different types of hu-
man malignancies. pS3 mutations represent the single
most common genetic alteration in human tumours.

This nuclear phosphoprotein was initially discovered
as an oligomeric complex with the large T antigen in
SV40-transformed cells [83, 88]. Since the large T anti-
gen is essential to maintain the transformed phenotype in
these cells, p53 was originally classified as a tumour an-
tigen. Subsequently, a number of p53 DNA clones were
isolated and found capable of immortalizing cells [71]
and of cooperating with the ras oncogene in transform-
ing cells in culture [35, 116]. At this point p53 was
therefore considered a dominant oncogene. In 1989,
however, all the transforming p53 clones were revealed
to harbour p53 mutations [61] and, in addition, it was
demonstrated that wild-type p53 was capable of sup-
pressing cell transformation by other oncogenes [42].
Thus p53 became established as a tumour suppressor
gene: since then it has been shown that p53 deletions
and/or point mutations are common in a wide spectrum
of human tamours [113].

Several comprehensive reviews have described the
current status of our understanding of p53 function and
dysfunction (in the neoplastic process) [52, 56, 63, 86,
87, 152]. The purpose of this review is to focus on the
clinical implications of p53 aberrations in common hu-
man solid tumours. By this we mean that we will consid-
er pS3 alterations as they may directly relate to patient
care. At the present time the gene product may influence
clinical oncology in three ways: (1) as a possible unfa-
vourable prognostic indicator; (2) as a possible predictor
of tumour chemo and/or radioresistance; and (3) as a tar-
get for gene therapy. The latter is the focus of extensive
research for future applications [45] and will not be ex-
amined further in this review. We will therefore limit our
survey to p53 as a prognostic variable and as a possible
indicator of increased tumour resistance to conventional
adjuvant therapy. This will be preceded by a short com-
mentary on the techniques commonly used to detect p53
aberrations in solid tumours.
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Detection of p53 aberrations:
immunohistochemistry and molecular techniques

Loss of function of p53 protein may result from gene
mutations leading to the synthesis of ineffective, mutat-
ed/truncated proteins or to the complete lack of p53 pro-
tein synthesis, as would be the case in bi-allelic gene de-
letions. Alternatively, loss of function may be due to in-
activation of wild-type p53 protein by its untimely/un-
regulated degradation (as mediated by the E6 protein of
HPV16/18) [78, 84] or by binding to cellular proteins,
like mdm-2 [104, 118]. Accordingly, studies aimed at as-
sessing the role of p53 loss of function in different
pathological conditions may require the evaluation of
both p53 gene and protein status.

However, one of the most exciting facets of p53 aber-
rations is that the vast majority of gene mutations (mis-
sense mutations clustered in exons 5 through 8) code for
mutated proteins with prolonged half-life (up to several
hours), which accumulate within the cell nuclei and can
be detected immunohistochemically [10]. This is at vari-
ance with wild-type p53 protein, which has a very short
half-life (6-30 min), and is not normally detectable by
immunohistochemical techniques (see below for ever in-
creasing exceptions to this long-held dogma). Accord-
ingly, the immunohistochemical detection of p53 accu-
mulation has been considered to mirror the occurrence of
missense gene mutations.

Immunohistochemical staining techniques suitable for
documenting p53 immunoreactivity in formalin-fixed
and paraffin-embedded tissue sections — after pretreat-
ment with proteolytic enzymes or with deionized water
or citrate buffer in microwave ovens — have recently been
refined [2, 37, 76, 101]. This has allowed retrespective
investigations on large series of cases and the exploration
of the clinical usefulness of p53 aberrations. Immuno-
cytochemical investigations currently represent the most
convenient means of assessment of the role of p53 ab-
normalities in tumour development and progression.

Some intrinsic limitations and centroversial aspects of
the immunohistochemical approach, however, have
raised concerns about the reliability and reproducibility
of the findings:

1. Most of the available antibodies to p53 protein recog-
nize both wild-type and mutated :proteins, not being spe-
cific for the latter. The demonstration of intracellular p53
accumulation cannot be taken as definite evidence of
gene mutation, because it could be due cither to an up-
regulated expression of the wild-type gene, or to the
binding of normal p53 to a variety of cellular proteins.
Studies aimed at assessing the correlation between im-
munoreactivity and gene mutations have reported a high-
er degree of correlation for PAb 1801 and DO7 monoclo-
nal antibodies than for the polyclonal antiserum CM1 [4,
16].

2. Gene abnormalities other than missense mutations in
exons 5 through 8 do not lead tothe accumulation of ab-
errant proteins, and thus escape immunohistochemical

detection. Also, loss of function of p53 protein by viral-
induced degradation cannot be documented immuno-
histochemically.

3. The different antibodies to p53 have different specific-
ities and sensitivities, so that the immunohistochemical
findings are — at least in part — dependent on the choice
of the antibody. Studies on the same tumour types may
provide contrasting findings when diverse antibodies to
pS53 are used [4, 82, 143].

4. The type and length of fixation and of pretreatment of
the tissue sections, as well as the working concentration
of the primary antibodies and the choice of the detection
procedure, may affect the final result significantly. The
correspondence between immunoreactivity in fresh fro-
zen tissues and their fixed and embedded counterparts
has been reported to vary from 83% to 100%, with no
“false-positive” results in fixed and embedded tissues
[22, 76]. In our experience, the working dilution of the
primary antibodies is particularly critical, especially with
regard to the PAb1801 monoclonal antibody. This anti-
body is most effective at very high dilutions of the com-
mercially available preparations (1:1000-1:1400). When
used at lower dilutions, it will unexpectedly immuno-
stain a significantly lower number of cells, possibly due
to competitive interactions between the antibody mole-
cules. Interestingly, reports documenting lower effective-
ness of this monoclonal antibody (mAb) in comparison
with other mAbs to p53 all used the PAb 1801 at very
high concentration (1:10-1:20) [82, 143].

5. The percentage of p53-immunoreactive neoplastic
cells is often highly variable among different tumours of
the same histotype, and in diverse fields of the same tu-
mour. In some investigations, cases have been considered
to be immunoreactive irrespective of the number of
stained cells, whereas in other studies different cut-off
values (more commonly staining of at least 10% of the
neoplastic cells) have been used to discriminate immuno-
reactive from non-immunoreactive cases [6]. This is an
additional bias which makes it even more difficuit to cor-
relate the results of different investigations.

6. Cytoplasmic accumulation of p53 protein has been
considered variably: in some studies it has been disre-
garded as non-specific, whereas in others it has been tak-
en into account, turning out to be a more powerful prog-
nostic indicator than nuclear accumulation [14, 140].

7. p53 immunoreactivity is not restricted to neoplastic
(or dysplastic) cells. With the currently available anti-
bodies a minor subset of normal cells shows nuclear p53
immunoreactivity in a variety of human tissues [1, 12,
30]. This is most commonly seen in the basal cell layers
of stratified epithelia [1, 12]. Recently, a mAb to p53
protein has been reported to immunostain (in frozen tis-
sue sections) the majority of normal resting lymphocytes
consistently, and the terminally differentiated epithelial
cells of the prostate, gastrointestinal and respiratory
tract. Interestingly, immunoreactivity in these normal
cells is restricted to the cytoplasm and the perinuclear ar-
eas [117]. Furthermore, wild-type p53 accumulates in
cells exposed to genotoxic stress [138], indicating that



p53 is involved in the nucleotide excision repair path-
way.

The assessment of gene mutations in human tumours has
been greatly improved by the use of polymerase chain
reaction (PCR)-based techniques; the approach to detec-
tion of mutations, however, depends on several charac-
teristics of the gene to be studied and on the material to
be analysed [92].

p53 gene mutations can be demonstrated by DNA se-
quencing and analysis of DNA mobility shifts. Direct se-
quencing of single- or- double-stranded PCR amplified
DNA (or reverse transcribed RNA) can identify the type
of mutation and its precise location. Several recent inno-
vations, including the use of magnetic beads for DNA
strand separation and purification, direct sequencing of
double-stranded DNA with PCR, and the use of non-ra-
dioisotopic techniques, have made DNA sequencing
more easily applicable and have significantly improved
its reliability. Direct sequencing, however, can identify
p53 mutations only when wild-type alleles do not ex-
ceed two-thirds of the material to be analysed [25].
Therefore, since clinical tumour specimens may fre-
quently contain a large amount of stromal and inflamma-
tory cells, and not all tumour cells may harbour p53 gene
mutations, direct sequencing may produce false-negative
results. Additionally, all types of DNA sequencing tech-
niques are expensive because they are labour intensive
and/or require sophisticated equipment. These limita-
tions have made the use of sequence analysis uncommon
as a screening technique to detect pS3 mutations in hu-
man tumours. DNA sequencing, however, remains the
technique of choice to characterize the mutations found
by mobility shift analysis.

The most commonly used techniques to detect DNA
mobility shifts are denaturing gradient gel electrophore-
sis (DGGE), temperature gradient gel electrophoresis
(TGGE) and single-strand conformation polymorphism
(SSCP). DGGE and TGGE rely on the principle that
DNA fragments different even by a single nucleotide
will show different melting behaviour under denaturing
conditions [110, 132, 154]. The denaturant is a chemical
substance in DGGE (formamide, urea), whereas a physi-
cal denaturant (temperature) is used in TGGE. SSCP
analysis relies on the premise that even a single base
substitution in a relatively short fragment of DNA (<300
bases) will determine a modification in the secondary
structure of denatured (single-strand) DNA [59, 114]. As
a consequence, the DNA fragments will migrate with
different speed in non-denaturing polyacrylamide gels.
The amplification of the DNA fragment of interest by
PCR greatly facilitates the techniques and improves sen-
sitivitiy.

These techniques have been successfully employed to
detect point mutations of many different genes in a vari-
ety of tissues with diverse experimental conditions. In
particular, p53 mutations have been demonstrated with a
satisfactory sensitivity by both DGGE and SSCP analy-
sis [60, 107, 108]. Although the SSCP technique origi-
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nally included radioisotopic labelling of PCR fragments,
it can be successfully performed using non-radioactive
substances (silver stains and fluorochromes) to visualize
DNA frgments. The sensitivity of the non-radioactive
techniques may approach that obtained with radioisoto-
pic SSCP [16, 32, 37, 133].

To date, as described in detail in the following sec-
tions, the vast majority of investigations that have fo-
cused on the prognostic significance of p53 aberrations
have used immunohistochemical techniques. Therefore
most studies evaluated “pS53 protein accumulation”,
without any correlation with the gene status.

The relative weight of this bias favouring immunobhis-
tochemistry (IHC) can be fully understood by consider-
ing the data reviewed by Greenblatt et al. [52]; in 84
studies in which both ICH and sequence analysis were
performed on the same tumours, 44% of cases showed
p53 immunoreactivity, whereas only 36% displayed p53
gene mutations. The sensitivity of IHC for the identifica-
tion of gene mutations in the reviewed studies was 75%
(range 36-100%) and the positive predictive value was
only 63% (range 8—100%). For this reason p53 accumu-
lation cannot be automatically equated to p53 gene muta-
tions. Consequently, the prognostic significance of p53
accumulation may not necessarily parallel that of p53
mutations. Furthermore, accumulation of p33 protein, in
the absence of p53 gene mutations, may actually repres-
ent a “gain of function”, which might contribute to tu-
morigenesis by mechanisms that remain to be fully eluci-
dated.

Clinical implications of p53 aberrations
in human tumours

The following sections summarize the data available in
the literature in commonly occurring human solid tu-
mours. The studies that are referenced in the tables ac-
companying each section are not referenced in the text.
Considering the fact that an extremely large number of
papers on p33 have appeared in the last few years (in ex-
cess of 2500 from 1990 only) we limit our review to
studies addressing its prognostic significance on series of
patients with clinical follow-up. Studies limited to corre-
lative investigations with more established prognostic
parameters have been excluded, except when they pro-
vided particularly significant information. Whenever
possible or relevant, we have added further data from the
reviewed studies, such as the additional therapy after sur-
gery, and particular (or unusual) characteristics of the pa-
tient populations or of the results obtained.

Breast cancer

Breast carcinomas have been the most extensively inves-
tigated neoplasms. The studies available in the literature
to date are summarized in Table 1. Seven investigations
evaluated breast cancer patients without lymph node me-
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Table 1 Breast carcinomas

(FU follow-up, DFS disease- First author Method Number FU DFS/0S
free survival, OS overall surviv-  Lref. no.] positive (%) (mean)
al, IHC immunohistochemistry, -
DGGE denaturing gradient gel ~ Vode negative
electrophoresis, SSCP single Isola [67] IHC 42/289 (14%) 8.5 years NA/0.001
strand conformation polymor- Bosari [11] IHC 32/124 (25%) 10 years NS/NS
phism, NA not available, NS not ~ Allred [2] THC/SSCP  362/700 (52%) 54 months 0.05-0.0001/0.21-0.003
significant, NN node-negative, Silvestrini [137] IHC 113/256 (44%) 72 months 0.0001/0.0001
NP node-positive Elledge [36] SSCP 28/200 (14%) 71 months 0.01/NA
Gasparini [51] THC 577203 (28%) 62 months 0.004/0.02
Rosen [123]} IHC 95/440 (21%) 10 years NS/NS
Mixed
Ostrowski [115]  IHC 32/90 (36%) 28 months NA/NS
Iwaya [69] IHC NN: 8/35 (23%) >50 months NA/0.01
NP: 9/38 (24%)
Thor [145] IHC NN: 29/131 (22%) 7 years 0.018/0.057
NP: 32/128 (25%) 0.008/0.0005
Sawan [129] IHC 63/197 (32%) <36 months NN: NA/NS
NP: NA/NS
Poller [119] HC 62/146 (43%) <48 months NS/NS
Hanzal [55] IHC 29/117 (25%) 91 months NS/NA
Thorlacius [146] CDGE 18/109 (17%) 32 months NA/NA
Andersen [3] CDGE/ 35/163 (26%) 38 months NN: NS/NS
IHC NP: 0.05/NS
Lipponen [90] HC 113/193 (58%) 13.8 years NS/NS
Visscher [151] IHC NN: 6/34 (18%) 52 months NN: NS/NA
NP: 18/43 (42%) NP: 0.03/NA
Barnes [5] IHC NN: 20/103 (19%) 10 years NA/0.09
NP: 18/92 (20%) 10 years NA/0.001
Hurlimann [65] IHC NN: 31/91 (34%) 81 months NS/NS
NP: 38/99 (38%) NS/NS
Marks [99] IHC NN: 39/147 (27%) 5 years 0.03/0.01
NP: 17/83 (20%) NS/NS
Caleffi [23] DGGE NN: 12/78 (15%) 48 months NA/NS
NP: 30/111 (27%)
Domagala [33] THC NN: 44/127 (35%) 87 months NA/NS
NP: 24/100 (24%)
Haerslev [53] [HC 148/490 (32%) 10 years NS/NS

tastases (node-negative), whereas 16 studies reported on
mixed series of node-negative and node-positive patients.
Whenever possible, we have listed the results of the lat-
ter studies stratifying patients by lymph node status, be-
cause of its great importance in guiding patient manage-
ment. The patient follow-up ranged from a minimum of
28 months to more than 10 years; only five studies how-
ever, had a follow-up of at least 10 years. Disease-free
(DFS) and overall survival (OS) were reported by most,
but not all authors; multivariate, analysis was available in
about half of these investigations [2, 3, 5, 33, 36, 51, 53,
67, 90, 99, 136, 145, 146]. Most importantly, data on p33
genotype were available, at least in part, in only 5 of the
22 papers reviewed: the remaining investigations relied
exclusively on immunohistochemical data. Furthermore,
only three series [11, 123, 137] comprised patients who
did not receive any postoperative adjuvant therapy,
whereas in the other studies this information was not
provided or a variable percentage of patients was treated
postoperatively with either chemotherapy or radiation
therapy or both (see below for a more detailed discussion
of this point).

As a consequence of the above limitations a definite
conclusion on the prognostic value of p53 aberrations in
breast carcinoma is still not possible. Some additional

comments may be useful in analysing the data presented
in Table 1. Among the studies where molecular tech-
niques were used to detect p53 gene mutations, Ander-
sen et al. [3] found an excellent concordance between the
prevalence of mutations and of p53 protein accumulation
(21% and 22% respectively), whereas Allred et al. [2] re-
ported a marked difference in the subgroup of patients
for whom both p53 gene mutation and p53 protein accu-
mulation data were available (14% and 47%, respective-
ly). Overall, in the five papers in which p53 gene status
has been assessed, the prevalence of mutations ranged
between 14% and 22%. However, several authors using
I[HC have indicated a prevalence of p53 accumulation
ranging from 14% up to 58%. Thus a significant fraction
of tumours is expected to display p53 protein accumula-
tion without any corresponding p53 mutation. It is note-
worthy that the poor correlation between gene mutation
and protein accumulation that has been generally report-
ed, and reemphasized in the techniques section [52], is
true of breast cancer and, as shown below, of Iung and
colorectal cancer.

Several studies have shown that p53 accumulation
may be used for prognostic purposes, being significantly
correlated with a worse survival, although in one series
p53 accumulation was associated with a favourable re-
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Table 2 Lung cancer (FCM

flow cytometry; other abbrevia-  Lirst author Method Number FU (O

tions as in Table 1) [ref. no.] positive (%) (mean)
Quinlan [120] THC 49/114 (43%) >3 years 0.001
McLaren [102] HC 70/125 (54%) 31 months NS
Morkve [106] FCM 86/112 (77%) >4 years NS
Horio [64] SSCP 35/71 (49%) NA 0.014
Mitsudomi [103]  SSCP 51/120 (43%) 16 months 0.01
Ebina [34] IHC 28/123 (23%) >4 years 0.0027

lapse-free survival [90]. It is, however, important to note
that multivariate analyses have been used to confirm the
independent prognostic role of p53 accumulation in only
nine investigations [2, 3, 5, 36, 51, 99, 137, 145, 146];
the majority of these studies included series of patients
with a relatively short follow-up. The discrepancy be-
tween gene mutation and protein accumulation may un-
derscore the fact that pS3 protein may be stabilized by
mechanisms other than mutation. These alternative
mechanisms causing p53 inactivation may be actually
more critical in determining tumour behaviour than gene
mutation. The only way to assess the clinical impact of
different types of p53 aberrations will be to study p53
systematically both at the gene and protein level, in the
same tumours, within the framework of large clinical tri-
als. This will allow identification of subgroups of pa-
tients, if any, in which the assessment of p53 status will
help to improve the results of adjuvant therapy.

Lung cancer

The studies on lung cancer are summarized in Table 2.
Although a smaller number of patients have been investi-
gated by a few groups, the results are much more homo-
geneous than in breast cancer. Except for one series
[102] in which a few small-cell carcinomas were includ-
ed, the large majority of tumours investigated were non-
small-cell lung carcinomas. The length of follow-up, al-
though not particularly long, still may be considered ade-
quate, due to the biological and clinical aggressiveness
of these tumours. Furthermore, two of the six investiga-
tions have used SSCP analysis to determine the tumour
p53 genotype. Unfortunately, few details were given as
to whether or not patients received any adjuvant therapy.

With a single exception [102], p53 aberrations proved
to be an unfavourable prognostic indicator in univariate
analysis. Four studies confirmed this result with multi-
variate analysis [34, 64, 103, 120]. In three series the
prognostic significance was established in stage T and 1T
patients [34, 64, 120], whereas in one series [103] p33
mutations were associated with a worse survival in ad-
vanced (stage III and IV) but not in early stages of dis-
case (I and II). Morkve et al. [106] reported the surpris-
ing and unexplained finding that tumours with low and
moderate expression of p53 protein were more aggres-
sive than the negative tumours and those with high p53
protein expression.

Overall, the available data suggest that p53 aberra-
tions are significantly associated with a worse survival in

non-small-cell lung cancer. Given the occurrence of dis-
crepant results, after accounting for the disease stage, ad-
ditional studies are still needed. Furthermore, the signifi-
cance of different types of p53 aberrations will have to
be specifically investigated. Although in lung cancer, at
variance with tumours arising in other organs, there are
fewer investigations comparing p53 gene mutations and
P53 protein accumulation, discrepancies to exist. March-
etti et al. [97] reported only a 54% concordance between
IHC and SSCP data in a series of non-small-cell lung
carcinomas. Furthermore, nonsense and splicing muta-
tions, leading to a “p53 null” phenotype, may be particu-
larly frequent in lung carcinoma [10].

Gastrointestinal cancer

Investigations pertaining to p53 aberrations in tumours
of the gastrointestinal tract are summarized in Table 3.
Colorectal carcinomas have been most extensively stud-
ied, followed by oesophageal and gastric carcinomas.

Of the four studies on oesophageal cancer using ITHC
techniques to demonstrate p53 accumulation, three
showed an unfavourable prognostic significance in uni-
variate survival analysis. Multivariate analysis, however,
was not used to confirm these results. All three investi-
gated Japanese and Chinese patients. The same conclu-
sion was not supported by a European study, in which
p533 accumulation was not related to poor survival.
Whether these discrepancies depend on genetic and
aetiological factors which affect differently Orientals
versus Americans and Western Europeans remains to be
assessed. Our own preliminary findings on 71 Ttalian pa-
tients with oesophageal carcinoma in whom data were
obtained on p53 genotype (SSCP analysis) and on p33
accumulation also failed to demonstrate an association
between p53 aberrations and poor survival (Coggi G,
Roncalli M, Bosari S, Graziani D, Borsani G, Bossi P,
Buffa R, Ferrero S, Peracchia A, Segalin A, Bonavina L,
Piazza M, Viale G (1995) p53 gene product accumula-
tion and mutations in oesophageal cancer: correlations
with tumour type, grade, stage and survival analysis.
Proceedings of the XV European Congress of Pathology,
Copenhagen, Denmark).

Two studies reported that p53 accumulation is associ-
ated with worse survival in gastric cancer, demonstrated
by univariate and multivariate analysis {72, 100]. In one
investigation [139] a shorter combined OS and DFS was
observed. Two studies failed to confirm this conclusion,
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Table 3 Gastrointestinal can-

cer (r range) First author Method Number FU (O
[ref. no.] positive (%) (mean)
Oesophagus
Furihata [49] [HC 24/71 (34%) 5 years 0.05
Shimaya [134] THC 56/105 (53%) 1.7 years 0.05
Sarbia [126] THC 1377204 (67%) 40 months NS
Wang [153] TIHC 65/100 (65%) >10 years 0.005
Stomach
Martin [100] THC 72/125 (58%) 1-113 months (r) 0.02
Starzynska [139] THC 26/55 (47%) 2 years 0.001
Kakeji [73] THC 52/96 (54%) 1-2 years NS
Hurlimann [66] HC 28/72 (39%) 3 yeats NS
Joypaul [72] IHC 94/206 (46%) >5 years 0.01
Colorectum
Scott et al. [130] THC 22/52 (42%) 35 months NS
Remvikos [122] FCM 52/78 (67%) 42 months 0.03
Sun [140} THC 73/293 (25%) >5 years <0.001
Starzynska [139] IHC 49/107 (46%) 12 months 0.001
Yamaguchi [15] IHC 61/100 (61%) 6-48 months (r) 0.05
Bell [7] HC 45/100 (45%) 34 months NS
Bosari [14] IHC 99/197 (50%) >5 years 0.0017
Hamelin [54] DGGE 44/85% (52%) 47 months 0.003
Nathanson [111] IHC 52/84 (62%) >5 years NS
Tanaka [141] IHC 23/36 (64%) >2 years NA
Zeng [158] THC 50/107 (47%) 62 months 0.02 (DFS)
Bosari [17] SSCP 74/126 (59%) >5 years NS

although limited follow-up was available. Interestingly,
some data [66] suggest that pS3 accumulation may be in-
volved only in the intestinal type of gastric cancer, but
not in the diffuse type. This has not been confirmed by
Joypaul et al. [72]: in their series p53 accumulation was
not correlated with specific histological types.

At least 12 investigations have evaluated p53 aberra-
tions and prognosis in colorectal cancer. All but two used
IHC techniques. Follow-up length was variable, often
less than 5 years. The results of these investigations are
disappointingly discordant. Some studies used selected
patient populations: for instance Zeng et al. [158] inves-
tigated only patients with stage III colorectal carcinoma
and normal preoperative levels of carcinoembryonic anti-
gen (CEA). In this highly selected group of patients, p53
accumulation turned out to be an independent prognostic
indicator. The two investigations comprising the largest
number of patients with long-term follow-up (>5 years)
reported a significantly worse prognosis for patients with
tumours displaying cytoplasmic, but not nuclear, p53 ac-
cumulation [14, 140]. Molecular analysis of the tumours
in our own series [17], however, revealed that cytoplas-
mic p53 accumulation is not related to p53 gene muta-
tions, being instead significantly associated with wild-
type p53 gene. This re-emphasizes the possible role of
mechanisms other than gene abnormalities in inducing
loss of p53 functions or the oncogenic effects of a true
overexpression of the gene with a consequent “gain of
function”. The two investigations that evaluated the p53
genotype with molecular techniques have also provided
conflicting results.

It should be noted that tumorigenesis in the large
bowel has been extensively investigated, and the impor-

tance of multiple genetic defects has been demonstrated
(for review see [9, 39]). The genes involved in large
bowel carcinogenesis and tumour progression include
APC, hMSH2, hMLH1, hPMS1, hPMS2, k-ras, DCC
and p53 [9]. Furthermore, genes regulating programmed
cell death (apoptosis), such as bcl-2, may also play a role
in colorectal tumorigenesis [15, 20]. Among this cascade
of genetic alterations, p53 mutations most likely play a
crucial role at the transition from adenoma to carcinoma.
It would be important to investigate the combined role of
several of these genetic defects, in order to unveil how
they affect tumour behaviour. Data on multiple onco-
genes and tumour suppressor genes in the same clinical
series are still lacking. Mutations of k-ras oncogene have
been reported to affect survival in colorectal cancer pa-
tients [8, 41]. Bell et al. [7] evaluated both k-ras muta-
tions and p53 accumulation and found that only a combi-
nation of the two is significantly correlated with tumour
aggressiveness and patient survival. The fact that the sum
of diverse genetic alterations affects tumour progression
and the clinical outcome is indirectly supported by the
demonstration that fractional allele loss is an unfavour-
able prognostic parameter in colorectal cancer [75].
Clearly more studies are needed to address this tissue
specifically.

Genitourinary cancer

Overall, tumours of the genital and urinary tracts have
received less attention than those of the breast and the
gastrointestinal tract. In particular, with a single excep-
tion [149], all investigations have been performed using
exclusively IHC methods thus far.
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(IFA immunofluorometric as- First authors Method Nurpber FU 0S Notes
say, PFI progression-free inter-  [ref. no.] positive (%) (mean)
val) -
Kidney
Uhlman [147] IHC 49/172 (28%) 61 months 0.003 For non-meta-
static tumours
Lipponen [91] THC 41/124 (33%) 9.4 years NS
Bot [18] THC 32/100 (32%) 39 months NS
Bladder
Sarkis [127] THC 25/43 (58%) 119 months <0.003 (PFI), T1
Furihata [48] THC 32/90 (35.6%) 1-12 years (r)  <0.05
Lipponen [89] IHC 62/212 (29%) 2.5-5 years (r) 0.015
Vet [149] SSCp 8/47 (17%) >36 months 0.001
Sarkis [128] THC 15/55 (45%) 124 months 0.008 Tis
Esrig [38] IHC 101/243 (41.5%) 6 years 0.001
Endometrium
Ito [68] THC 477221 (21%) 41 months 0.0001
Lukes [96] THC 21/100 (21%) 3.4 years 0.001 (DES)
Nielsen [112] THC 36/109 (33%) 46 months 0.01 (DFS+0S)
Khalifa [79] THC 6/69 (9%) NA NS
Reinartz [121] THC 37/128 (29%) NA <0.0017
Ovary
Marks [98] THC 54/107 (50%) NA NS
Bosari [13] IHC 44198 (45%) 42 months 0.0025
Hartmann [57] IHC 177/284 (62%) 7 years 0.05
van der Zee [157] THC 31/89 (35%) >6 years 0.0001-0.003 (DFS+0S)
Levesque [85] IFA 39/90 (43%) 22 months 0.06 for grade I
and II
Prostate
Visakorpi [150] IHC 8/137 (6%) >10 years <0.001
Fox [43] HC 6/45 (13%) >36 months NS (0.079) Stage Al
Vesalainen [148] IHC 217139 (15%) 12 years NS T1-2
Shurbaji [136] HC 23/109 (21%) 3.84 years <0.03 (DFES),
Gleason 2-7

From the review of the published series, it appears
that p53 accumulation is consistently associated with a
reduced progression-free interval (in Tis and T1 stages)
and worse survival in bladder carcinomas. Its indepen-
dent prognostic value has been confirmed in five of sev-
en investigations by multivariate analysis. Interestingly,
however, the single study exploring p53 gene status by
SSCP analysis failed to document an independent prog-
nostic value for gene mutations [149].

Renal adenocarcinomas show p53 immunoreactivity
in approximately one-third of the cases, but this is not
correlated with survival, with the possible exception of
non-metastasizing tumours [147]. In these cases, p53 ac-
cumulation has been reported (in multivariate analysis)
to be a more powerful prognostic parameter than tumour
size and grade.

In endometrial adenocarcinomas, p53 immunoreactiv-
ity has been shown to correlate significantly with a
worse DFS and OS, but its independent prognostic value
has been confirmed by multivariate analysis in only one
study [68]. Interstingly, Khalifa et al. [79], at variance
with all other investigations, failed to document any p53
immunoreactivity in endometrioid-type adenocarcino-
mas, while immunostaining was restricted to 6 of 24
non-endometrioid carcinomas.

Several studies have suggested that p53 accumulation
is related to a worse prognosis in at least certain subsets

of ovarian carcinoma patients. However, lack of indepen-
dent prognostic significance by multivariate analysis has
been reported consistently, most likely because in these
tumours p53 immunoreactivity is strictly correlated with
the histological grade. However, when patients have been
stratified on the basis of the tumour grade, p53 accumu-
lation has retained its adverse prognostic effect in better-
differentiated neoplasms [85].

Finally, the correlation between p53 immunoreactivity
and survival in prostatic carcinoma patients is controver-
sial. Given the uncertainty about the most appropriate
treatment for early-stage carcinomas, it would be of par-
amount importance to identify reliable predictors of pro-
gression in these patients. The single study [136] which
documented an independent prognostic role for p53 in-
cluded only 26 stage-A carcinomas, 5 of which were im-
munoreactive. In multivariate analysis, p53 accumulation
correlated with a shorter DES only for well and moder-
ately differentiated (Gleason score 2—7) tumours.

Other tumour types

Squamous cell carcinomas of the head and neck region
have been extensively investigated for p53 aberrations,
using both immunocytochemical and molecular analyses.
The prevalence of abnormal p53 accumulation ranges
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between 37% [44] and 78% [50] of the cases, while gene
alterations have been detected in 43% [19] and 69% of
primary and metastatic tumours. Interestingly, both pro-
tein accumulation and gene alterations have been detect-
ed consistently in premalignant and non-invasive lesions
[19, 74, 135], thus emphasizing the role of p53 aberra-
tions in the early steps of head and neck tumorigenesis.

P53 abnormalities did not show any correlation with
clinicopathological variables, including stage and grade
of the tumours [40, 50], nor have they proved to be prog-
nostically useful in uni- or multivariate analyses of sur-
vival [1, 44].

Investigations on central nervous system tumours
have repeatedly shown that p53 mutations and/or accu-
mulation are confined to neoplasms showing astrocytic
features (astrocytomas, anaplastic astrocytomas and glio-
blastomas) and to oligodendrogliomas [21, 81, 105,
124]. p53 accumulation has been reported to correlate
with tumour grade by some authors [21, 70], but not by
others [81, 105]. Also, the prognostic significance of p53
accumulation has been emphasized in astrocytic neo-
plasms by Jaros et al. [70], but denied by a subsequent
investigation [105]. In oligodendrogliomas, p53 accumu-
lation in more than 75% neoplastic cells has been shown
to significantly correlate with shorter survival in univari-
ate analysis [81].

P53 aberrations and adjuvant therapy

Wild-type p53 can direct cells into the programmed cell
death pathway. This has been shown for both haemo-
poietic and epithelial cell lines [131, 156]. Furthermore,
while normal thymocytes with wild-type p53 undergo
apoptosis after exposure to DNA-damaging agents such
as radiation or etoposide, thymocytes lacking p53 (from
knock-out mice) are protected and do not undergo apop-
tosis under the same conditions [27, 94]. An increasing
body of evidence suggests that anticancer agents act by
inducing apoptosis [31, 77] and that p53 is a crucial
component of the pathway leading to apoptosis in trans-
formed cells exposed to anticancer agents [93, 142]. The
role of p53 in inducing tumour cell apoptosis has been
confirmed by Lowe et al. [95] using a fibrosarcoma cell
line with or without wild-type p33 (p53++ and p53~/-, re-
spectively), transplanted in nude mice. Tumours derived
from p53*+ cells regressed after gamma radiation and
Adriamycin exposure and contained a high proportion of
apoptotic cells, whereas p5S3~/~ tumours were resistant to
the same treatment, continued to grow and showed few
apoptotic cells. Furthermore, the adenovirus-mediated
transfection of wild-type p53 in human cancer cells
transplanted in nude mice induces chemosensitivity, as
demonstrated by massive tumour cell apoptosis after cis-
platinum administration [46]. Another possible mecha-
nism that can influence susceptibility to chemotherapy of
tumours harbouring mutated p53 is the induction of the
multidrug resistance gene (MDR), which confers resis-
tance to a variety of anticancer agents [26].

Despite these compelling experimental data, the evi-
dence that p53 gene status, or p53 protein accumulation,
actually affects the clinical response to chemotherapy
and radiotherapy of human tumours is scanty. In some of
the papers discussed in the preceding sections only sug-
gestions, and not hard data, are put forward. Indeed, as
underlined in the breast cancer section, the admixture of
patients being treated with either chemotherapy or radio-
therapy has not facilitated our understanding of this im-
portant issue. Overall, it appears that in breast cancer the
unfavourable prognostic role of p53 aberrations may be
stronger in node-positive than in node-negative patients.
Since the latter have been subjected to a variety of treat-
ment regimens and many had only surgical therapy,
whereas the former have almost always received adju-
vant therapy, the resuits support, but do not definitely
prove, the suggestion that p53 aberrations may influence
the response to post-surgical therapy. Recently Tetu et al.
[144], investigating a series of 847 node-positive breast
cancer patients, showed that p53 accumulation predicted
a worse survival in patients treated with adjuvant chemo-
therapy or hormone therapy, but not in those patients
who did not receive such therapies. Conversely, Muss et
al. [109] have shown that breast cancer patients with tu-
mours expressing high levels of the c-erbB-2 (neu) onco-
gene respond favourably to adjuvant therapy, whereas
pS3 accumulation was not related to the response to ther-
apy in the same series of patients. In other organs, p53
aberrations have been linked with poor survival in pa-
tients presenting with advanced disease stages and treat-
ed with anticancer chemotherapy. Again, these results
suggest that p53 status may be important for the re-
sponse to adjuvant therapy, but conclusive evidence is
lacking.

Conclusions and future perspectives

There is no doubt that the p53 gene plays a critical role
in suppressing tumorigenesis, probably by minimizing
the mutagenic effects of DNA damage [87]. Such a phys-
iological role is disrupted in a large number of human tu-
mours: although mutations are responsible in the majori-
ty of cases [52], other mechanisms inducing p53 loss of
function have been described [87], and may occur quite
frequently [17, 28].

Are tumours harbouring p53 aberrations more aggres-
sive than those that have been transformed via different
mechanisms? Notwithstanding the large number of stud-
ies on the subject, we should admit that a definite answer
to this question is not yet available. As discussed in the
preceding sections, there are no tumour types in which
there is complete agreement on the independent unfa-
vourable prognostic significance of p53 aberrations. Al-
though recently, in reviews and editorials [24, 47], it has
been proposed that p53 aberrations are indeed an unfa-
vourable prognostic indicator, it is noteworthy that the
literature cited has several omissions, with particular ref-
erence to those investigations which do not support this



conclusion. Several discrepancies may be explained by
the different techniques used in the studies reviewed: the
predominance of IHC-based studies may have created
more than a bias. Certainly, additional data on cancer pa-
tients in whom mutations have actually been demonstrat-
ed by molecular techniques are needed.

The clinical significance of the combined effect of ab-
normalities of different oncogenes and tumour suppres-
sor genes has also to be assessed. The role of the deregu-
lated expression of oncoproteins in different steps of the
metastatic cascade, is uncertain. For instance, in experi-
mental systems, wild-type p53 stimulates thrombospon-
din production [29], whereas mutated p53 may increase
vascular endothelial growth factor synthesis [80], there-
by possibly modulating tumour angiogenesis. It is not
known whether this angiogenic modulation plays a sig-
pificant role in human tumour progression.

p53 has come to the forefront of research and clinical
oncology. Undoubtedly many advances have been made,
but many more studies are still needed to shed light on
one of the most fascinating and promising medical issues
of our time. However, to provide consistent and repro-
ducible results, useful for patient care and for the ad-
vancement of medical knowledge, standardized study de-
signs and protocols should be implemented. The lesson
we have learnt from our critical review of the literature
on the subject can be summarized in the following rec-
ommendations:

1. Large and homogencous series of patients in whom
long-term follow-up is, or will be, available should be in-
vestigated. A large number of cases is necessary to allow
stratification of patients according to pertinent clinico-
pathological data and to study the effects of p33 abnor-
malities both in the entire cohort of patients and in the
diverse strata. Homogeneity of the treatment regimens
(with particular reference to postoperative therapy)
should be a feature of the series under study. The results
from several studies have shown that p33 aberrations
tend to be more prevalent in tumours presenting in ad-
vanced pathological stages, and in poorly differentiated
tumours with high proliferative rates. The conclusions of
future studies should therefore be supported by multivar-
late statistical analysis in order to assess the independent
prognostic value of p53 abnormalities in these series of
patients.

2. Both p53 gene and protein status should be analysed.
This can also be accomplished in retrospective series of
routinely fixed and embedded material, using well-estab-
lished methods. Molecular techniques that have been ex-
tensively tested (such as SSCP or DGGE) should be pre-
ferred. Sequence analysis should also be performed in
order to confirm the occurrence of p33 gene abnormali-
ties and to evaluate the possible clinical significance of
different genetic changes. Indeed not all p53 mutants are
equivalent and distinct protein domains have different
functions [62, 125]. It is therefore conceivable that dif-
ferent genetic changes may induce diverse biological and
clinical effects. Such investigations should encompass all
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p53 exons, and not be restricted to exons 5-8. Though
most missense mutations are actually clustered in these
latter exons, other gene abnormalities (microdeletions
and microinsertions, nonsense mutations) are relatively
common in different exons of the gene. Hartmann et al.
[58] recently reported a 9% increase (from 33% to 42%)
in the number of breast carcinomas carrying p53 gene
abnormalities, when the analysis was extended to exons
2-4 and 9-11. All the additional 18 mutations outside of
exons 5—8 were null mutations, resulting in truncated or
garbled proteins, which are undetectable by immunocy-

-tochemisiry.

The immunocytochemical localization of p53 protein

must rely on standardized techniques, using well-charac-
terized antibodies. The optimal dilution of these reagents
must be defined by accurate checkerboard titrations. Nu-
clear and cytoplasmic immunoreactivity should be sep-
rately recorded and correlated with the clinicopathologi-
cal features and the clinical outcome. The immunocyto-
chemical results should be scored quantitatively, taking
into account the percentage of immunostained tumour
cells. It must be remembered that molecular techniques
will document the occurrence of gene abnormalities only
if the cells carrying the abnormal gene represent at least
5-10% of the neoplastic cell population. This should be
considered when the immunocytochemical findings are
correlated with molecular data.
3. The role of p53 as a biomarker of susceptibility to dif-
ferent therapeutic regimens should be assessed. To ac-
complish this goal, ad hoc clinical trials are not neces-
sary, however, and the assessment of p53 abnormalities
can be added to the design of clinical trials aimed at
evaluating specific therapeutic approaches. This should
greatly facilitate the feasibility of the study and reduce
funding requirements, whilst still providing critical in-
formation on the response to anticancer therapy. A few
such large studies, involving multiple institutions, and
with the use of a centralized testing facility, could pro-
vide definite answers in a timely fashion.

Acknowledgements The skilful editorial assistance of Dr. Maria-
chiara Novati is gratefully acknowledged.

References

1. Ahomadegbe JC, Barrois M, Fogel S, Le Bihan ML, Douc-
Rasy S, Duvillard P, Armand JP, Riou G (1995) High inci-
dence of p53 alterations (mutation, deletion, overexpression)
in head and neck primary tumors and metastases; absence of
correlation with clinical outcome. Frequent protein overex-
pression in normal epithelium and in early non-invasive le-
sions. Oncogene 10:1217-1227

2. Allred DC, Clark GM, Elledge R, Fuqua SAW, Brown RW,
Chamness GC, Osborne CK (1993) Association of p53 protein
expression with tumor cell proliferation rate and clinical out-
come in node-negative breast cancer. J Natl Cancer Inst
85:200-206

3. Andersen TI, Holm R, Nesland JM, Heimdal KR, Ottestad L,
Borresen AL (1993) Prognostic significance of TP53 in breast
carcinoma. Br J Cancer 68:540-548

4. Baas IO, Mulder IR, Offerhaus JA, Vogelstein B, Hamilton SR
(1994) An evaluation of six antibodies for immunohistochem-



238

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

istry of mutant p53 gene product in archival colorectal neo-
plasms. J Pathol 172:5-12

. Barnes DM, Dublin EA, Fisher CJ, Levison DA, Millis RR

(1993) Immunohistochemical detection of p53 protein in
mammary carcinoma: an important new independent indicator
of prognosis? Hum Pathol 24:469-476

. Batsakis JG, El-Naggar AK (1995) p53: Fifteen years after

discovery. Adv Anat Pathol 2:71-88

. Bell SM, Scott N, Cross D, Sagar P, Lewis FA, Blair GA, Tay-

lor GL, Dixon MF, Quirke P (1993) Prognostic value of p53
overexpression and c-Ki-ras mutations in colorectal cancer.
Gastroenterology 104:57-64

. Benhattar J, Losi L, Chaubert P, Givel J-C, Costa J (1993)

Prognostic significance of k-ras mutations in colorectal carci-
nomas. Gastroenterology 104:1044-1048

. Bodmer W, Bishop T, Karran P (1994) Genetic steps in colo-

rectal cancer. Nat Genet 6:217-219

Bodner SM, Minna JD, Jensen SM, D’Amico D, Carbone D,
Mitsudomi T, Fedorko J, Buchhagen DL, Nau MM, Gazdar
AF, Linnolila RI (1992) Expression of mutant p53 proteins in
lung cancer correlates with the class of pS3 mutations. Onco-
gene 7:743-749

Bosari S, Lee AKC, Viale G, Heatley GJ, Coggi G (1992) Ab-
normal p533 immunoreactivity and prognosis in node-negative
breast carcinomas with long-term follow-up. Virchows Arch
[A] 421:291-295

Bosari S, Roncalli M, Viale G, Bossi P, Coggi G (1993) p53
immunoreactivity in inflammatory and neoplastic diseases of
the uterine cervix. J Pathol 169:425-430

Bosari S, Viale G, Radaelli U, Bossi P; Bonoldi E, Coggi G
(1993) p53 accumulation in ovarian carcinomas and its prog-
nostic implications. Hum Pathol 24:1175-1179

Bosari S, Viale G, Bossi P, Maggioni M,Coggi G, Murray JJ,
Lee AKC (1994) Cytoplasmic accumulation of p53 protein: an
independent prognostic indicator in colorectal adenocarcino-
mas. J Natl Cancer Inst 86:681-687

Bosari S, Moneghini L, Graziani D, Lee AKC, Murray JJ,
Coggi G, Viale G (1995) bel-2 oncoprotein in colorectal hy-
perplastic polyps, adenomas and adenocarcinomas. Hum Pa-
thol 26:534-540

Bosari S, Marchetti A, Buttitta F, Graziani D, Borsani G, Loda
M, Bevilacqua G, Coggi G (1995) Detection of p53 mutations
by single-strand conformation polymorphisms (SSCP) gel
electrophoresis: a comparative study of radioactive and non-
radioactive silver-stained SSCP analysis. Diagn Mol Pathol (in
press)

Bosari S, Viale G, Roncalli M, Graziani D, Borsani G, Lee
AKC, Coggi G (1995) p53 gene mutations, p53 protein accu-
mulation and compartmentalization in colorectal adenocarci-
noma. Am J Pathol 147:790-798

Bot FJ, Godschalk JC, Kirshnadath KK, Kwast TH van der,
Bosman FT (1994) Prognostic factors in renal-cell carcinoma:
immunohistochemical detection of p53 protein versus clinico-
pathological parameters. Int J Cancer 57:634-637

Boyle JO, Hakim J, Kock W, Riet P van der, Hruban RH, Roa
RA, Correo R, Elby YJ, Ruppert JM, Sidransky D (1993) The
incidence of p53 mutations increases with progression of head
and neck cancer. Cancer Res 53:4477-4480

Bronner MP, Culin C, Reed JC, Furth EE (1995) The bcl-2
proto-oncogene and the gastrointestinal epithelial tumor pro-
gression model. Am J Pathol 146:20-26

Bruner JM, Saya H, Moser RP (1991) Immunocytochemical
detection of p53 in human gliomas. Mod Pathol 4:671-674
Bruner JM, Connelly JH, Saya H (1993) p53 protein immuno-
staining in routinely processed paraffin-embedded sections.
Mod Pathol 6:189-194

Caleffi M, Teague MW, Jensen RA, Vnencak-Jones C, Dupont
WD, Parl FF (1994) p53 gene mutations and steroid receptor
status in breast cancer. Clinicopathologic correlations and
prognostic assessment. Cancer 73:2147-2156

Chang F, Syrjanen S, Syrjanen K (1995) Implications of the
P33 tumor-suppressor gene in clinical oncology. J Clin Oncol
13:1009-1022

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.
46.

Cheng J, Haas M (1992) Sensitivity of detection of heterozy-
gous point mutations in p53 ¢cDNAs by direct PCR sequenc-
ing. PCR Methods Appl 1:199-201

Chin K-V, Ueda K, Pastan I, Gottesman MM (1992) Modula-
tion of activity of the promoter of the human MDR1 gene by
ras and p53. Science 255:459-462

Clarke AR, Purdie CA, Harrison DJ, Morris RG, Bird CC,
Hooper ML, Wyllie AH (1993) Thymocytes apoptotis induced
by p53 dependent and independent pathways. Nature 362:
849-852

Cripps KJ, Purdie CA, Carder PJ, White S, Komine K, Bird
CC, Wylie AH (1994) A study of stabilization of p53 protein
versus point mutation in colorectal carcinoma. Oncogene
9:2739-2743

Dameron KM, Volpert OV, Tainsky MA, Bouck N (1994)
Control of angiogenesis in fibroblasts by p53 regulation of
thrombospondin-1. Science 265. 1582-1584

Dei Tos AP, Doglioni C, Laurino L, Barbareschi M, Fletcher
CDM (1993) p53 protein expression in non-neoplastic lesions
and benign and malignant neoplasms of soft tissues. Histopa-
thology 22:45-50

Dive C, Hickman JA (1991) Drug-target interactions: only the
first step in commitment to programmed cell death? Br J Can-
cer 64:192-196

Dobashi Y, Sugimura H, Sakamoto A, Mernyei M, Mori M,
Oyama T, Machinami R (1994) Stepwise participation of p53
gene mutation during dedifferentiation of human thyroid carci-
nomas. Diagn Mol Pathol 3:9-14

Domagala W, Striker G, Sdzadowska A, Dukowicz A, Harezga
B, Osborn M (1994) p53 protein and vimentin in invasive duc-
tal NOS breast carcinoma. Relationship with survival and site
of metastases. Eur J Cancer 30:1527-1534

Ebina M, Steinberg SM, Mulshine JL, Linnoila RI (1994) Re-
lationship of p53 overexpression and up-regulation of prolifer-
ating cell nuclear antigen with the clinical course of non-small
cell lung cancer. Cancer Res 54:2496-2503

Eliyahu D, Raz A, Gruss P, Givol D, Oren M (1984) Participa-
tion of p53 cellular tumor antigen in transformation of normal
embryonic cells. Nature 312:646-649

Elledge RM, Fuqua SA, Clark GM, Pujol P, Allred DC (1993)
The role and prognostic significance of pS3 gene alterations in
breast cancer. Breast Cancer Res Treat 27:95-102

Ellison J, Dean M, Goldman D (1993) Efficacy of fluorescent-
based PCR-SSCP for detection of point mutations. Biotech-
niques 15:684-691

Esrig D, Elmajian D, Groshen S, Freeman JA, Stein JP, Chen
S-C (1994) Accumulation of nuclear p53 and tumor progres-
sion in bladder cancer. N Engl J Med 331:1259-1264

Fearon ER, Vogelstein B (1990) A genetic model for colorec-
tal tumorigenesis. Cell 61:759-767

Field JK, Spandidos DA, Malliri A, Gosney JR, Yiagnisis M,
Stell PM (1991) Elevated P53 expression correlates with histo-
ry of heavy smoking in squamous cell carcinoma of the head
and neck. Br J Cancer 64:573-577

Finkelstein SD, Sayegh R, Christensen S, Swalsky PA (1993)
Genotypic classification of colorectal adenocarcinoma. Bio-
logic behavior correlates with k-ras-2 mutation type. Cancer
71:3827-3838

Finlay CA, Hinds PW, Levine AJ (1989) The p53 proto-onco-
gene can act as a suppressor of transformation. Cell 57:
1083-1093

Fox SB, Persad RA, Royds J, Kore RN, Silcocks PB, Collins
CC (1993) p53 and c-myc expression in stage Al prostatic ad-
enocarcinoma: useful prognostic determinants? J Urol 150:
490-494

Frank JL, Bur ME, Garb JL, Kay S, Ware JL, Sismanis A,
Neifeld JP (1994) p53 tumor suppressor oncogene expression
in squamous cell carcinoma of the hypopharynx. Cancer
73:181-186

Friedmann T (1992) Gene therapy of cancer through restora-
tion of tumor-suppressor function? Cancer 70:1810-1817
Fujiwara T, Grimm EA, Mukhopadhyay T, Zhang W-W,
Owen-Schaub LB, Roth JA (1994) Induction of chemosensitiv-



47.
48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.
64.

65.

ity in human lung cancer cells in vivo by adenovirus-mediated
transfer of the wild-type p53 gene. Cancer Res 54:2287-2291
Fung CY, Fisher DE (1995) p53: from molecular mechanisms
to prognosis in cancer (editorial). J Clin Oncol 13:808-811
Furihata M, Inoue K, Ohtsuki Y, Hashimoto H, Terao N, Fujita
Y (1993) High-risk human papillomavirus infections and over-
expression of p53 protein as prognostic indicators in transi-
tional cell carcinoma of the urinary bladder. Cancer Res
53:4823-4827

Furihata M, Ohtsuki Y, Ogoshi S, Takahashi A, Tamiya T,
Ogata T (1993) Prognostic significance of human papillomavi-
rus genome (type-16, -18) and aberrant expression of p53 pro-
tein in human esophageal cancer. Int J Cancer 54:226--230
Gapany M, Pavelic ZP, Gapany SR, Pavelic L, Li YG, Craven
M, Jones H, Biddinger P, Stambrook PJ, Gluckman JL (1993)
Relationship between immunocytochemically detectable p53
protein and prognostic factors in head and neck tumors. Can-
cer Detect Prevent 17:379-386

Gasparini G,Weidner N, Bevilacqua P, Maluta S, Dalla Palma
P, Caffo O, Barbareschi M, Boracchi P, Marubini E, Pozza F
(1994) Tumor microvessel density, pS3 expression, tumor size,
and peritumoral vessel invasion are relevant prognostic mark-
ers in node-negative breast carcinoma. J Clin Oncol
12:454-466

Greenblatt MS, Bennett WP, Hollstein M, Harris CC (1994)
Mutations in the p53 tumor suppressor gene: clues to cancer
etiology and molecular pathogenesis. Cancer Res 54:
4855-4878

Haerslev T, Jacobsen GK (1995) An immunohistochemical
study of p53 with correlations to histopathological parameters,
c-erbB-2, proliferating cell nuclear antigen, and prognosis.
Hum Pathol 26:295-301

Hamelin R, Laurent-Puig P, Olshwang S, Jego N, Asselain B,
Remvikos Y, Girodet J, Salmon RJ, Thomas G (1994) Associ-
ation of p53 mutations with short survival in colorectal cancer.
Gastroenterology 106:42-48

Hanzal E, Gitsch G, Kohlberger P, Dadak C, Miechowiecka N,
Breitenecker G (1992) Immunohistochemical detection of mu-
tant pS3-suppressor gene product in patients with breast can-
cer; influence on metastasis-free survival. Anticancer Res
12:2325-2329

Harris CC, Hollstein M (1993) Clinical implications of the
P53 tumor-suppressor gene. N Engl J Med 329:1318-1327
Hartmann LC, Podratz KC, Keeney GL, Kamel NA, Edmon-
son JH, Grill IP, Su JQ, Katzmann JA, Roche PC (1994) Prog-
nostic significance of p53 immunostaining in epithelial ovari-
an cancer. J Clin Oncol 12:64-69

Hartmann A, Blaszyk H, McGovern RM, Schroeder JJ, Cun-
ningham J, De Vries EMG, Kovach JS, Sommer SS (1995)
p53 gene mutations inside and outside of exons 5-8: the pat-
terns differ in breast and other cancers. Oncogene 10:681-688
Hayashi K (1991) PCR-SSCP: a simple and sensitive method
for detection of mutations in the genomic DNA. PCR Methods
Appl 1:34-38

Hayashi K, Yandell DW (1993) How sensitive is PCR-SSCP?
Hum Mutat 2:338-46

Hinds PW, Finlay CA, Levine AJ (1989) Mutation is required
to activate the p53 gene for cooperation with the ras oncogene
and transformation. J Virol 63:739-746

Hinds PW, Finlay CA, Quartin RS, Baker SJ, Fearon ER,
Vogelstein B, Levin AJ (1990) Mutant p53 DNA clones from
human colon carcinomas cooperate with ras in transforming
primary rat cells: a comparison of the “hot spot” mutant phe-
notypes. Growth Differ 1:571-580

Hollstein M, Sidransky D, Vogelstein B, Harris CC (1991) p53
mutations in human cancer. Science 253:49-53

Horio Y, Takahashi T, Kuroishi T, Hibi K, Suyama M, Niimi
T, Shimokata K, Yamakawa K, Nakamura Y, Ueda R, Taka-
hashi T (1993) Prognostic significance of p53 mutations and
3p deletions in primary resected non-small cell lung cancer.
Cancer Res 53:1-4

Hurlimann J (1993) Prognostic value of p53 protein expres-
sion in breast carcinomas. Pathol Res Pract 189:996-1003

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

239

Hurlimann J, Saraga EP (1994) Expression of p53 protein in
gastric carcinomas. Association with histologic type and prog-
nosis. Am J Surg Pathol 18:1247-1253

Isola J, Visakorpi T, Holli K, Kallioniemi O-P (1992) Associa-
tion of overexpression of tumor suppressor gene protein p53
with rapid cell proliferation and poor prognosis in node-nega-
tive breast cancer patients. J Natl Cancer Inst 84:1109-1114
Ito K, Watanabe K, Nasim S, Sasano H, Sato S, Yajima A, Sil-
verberg SG, Garrett CT (1994) Prognostic significance of p53
overexpression in endometrial cancer. Cancer Res 54
4667-4670

Iwaya K, Tsuda H, Hiraide H, Tamaki K, Tamakuma S, Fuku-
tomi T, Mukai K, Hirohashi S (1991) Nuclear p53 immunore-
action associated with poor prognosis of breast cancer. Jpn J
Cancer Res 82:835-840

Jaros E, Perry R, Adams L (1992) Prognostic implications of
p53 protein, epidermal growth factor receptor, and Ki-67 la-
belling in brain tumours. Br J Cancer 66:373-385

Jenkins JR, Rudge K, Currie GA (1984) Cellular immortalizat-
ion by ¢cDNA clone encoding the transformation-associated
phosphoprotein p53. Nature 312:651-653

Joypaul BV, Hopwood D, Newman EL, Qureshi S, Grant A,
Ogston SA, Lane DP, Cuschieri A (1994) The prognostic sig-
nificance of the accumulation of p53 tumour-suppressor gene
protein in gastric adenocarcinoma. Br J Cancer 69:943-946
Kakeji Y, Korenaga D, Tsujitani S, Baba H, Anai H, Maehara
Y, Sugimachi K (1993) Gastric cancer with p53 overexpres-
sion has high potential for metastasising to lymph nodes. BrJ
Cancer 67:589-593

Kaur J, Srivastava A, Ralhan R (1994) Overexpression of p53
protein in betel- and tobacco-related human oral dysplasia and
squamous-cell carcinoma in India. Int J Cancer 58:340-345
Kern SE, Fearon ER, Tersmette KWF, Enterline JP, Leppert
M, Nakamura Y, White R, Vogelstein B, Hamilton SR (1989)
Clinical and pathologic associations with allelic loss in colo-
rectal carcinomas. JAMA 261:3099-3103

Kerns B-J M, Jordan PA, Moore M-B H, Humphrey PA, Be-
rchuk A, Kohler MF, Bast RC, Iglehart JD, Marks JR (1992)
p53 overexpression in formalin-fixed, paraffin-embedded tis-
sue detected by immunohistochemistry. J Histochem Cyto-
chem 40:1047-1051

Kerr JFR, Winterford CM, Harmon BV (1994) Apoptosis. Its
significance in cancer and cancer therapy. Cancer 73:
2013-2026

Kessis TD, Slebos RJ, Nelson WG (1992) Human papilloma-
virus 16 E6 expression disrupts the p53-mediated response to
DNA damage. Proc Natl Acad Sci USA 90:3988-3992

Khalifa MA, Mannel RS, Haraway SD, Walker J, Min K-W
(1994) Expression of EGFR, HER-2/neu, P53, and PCNA in
endometrioid, serous papillary, and clear cell endometrial
adenocarcinomas. Gynecol Oncol 53:84-92

Kieser A, Weich HA, Brandner G, Marme’ D, Kolch W (1994)
Mutant p53 potentiates protein kinase C induction of vascular
endothelial growth factor expression. Oncogene 9:964-969
Kros JM, Godschalk JJCJ, Krishnadath KK, Eden CG van
(1993) Expression of p53 in oligodendrogliomas. J Pathol
171:285-290

Lambkin HA, Mothersill CM, Kelehan P (1994) Variations in
immunohistochemical detection of p33 protein overexpression
in cervical carcinomas with different antibodies and methods
of detection. J Pathol 172:13-18

Lane DP, Crawford LV (1979) T antigen is bound to a host
protein in SV40-transformed cells. Nature 278:261-263
Lechner MS, Laimins LA (1994) Inhibition of p53 DNA bind-
ing of human papillomavirus E6 proteins. J Virol 68:
42624273

Levesque MA, Katsaros D, Yu H, Zola P, Sismondi P, Giardina
G, Diamandis EP (1995) Mutant p53 protein overexpression is
associated with poor outcome in patients with well or moder-
ately differentiated ovarian carcinoma. Cancer 75:1327-1338
Levine AJ, Momand J, Finlay CA (1991) The p53 tumour sup-
pressor gene. Nature 351:453-456



240

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Levine AJ, Perry ME, Chang A, Silver A, Dittmer D, Wu M,
Welsh D (1994) Role of the p53 tumour-suppressor gene in
tumorigenesis. Br J Cancer 69:409-416

Linzer DIH, Levine AJ (1979) Characterization of a 54K
dalton cellular SV40 tumor antigen in SV40 transformed
cells. Cell 17:43-52

Lipponen PK (1993) Over-expression of p53 nuclear onco-
protein in transitional-cell bladder cancer and its prognostic
value. Int J Cancer 53:365-370

Lipponen P, Aaltomaa S, Syrjanen S, Syrjanen K (1993) p33
protein expression in breast cancer as related to histopatho-
logical characteristics and prognosis. Int J Cancer 55:51-56
Lipponen P, Eskelinen M, Hietala K, Syrjanen K, Gambetta
RA (1994) Expression of proliferating cell nuclear antigen
(PC10), p53 protein and c-erbB-2 in renal adenocarcinoma.
Int J Cancer 57:275-280

Loda M (1994) Polymerase chain reaction-based methods
for the detection of mutations in oncogenes and tumor sup-
pressor genes. Hum Pathol 25:564-571

Lowe SW, Ruley HE, Jacks T, Housman DE (1993) p53-de-
pendent apoptosis modulates the cytotoxicity of anticancer
agents. Cell 74:957-967

Lowe SW, Schmitt EM, Smith SW, Osborne BA, Jacks T
(1993) p53 is required for radiation-induced apoptosis ‘in
mouse thymocytes. Nature 362:847--849

Lowe SW, Bodis S, McClatchey A, Remington L, Ruley HE,
Fisher DE, Housman DE, Jacks T (1994) p53 status and the
efficacy of cancer therapy in vivo. Science 266:807-810
Lukes AS, Kohler MF, Pieper CF, Kerns BJ, Bentley R, Ro-
driguez GC, Soper JT, Clarke-Pearson DL, Bast RC Jr, Ber-
chuck A (1994) Multivariable analysis of DNA ploidy, p53,
and HER-2/neu as prognostic factors in endometrial cancer.
Cancer 73:2380-2385

Marchetti A, Buttitta F, Merlo G, Diella F, Pellegrini S, Pepe
S, Macchiarini P, Chella A, Angeletti CA, Callahan R, Bis-
tocchi M, Squartini F (1993) p53 alterations in non-small
cell lung cancer correlate with metastic involvement of hilar
and mediastinal lymph nodes. Cancer Res 53:2846-2851
Marks JR, Davidoff AM, Kerns BJ, Humphrey PA, Pence
JC, Dodge RK, Clarke Pearson DL, Iglehart JD, Bast RC Jr,
Berchuk A (1991) Overexpression and mutation of p53 in
epithelial ovarian cancer. Cancer Res 51:2979-2984

Marks JR, Humphrey PA, Wu K, Berry D, Bandarenko N,
Kerns B-JM, Iglehart JD (1994) Overexpression of p53 and
HER-2/neu proteins as prognostic markers in early stage
breast cancer. Ann Surg 219:332-341

Martin HM, Filipe MI, Morris RW, Lane DP, Sivestre F
(1992) p33 expression and prognosis in gastric carcinoma.
Int J Cancer 50:859-862

Masood S, Barnes R, Villas B, Wilson W, Shi S, Clark G,
Tandon A (1993) p53 oncosuppressor protein in carcinoma
of the breast. Lab Inves 68:17A

McLaren R, Kuzu I, dunnill M, Harris A, Lane D, Gatter KC
(1992) The relationship of p53 immunostaining to survival
in carcinoma of the lung. Br J Cancer5 66:735-738
Mitsudomi T, Oyama T, Kusano T, Osaki T, Nakanishi R,
Shirakusa T (1993) Mutations of the p53 gene as a pre-
dcictor of poor prognosis in patients with non-small-cell
lung cancer. J Natl Cancer Inst 85:2018-2023

Momand J, Zambett GP, Olson DC, George DL, Levine AJ
(1992) The mdm-2 oncogene product forms a complex with
the p33 protein and inhibitis p53-mediated transactivation.
Cell 69:1237-1245

Montine TJ, Bruner JM, Vandersteenhoven JJ, Dodge RK,
Burger PC (1994) Prognostic significance of p53 immunore-
activity in adult patients with supratentorial fibrillary astro-
cytic neoplasms. Diagn Mol Pathol 3:240-245

Morkve O, Halvorsen OJ, Skjaerven R, Stangeland L, Gu-
Isvik A, Laerum OD (1993) Prognostic significance of p53
protein expression and DNA ploidy in surgically treated
non-small cell lung carcinomas. Anticancer Res 13:571-578
Moyret C, Theillet C, Laurent-Puig P, Moles J-P, Thomas G,
Hamelin R (1994) Relative efficiency of denaturing gel elec-

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

trophoresis and single-strand conformation polymorphism in
the detection of mutation in exon 5 to 8 of the p53 gene. On-
cogene 9:1739-1743

Murakami Y, Hayashi K, Sekiya T (1991) Detection of aber-
rations of the p53 alleles and the gene transcript in human
tumor cell lines by single-stranded conformation polymor-
phism analysis of polymerase chain reaction products. Can-
cer Res 51:3356-3361

Muss HB, Thor AD, Berry DA, Kute T, Liu ET, Koerner F,
Cirrincione CT, Budman DR, Wood WC, Barcos M, Hender-
son IC (1994) c-erbB-2 expression and response to adjuvant
therapy in women with node-positive early breast cancer. N
Engl J Med 330:1260-1266

Myers RM, Maniatis T, Lerman LS (1987) Detection and lo-
calization of single base changes by denaturing gradient gel
electrophoresis. Methods Enzymol 155:501-527

Nathanson SD, Linden MD, Tender P, Zarbo RJ, Jacobsen
G, Nelson LT (1994) Relationship among p353, stage, and
prognosis of large bowel cancer. Dis Colon Rectum 37:
527-534

Nielsen AL, Nyholm HC (1994) p53 protein and c-erbB-2
protein (p185) expression in endometrial adenocarcinoma of
endometrial type. Ann immunohistochemical examination
on paraffin sections. Am J Clin Pathol 102:76-79

Nigro JM, Baker SJ, Preisinger AC, Milburn Jessup J, Hos-
tetter R, Cleary K, Bigner SH, Davidson N, Baylin S, Devi-
lee P, Glover T, Collins FS, Weston A, Modali R, Harris CC,
Vogelstein B (1989) Mutations in the p53 gene occur in di-
verse human tumour type. Nature 342:705-708

Orita M, Suzuki Y, Sekiya T, Hayashi K (1989) A rapid and
sensitive detection of point mutations and genetic polymor-
phisms wusing polymerase chain reaction. Genomics 35:
874-879

Ostrowski JL, Sawan A, Henry L, Wright C, Henry JA, Hen-
nessy C, Lennard TIW, Angus B, Horne CHW (1991) p53
expression in human breast cancer related to survival and
prognostic factors: an immunohistochemical study. J Pathol
164:75-81

Parada LF, Land H, Weinberg RA, Wolf D, Rotter V (1984)
Cooperation between gene encoding pS3 tumour antigen and
ras in cellular transformation. Nature 312:649-651

Pezzella F, Micklem K, Turley H, Pulford K, Kocialkowski
S, Delia D, Aiello A, Bicknell R, Smith K, Harris AL, Gatter
KC, Mason DY (1994) Antibody for detecting p53 protein in
immunohistochemistry in normal tissues. J Clin Pathol 47:
592-596

Picksley SM, Voijtesek B, Sparsk A, Lane DP (1994) Immu-
nochemical analysis of the interaction of p53 with MDM-2.
Fine mapping of the MDM-2 binding site on p53 using syn-
thetic peptides. Oncogene 9:2523-2529

Poller DN, Hutchings CE, Galea M, Bell JA, Nicholson RA,
Elston CW, Blamey RW, Ellis IO (1992) p53 protein expres-
sion in human breast carcinoma: relationship to expression
of epidermal growth factor receptor, c-erbB-2 protein over-
expression, and oestrogen receptor. Br J Cancer 66:583-588
Quinlan DC, Davidson AG, Summers CL, Warden HE, Dos-
hi HM (1992) Accumulation of p53 protein correlates with a
poor prognosis in human lung cancer. Cancer Res 52:
4828-4831

Reinartz JJ, George E, Lindgren BR, Niehans GA (1994)
Expression of p53, transforming growth factor alpha, epider-
mal growth factor receptor, and c-erbB-2 in endometrial car-
cinoma and correlation with survival and known predictors
of survival. Hum Pathol 25:1075-1083

Remvikos Y, Tominaga O, Hammel P, Laurent-Puig P, Salm-
on RJI, Dutrillaux B, Thomas G (1992) Increased p53 protein
content of colorectal tumors correlates with poor survival. Br
J Cancer 66:758-764

Rosen PP, Lesser ML, Arroyo CD, Cranor M, Borgen P,
Norton L (1995) p53 in node-negative breast carcinoma: an
immunohistochemical study of epidemiologic risk factors,
histologic features, and prognosis. J Clin Oncol 13:821-830



124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Rubio M-P, Deimling A von, Yandell DW, Wiestler OD, Gu-
sella JF, Louis DN (1993) Accumulation of wild type p53
protein in human astrocytomas. Cancer Res 53:3465-3467
Sang B-C, Chen J-Y, Minna J, Barbosa MS (1994) Distinct
domains of p53 have a differential role in transcriptional ac-
tivation and repression functions. Oncogene 9:853-859
Sarbia M, Porschen R, Borchard F, Horstmann O, Willers R,
Gabbert HE (1994) p53 protein expression and prognosis in
squamous cell carcinoma of the esophagus. Cancer 74:
2218-2223

Sarkis AS, Dalbagni G, Cordon-Cardo C, Zhang ZF, Shein-
feld J, Fair WR, Herr HW, Reuter VE (1993) Nuclear over-
expression of p53 protein in transitional cell bladder carci-
noma: a marker for disease progression. J Natl Cancer Inst
85:53-59

Sarkis AS, Dalbagni G, Cordon-Cardo C, Melamed J, Zhang
ZF, Sheinfeld I, Fair WR, Herr HW, Reuter VE (1994) Asso-
ciation of P53 nuclear overexpression and tumor progression
in carcinoma in situ of the bladder. J Urol 152:388-392
Sawan A, Randall B, Angus B, Wright C, Henry JA, Os-
trowski J, Hennessy C, Lennard TWIJ, Corbett I, Horne
CHW (1992) Retinoblastoma and p53 gene expression relat-
ed to relapse and survival in human breast cancer: an immu-
nohistochemical study. J Pathol 168:23-28

Scott NP, Sagar P, Stewart J, Blair GE, Dixon MF, Quirke P
(1991) p53 in colorectal cancer: clinicopathological correla-
tions and prognostic significance. Br J Cancer 63:317-319
Shaw P, Bovey R, Tardy S, Sahli R, Sordat B, Costa J (1992)
Induction of apoptosis by wild-type p53 in a human colon-
derived cell line. Proc Natl Acad Sci USA 89:4495-4499
Sheffield VC, Cox DR, Lerman LS, Myers RM (1989) At-
tachment of a 40-base-pair G+C-rich sequence (GC-clamp)
to genomic DNA fragments by the polymerase reaction re-
sults in improved detection of single-base changes. Proc
Natl Acad Sci USA 86:232-236

Shiao Y-H, Rugge M, Correa P, Lehmann HP, Scheer WD
(1994) p53 alteration in gastric precancerous lesions. Am J
Pathol 144:511-517

Shimaya K, Shiozaki H, Inoue M, Tahara H, Monden T, Shi-
mano T, Mori T (1993) Significance of p53 expression as a
prognostic factor in oesophageal squamous cell carcinoma.
Virchows Arch [A]422:271-276

Shin DM, Kim J, Ro JY, Hittelman J, Roth JA, Hong WK,
Hittelman WN (1994) Activation of p53 gene expression in
premalignant lesions during head and neck tumorigenesis.
Cancer Res 54:321-326

Shurbaji MS, Kalbfleisch JH, Thurmond TS (1995) Immu-
nohistochemical detection of p53 protein as a prognostic in-
dicator in prostate cancer. Hum Pathol 26:106-109
Silvestrini R, Benini E, Daidone MG, Veneroni S, Boracchi
P, Cappelletti V, Di Fronzo G, Veronesi U (1993) p53 as an
independent prognostic marker in lymph node-negative
breast cacer patients. J Natl Cancer Inst 85:965-970

Smith ML, Chen IT, Zhan Q, O’Connor PM, Fornace AJ Jr
(1995) Involvement of the p33 tumor suppressor in repair of
u.v.-type DNA damage. Oncogene 10:1053-1059

Starzynska T, Bromley M, Ghohsh A, Stern PL (1992) Prog-
nostic significance of p53 overexpression in gastric and co-
lorectal cancer. Br J Cancer 66:558-562

Sun X-F, Carstensen JM, Zhang H, Stal O, Wingren S,
Hatschek T, Nordenskjold B (1992) Prognostic significance
of cytoplasmic p53 oncoprotein in colorectal adenocarcino-
ma. Lancet 340:1369-1373

Tanaka M, Omura K, Watanabe Y. OdaY, Nakanishi I (1994)
Prognostic factors of colorectal cancer: K-ras mutation,
overexpression of the p53 protein, and cell proliferative ac-
tivity. J Surg Oncol 57:57-64

Tanaka N, Ishihara M, Kitagawa M, Harada H, Kimura T,
Matsuyama T, Lamphier MS, Aizawa S, Mak TW, Taniguchi

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

241

T (1994) Cellular commitment to oncogene-induced trans-
formation or apoptosis is dependent on the transcription fac-
tor IRF-1. Cell 77:829-839

Terada T, Shimizu K, Izumi R, NakanumaY (1994) p53 ex-
pression in formalin-fixed, paraffin-embedded archival spec-
imens of intrahepatic cholangiocarcinoma: retrieval of p53
antigenicity by microwave oven heating of tissue sections.
Mod Pathol 7:249-252

Tetu B, Plante V, Brisson J, Bernard P (1995) Prognostic
significance of p53 expression in node-positive breast carci-
noma. Lab Invest 72:27A

Thor AD, Moore DH, Edgerton SM, Kawasaki ES, Reishaus
E, Lynch HT, Marcus JN, Schwartz L, Chen L-C, Mayall
BH, Smith HS (1992) Accumulation of p53 tumor suppres-
sor gene protein: an independent marker of prognosis in
breast cancers. J Natl Cancer Inst 84:845-855

Thorlacius S, Borresen A-L, Eyfjord JE (1993) Somatic p53
mutations in human breast carcinomas in an Icelandic popu-
lation: a prognostic factor. Cancer Res 53:1637-1641
Uhlman DL, Nguyen PL, Manivel JC, Aeppli D, Resnick
IM, Fraley EE, Zhang G, Niehans GA (1994) Association of
immunohistochemical staining for p53 with metastatic pro-
gression and poor survival in patients with renal cell carcino-
ma. J Natl Cancer Inst 86:1470-1475

Vesalainen SL, Lipponen PK, Talja MT, Alhava EM, Syr-
janen KJ (1994) Proliferating cell nuclear antigen and p53
expression as prognostic factors in T1-2MO prostatic adeno-
carcinoma. Int J Cancer 58:303-308

Vet JA, Bringuier PP, Poddighe PJ, Karthaus HF, Debruyne
FM, Schalken JA (1994) pS3 mutations have no additional
prognostic value over stage in bladder cancer. Br J Cancer
70:496-500

Visakorpi T, Kallioniemi O-P, Heikkinen A, Koivula T, Isola
J (1992) Small subgroup of aggressive, highly proliferative
prostatic carcinomas defined by p53 accumulation. J Natl
Cancer Inst 84:883-887

Visscher DW, Sarkar FH, Wykes S, Kothari K, Macoska J,
Crissman J (1993) Clinicopathologic significance of p53 im-
munostaining in adenocarcinoma of the breast. Arch Pathol
Lab Med 117:973-976

Vogelstein B, Kinzler KW (1992) p53 function and dysfunc-
tion. Cell 70:523-526

Wang D-Y, Xiang Y-Y, Tanaka M, Li X-R, Li J-L, Shen Q,
Sugimura H, Kino I (1994) High prevalence of p53 protein
overexpression in patients with esophageal cancer in Linx-
ian, China and its relationship to progression and prognosis.
Cancer 74:3089-3096

Wartell RM, Hosseini SH, Moran CP Jr (1990) Detecting
base pair substitutions in DNA fragments by temperature-
gradient gel electrophoresis. Nucleic Acids Res
18:2699-2705

Yamaguchi A, Kurosaka Y, Fushida S, Kanno M, Yonemura
Y, Miwa K, Miyazaki I (1992) Expression of p53 protein in
colorectal cancer and its relationship to short-term progno-
sis. Cancer 70:2778-2784

Yonish-Rouach E, Resnitzky D, Lotem J, Sachs L, Kimchi
A, Oren M (1991) Wild-type p53 induces apoptosis of my-
eloid leukaemic cells that is inhibited by interleukin-6. Na-
ture 352:345-347

Zee AGJ van der, Hollema H, Suurmeijer AJH, Krans M,
Sluiter WJ, Willemse PHB, Aalders JG, Vries EGE de
(1995) Value of P-glycoprotein, glutathione S-transferase pi,
c-erbB-2, and p53 as prognostic factors in ovarian carcino-
mas. J Clin Oncol 13:70-78

Zeng Z-S, Sarkis AS, Zhang Z-F, Klimstra DS, Chary-
tonowicz E, Guillem JG, Cordon-Cardo C, Cohen AM
(1994) p53 nuclear overexpression: an independent predictor
of survival in lymph node-positive colorectal cancer patients.
J Clin Oncol 12:2043-2050



