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The p53 Tumor Suppressor Gene: From 
Molecular Biology to Clinical Investigation
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ABSTRACT: The tumor suppressor p53 is a phosphoprotein barely detectable in
the nucleus of normal cells. Upon cellular stress, particularly that induced by
DNA damage, p53 can arrest cell cycle progression, thus allowing the DNA to
be repaired; or it can lead to apoptosis. These functions are achieved, in part,
by the transactivational properties of p53, which activate a series of genes in-
volved in cell cycle regulation. In cancer cells bearing a mutant p53, this pro-
tein is no longer able to control cell proliferation, resulting in inefficient DNA
repair and the emergence of genetically unstable cells. The most common
changes of p53 in human cancers are point missense mutations within the cod-
ing sequences of the gene. Such mutations are found in all major histogenetic
groups, including cancers of the colon (60%), stomach (60%), breast (20%),
lung (70%), brain (40%), and esophagus (60%). It is estimated that p53 muta-
tions are the most frequent genetic event in human cancers, accounting for
more than 50% of cases. One of the most striking features of the inactive mu-
tant p53 protein is its increased stability (half-life of several hours, compared
to 20 min for wild-type p53) and its accumulation in the nucleus of neoplastic
cells. Therefore, positive immunostaining is indicative of abnormalities of the
p53 gene and its product. Several studies have shown that p53 mutations are
associated with short survival in colorectal cancer, but the use of p53 as a tu-
moral marker is still a matter of debate. 

THE p53 TUMOR SUPPRESSOR GENE

It is now clearly established that p53 belongs to the category of tumor suppressor
genes. B. Vogelstein and J. Minna in 1989 were the first to report the presence of p53
mutations in colorectal and lung cancer cells.1,2 These findings were subsequently
confirmed by other groups, and there are currently more than 2,000 literature reports
of p53 mutations in various types of human cancer.3,4 p53 mutations are present in
40–45% of cancers, including all sites combined (FIG. 1). Indeed, p53 mutation is
the most frequent genetic event demonstrated to date.3,5 By way of comparison, ras
gene mutations are found in only 10–20% of cancers. These mutations are usually
accompanied by a loss of heterozygosity in the short arm of chromosome 17 (the
gene encoding p53 is located on 17p13). In most cases, the mutations are point mu-
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tations located in four of the five evolutionary conserved domains (II to V) between
amino acids 120 and 300.

These transforming mutations inactivate the negative regulatory function of p53
with respect to cell growth. However, in some cases the mutant gene also confers a
dominant phenotype involved in maintenance and/or induction of transformation
(see Ref. 6 for review).

The tumor suppressor function of p53 was confirmed by S. Friend et al., who
demonstrated the existence of somatic and germ line p53 mutations in families with
Li-Fraumeni syndrome, in which affected members are genetically predisposed to
cancer.7 In all the families studied, there was a close correlation between transmis-
sion of the mutant allele and development of a cancer.

ROLE OF p53 IN MAINTAINING GENOME STABILITY

Gamma irradiation of human or animal cells induces stabilization of the p53 pro-
tein in vivo.8 Accumulation of p53 protein results in a transient arrest of the cell cy-
cle in G1, just before DNA replication, or in G2, just before mitosis. It is generally
agreed that this arrest in cell division in response to DNA damage enables the cell to
activate enzymatic DNA repair systems to repair the lesions.9 On the other hand, in
cells expressing a p53 mutation, cell division is not arrested despite the damage to
DNA.

In some cases, wild-type p53 instead induces apoptosis in cells subjected to DNA
damage.10 The reasons for this differential activity of wild-type p53 either to induce

FIGURE 1. Worldwide distribution of cancers and p53 mutations: frequency of p53
mutation in human cancer. *The frequency of p53 mutations in liver cancer is higher in
countries in which food is contaminated by aflatoxin B1. In cervix cancer, p53 is inactivated
by the E6 protein expressed by human papilloma viruses. 
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apoptosis in some cell types or to arrest cell division in others remain unclear. None-
theless, introduction of wild-type p53 in cells lacking a functional p53 gene restores
growth arrest or induction of apoptosis in response to irradiation.

This phenomenon is limited to gamma irradiation and applies to all types of DNA
lesions.11 In fact, agents such as ethidium bromide or vincristine, which do not in-
duce DNA strand breaks, are incapable of inducing G1 arrest; whereas mitomycin C
or cisplatin, which directly damages the DNA, induces accumulation of p53 protein
and cell cycle arrest. Thus, all physical and chemical agents capable of causing DNA
damage can induce this p53-dependent physiological response.12

Wild-type p53, therefore, acts as a “stop light,” inducing reversible cell cycle ar-
rest to allow time for DNA repair.13 If, for reasons still unclear, the cell is no longer
capable of DNA repair, p53 would then be involved in elimination of the cell through
induction of intracellular signaling pathways leading to programmed cell death, or
apoptosis. Tumor cells harboring a mutant p53 gene can no longer maintain the in-
tegrity of the genome because the cell no longer receives the signal for cell cycle ar-
rest. The result is that the cell is less stable and can give rise to clones with greater
malignant potential.

More recently it was shown that p53 does more than protect cells against DNA
damage. Other types of cellular disturbances, such as cellular oncogene activation,14

hypoxia,15 or abnormal cellular ribonucleotide concentrations,16 also lead to p53 ac-
tivation and cell cycle arrest. These different types of cellular stress activate a num-
ber of signaling pathways leading to p53 activation.12 Furthermore, the discovery of
two genes homologous to p53—p73 and p63—suggests that this signaling mecha-
nism is undoubtedly much more complex than was believed just a few years ago.17

The biological functions of these proteins are not yet known, but p73 has been shown
to be activated by the c-Abl protein in response to gamma irradiation or cisplatin-
induced DNA damage. 18–20

p53, APOPTOSIS, AND DRUG SENSITIVITY

It has been known since the early 1980s that certain antineoplastic agents, such
as fluorouracil and ionizing radiation, act by inducing apoptosis in tumor cells. Lowe
et al. showed that mouse cells expressing a p53 mutation were resistant to apoptosis
induced by these agents, in contrast to cells expressing wild-type p53, which were
sensitive to their action.21 Many studies in human tumor cell lines have attempted to
find a correlation between the presence of a p53 mutation in the tumor and sensitivity
of the tumor to different genotoxic agents. All the published results tend to show that
there is a relationship between p53 mutation and resistance to chemo- or radioin-
duced DNA damage.22–26 Though this relationship is still controversial, some au-
thors have postulated that the role of p53 in chemoresistance is tissue specific.27,28

These studies are of major importance. First, if the role of p53 mutations in
chemosensitivity is clearly established, knowledge of the p53 status of a tumor might
help orient the treatment strategy accordingly—for example, by indicating the
choice of microtubular inhibitors over cisplatin or mitomycin C. Conversely, detec-
tion of mutations in the tubulin gene that induce resistance to taxanes may someday
make it possible to select candidates for taxane therapy.29 It might be thought that
reintroduction of wild-type p53 into tumor cells or conversion of mutant p53 to the
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wild-type conformation might restore apoptosis in these cells. Indeed, this hypothe-
sis was confirmed by Fujiwara et al., who showed that infection of a cisplatin-resis-
tant tumor with a recombinant adenovirus expressing wild-type p53 restored tumor
chemosensitivity, leading to the tumor’s destruction by apoptosis.30 Subsequent to
this work, many studies on cell lines have shown that reintroduction of wild-type p53
to tumor cells expressing a mutant p53 restores sensitivity to agents as diverse as ir-
radiation, cisplatin, and 5-FU.31–33

ANALYSIS OF p53 MUTATIONS: HOW?

Four analytical methods may be used to investigate p53 gene status in human tu-
mors:34 (1) Molecular analysis can be used to identify the type of mutation in the
p53 gene. (2) Immunohistochemical analysis can be used to demonstrate accumula-
tion of mutant p53 protein in tumor cells. p53 mutations change the conformation of
the protein, rendering it more stable: although wild-type p53 protein has a half-life
of 15–20 minutes, most of the p53 mutants (regardless of the location of the muta-
tion) have half-lives of 5–10 hours. Thus, inactive mutant p53 protein accumulates
in tumor cell nuclei. (3) Serological analysis can be used to detect anti-p53 antibod-
ies in the serum of patients. It has been shown that these antibodies result from au-
toimmunization following accumulation of p53 in tumor cells. Their presence is
therefore an indirect result of p53 mutation. (4) Functional analysis can be used to
measure the transactivating activity of p53 (FIG. 2).

MOLECULAR ANALYSIS

Polymerase chain reaction (PCR) followed by sequence analysis can be used to
directly determine the type of mutational event that altered the gene. More than 90%
of the time these are point mutations that alter only a single nucleotide of the 23,000
comprising the gene. Unlike the ras oncogene, for which only 3 of 189 codons are
targets of mutation, p53 mutations have been found in 90 of the 393 codons required
for synthesis of the protein. This considerable heterogeneity makes diagnosis more
difficult, because the region to be analyzed extends over virtually the entire gene.
Many groups have focused their investigations on exons 5 to 8, which are the target
of 80–90% of all mutations. We shall see below that this strategy might lead to erro-
neous prognosis, because it overlooks a considerable fraction of mutations.

Molecular analysis of the p53 gene is complex and poorly suited to routine diag-
nostic use. Nonetheless, for retrospective molecular epidemiology analyses, it re-
mains the only means to accurately determine the type of mutation that altered the
gene. Semidirect detection methods, such as SSCP (single-strand conformation
polymorphism), which is the most frequently used because it is the least complex;
or DGGE (denaturant gradient gel electrophoresis), more complex but also more
sensitive, may be used to select a region of the genome for sequencing. These ap-
proaches allow rapid detection of mutations in DNA fragments but give no informa-
tion on the precise location or type of the mutation in the absence of a second,
sequencing step.
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Several new molecular methods have been developed in recent years. In particu-
lar, DNA chips appear very promising for the detection of mutations. Affymetrix®

has recently marketed a DNA chip that, in a single experiment, can test a DNA sam-
ple for all the known p53 mutations. Indeed, the advantage of these DNA chips is to
be able to combine, in a precise and predetermined arrangement, a large number of
oligonucleotides (50,000), corresponding to as many mutations, on a small area of
approximately 1 cm2. Specific hybridization of one of these nucleotides with the
DNA sample is detected by fluorimetry and indicates the presence of the same mu-
tation in the DNA sample.35 Other methods, such as high-pressure chromatography
using heteroduplex methods to detect mutations, are also highly sensitive and can be
automated; they might therefore also be used in the near future for routine diagnostic
testing. Semiindustrial-scale production is expected to lower the cost of these tech-
nologies, following the example of computer chips in the early 1980s.

IMMUNOHISTOCHEMICAL ANALYSIS

An important feature of mutant p53 proteins is their longer half-life. This makes
it possible to perform an immunocytochemical diagnosis (coupled with histological
analysis) on tumor tissue to directly visualize the accumulation of inactive mutant
p53 protein.36 This approach has been used in many types of cancer, generally with
good correlation between the molecular results (presence of mutation) and the im-
munohistochemical findings (accumulation of mutant protein). However, 100%
agreement is never attained,37,38 because 10–15% of p53 mutations consist of non-
sense mutations or microdeletions that do not produce detectable levels of protein.
Despite this drawback, this approach has the advantage that it can be used for routine
testing in anatomopathology laboratories.

Several groups have produced new monoclonal antibodies directed against hu-
man p53.39–41 These antibodies have been used for immunohistochemical diagnosis
under a wide variety of conditions such as p53 detection in paraffin-embedded sec-
tions after formol fixation or Bouin staining.

SEROLOGICAL ANALYSIS

Anti-p53 antibodies (p53-Ab) are present in 10% of breast cancer patients42 and
up to 20% of children with B lymphoma but are absent in patients with T cell lym-
phomas. This observation is closely correlated with the frequency of p53 mutations
in hematologic malignancies, which is high for B cell types but nil for T cell malig-
nancies.43 These serological investigations have been extended in the past five years,
revealing that anti-p53 antibodies are detected only in the sera of patients with can-
cer or precancerous lesions.44 p53-Ab have been found in the sera of 20% of patients
with colon cancer.45–51 Several studies have found an association with the presence
of these p53-Abs and poor prognosis.45,51 Appearance of the anti-p53 Ab is linked
to an immune response to p53 protein accumulation within the tumor, but the precise
mechanisms governing this autoimmunization phenomenon have not yet been eluci-
dated.44 Only 30–50% of tumors harboring a p53 mutation give rise to the presence
of anti-p53 Ab in serum. 
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p53 serological studies have certain advantages over other approaches: (1) tumor
material is not required; (2) they give an overall idea of p53 mutations and expres-
sion and do not depend on tumor heterogeneity or necrosis; (3) they can be used as
a marker during therapy;52 (4) anti-p53 Ab are very stable, making it possible to per-
form retrospective analyses on frozen serum samples; and (5) they can be used for
early diagnosis. Indeed, anti-p53 Ab have been detected in patients at high risk for
developing cancer (smokers, Barrett’s syndrome) several years before clinical ex-
pression of the tumor.53–55 Yet because only a fraction of patients with p53 mutation
produce anti-p53 Ab, serological analysis will not supplant molecular analysis, al-
though it can serve as a valuable complementary approach. 

FUNCTIONAL ANALYSIS

All mutations in the p53 gene lead to loss of the transactivating function of the
p53 protein. This observation led the groups of R. Iggo and S. Friend to design a di-
agnostic test based on this biological activity.56,57 To this end, they developed mark-
er yeast harboring a reporter gene under the control of p53 expression. Transfection
of wild-type p53 into the yeast results in white colonies, whereas mutant p53 gives
rise to red colonies. For diagnosis of mutations in tumor specimens, tumor mRNA is
simply amplified by PCR, and the product is introduced into the yeast. The advan-
tage of this approach is that it can test the entire p53 coding sequence.58

p53 MUTATIONAL ANALYSIS

An analysis of all the point mutations in the p53 gene reveals that 51% of these
mutations are G:C → A:T transitions, of which 59% are located at a CpG dinucle-
otide.3,5 The cytosine in this dinucleotide is very frequently methylated in mammali-
an cells. Spontaneous deamination of a cytosine leads to formation of a U:G
mismatch, which can be efficiently repaired by a uracil DNA glycosylase. On the oth-
er hand, deamination of a 5-methylcytosine leads to a T:G mismatch, the nonspecific
repair of which can result in a C → T transition. Moreover, the spontaneous deami-
nation rate has been shown to be greater for 5-methylcytosine than for cytosine. All
of the 42 CpG dinucleotides in the p53 coding sequence are methylated, regardless of
the tissue. In addition, the five hot spot codons, 175, 248, 273, 245, and 282, harbor
a CpG dinucleotide. Over 90% of the mutational events in these codons are consistent
with a deamination phenomenon, with the exception of smoking-related cancers.
Analysis of somatic mutations in colorectal cancer shows that the CpG dinucleotide
mutation rate is very high, suggesting that most of the p53 mutations in these cancers
are due to endogenous processes linked to deamination of 5-methylcytosine. It will
be of interest if the change of methylation pattern observed in sporadic colon cancer
can be linked to p53 mutation either qualitatively or quantitatively. The incidence of
colorectal carcinoma is rising in Asian urban societies. Hong Kong showed a much
higher incidence of colorectal carcinoma among the young age groups. Yuen et al. de-
fined the mutation spectrum of p53 and Ki-ras in 67 unselected cases by direct DNA
sequencing.59 Interestingly, insertion/deletion mutations in p53 from colorectal car-
cinoma in Hong Kong showed a significantly higher frequency (17.2%) than the Scot-
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tish data (0%) and the world database (6.6%), although the overall frequency of p53
mutation (43%) in Hong Kong was similar to others. The high incidence of colorectal
carcinoma in young people and the raised proportion of frameshift mutations in p53
suggest a different etiology for p53 mutation in Hong Kong.

Analysis of p53 mutations in lung cancer reveals that 30% are G:C → T:A trans-
versions, in contrast to other cancers.3,5 Furthermore, these mutations occur at a spe-
cific hot spot that is absent in other cancers (region A' identified in 1992, codons
150–160 with preference for codons 157 and 158). There are many lines of evidence
indicating that the transversions found in the p53 gene are caused by tobacco carcin-
ogens: (1) only lung cancer (and to a lesser extent head and neck and esophageal can-
cers, which are also smoking related) has such a high rate of G:C → T:A
transversions;60 (2) there is a linear relationship between the transversion rate and
cigarette consumption;61 (3) lung cancer patients who do not smoke do not have this
high transversion rate;62 (4) experimental treatment of human bronchial cells with
benzo(a)pyrene specifically induces adducts in codon 157 of p53,63 a guanine-rich
region that is undoubtedly a hot spot for this type of adduct.64 It is interesting that
this high transversion rate has not been found in bladder cancer, which is also smok-
ing related. On the other hand, bladder cancer is associated with a high rate of
G:C → A:T transitions outside of CpG dinucleotides, suggesting that another tobac-
co carcinogen is involved.

In 1991, two reports showed that of all the mutations in the p53 gene in hepato-
cellular carcinoma there was a predominance of the GC-to-TA transversions at the
third base of codon 249 (Arg to Ser) in patients from Mozambique and China.65,66

Worldwide epidemiological studies showed that the mutation in codon 249 was
strictly specific to countries in which food was contaminated by aflatoxin B1.4,67 In
Mozambique, for example, more than 50% of the mutations were found in codon
249, and aflatoxin B1 is a common contaminant. In Transkei, which borders on
Mozambique and has a similar rate of chronic HBV infection but less aflatoxin B1
contamination, the mutation rate at codon 249 was less than 10 percent. A similar
situation has been observed in various parts of China, which differ in their levels of
aflatoxin exposure. In countries that do not consume contaminated food (including
Europe and the USA), the rate of p53 mutations in hepatocellular carcinoma is low,
and the mutations are scattered along the central part of p53, as they are for the other
types of cancer. It has been demonstrated in human cells in vitro and in vivo that this
phenomenon is due to the very high sensitivity of p53 codon 249 to the action of afla-
toxin B1.68,69 This observation, along with the fact that this 249 mutation is delete-
rious for p53 function, explains the existence of this mutational hot spot.

Skin tumors, including melanomas, basal cell carcinomas, and squamous cell car-
cinomas, are the most frequently encountered human cancers. Their number has in-
creased dramatically in the last 10 years, especially for melanoma. Several lines of
evidence indicate that the incidence of these skin tumors is linked to sun exposure.
Their frequency increases with the amount of exposure or with decrease in latitude,
and they are usually found on sun-exposed parts of the body. UV radiation–induced
mutations have been studied in various animal models. The majority of the mutations
are found to be located at dipyrimidine sites—that is, T-T, C-C, C-T, or T-C—and
correspond to a C-to-T transition. More than 20% correspond to tandem mutations
involving the two adjacent nucleotides of the dipyrimidine sites (C-C to T-T).
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Analysis of several types of human skin cancer shows that there is a significant
predominance of C-to-T transitions at dipyrimidine sites.70,71 Although such events
at dipyrimidine sites are found in 43% of cancers of other than the skin, the frequen-
cy reaches 95% in non-XP skin cancer and 100% in XP skin cancer. Furthermore,
analysis of more than 11,000 p53 mutations in cancers of other than the skin shows
that less than 1% are tandem mutations, whereas this number reaches 14% in non-
XP skin cancer and 55% in XP skin cancer, which is typical of UV exposure.72

The field of molecular epidemiology has been developing at a remarkable speed.
There is no longer any doubt that many human cancers are caused by mutations in-
duced by environmental carcinogens. p53 mutational analysis is a striking example
of this molecular archeology approach, which allows the origin of mutations to be
defined. Other genes will also be used as probes for this type of analysis in the near
future. A better understanding of the molecular signatures associated with carcino-
gen exposure should help advance these investigations.

p53 AND GENETIC CHANGE IN COLORECTAL CANCER

The development of colorectal cancer is a multistep process involving a series of
genetic changes in the colonic mucosa that lead sequentially to hyperplasia, ade-
noma, carcinoma, and metastasis.73 Numerous genes, including protooncogenes, tu-
mor suppressor genes, and DNA mismatch repair genes, have been implicated in the
genesis of colon cancer. Furthermore, some evidence suggests that there are several
pathways from normal cells to colorectal cancer. The archetypal pathway described
in a majority of sporadic colorectal cancers involves alteration of the APC-β-cate-
nin-Tcf pathway as an early event.74 It is followed by mutation of K-ras, p53,
Smad2, and Smad4 and changes in the methylation pattern. p53 mutation is a late
event and can be found in 50–60% of sporadic colorectal carcinomas. This pathway
is similar to that found in FAP patients with an inherited APC mutation. Tumors
originating from this pathway are usually aneuploid, with a huge chromosome num-
ber instability. A different pathway was discovered in patients with HNPCC. In
1993, comparative analysis at microsatellite loci revealed in the DNA of some tu-
mors the frequent presence of alleles that were not observed in the matched normal
DNA. These new alleles are possibly generated as the result of errors occurring dur-
ing replication (replication error, RER). The tumors that exhibit the highest frequen-
cy of RER at microsatellite loci, thus termed RER+, were shown to be impaired in
the DNA mismatch repair pathway. Among the genes involved in this pathway,
MSH2, MLH1, PMS2, GTBP/MSH6, MSH3, and perhaps PMS1 and DNA poly-
merase are the sites of somatic mutations.75 RER+ tumors account for 10–15% of
all colorectal cancers. They arise preferentially from the proximal colon, a site where
tumors rarely exhibit losses of 17p (p53), 18q (smad4), and 5q (APC). Mismatch re-
pair deficiency may be an early event in tumorigenesis. This deficiency is expected
in part to determine the subsequent genetic events associated with tumor progres-
sion. This high rate of mutation eventually alleviates the requirement of chromosom-
al loss in the biallelic inactivation of tumor suppressor genes. In support of the latter
hypothesis are the observations that RER+ tumors or cell lines infrequently demon-
strate allelic losses, exhibit normal or quasinormal karyotypes, and are the site of
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biallelic frameshift mutations in the tumor growth factor receptor type II (TGF-RII)
gene and in the BAX gene. The frequency of p53 mutation is lower in RER+ tumors
than in RER− tumors.76

CLINICAL VALUE OF p53 GENETIC CHANGES IN
COLORECTAL CANCER

Methodological Difficulties

There are a number of biases that can explain both the differences in the preva-
lence of p53 mutations reported in different studies and also the conflicting findings
from prognostic studies. Molecular studies are fewer in number than immunohis-
tochemical studies because the former are technically more difficult and costly.
Semidirect detection methods have been used in most molecular studies. As the sen-
sitivity of these methods is not greater than 90% in the case of SSCP, the problem of
false negatives arises. Another bias of molecular analyses concerns the portion of the
p53 gene analyzed. Most studies have focused only on exons 5–8. It is generally
agreed that 10% of mutations can be overlooked by this approach, an approximation
that was confirmed experimentally by several authors in an analysis of the entire p53
gene in various types of cancer.38,51,77,78 Finally, many studies do not take into ac-
count the heterogeneity of the tumor samples, extracting the DNA from a tumor ho-
mogenate without separating out stromal cells from actual tumor cells. This may be
a critical factor in tumors, which often have a large stromal component. If a mixture
of tumor and stromal DNA is amplified by PCR, the mutational signal may be dilut-
ed, giving rise to false negatives.

As far as immunohistochemical analysis is concerned, there are even more biases.
So far there is no consensus as to the threshold of positivity, which has ranged from
1 to 20% of labeled tumor cell nuclei in different studies. The starting material also
influences the results. The degree of immunohistochemical labeling shows large
variations, depending on whether the material is frozen or paraffin embedded, and
according to the method of fixation.79,80 A recent study showed that antigens can de-
grade if the slides are stored for too long, giving rise to false negatives.81 The choice
of antibody can also affect the results.39 Several monoclonal antibodies are commer-
cially available, but they do not all have the same affinity for p53 and do not all rec-
ognize the same p53 epitopes. The monoclonal antibodies against the amino
terminus of p53, such as DO1 or DO7, appear to give the most reproducible results.
Methods such as microwaves to demask antigenic epitopes are also highly contro-
versial,82–85 because it appears that they enhance sensitivity at the price of
specificity.

Moreover, there are highly contradictory data suggesting that some monoclonal
antibodies are specific for wild-type or mutant p53. This information has been used
in a highly ambiguous manner by the companies that distribute these products. In
fact, the truth lies elsewhere. These antibodies recognize only certain p53 mutants,
and only when the p53 protein is in native conformation. In immunohistochemical
analysis, the p53 protein in a fixed tissue section is usually denatured (a fortiori if
epitope demasking is used) and will be recognized by all antibodies. Similarly, the
wild type–specific monoclonal antibody Pab1620 should absolutely not be used in
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immunohistochemical studies because it has specificity only for the native, nonde-
natured protein.

CLINICAL STUDIES

It has been reported that p53 mutations are associated with poor prognosis in col-
orectal cancer.86–89 However, conflicting results have also been claimed.90 In some
studies, p53 protein accumulation has been shown to correlate with patient surviv-
al,91–94 a finding that has not been observed in other studies.89,95–99 In a recent
work, Kressner et al. compared a complementary DNA-based sequencing method
and an immunohistochemical (IHC) method for detecting p53 protein accumulation
in colorectal cancer. The entire coding region was sequenced in 191 frozen tumors.
Seventeen (15%) of the 107 mutations were located outside exon 5–8, which is the
region usually routinely screened. Furthermore, 22 genetic changes (20%) were
either deletions, insertions, or stop. Such genetic alteration cannot be detected by im-
munohistochemical analysis. Indeed, in this study the concordance in the results of
the cDNA sequencing and the IHC was 74 percent. There was a significant relation-
ship between the p53 mutational status and the cancer-specific survival time, with
shorter survival time for patients who had p53 mutations than for those who did not.
Multivariate analysis showed that the presence of p53 mutations was an independent
prognostic factor.

As stated above, the majority of p53 gene mutations are missense mutations, of-
ten within the conserved DNA binding core domain of the protein. The primary se-
lective advantage of such mutation may well be the elimination of cellular wild-type
p53 activity. However, at variance with the observations for several other tumor sup-
pressor genes, cells with p53 mutations typically maintain expression of stable full-
length mutant p53. It has been suggested that certain mutant forms of p53 may pos-
ses a gain of function, whereby they contribute positively to cancer progression. Be-
cause p53 mutants can also exert negative dominant effects on wild-type p53, formal
evidence for gain of function has been difficult to test. Furthermore, this situation is
more complex, because it has been demonstrated that mutant p53 are heterogeneous.
Missense point mutations involve either (1) DNA contact residues, (residues 248 and
273) or (2) residues important for conformational structure (residue 175). Extensive
analyses of these mutants have led to the discovery that they have heterogeneous be-
havior concerning their implication in the regulation of cell cycle growth or apopto-
sis.100–104 These observations have prompted several authors to check whether such
heterogeneity could be linked to clinical parameters.

In colon cancer, Goh et al. found that patients with tumors harboring mutated p53
genes showed a significantly poorer prognosis than did those patients with genes
without point mutations and, moreover, that patient response to postoperative thera-
pies depended significantly on mutation status in both adjuvant and palliative treat-
ment cohorts.105 However, not all point mutations were the same functionally; point
mutations within the conserved domains of the p53 tumor suppressor gene were in-
herently more aggressive than tumors with point mutations outside of these domains,
and mutations of codon 175 were particularly aggressive. Borresen Dale analyzed a
series of 222 colorectal carcinomas.106 Mutations were found in 102 cases (45.9%).
Mutations were found more frequently in rectal tumors versus other locations and in
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aneuploid compared to diploid tumors. Presence of a p53 mutation was also signifi-
cantly associated with absence of microsatellite instability, as well as with loss of
heterozygosity at 17p13. The p53 mutations in the left-sided and rectal tumors were
more often transversions than transitions, indicating a different etiology in the devel-
opment of these tumors. The tendency for shorter cancer-related survival among pa-
tients with mutations in their tumors was only statistically significant for patients
with left-sided tumors. All patients with mutations affecting the L3 domain of the
protein involved in zinc binding had significantly shorter cancer-related survival, in-
dicating that mutations affecting this domain have biological relevance in terms of
colorectal cancer disease course. Kressner et al. found that mutations outside the
evolutionarily conserved regions were associated with the worst prognosis.107 Such
a finding is in contrast to those of Goh et al.105 and Borresen Dale et al.106

All these results suggest that knowledge of a patient’s TP53 status, with respect
to both the presence and the localization of the mutation, may be important in prog-
nosis evaluation, particularly when selecting patients for more aggressive postoper-
ative therapeutic intervention.

p53 IN THE CLINICAL SETTING—WHAT DOES THE FUTURE HOLD?

In addition to our knowledge of the p53 status of the patient and its clinical con-
sequences, all these studies on p53 provide considerable information and material
concerning p53 function. It is clear at present that not all of these mutations are
equivalent in terms of biological activity. It is now necessary to perform more basic
research work to elucidate such p53 mutant activity and its relationship to the trans-
formed phenotype. All these efforts highlight one of the most exciting aspects of p53
studies—that is, the constant exchange between basic research and clinical studies.
It is expected that this knowledge will be of future benefit to the patient by enabling
earlier, more precise diagnosis and by generating new therapeutic approaches.
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DISCUSSION

D. HERLYN (The Wistar Institute, Philadelphia, PA): You said that the antibodies
were present in those individuals who had p53 mutations. However, to my knowl-
edge, the antibodies are directed not to mutated epitopes but to normal epitopes. On
the other hand, there are data in the literature showing that one can vaccinate against
normal p53, and the tumors (with mutated p53) disappear. So what are your com-
ments on those findings in view of the specificity of the antibodies in your patients?

SOUSSI: It is true, and it has been demonstrated that the antibodies are not specific
for the mutant p53. When we performed an epitope mapping of the p53 protein to
map the region that is recognized, we found that both wild-type and mutant p53—
and, in fact, p53 antibodies—are directed toward immunodominant epitopes that are
localized in the nonmutated amino terminus of the p53 protein. These immunodom-
inant epitopes are similar in the mouse: when one immunizes mice with human p53,
most of the antibodies are also directed against this region. Then, mutation per se is
not important for the induction of humoral response. By contrast, accumulation of
p53 protein is very important, and it is the main trigger of humoral response. There
are some animal models in which p53 is stabilized through SV 40 antigen. There is
no p53 mutation, but there are anti-p53 antibodies because wild-type p53 is stabi-
lized through its interaction with T antigen. These antibodies recognize both wild-
type and mutant p53. For use of p53 protein as a vaccine for immunotherapy, muta-
tion is not really an important feature.

HERLYN: So you wouldn‘t say that your antibodies have a beneficial effect?
SOUSSI: I did not say so.
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HERLYN: Why not? According to the some studies, they could have beneficial ef-
fect for the patient and improve prognosis.

SOUSSI: It is totally different. These antibodies are only, I would say, neutral to
the patient. My feeling is that these antibodies have no effect on the development or
progression of the tumor. They are a result of a self-immunization process that oc-
curs because there is a huge accumulation of the p53 protein. The fact that the pa-
tients with antibodies have a very bad prognosis is due not to the presence of
antibodies, but just to the fact that there is a mutation in the tumor that inactivates
p53.

C.R. BOLAND (University of California San Diego, La Jolla, CA): What has long
puzzled me is the fact that in the multistep carcinogenesis of colon cancer, in the very
earliest adenomas in which, even if you use histochemistry, you do not see any sta-
bilized p53. After transition to the carcinoma one sees loss of the wild-type allele.
The question is: Why in larger adenomas are there expanded clones of cells with p53
mutations that still have a wild-type allele? Is there any growth advantage for an ep-
ithelial cell having one mutant and one wild-type allele?

SOUSSI: I have no explanation for this, but clearly the presence of one wild-type
and one mutant allele is detrimental to the cells. The fact that you have just one p53
allele can lead to genetic instability. Mice that have been knocked out for p53 and
have only one p53 allele will develop cancer. As p53 protein is a tetramer, it is pos-
sible to have a dominant negative effect of mutant p53 toward wild-type p53.

J. O’CONNELL (University Hospital, Cork, Ireland): Just a point about the p53
serving as a target for antigen recognition in the tumor cells: I think it is fair to say
that a lot of peptides derived from intracellular proteins are presented on the cell sur-
face in complex with MHC molecules so that these peptides can be seen on the sur-
face by the immune system. Why is there humoral response to p53 at all?

SOUSSI: We do not know how this B cell–mediated antitumoral response is trig-
gered. We have no indication of the anti-p53 T cell response in patients, either. It is
more difficult to study.

R. OFFRINGA (University Hospital Leiden, Leiden, The Netherlands): I don’t
think antibodies against p53 can do anything against tumor, because p53 is simply a
nuclear antigen and is quite different from the antigen that Dr. Herlyn is working on
(EpCAM or GA 733), which is a surface antigen. So the only way the immune sys-
tem can attack tumors through p53 as a target is by T cells that recognize processed
p53 peptides. The antibodies are just an indication of the tumor burden, and that’s
all.

W. BALLHAUSEN (Biozentrum-Halle, Halle, Germany): Have you checked col-
orectal cancer patients also for antibodies against the APC gene product, or altered
ß-catenin? Would it make sense?

SOUSSI: Never. For APC, I don’t know; for ß-catenin, yes, it would be interesting.
E.A. SAUSVILLE (National Cancer Institute, Bethesda, MD): You alluded to the

mdm-2 expression and consequently p53 expression in sarcoma. Is there evidence
that there may be broader applicability of that mechanism in other cases of wild-type
p53-positive tumors?

SOUSSI: Mdm2 accumulation leads to p53 degradation. There are several
mechanisms that lead to such accumulation, such as gene amplification or mRNA
overexpression.
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QUESTION: I wanted to ask you about the anti-p53 antibodies in lupus patients.
They have very high titers. What are they directed against?

SOUSSI: With our assay we have never been able to find anti-p53 antibodies in pa-
tients with autoimmune disease. I do know of reports from other labs indicating that
they could detect such anti-p53 antibodies. The only noncancer disease in which we
could find anti-p53 antibodies is rheumatoid arthritis. Interestingly enough, p53 mu-
tations have also been discovered in this disease, but we don’t exactly understand the
significance of it.

BOLAND: Are there any small compounds that can interfere with the interaction
between the HPV protein and p53 interaction that would allow the p53 to function
normally in those tumor cells?

SOUSSI: I know that private companies are working on this. For now they have
failed. It is very difficult. We don’t work on this ourselves, but in my lab we do work
on small compounds that could dissociate mdm2 and p53 protein. We have some
small molecules, but it is very difficult to see if it will really be useful in vivo or not.
I think it is a very important way to develop new therapeutic means for such types
of cancer.

C. HANSKI (Universitätsklinikum Benjamin Franklin, Berlin): Dr. Soussi, when
you treat patients, p53 expression is increasing. Why don’t you find a humoral re-
sponse to p53 after prolonged chemotherapy or radiotherapy?

SOUSSI: You speak about patients who have wild-type p53. The increase of p53
protein expression in these patients is really transient, and there is not enough time
to have immunization. The titer depends on the size of the tumor and the tumor bur-
den. We have some patients with colon cancer with a high titer of anti-p53 antibod-
ies. You can dilute these antibodies 10,000 times and in Western blot still get a very
good signal. But when you remove the colon cancer by surgery, in one month you
observe a decrease of the titer. Therefore, I think that p53 needs to be present all the
time in order to maintain the high level of p53 antibodies. As soon as the tumor is
removed and p53 protein is not present, there is a decrease in the titer of these
antibodies.


