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Table 1 Association between p53 alterations and clinicopathological features

Features Total p53 accumulation Total p53 mutation
All tumors 556 166 (30%) 541 194 (36%)
Dukes’ stage
B 272 88 (32%) 263 99 (38%)
C 284 78 (28%) 278 95 (34%)
(P = 0.208) (P = 0.0401)
Site
Proximal 177 44 (25%) 171 58 (34%)
Transverse 38 10 (26%) 36 11 (30%)
Distal 230 72 (31%) 223 85 (38%)
Rectal 105 40 (38%) 105 40 (37%)
(P = 0.019) (P = 0.341)
Histological grade
Well differentiated 37 16 (43%) 34 12 (35%)
Moderately differentiated 389 119 (31%) 382 145 (38%)
Poorly differentiated 90 18 (20%) 86 25 (29%)
(P = 0.010) (P = 0.575)
Mucin
Normal 535 163 (31%) 521 191 (37%)
Mucinous 21 3(14%) 20 3(15%)
(P =0.112) (P = 0.047)
Age
<70 years 264 71 (27%) 256 86 (34%)
=70 years 292 95 (33%) 285 108 (38%)
(P = 0.147) (P = 0.298)
Sex
Female 306 99 (32%) 297 103 (35%)
Male 250 67 (27%) 244 91 (37%)
(P = 0.155) (P = 0.528)

surprising finding of better prognosis in the group of patients
whose tumors overexpressed p53 protein (22). In the present
study, we have attempted to confirm the intriguing observation
of improved rather than worse prognosis for colorectal tumors
with p53 accumulation by analyzing a large, consecutive patient
series with a long follow-up. Our results provide clear evidence
that in some tumor types, pS3 alterations are associated with
improved prognosis.

MATERIALS AND METHODS

Colorectal Tumors. Consecutive cases of colorectal
cancers surgically resected between 1985 and 1993 were iden-
tified from the files of the Histopathology Department, Sir
Charles Gairdner Hospital (Nedlands, Australia). The study was
restricted to Dukes’ stage B (n = 272) and C (n = 284) tumors.
A total of 556 tumors were analyzed by IHC, and of these, 541
were successfully analyzed by PCR-SSCP. Clinicopathological
information for the tumor series is shown in Table 1. The
distribution of cases according to the site of tumor origin in the
large bowel was as follows: proximal, 32%; transverse, 7%;
distal (including descending and sigmoid colon), 42%; and
rectal, 19%. Information on patient survival was obtained from
the Death Register, West Australian Health Department. At the
end of the study period (June 1996), 206 patients (36%) had died
as a result of recurrence of their tumor, 66 (12%) had died of
other causes but with colorectal cancer present, and 60 (11%)
had died from unrelated causes. Only patients whose primary
cause of death was metastatic colorectal cancer were considered
as events in the survival analyses. Data from patients dying from
other causes were censored at the time of death. The mean

follow-up time was 87 months (range, 37-137 months). Only a
small proportion of patients (27 Dukes’ stage C cases between
1991 and 1993) were treated with a standard adjuvant chemo-
therapy regime consisting of S-fluorouracil/levamisole. All
other patients received no pre- or postoperative adjuvant
therapy.

Analysis of pS3 Protein Accumulation. Sections of for-
malin-fixed, paraffin-embedded tumors were stained for p53
protein accumulation by IHC using the monoclonal antibody
DO-7 as described previously (24). The presence or absence of
reaction product in the nucleus of tumor cells was recorded by
two observers who had no knowledge of patient outcomes. Both
the intensity of staining and the percentage of cells staining
positively were noted. A threshold of 5% of tumor cells staining
was used as the cutoff point for scoring tumors as IHC positive.
Antigen retrieval methods were not used. All tumor sections
contained areas of normal colonic mucosa, which served as
internal negative controls.

PCR-SSCP Screening for Mutation. DNA for PCR-
SSCP analysis of p53 gene mutation was obtained following
proteinase-K digestion of 10-pum sections from formalin-fixed,
paraffin-embedded tumors (25). These were cut adjacent to
those used for IHC analysis and in all cases contained at least
25% tumor cells. PCR amplification of exons 5-8 was carried
out using primers and conditions identical to those described
earlier (24) except that PCR product for exon 6 was labeled
isotopically with [**P]dCTP. Final reaction volume for PCR was
20 pl, which included 1 pl of DNA sample. Mutations in exon
6 were screened using the isotopic SSCP procedure described
earlier (24). SSCP analysis of exons 5, 7, and 8 was carried out
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using a rapid, nonisotopic mini-gel system recently developed in
our laboratory (25). This procedure has a sensitivity for the
detection of p53 mutations in DNA derived from paraffin-
embedded tumors identical to that for DNA from frozen tumor
samples. All mutations identified in exons 5, 7, and 8 were
confirmed at least once by a separate isotopic PCR-SSCP gel
run. These gels were also used to identify tumors containing the
common “hot-spot” mutations at codons 175, 245, 273, and 282.
This was achieved by migration of control DNA samples con-
taining these mutations in adjacent lanes and identifying tumors
with identical bandshifts. The validity of this method was con-
firmed by sequencing several of the hot-spot mutations identi-
fied in this manner. DNA sequencing of mutant p53 was carried
out by excision of the aberrantly migrating bands from SSCP
gels, elution of the single-stranded DNA, and reamplification
prior to use as template in sequencing reactions (25).

Statistical Analysis. Associations between clinicopatho-
logical features of colorectal tumors and p53 accumulation or
mutation were evaluated using the x? test. The Mantel-Haenszel
test for linear association was used to determine the correlation
with histological grade and tumor site, both of which were
treated as continuous variables. All other variables were treated
as dichotomous or categoric. Univariate survival analysis was
conducted using the method of Kaplan and Meier, and the
difference between survival curves was evaluated by the log-
rank test. Multivariate analysis was performed using Cox’s
proportional hazard model with stepwise forward selection of
independent variables based on the likelihood ratio. Statistical
significance was considered at a P of <0.05. All analyses were
conducted using the Statistical Package for Social Sciences
(SPSS) software package.

RESULTS

The overall incidences of p53 protein accumulation (>5%
of cells IHC+) and gene mutation (SSCP+ in exons 5-8) in the
present series of more than 500 colorectal tumors were 30 and
36%, respectively. These results are similar to a previous study
in our laboratory of 109 tumors in which frozen tissue was used
for the SSCP analysis (24). Fifty % of tumors contained neither
p53 accumulation nor mutation (IHC—/SSCP—), and 17% con-
tained both alterations (IHC+/SSCP+), giving an overall con-
cordance of 67%. The remaining tumors were IHC—/SSCP+
(19%) or IHC+/SSCP— (14%). These results are in line with
previous findings on the concordance between pS53 alterations
detected by IHC and SSCP in frozen colorectal tumors (24, 26).
A total of 194 mutations were identified by SSCP screening of
exons 5-8: 78 were in exon 5, 16 were in exon 6, 54 were in
exon 7, and 46 were in exon 8. Mutations in the hot-spot codons
were observed in 28 tumors for codon 175, 10 for codon 245, 17
for codon 273, and 16 for codon 282, accounting for 37% of all
mutations. In agreement with most previous studies (14, 16, 17,
27, 28), pS3 accumulation was more frequent in tumors located
distal to the splenic flexure and higher-grade tumors but showed
no association with Dukes’ stage (Table 1). No association was
observed between the presence of pS3 mutation and stage, site,
or grade of the colorectal tumors.

Table 2 shows the Cox univariate analyses of established
clinicopathological features and of p53 alterations using overall

Table 2 Univariate Cox analyses of overall survival

Hazard ratio (95%

Feature confidence interval)‘ P’
Dukes' stage 3.17 (2.44-4.51) <0.0001
Tumor site 0.94 (0.83-1.06) 0.6590
Histological grade 1.31 (1.12-1.53) 0.0027
Mucin production 1.2 (0.63-2.38) 0.6086
p53 accumulation 0.63 (0.45-0.87) 0.0067
p53 mutation 0.86 (0.64-1.15) 0.1955

“ Cox proportional hazard univariate analysis. For each clinico-
pathological feature, the categories compared were the same as those
shown in Table 1. pS3 accumulation (IHC+) versus no accumulation
(IHC—); p53 mutation (SSCP+) versus wild-type p53 (SSCP—).

b Kaplan-Meier analysis (log-rank test).

survival as end points. Dukes" stage and histological grade, but
not tumor site, were significant predictors of survival. Tumors
with p53 accumulation showed improved survival (Fig. la).
Results of survival analyses for tumor subgroups are shown in
Table 3 and Fig. 1. IHC+/Dukes’ stage C and IHC+/distal
tumors showed significantly improved prognosis (Fig. 1, b and
¢, respectively). IHC positivity was of no prognostic signifi-
cance, however, in Dukes’ stage B tumors or in tumors origi-
nating proximal to the splenic flexure.

The presence of p53 mutation showed a nonsignificant
trend (P = 0.195) toward association with improved survival in
the overall tumor series (Fig. 1d). With the exception of the
relatively small transverse colon subgroup (n = 38), the strong-
est association of mutation with improved survival was in the
distal tumors (Fig. le). No significant differences were apparent
between the survival of patients harboring mutations in different
exons. In contrast to the overall tumor series (Fig. 1d), tumors
containing the codon 282 hot-spot mutation showed a trend
toward poor prognosis (Fig. 1f). When the 16 cases containing
this mutation were removed from the analysis, the association
between pS3 mutation and improved survival approached sig-
nificance (P = 0.070). The other hot-spot mutations identified
(codons 175, 245, and 273) all showed trends for association
with improved survival (results not shown).

Multivariate analysis of the overall tumor cohort revealed
that Dukes’ stage and histological grade were independent in-
dicators of poor survival, whereas p53 accumulation was an
independent marker of improved survival (Table 4). When tu-
mors to the left of the splenic flexure (distal and rectal) were
considered, the relative risk associated with IHC positivity for
p53 protein was a 2-fold improvement in survival after adjusting
for stage and grade.

DISCUSSION

A major shortcoming of many studies on the prognostic
significance of pS53 alterations in human cancers is the small
number of cases analyzed and the short follow-up time of
patients (29). In an attempt to clarify the role of p53 aberration
in colorectal cancer, we analyzed over 500 tumors, with a mean
patient follow-up time of more than 7 years. Confirming our
earlier result (22), the accumulation of pS3 protein in primary
colorectal tumors was associated with significantly improved
patient survival (Table 2). Interestingly, this was observed only
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Fig. 1 Kaplan-Meier survival analysis. a, p53 accumulation, all tumors; b, p53 accumulation, Dukes' stage C: ¢, p53 accumulation, distal tumors;
d, p53 mutation, all tumors; e, p53 mutation, distal tumors; f, mutations in codon 282.

in patients in whom the tumor originated to the left of the
splenic flexure (Table 3). The presence of p53 mutation detected
by SSCP was also associated with improved survival in distal
colonic tumors (Table 3 and Fig. le), although this did not reach
significance. Only one other study has, to our knowledge, re-
ported evidence of improved prognosis for colorectal tumors
showing pS53 alteration (Fig. I¢ in Ref. 27). Our study is the first
to demonstrate differences in the prognostic significance of p53
alteration in colorectal tumors depending on the site of origin or
stage of invasion.

Even in left-sided tumors, the improved patient survival
associated with pS3 alteration was only 10-20% after 5 years
(Fig. 1, ¢ and e). This might explain why many of the earlier
studies on much smaller and mixed tumor series found no

prognostic significance for pS3 alteration. Although the inci-
dences of p53 accumulation (30%) and mutation (36%) detected
in our study were both about 25% lower than most other reports
for this cancer type, we believe that this is unlikely to explain
the observed correlation with improved prognosis. Using IHC
and SSCP methods identical to those used in the present study,
our laboratory recently completed parallel investigations into
the prognostic significance of pS53 alterations in endometrial
(30), gastric (11), and breast* carcinomas. In contrast to distal
colonic tumors, p53 alterations in each of these tumor types

*R. Soong, P. Robbins, and B. lacopetta, submitted for publication.
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Table 3 Kaplan-Meier survival analysis for p53 alterations within
tumor stage and site subgroups

Table 5 Prognostic significance of pS53 alterations in different tumor
types

p53 accumulation pS53 mutation

Subgroup (n) P
Dukes’ stage
B (272) 0.574 0.456
C (284) 0.013¢ 0.323
Tumor site
Proximal (177) 0.974 0.463
Transverse (38) 0.791 0.058
Distal (230) 0.003¢ 0.125
Rectal (105) 0.074 0.526
Dukes’ Clleft-sided (113) 0.002¢ 0.183

“ Log-rank test for difference in survival: [HC+ versus [HC—.
® Log-rank test for difference in survival: SSCP+ versus SSCP—.
< Improved survival for IHC+ tumors.

Table 4 Multivariate analysis

Hazard ratio (95%
Variables confidence interval) P

All tumors (n = 481)

Dukes’ stage 3.15(2.29-4.34) <0.0001

Histological grade 1.28 (1.08-1.52) 0.0039

p53 accumulation 0.66 (0.47-0.93) 0.0175
Distal and rectal (n = 335)

Dukes’ stage 2.82 (1.86-4.28) <0.0001

p53 accumulation 0.47 (0.30-0.74) 0.0012

were associated with worse patient survival (Table S5). The
relatively lower sensitivity of our detection techniques is there-
fore unlikely to account for the seemingly anomalous correla-
tion with improved survival observed in distal colonic tumors.

It is not clear why pS3 accumulation and, to a lesser extent,
p53 mutation are associated with better prognosis in this tumor
type. Overexpression of wild-type pS53 protein (presumably
functional) in tumor cells might be expected to correlate with
good prognosis if it induced apoptosis and/or growth arrest.
However, tumors with this phenotype (IHC+/SSCP—) had the
same prognosis (70% of patients surviving at the end of the
study period) as those that overexpressed mutant p53 (IHC+/
SSCP+; 71% surviving). There were no obvious differences in
the p53 gene mutation profile between right- and left-sided
tumors, which could suggest a reason for the different associa-
tions with patient survival. Comparison of the p53 mutation
frequency between these two sites revealed that 14 and 17%,
respectively, contained a mutation in exon 5; 4 and 5% in exon
6; 8 and 9% in exon 7; and 8 and 7% in exon 8.

Our results suggest that alteration of pS3 may have differ-
ent phenotypic effects depending on the tumor type in which
this occurs. Apart from the present findings in distal colonic
tumors, we are aware of at least five studies showing improved
prognosis for tumors with p53 alterations (31-35). These in-
clude both IHC (31, 33, 35) and molecular (32, 34) detection of
p53 abnormality in low-grade gliomas (31, 32), non-small cell
lung cancer (33, 34) and malignant melanoma (35). The reason
that p53 alterations correlate with opposing patient outcomes in
different tumor types is intriguing and obviously warrants fur-
ther investigation. Our results and those cited above argue

Overall patient survival

p53 accumulation” p53 mutation®
Tumor type (n) (P") (P’

Endometrial? (122) Worse (0.0006) Worse* (0.115)
Gastric’ (116) Worse (0.032) Worse (0.001)
Breast* (376) Not done Worse (<0.0001)
Proximal colon (177) None (0.97)

None (0.46)
Distal colon (230) Better (0.003) Better” (0.12)

“ Nuclear staining in more than 5% of tumor cells detected using
DO-7 antibody.

* Log-rank test for IHC+ versus IHC— or SSCP+ versus SSCP—.

¢ Mutation in exons 5-8 detected using SSCP, except for breast
carcinoma, which also included exons 4, 9, and 10.

4 Ref. 30.

“ Trend only.

"Ref. 11.

“R. Soong, et al., submitted for publication.

against the assumption that p53 alteration is invariably a marker
of worse prognosis in all cancer types. For reasons still to be
determined, the opposite is sometimes also the case. These
findings lead us to caution that results obtained from in vitro
studies of p53 function may be strongly influenced by the origin
of the tumor cell lines being investigated.

Tumors located in the distal colon have been proposed to
arise by pathways distinct from those originating in the proximal
colon (36). Distal tumors predominate in regions of high colo-
rectal cancer incidence, such as Australia. These tumors display
a higher frequency of 17p allelic loss (17), p5S3 accumulation
(Table 1), and aneuploidy (14). Right-sided tumors are more
often mucinous (28), diploid (14) and of the RER+ phenotype
(37). RER+ tumors are defective in DNA mismatch repair and
consequently have an increased mutational load. In spite of this,
RER+ tumors are associated with improved prognosis (37).
Abrogation of p53 function in some colon tumor cell lines also
results in a markedly increased mutation frequency (38), and it
is tempting to speculate that mechanisms similar to those acting
in RER+ proximal tumors to give better prognosis may explain
the improved prognosis of p53-altered distal tumors.

In vitro studies suggest that various p53 mutants have
different biological properties in colon cancer cell lines (39).
Our results support this by showing that three of the four
hot-spot mutations identified were weakly associated with im-
proved survival (codons 175, 245, and 273) whereas the other
(codon 282) was associated with a trend toward worse prognosis
(Fig. 1f). These data should be interpreted with caution because
of the small numbers of tumors in each group. Nevertheless,
they suggest that the codon 282 mutant has different biological
effects than both the wild-type and the other mutant p53 proteins
in colorectal tumor cells.

Only 27 of the 541 patients in this study received postop-
erative systemic adjuvant therapy. Of these, the 7 with p53
mutation (SSCP+) showed worse survival (5 deaths) than the
20 without mutation (9 deaths). Although it does not reach
statistical significance, this result agrees with two other studies
that found that pS3 mutant colorectal tumors respond poorly to
adjuvant therapy (21, 40) and suggests that treated and untreated
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patient groups may have opposite outcomes depending on their
p53 status. Untreated Dukes’ stage C/distal tumors show mar-
ginally improved prognosis in the presence of p53 mutation
(Table 3 and Fig. 1), whereas the same tumors, when treated,
appear to have worse survival. The different adjuvant therapy
status of patient cohorts might therefore explain the discrepant
results reported for the prognostic significance of p53 alterations
by various workers (12-23). If our findings are confirmed in
further studies, they would support the use of p5S3 mutation as a
marker for the postoperative management of left-sided, Dukes’
stage C patients. Those with normal p53 appear to benefit from
adjuvant therapy, whereas those with a mutation might best be
left untreated.
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