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Mutations of Ki-ras and p53 genes in colorectal
cancer and their prognostic significance

M Morrin, M Kelly, N Barrett, P Delaney

Abstract
The series of genetic changes leading to
malignancy in colorectal cancer is weli
reported. This includes mutational
activation of the proto-oncogene Ki-ras
and mutation/deletion of the p53 tumour
suppressor gene. The frequency of these
mutations was investigated in a panel of52
colorectal cancer patients using a com-
bination of immunocytochemistry and
non-radioactive, digoxigenin-labelled in
situ hybridisation. Sixty two per cent (32
of 52) of the study population were posi-
tive for p53 overexpression and 36% (19 of
52) positive for Ki-ras mutation. Twenty
seven per cent (14 of 52) of the patients
expressed both mutations. Mutation of
either the p53 or the Ki-ras gene did not
correlate with Dukes's stage, tumour dif-
ferentiation or 5 year survival rate of the
patients. Most of the rectal carcinoma
specimens (11 of 15) showed p53 over-
expression but the significance of this
was not supported statistically. Thus
detection of molecular changes is becom-
ing more amenable to incorporation into
routine histological carcinoma assess-
ment because of the advent of non-
radioactive labelling in in situ
hybridisation and antibodies suitable for
paraffin wax embedded specimens. The
significance of these mutations in disease
prognosis, however, remains question-
able.
(Gut 1994; 35: 1627-1631)
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Colorectal cancer is the result of an accumula-
tion of genetic changes. These cancers are

particularly well suited to studies of the pro-
gression of genetic changes leading to malig-
nancy, as they tend to develop over years, ifnot
decades. These acquired mutations affect
fundamental cellular regulatory mechanisms,
usually through the inactivation of tumour
suppressor genes or the activation of onco-

genes. These include the APC and MCC genes
on chromosome 5q21,1-3 the DCC gene on
chromosome 18,4 the nm23 gene,5 the p53
gene on chromosome 17p,6 and the oncogenes
Ki-ras and c-myc.7 8

Evidence accrued to date shows that the p53
gene is the most commonly altered gene in
human cancer, with mutations having been
detected in breast,9 renal cell,'0 oesophageal,"I
and non-small cell lung cancer.12 It is a tumour
suppressor gene, which in its normal form
codes for a 53 kD protein, which binds to
DNA and acts as a transcription factor to halt
cells in the GI to S transition in the cell

cycle.'3 14 Mutant forms lack this DNA bind-
ing activity and thus cannot halt replication
when DNA has become damaged and needs
extra time for repair. This is the basis of Lane's
functional model ofp53 as a 'molecular police-
man'. 15

Deletions of chromosome 17p are found in
75% of colorectal cancers and are highly cor-
related with mutation of the remaining p53
gene.'6 17 These mutations can be detected
by immunocytochemistry, as the normally
short lived protein becomes stabilised.
Overexpression of p53 protein has been found
in 42 to 67% of colorectal carcinomas18 19 and
is generally considered to be one of the later
genetic changes in the adenoma-carcinoma
sequence.20
The ras gene family consists of three closely

related genes, H-ras, N-ras, and Ki-ras, which
code for 21 kD proteins. These proteins are
localised to the inner plasma membrane and
can exist in two states: an active, signal
transducing, GTP-binding state and an in-
active, GDP-containing state.2l Mutations in
Ki-ras are the ones most commonly
associated with colorectal cancer,7 where they
result in the loss of GTPase activity, causing
the cell to be continuously activated and
locked into proliferation. The incidence of
mutated Ki-ras varies strongly among differ-
ent tumour types, with only 4% of ovarian
carcinomas showing an activated Ki-ras
gene,22 whereas 42-50% of colorectal carci-
nomas had this mutation.20 23
We wished to assess the relation between

p53 and Ki-ras mutations and their prognostic
significance in a series of colorectal cancer
patients, using methods that could be incor-
porated into routine histological carcinoma
assessment, namely immunocytochemistry
and non-radioactive in situ hybridisation, and
possibly enhance the accuracy of the currently
used prognostic staging systems.

Methods

TUMOUR SAMPLES
Formalin fixed, paraffin wax embedded tissue
sections from 52 colorectal cancer patients
treated at Limerick Regional Hospital from
1987 to 1988 were used in the study. The
study population consisted of four Dukes's A,
23 Dukes's B, 11 Dukes's C, and 14 Dukes's
D patients. Of these tumours, 25 were left
sided, 1 1 right sided, and 15 were rectal. When
subdivided on the basis of differentiation, 27 of
the tumours were well differentiated, 21 were
moderately differentiated, and four were
poorly differentiated.
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IMMUNOCYTOCHEMISTRY
Sections (5 ,um) were collected into poly-l-
lysine-coated slides, dewaxed in xylene, and
rehydrated through graded alcohols. Endo-
genous peroxidase was blocked by incubation
in 3% hydrogen peroxide solution (15
minutes). Normal rabbit serum at 1:5 dilution
in TRIS buffered saline was used to block non-
specific binding. Sections were incubated with
primary antibody (DO-7 mouse monoclonal
antibody, specific for human wild type and
mutant p53 protein, Dako Ltd, High
Wycombe, UK) at 1 :100 dilution in TRIS
buffered saline, overnight at 4°C. After incuba-
tion with a polyclonal biotinylated rabbit anti-
mouse antibody (Dako Ltd, High Wycombe,
UK) at 1:300 dilution in TRIS buffered saline
for 40 minutes at room temperature, a

StreptABComplex kit (Dako Ltd, High
Wycombe, UK) with aminoethyl carbazole as

chromogen was used to visualise the staining.
Each section was incubated in the absence of
primary antibody as a negative control.
Tumours with strong p53 overexpression were

used as positive controls.

NON-RADIOACTIVE IN SITU HYBRIDISATION

cDNA probe preparation
A cDNA probe, specific for the codon 12
mutation of the activated form of the
human Ki-ras 2 oncogene24 was isolated from
clone ATCC 41027 according to standard
techniques.25 The random primer labelling
system26 was used to label the cDNA
probe with digoxigenin-1 1-dUTP (Boehringer
Mannheim, Lewes, UK). The prime-a-gene
labelling kit (Promega Corp, Madison, WI,
USA) was followed according to the manufac-
turer's instructions but was modified to permit
incorporation of digoxigenin instead of 32p
that is, the labelling mixture contained 1 5 mM
each of unlabelled dATP, dCTP, dGTP, 0 97
mM dTTP, and 0 53 mM digoxigenin - 1 1-
dUTP. The rest of the protocol remained
unchanged.

Figure 1: Demonstration of nuclear p53 overexpression by immunocytochemistry in a

colorectal tumour specimen.

Tissue preparation/hybridisation protocol
All of the normal precautions taken with in situ
hybridisation to prevent RNAase or DNAase
contamination were used throughout the pro-
cedure - that is, baking of glassware, use of
sterile reagents/containers, incorporation of
diethylpyrocarbonate in buffers, etc.

Tissue specimens of 5 ,um were collected
onto poly-l-lysine coated slides, dried overnight
at 37°C, dewaxed in xylene, and rehydrated
through graded alcohols. After incubation in 10
mg/ml solution of proteinase K in TRIS
buffered saline at 37°C, the slides were washed
and then fixed in 4% paraformaldehyde solu-
tion in phosphate buffered saline at 4°C. The
tissue was subjected to a prehybridisation step
by incubating with the hybridisation cocktail,
minus the cDNA probe, for one hour at 42°C.
The cocktail consisted of 50% deionised for-
mamide, 1 XDenhardt's solution, 10% dextran
sulphate, 10 mM dithiothreitol, and 18%
TRIS-EDTA buffer (10 mM TRIS-HCl, 1
mM EDTA, pH 7 6). After addition of the
digoxigenin-labelled cDNA probe, the sections
were denatured at 98'C for 10 minutes, placed
on ice for two minutes, and then incubated
overnight at 42°C. Sections were washed next
day in decreasing concentrations of SSC
buffer (3 M NaCl, 0-3 M sodium citrate,
pH 7 2) and the bound probe detected by
immunocytochemistry using the digoxigenin
nucleic acid detection kit (Boehringer
Mannheim, Lewes, UK) with nitroblue tetra-
zolium chloride and bromochloroindoylphos-
phate for localisation of bound, alkaline
phosphatase labelled antibody. Controls com-
prised of (a) pretreatment with 100 mg/ml
RNAase A in 2XSSC/10 mM MgCl2 for one
hour at 37°C before hybridisation or (b) omis-
sion of labelled probe.
The efficacy of labelling was estimated by a

dot blot technique where the response
obtained from different concentrations of a
labelled control DNA solution was compared
with a dilution series of labelled cDNA probe.
The response was detected using the reagents
from the digoxigenin nucleic acid detection kit
(Boehringer Mannheim).

STATISTICAL ANALYSIS
Frequency of p53 or Ki-ras positive tumours
was compared for each variable using x2
statistics with the Solo Statistical System
(BMDP Statistical Software, CA, USA).

Results
Overexpression of p53 protein was detected
immunohistochemically in 32 of 52 (62%) of
the tumour specimens examined. Staining was
predominately nuclear and was rarely seen in
adjacent normal mucosa (Fig 1). Activation of
the Ki-ras gene was detected using a digoxi-
genin-labelled cDNA probe by non-radio-
active in situ hybridisation in 19 of 52 (36%) of
the study population. As the probe was specific
for mRNA, specific staining was exclusively
cytoplasmic in all tumour specimens examined
(Fig 2).
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Figure 2: Detection of cytoplasmic mutated Ki-ras oncogene by in situ hybridisation in a
colorectal tumour specimen.

The relation between p53 or Ki-ras muta-
tions and various clinicopathological variables
was investigated (Table). Twenty five per cent
of the Dukes's A specimens, 78% of the
Dukes's B, 45% of the Dukes's C, and 50% of
the Dukes's D specimens showed p53 over-
expression. None of the Dukes's A specimens
were positive for Ki-ras mutation whereas
35%, 54%, and 36% of the Dukes's B, C, and
D specimens respectively, were positive.
Most of the rectal carcinomas showed p53

overexpression (73%), but the proportion of
the left and right sided tumours that had p53
mutations was similar. Only 18% of the right
sided tumours were positive for Ki-ras activa-
tion, with 33% of the rectal carcinomas and
52% of the left sided tumours showing Ki-ras
mutations. Sixty three per cent of the well
differentiated tumours were positive for p53
overexpression, with 57% of the moderately
and 50% of the poorly differentiated tumours
showing overexpression. None of the poorly
differentiated, 29% of the well differentiated,
and 53% of the moderately differentiated
tumours showed Ki-ras mutations.
Of those patients whose tumours were posi-

tive for p53 overexpression, an equal number
had died as had survived five years after their
first presentation with disease (12 of 32, 38%).
Similarly, there was no significant difference in
the number of patients who had died and who
had survived in the five years after their first

Clinicopathological variables andfrequency ofp53
overexpressionIKi-ras mutation

No ofp53 No ofKi-ras
Variables Cases (n) positive positive (%)

Dukes's stage
A 4 1 (25) 0 NS*
B 23 18 (78) 8 (35) NS
C 11 5 (45) 6 (54) NS
D 14 7 (50) 5 (36) NS

Location
Right 11 6 (55) 2 (18) NS
Left 25 13 (52) 13 (52) NS
Rectum 15 11 (73) 5 (33) NS

Differentiation
Well 27 17 (63) 9 (33) NS
Moderate 21 12 (57) 10 (48) NS
Poor 4 2 (50) 0 NS

*NS=not significant, when tested using x2 analysis.

presentation with disease in the Ki-ras positive
population (7 (35%) v 9 (45%) of 19). None of
the clinicopathological variables were found to
correlate with the expression of either p53 or
Ki-ras mutations when analysed for statistical
significance.

Discussion
Studies over the past five years have used
various methods of detection to investigate p53
or Ki-ras mutations in colorectal cancer in an
attempt to determine their prognostic signifi-
cance. In a study using immunocytochemistry
on frozen sections, Scott et al,19 reported that
22 of 52 (42%) of their samples were positive
for p53, but no correlation was found with
Dukes's stage, tumour grade or patient
survival. When flow cytometry was used to
quantify nuclear attached p53,18 50 of 78
(64%) of the samples contained high levels
of p53. These high levels correlated with
tumour site, 17p allele loss, hyperdiploid DNA
content, and also survival, but only when the
Dukes's D samples were included in the
analysis. Other studies using immunocyto-
chemistry on paraffin wax embedded tissue
also found a correlation between p53 content
and survival,27 28 but differed in their assess-
ment of significance of Dukes's staging. The
use of different antibodies and tissue prepara-
tion procedures influences the extent of stain-
ing in these various studies, as the epitope on
the p53 protein that a particular antibody is
directed towards may not survive the fixation
procedure. The frequency of antibody reac-
tivity varied from 64 to 36% when three p53
antibodies were compared in a study on 90
frozen tissue specimens.29 In general, however,
there is quite good agreement between the
different studies on the overall frequency of
p53 overexpression, but to achieve statistical
significance between this overexpression and
some of the clinicopathological variables, a
larger study population seems to be necessary.
This is shown in our study, where the
frequency of p53 positive tumours was similar
to other reports - that is, 62% - but no corre-
lation with Dukes's stage, tumour location,
degree of differentiation or survival was estab-
lished.

Mutations in the Ki-ras oncogene are
thought to occur at an early stage in the
adenoma-carcinoma sequence, with the
frequency of mutations increasing with
adenoma size.20 In studies of Ki-ras mutation
in gastrointestinal dysplasias, polymerase chain
reaction amplification and sequence/restriction
enzyme analysis of the mutated region seems
to be the method of choice.23 30 31 This tech-
nique may not be available, however, in every
laboratory and thus many have used specific
antibodies to investigate levels of the ras gene
product, p2 1, as a marker of mutational activa-
tion, with the monoclonal antibody Y13-259
being one of the most commonly used
probes.32-34 We felt that the efficacy of this and
other antibodies on formalin fixed, archival
material was questionable and wanted to
develop a technique that could possibly be

1629

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.35.11.1627 on 1 N

ovem
ber 1994. D

ow
nloaded from

 

http://gut.bmj.com/


1630 Mormin, Kelly, Barrett, Delaney

incorporated into routine histological carci-
noma assessment, if it proved to be of prog-
nostic significance. This is why an in situ
hybridisation technique, using the non-
radioactive label digoxigenin, was used to
assess frequency of Ki-ras mutation. Thirty six
per cent of the samples showed activation of
the Ki-ras gene, but a correlation with either
Dukes's stage, tumour differentiation, tumour
location or survival was not found. In a study
comparing ulcerative colitis associated and
sporadic colorectal carcinomas, 14 of 33
(42%) of the sporadic cases were positive for
Ki-ras codon 12 mutation, with a significant
association with a rectal location.23 Left
sided tumour location is also frequently found
to correlate with p53 overexpression,19 28
evidence that corroborates the theory of
distinct patterns of tumour progression
being associated with different sites in the
colorectum.
Twenty seven per cent of the specimens

studied here were positive for both p53 and
Ki-ras mutations. The survival rate for patients
with both mutations was not significantly
different from those with only one or neither of
the mutations (data not shown). This is in con-
trast with the study of 100 colorectal tumours
by Bell et al,35 where the survival rate of
patients expressing both mutations was nearly
a third of that of the remainder of the series. It
is not clear whether or not there is an associa-
tion between the two types of mutation in
tumour development. Enomoto et al 36 report
that ras and p53 gene mutations occur inde-
pendently in endometrical adenocarcinoma.
This was also seen in non-small cell lung
cancer.37 In a mouse prostate model, the
expression of activated ras and myc oncogenes
induced carcinoma development but bypassed
the need for p53 mutation by neutralising the
tumour suppressor activity of normal p53.38
Cooperation between ras cDNA and mutant
p53 was required, however, to fully transform
rat embryo fibroblasts, as neither cDNA alone
accomplished this to the same extent.39 To add
further confusion, the presence of both p53
overexpression and Ki-ras mutation was not
sufficient to cause transformation of benign
large bowel adenomas in two separate studies
of these mutations in colorectal adenomas.40 41
It would seem that the in vivo situation and
that seen in model systems differ quite signifi-
cantly. Many factors other than mutations in
p53 and Ki-ras genes determine the progres-
sion of disease (for example, mutations in the
DCC, APC or nm23 genes, environmental
factors, etc), thereby making the assessment of
prognostic significance of the p53 and Ki-ras
mutations difficult. These other factors may be
partially responsible for the differing survival
rates reported for patients expressing both
mutations (for example,35 this study). In our
study there was no evidence to suggest that the
presence of either or both mutations was prog-
nostically less favourable or that either one
occurs earlier or later in the progression of
disease. Thus, even though techniques are now
available that could be incorporated into
routine histological carcinoma assessment,

namely immunocytochemistry on paraffin wax
embedded tissue and non-radioactive in situ
hybridisation, the prognostic significance of
these mutations remains questionable.
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