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p53 and K-ras gene mutations in carcinoma of the
rectum among Finnish women

K Servomaa, A Kiuru, V-M Kosma, P Hirvikoski, T Rytdmaa

Abstract

AimsiBackground—The aim of this study
was to identify p53 and K-ras gene
mutations in carcinoma of the rectum
among Finnish women. Mutation patterns
might give clues to aetiological factors
when comparisons are made with other
human tumours.

Methods—Of 134 women with carcinoma
of the rectum, paraffin wax embedded
specimens of the tumour tissue were
obtained from 118 patients. Genomic
DNA was extracted, and exons 4-8 of the
P53 gene and codons 12/13 and 61 of the
K-ras gene were amplified, and analysed
for mutations by single strand conforma-
tion polymorphism and direct sequenc-
ing. The production of p53 and K-ras
proteins was studied by immunohisto-
chemistry.

Results—The overall crude frequency for
mutations in the p53 gene was 35% but the
true frequency appears to be higher (up to
56%). In the K-ras gene, the mutation fre-
quency (15%) was significantly lower than
that reported for colon cancer. In the p53
gene, the mutation frequency increased
significantly with patient age. In a high
proportion of patients (14%) the rectal
tumours contained small subclones of
tumour cells that displayed extremely rare
mutations at codons 110 and 232 of the p53
gene. Hot spot codon 175 mutations were
significantly less common in rectal cancer
than in cancer of the colon.
Conclusions—Rectal cancer among Finn-
ish women has characteristics in the
mutations of the p53 and K-ras genes that
are uncommon in other human tumours,
including cancer of the colon. A biological
explanation of these findings is not clear at
present, but might be associated with an
unidentified genetic factor in Finland.

(¥ Clin Pathol: Mol Pathol 2000;53:24-30)
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It has been suggested that p53 mutations can
provide clues to the nature of exogenous agents
and endogenous cellular events that are impor-
tant to the natural history of human cancer.'™
However, given the complexity of most expo-
sures, it is not surprising that at present only a
few clear examples are available of an unam-
biguous association between a genotoxic agent
and a specific mutation pattern. To reveal sub-
tle but real differences in mutation patterns, it
is necessary to accumulate detailed data on the
frequency and types of mutations in various

cancers and exposures. To this end, it is impor-
tant that the patient groups studied can be
matched for various parameters that might
influence the mutation spectrum, such as age,
sex, ethnicity, and geographical origin, and that
relevant information is obtained of the charac-
teristics of the tumours examined and the
exposures to cancer risk factors.

The p53 tumour suppressor gene and K-ras
oncogene are frequently mutated in colorectal
carcinoma and are involved in the classic
adenoma-carcinoma sequence.” However,
there is evidence that molecular mechanisms of
colorectal carcinogenesis might differ in dis-
tinct parts of the colorectum.®” So far, little
evidence is available on the molecular mech-
anism of rectal carcinoma, one of the leading
cancer types in Finland, both among men and
women. The age adjusted incidence rate (10.6/
10° and 6.6/10° for men and women, respec-
tively, in 1993) has been rising in all parts of the
country and the trend is expected to continue.®
Because the risk factors in rectal and colon
cancers are partly similar (for example, a diet
rich in fat) and partly different (for example,
dietary calcium, reproductive factors, and low
physical activity are associated with the risk of
colon cancer but not of rectal cancer),” ' it is
possible that mutations in the p53 and K-ras
genes are not similar in these tumours.

We have examined a group of 118 Finnish
women with cancer of the rectum for p53 and
K-ras mutations. In addition to expressing the
results in relation to different group param-
eters, such as patient age, we have, as far as
possible, compared the mutation frequencies
and patterns with those compiled from the lit-
erature. Furthermore, from the same group of
patients we also analysed the production of p53
and K-ras proteins.

Methods and materials

PATIENTS

The study comprised 134 women with carci-
noma of the rectum diagnosed in Finland in
1963-1992. Half of the patients had received
radiotherapy for cervical carcinoma = 10 years
earlier; the other half, matched for age and year
of diagnosis, had no history of unusual
radiation exposure. With regard to the effects
of radiotherapy on K-ras and p53 mutations in
secondary cancers, detailed results will be pub-
lished elsewhere. For the purposes of our
present study, it is important to note that the
pooled data are not likely to misrepresent K-ras
and p53 mutation patterns for primary cancer
of the rectum. The reason is that in radiation
induced cancers K-ras and p53 mutations are
very rare,"’ and therefore they cannot modify
the mutation patterns significantly. The only
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notable effect is on the crude point estimate of
the mutation frequency (see Results).

Of the initial group of 134 patients, a paraf-
fin wax embedded specimen of the tumour tis-
sue was obtained from 118 patients (88%)
from the pathological archives of Finnish
hospitals. All samples were subjected to
re-evaluation of the original histological diag-
nosis by an expert pathologist (V-MK), who
also selected representative tissue section areas
for DNA extraction and further molecular
analyses.

PREPARATION OF GENOMIC DNA
For DNA extraction, one to three paraffin wax
embedded 5-30 um sections were dewaxed
with two treatments in xylene and rehydrated.
The pieces of material were broken up in TE
(10 mM Tris, 1 mM EDTA, pH 8.0). Protein-
ase K in 10% sodium dodecyl sulphate was
added to a final concentration of 1 mg/ml and
the samples were digested overnight at 60°C.
The samples were then heated to 95°C for 10
minutes, cooled on ice, extracted by phenol/
chloroform/isoamyl alcohol, and precipitated
overnight with 10 M ammonium acetate,
glycogen, and ethanol at —20°C. The DNA
pellets were washed twice with 70% ethanol,
dried, and resuspended in 30-50 ul of TE
(pH 8.0). Aliquots containing 60 ng of DNA
were used for the polymerase chain reaction
(PCR).

POLYMERASE CHAIN REACTION

Exons 4-8 of the p53 gene, and codons 12/13

and 61 of the K-ras gene, were individually

amplified by PCR using different primer pairs
flanking the exons and codons of interest.

Exons 5-8 of the p53 gene, and codons 12/13

and 61 of the K-ras gene, were amplified as one

fragment each, whereas exon 4 of the p53 gene
was split into two fragments for amplification.

The following primers and annealing tempera-

tures were used for PCR.

(1) p53 exon 4:5" 5-GTCCTCTGACTG
CTCTTTTC-3' (sense) and 5'-CTGCC
CTGGTAGGTTTTCTG-3' (antisense);
annealing temperature 56°C.

(2) p53 exon 4:3: 5-GCACCAGCAGCT
CCTACACC-3' (sense) and 5'-CGGCC
AGGCATTGAAGTCTC-3' (antisense);
annealing temperature 58°C.

(3) p53 exon 5: 5-TGTGCCCTGACT
TTCAACTC-3' (sense) and 5-ACCAGC
CCTGTCGTCTCTCC-3" (antisense);
annealing temperature 58°C.

(4) p53 exon 6: 5-TCCTCACTGATT
GCTCTT-3' (sense) and 5-CACATC
TCATGGGGTTAT-3' (antisense); an-
nealing temperature 53°C.

(5) p53 exon 7: 5-TCATCTTGGGCC
TGTGTTAT-3’ (sense) and 5'-AGGTGG
ATGGGTAGTAGTAT-3' (antisense); an-
nealing temperature 53°C.

(6) p53 exon 8: 5-TGCTTCTCTTTT
CCTATCCT-3' (sense) and 5'-TTGTCC
TGCTTGCTTACCTC-3’ (antisense);
annealing temperature 53°C.

(7) K-ras codons 12/13: 5'-CTGCTGAAAA
TGACTGAATA-3' (sense) and 5'-ATGG
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TCCTGCACCAGTAATA-3' (antisense);
annealing temperature 48°C.

(8) K-ras codon 61: 5-CCTTCTCAGGAT
TCCTACAG-3' (sense) and 5'-TTATTT
ATGGCAAATACACA-3' (antisense); an-
nealing temperature 49°C.

The PCR reaction mix (100 pl) consisted of
1x Dynazyme buffer, 200 uM dNTPs, 2 units
Dynazyme DNA polymerase (Finnzymes,
Espoo, Finland), 0.4 uM primers, and 60 ng
template DNA. Amplification was performed
on a Perkin Elmer Cetus GeneAmp2400 (Per-
kin Elmer Cetus, Branchburg, New Jersey,
USA) using conditions optimised for each
exon. PCR samples were denatured at 94°C for
five minutes and subjected to 40 cycles at 94°C
for one minute, 48-58°C for one minute, and
72°C for one minute. A final extension step at
72°C for seven minutes was performed, after
which the samples were cooled to 4°C. The
sizes of the PCR products were 253 bp (p53
exon 4:5"), 199 bp (p53 exon 4:3'), 262 bp
(p53 exon 5), 259 bp (p53 exon 6), 251 bp
(p53 exon 7), 180 bp (p53 exon 8), 162 bp
(K-ras codons 12/13), and 155 bp (K-ras
codon 61).

SINGLE STRAND CONFORMATION POLYMORPHISM
(sscp)

Mutation screening was performed using
SSCP analysis. The PCR products were
purified from low melting point agarose using
PCR Preps DNA purification resin (Promega,
Madison, USA) and isopropanol precipitation.
PCR products (2 ul) were denatured for 10
minutes at 96°C with 2 pl of formamide dena-
turing dye mixture (94% formamide, 10 mM
EDTA, 0.3% xylene cyanol, and 0.3%
bromophenol blue), cooled on ice, and then
applied (4 pl/lane) to precast Phast gel poly-
acrylamide minigels (Pharmacia Biotech, Upp-
sala, Sweden). Electrophoresis of the minigels
was performed on the Phast gel electrophoresis
system using two different gels and electro-
phoresis conditions optimised for each exon.
Minigels were silver stained according to the
manufacturer’s protocol, and vacuum dried
between two sheets of cellophane. DNA show-
ing an altered mobility, distinct from that of a
normal band in SSCP analysis, was analysed
further by direct sequencing.

DIRECT DNA SEQUENCING

To verify SSCP suggested mutations, direct
sequencing of both strands of the purified PCR
products was performed using the same prim-
ers as in the PCR. Applied Biosystems prism
dye deoxy terminator sequencing kit and the
automatic ABI 373 DNA sequencer were used,
according to the manufacturer’s protocol
(Applied Biosystems). The identified muta-
tions were confirmed by a separate PCR and
subsequent sequence analysis.

IMMUNOHISTOCHEMISTRY
The tumour specimens adjacent to those used
to determine p53 and K-ras gene mutations
were analysed by immunohistochemistry for
the presence of p53 and K-ras proteins.
Immunohistochemical staining using the
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Table 1  p53 mutations among 118 female patients with carcinoma of the rectum

Patient Exon:codon Mutation IHC (DO-7)
REI110 4:100 CAG - CGG Gln - Arg +
RE52 4:110 CGT - TGT Arg - Cys +
RE61* 4:110 CGT - TGT Arg - Cys +
RE66 4:110 CGT - TGT Arg - Cys +
RE119* 4:110 CGT - TGT Arg - Cys -
REI116 5:140-144 Deletion 14 bp (CCTGCCCTGTGCAG) NT
RE4 5:151 CCC-TCC CCC - TCC +
RE42 5:167 CAG - TAG Gln - STOP -
RE58 5:175 CGC - CAC Arg - His +
RE129* 5:175 CGC - CAC Arg - His +
RE41* 5:176 TGC - TGA Cys — STOP -
RE127* 5:176 Deletion 2 bp (GC) -
RE37* 5:179 CAT - CGT His - Arg +
RE38 5:181 CGC - CCC Arg - Pro +
RE69* 6:188-196 Deletion 28 bp (CGGATAAGATGCTGAGGAGGGGCCAGAC) +
RE12 6:214-215 Deletion 2 bp (TA) -
RE86 6:216 GTG - TTG Val - Leu +
RE73* 7:232 ATC - AAC Ile — Asn +
RE72 7:235 Insertion 9 bp (TTCCTTACA) +
RE36 7:236 TAC - AAC Tyr — Asn +
RE65* 7:245 GGC - AGC Gly - Ser +
RE67* 7:245 GGC - AGC Gly - Ser +
RE76 7:245 GGC - AGC Gly - Ser NT
RE104 7:245 GGC - AGC Gly - Ser +
RE6 7:248 CGG - CAG Arg - Gln +
RE44 7:248 CGG - TGG Arg - Trp +
RES82 7:248 CGG - TGG Arg - Trp +
RE103* 7:250 Deletion 2 bp (CC) -
RE74 7:254 ATC - AAC Ile — Asn +
RE28 8:263-265 Insertion 9 bp (AATCTACTG) +
RE56 8:270 TTT - CTT Phe - Leu +
RE2 8:273 CGT - AGT Arg — Ser +
RE49* 8:273 CGT - CAT Arg - His NT
RE57* 8:273 CGT - CAT Arg - His +
RE99* 8:273 CGT - TGT Arg - Cys +
RE134 8:273 CGT - TGT Arg - Cys +
RE130 8:273 Duplication 25 bp (GTGTTTGTGCCTGTCCTGGGAGAGA) -
RE64 8:277 TGT - TTT Cys — Phe +
RE7* 8:282 CGG - TGG Arg - Trp +
RE24 8:282 CGG - TGG Arg - Trp +
RE112 8:306 CGA - TGA Arg — STOP -

*Second carcinoma after radiotherapy of cervical cancer (see Methods).
ICH, immunohistochemical staining of formalin fixed, paraffin wax embedded section of the tumours with DO-7 anti-p53 antibody;

—, < 20% positive nuclei; +, = 20% positive nuclei; N'T, not tested.

monoclonal antibody DO-7 (DAKO, Glos-
trup, Denmark) for p53, and the monoclonal
antibody F-234 (Santa Cruz Biotechnology,
Santa Cruz, California, USA) for K-ras, was
performed on formalin fixed, paraffin wax
embedded preparations of histologically con-
firmed adenocarcinoma of the rectum.
Tumour sections (5 pm thick) were dewaxed,
rehydrated, and washed with phosphate buft-
ered saline (PBS; pH 7.2). After boiling in
0.01 M citrate buffer (pH 6.0) two to five times
for five minutes each in a microwave, the
sections were cooled for 15 minutes in 0.05 M
Tris buffered saline (pH 7.4) and then washed
twice in PBS. Endogenous peroxidase activity
was blocked by 5% hydrogen peroxide in water
for five minutes, followed by washing for five
minutes with PBS. The tissue sections were
incubated overnight at 4°C with the primary
antibody (DO-7 or F-234) diluted 1/500 or
1/10, respectively, in PBS with 1% bovine
serum albumin. Sections were washed twice
with PBS and incubated for 30 minutes with
biotinylated secondary antibody (ABC
Vectastain mouse elite kit) 1/200 in PBS. Slides
were washed twice in PBS for five minutes and
incubated for 40 minutes in preformed avidin
biotinylated peroxidase complex. Sections were
washed twice for five minutes with PBS, devel-
oped with diaminobenzidine tetrahydrochlo-
ride substrate, lightly counterstained with
Mayer’s haematoxylin, dehydrated, cleared,
and mounted. A p53 positive colon adenocar-

cinoma sample was used as a positive control.
For immunohistochemical analyses, tumours
with = 20% positive cells were scored as over-
producing the protein (p53 or K-ras, respec-
tively).

All specimens were analysed, unaware of the
results of the mutation analysis, by two observ-
ers (V-MK, PH) simultaneously and a consen-
sus was reached.

Results

DETECTION OF p53 GENE MUTATIONS

Exons 4-8 of the p53 gene were studied in 118
patients with carcinoma of the rectum. All
exons were not amplifiable in all patients.
Amplification of exon 4 was successful in 106
patients, exon 5 in 109 patients, exon 6 in 92
patients, and exons 7 and 8 in 104 patients. Of
the 118 patients, 41 (35%) had a p53
mutation. A refined estimation of the mutation
frequency is presented below. Table 1 shows
the exact nature of the p53 mutations detected.
Mutations that were successfully repeated from
a new template DNA are given in this table;
mutations possibly associated with tumour
mosaicism are dealt with later in the text.

The distribution of different types of p53
mutations shown in table 1 was compared with
the data base of human colon and rectum
cancers.” In our samples, deletions and inser-
tions were significantly (p < 0.01) more com-
mon than in the data base for colon cancer
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Mutation frequency
(% of all p53 mutations)

175

Table 2 Distribution of p53 mutation types in rectal and
colorectal carcinomas
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Table 3 Distribution of p53 gene mutations by age at
diagnosis of female patients with cancer of the rectum

Rectal Colorectal Age group (years) Patients Mutations
P53 mutation type n % n % 50-9 17 203
60-9 36 10 (14)
G:C - AT at CpG 20 49 277 49 70-9 49 21 (24)
G:C - A:T at non-CpG 2 5 95 17 80-9 16 8 (11)
G:C - C:G 1 2 16 3 Total 118 41 (52)
G:C - T:A 4 10 54 9 - — -
AT o C:G 0 0 10 2 The values in parenthesis include codon 110 and 232 mutations
AT - G:C 3 7 47 8 that could not be confirmed by repeated sequence analysis
AT o T:A 3 7 24 4 (probable tumour mosaicism, see text).
Deletions, insertions, complex 8 20 45 8
Total 41 568 80 —
Non-confirmed codon 110 and 232 mutations (possible tumour — 70—
mosaicism, see text) are excluded. g\i
Rectal results are from this study; colorectal results are from > 60—
Hainaut ez al.* 2
(5 50 —
(table 2); differences in transition/transversion S sl
frequencies were not significant. =
The frequently affected codons were, as & 30
expected, the hot spot codons 175, 245, 248, & ,,_
273, and 282 (table 1). Figure 1 shows the dis- §
tribution of p53 mutations in these codons in 10~
our series and in the current data base of oly, ‘ ‘ ‘ ‘ |

human colon cancers. Owing to the small
number of mutations in each hot spot codon,
our material was combined with other rectal
cancers (combined frequencies are indicated
by open circles in the figure) recorded in the
current data base.* Overall, codon 175 muta-
tions are less common (p < 0.05) in rectal can-
cer than in colon cancer (five of 123 v 107 of
980, including rectosigmoid cancer).

In 10 patients (10 of 118; 8.5%) a C - T
transition at a CpG site was observed at codon
110 (CGT) which is, judging from published
data compilations,* very rarely mutated in
human tumours (16 of 9378; 2%, with only
four C - T transitions). In one of these 10
patients, the mutation was confirmed by
repeating the analysis from a new DNA
template; in three patients, the repeat analysis
was successful from the original DNA template
but not from a new sample (these four patients
are included in table 1). In six cases where
insufficient original DNA template was avail-
able for repeat analysis, codon 110 mutation
was not detected from new DNA samples. In
two of the 10 patients with a codon 110 muta-
tion, another p53 mutation was also present (a

I l
245 248 273 282

Hot spot codon

Figure 1  Frequency of p53 mutations in five hot spot codons in rectal cancer among
Finnish women and in colon cancer (current data base’). The open circles represent
frequencies for rectal cancer in combined material (our study plus the current data base with
specified rectal cancer). Hatched columns, rectal cancers; filled columns, colon cancers.

50 60 70 80 90
Age at diagnosis
Figure 2 Frequency of p53 gene mutations in different age
groups in female patients with cancer of the rectum.
Observed frequencies and 95% confidence limits are shown.

The open circles represent frequencies when apparent mosaic
cases are included (table 3).

2 bp deletion at codon 214-215 in patient
RE86, and a C - T transition at codon 273 in
patient RE99).

The possible presence of mosaicism in
human rectal cancers was supported by the
finding of seven patients with a T - A
transversion at codon 232 (ATC), which again
is a rarely mutated codon in human tumours
(30 of 9378; 0.3%, with only five T - A
transversions®). In our seven patients, the
mutation was confirmed in one patient (RE73)
from the original DNA template. Of the
remaining six patients, the amount of original
DNA template was insufficient for repeat
analysis; analysis of new DNA samples re-
vealed the wild-type p53 sequence.

p53 MUTATION FREQUENCY
Table 3 gives the absolute number of p53

mutations detected, grouped according to the
age of the patient at diagnosis; the frequencies
are shown in fig 2. The mean age of our group
of patients was 70.0 years (range, 52-89),
which is identical to the mean age of all female
patients with cancer of the rectum diagnosed in
Finland in 1980-1986."

As already indicated, the crude overall
frequency of p53 mutations in our material was
41 of 118 (table 1) or 35% (95% confidence
limits, 26% to 43%). This value is likely to be
an underestimate of the true frequency for pri-
mary cancers of the rectum, because a quarter
of the cancers in our series were radiation
induced, with a low incidence of p53 mutations
(see above)." Among the 62 non-irradiated
patients, the frequency of p53 mutations was
26 of 62 (42%). Furthermore, these estimates
do not include codon 110 and 232 mutations
that could not be confirmed by repeated
sequencing (probable tumour mosaicism, see
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Table 4 K-ras mutations in 118 female patients with
cancer of the rectum

Patient  Codon  Mutation IHC (F-234)
RE43* 12 GGT - GAT Gly - Asp NT
RE78 12 GGT - GAT Gly - Asp +
RES86 12 GGT - GAT Gly - Asp +
RE108 12 GGT - GAT Gly - Asp NT
RE23* 12 GGT - TGT Gly - Cys NT
RE112 12 GGT - TGT Gly - Cys +
REI126 12 GGT - TGT Gly - Cys +
RE58 12 GGT - GTT Gly - Val -
RE124 12 GGT - GTT Gly - Val +
RE69* 12 GGT - GCT Gly - Ala +
RE99* 12 GGT - GCT Gly - Ala +
RE36 12 Duplication 3 bp +
RE38 13 GGC - GAC Gly - Asp +
RES82 13 GGC - GAC Gly - Asp +
RE2 61 CAA -CAC Gly - His +
RE24 61 CAA -~ CAC Gly - His +

*Second carcinoma after radiotherapy of cervical cancer.

ICH, immunohistochemical staining of formalin fixed, paraffin
wax embedded section of tumours with F-234 anti-K-ras anti-
body; —, < 20% positive nuclei; +, = 20% positive nuclei; N'T,
not tested.

above). If these mutations are included, the
overall p53 mutation frequency is 52 of 118
(44%), or 35 of 62 (56%) if computed from the
non-irradiated patient group.

DETECTION OF K-ras GENE MUTATIONS

Codons 12/13 and 61 of the K-ras gene were
studied in the same 118 patients analysed for
p53 mutations. The two K-ras exons were not
amplifiable in all patients. Amplification of the
first exon was successful in 109 patients, as was
amplification of the second exon in 96 patients.
Of the 118 patients, 16 had K-ras mutations
(table 4). This mutation frequency (14%) is
significantly (p < 0.001) lower than the usually
detected mutation frequency of about 50% in
colorectal carcinoma.'” "

Ten of the 16 patients with K-ras mutations
also had mutations in the p53 gene. The ratio
increases to 12 of 16 if apparent tumour
mosaicism (mutation in codon 110 or 232 of
the p53 gene) is included. This coupling
between K-ras and p53 mutation is significant
(p <0.01).

IMMUNOHISTOCHEMISTRY
Immunohistochemical staining of the p53 pro-
tein was strong in 30 patients, and low or
absent in eight patients with p53 mutations
(table 1). In seven of these eight patients the
mutated protein was apparently truncated
(three stop codon mutations and four
frameshifts; table 1). Overall, in two patients
immunohistochemical staining and the p53
mutation status gave a conflicting result (table
1): in patient RE119 staining for p53 protein
was weak in spite of the confirmed mutation at
codon 110, and in patient RE69 it was strong
in spite of a frameshift causing deletion.

With respect to immunohistochemistry of
the K-ras gene, 12 of the 13 cases studied gave
the result expected: K-ras mutation was associ-
ated with strong staining for the protein (table
4). In one patient (RE58), immunohistochem-
istry did not reveal overproduction of the K-ras
protein, in spite of a confirmed mutation at
codon 12 (G - T transversion).

Servomaa, Kiuru, Kosma, et al

Discussion

Our study, based on an analysis of a group of
118 Finnish women with cancer of the rectum,
reveals mutation patterns in the p53 gene that
are not seen in patients with cancer of the
colon, judging by the compiled data base.* In
particular, we saw a strong and significant
positive correlation between patient age at
diagnosis and the frequency of p53 mutation
(fig 2). However, we cannot offer any single
plausible explanation for this association, such
as a difference in exposure to a specific
carcinogen, age dependent differences in DNA
repair, or age dependent alterations in bioselec-
tion processes. Another study of this patient
group indicated that older patients had signifi-
cantly shorter survival time than did younger
patients.'” However, p53 mutations were not
associated with survival. We suggest from these
findings that p53 mutation is not an indicator
of a clinically aggressive rectal cancer, as it may
be in colon cancer."

Another surprising finding of our study was
the unexpected frequency of codon 110 and
232 mutations. In particular, four of the 41
(10%) confirmed mutations were detected at
codon 110 (C - T transition at a CpG site).
Including the additional six similar mutations
seen at codon 110, which probably reflect
tumour mosaicism and could not be repeated
using a new DNA sample from the same
tumour, the frequency of codon 110 mutations
might be as high as 10 of 52 (19%). This
frequency contrasts greatly with the frequency
seen in the data compilation of human
tumours.* Codon 110 mutations in rectal can-
cers among Finnish women are 100-fold
greater than in human tumour material in gen-
eral. Similar results were found at codon 232,
where the mutation frequency was as high as
seven of 52 (13%). Thus, the frequency of
codon 232 mutations in Finnish woman with
rectal cancer might also be 100-fold greater
than in human tumour material overall.*

One possible explanation for these findings is
that for some unknown reason our high
frequencies of codon 110 and 232 mutations
are an artefact arising—for example, from con-
tamination at the time of sectioning. However,
the artefact hypothesis is complicated because
in the four tumours where enough original
DNA template was available for a new analysis,
independent PCR and direct sequencing con-
firmed the earlier finding. Furthermore, in one
of the 12 cases where the original DNA
template was insufficient for a repeat analysis, a
new DNA sample extracted from new tumour
tissue sections revealed the same mutation.
Possible contamination at the time of section-
ing is also unlikely on the grounds that the
appearance of the “contaminants” was not
clustered, but was distributed more or less ran-
domly between the block groups sectioned at
different times. It is also worth noting that we
have previously analysed hundreds of different
types of human tumours for p53 mutations,
but have only seen one mutation at each of
codons 110 and 232 (both mutations were in
the same tumour cell line, established from a
tongue carcinoma' *°). Thus, the frequency
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detected by us in non-rectal human cancers is
similar to the frequency seen in the current
data base, which suggests that our method-
ology does not have an unidentified inherent
error that leads to artefactual detection of
codon 110 and 232 mutations.

Apart from codon 110 and 232 mutations,
our results do not indicate drastic differences in
the p53 mutation spectra between Finnish
women with cancer of the rectum and the
compiled human data base of colon cancer (fig
1). For example, judging from the p53
mutation types shown in table 2, the only
apparent difference seems to be the higher
deletion/insertion frequency recorded by us
compared with that present in the compiled
data base. Even this difference might be partly
artefactual because it is possible that small
insertions or deletions are underreported in the
literature, owing to difficulties in sequence
reading. This is because superimposed mu-
tated and wild-type sequences might some-
times be considered as technical artefacts,
especially when sequence reading is based on
visual recording of an autoradiogram. The
relative frequency of mutations in the five hot
spot codons (175, 245, 248, 273, and 282) in
our rectal cancer samples appeared to be
different to that recorded in the data base for
colon cancer (fig 1). However, according to
statistical analysis, the frequency difference
between rectal and colon cancers was signifi-
cant only for codon 175 mutations.

With respect to K-ras mutations in cancer of
the rectum, the frequency was significantly
lower in our material than that reported in the
literature for colorectal cancer (15% v
50%"7' **). This difference in frequency may be
explained, in part, by the fact that about a
quarter of our patients had a radiation induced
tumour (see Methods and materials), and in
these tumours K-ras mutations are very rare."
However, a significant difference still remains
when the analysis is limited to the group where
the patients had no history of unusual radiation
exposure (among these patients the frequency
was 12 of 55; 22%). These low mutation
frequencies suggest that in rectal cancer K-ras
mutation is not a common early event in
carcinogenesis, as is believed to be the case in
colorectal cancer.' * Consequently, we suggest
also on this basis that the aetiological factors in
cancers of the rectum and colon are likely to be
different.

Immunohistochemistry for p53 and K-ras
protein production, studied in 51 samples from
the patients with a p53 or K-ras mutation
present, gave the expected results. The overall
agreement was 48 of 51 (94%); that is, a posi-
tive reaction was detected in patients with a
K-ras or p53 point mutation, and a negative
reaction was found in patients with truncated
p53 protein. Furthermore, in one of the three
cases where the immunohistochemical staining
result did not agree with the mutation status,
the apparent explanation was tumour mosai-
cism (see results). Thus, immunohistochemis-
try seems to agree with K-ras and p53
mutation status in most cases. It must be
pointed out, however, that this conclusion
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applies to patients where a mutation is present,
but it may not necessarily be true for patients
where mutation is absent (we did not system-
atically study these patients because our
primary aim was not to evaluate the suitability
of immunohistochemistry in revealing K-ras
and p53 mutations).

In summary, we conclude that rectal tu-
mours in Finnish women have some character-
istic features that seem to be uncommon in
other human tumours, colon cancer included,
as judged by comparison with the current data
base. In particular, we found that in a high pro-
portion of patients (14%), rectal tumours seem
to contain small subclones of tumour cells that
display otherwise extremely rare mutations at
codons 110 and 232 of the p53 gene.
Apparently, these mutations must be late
changes in tumour progression. Another rela-
tively unique property of cancer of the rectum
seems to be the low frequency of K-ras
mutations (about 20%). Finally, we also found
a strong positive correlation between the age of
the patient at diagnosis and p53 gene mutation
frequency. Thus, it appears that the aetiological
factors are different in cancers of the colon and
rectum. We speculate that the risk factors in
rectal cancers include an unidentified genetic
factor common in Finland.
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