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The K-ras gene in codons 12 and 13 was investigated using allele-specific polymerase chain reaction in
matched normal mucosa (n=106), transitional mucosa (7z=69) and tumours (n=149) from 149
patients with colorectal adenocarcinomas. K-ras mutations in codon 12 were detected in 41/149 (28%)
of tumours and 4/69 (6%) of transitional mucosa samples, but not in the normal mucosa. Further,
mutation rates were increased in younger patients (P=0.001) and in mucinous carcinomas (50%)
compared with well differentiated (17%), moderately differentiated (26%) or poorly differentiated
(24%) tumours. Our findings indicate that mucinous carcinoma may represent a distinct genetic
entity. © 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

K-ras GENE MUTATION is an early event in colorectal tumor-
igenesis. The mutations are more common in large adenomas
than small ones, suggesting that the mutations are required
for adenoma progression [1,2]. Moreover, recent studies
report high frequencies of ras mutations in aberrant crypt
foci, the earliest putative precursor of the colorectal cancer
[3,4]. There is, however, little information about K-ras
mutations in the mucosa adjacent to the tumour, e.g. transi-
tional mucosa from colorectal cancer patients.

The ras proteins are involved in the process of signal
transduction across the cellular membrane and are implicated
in cellular proliferation and terminal differentiations [5].
Many groups have investigated the relationship of the K-ras
mutations with clinicopathological factors and prognosis, but
there is little consistency [6—13].

Glutathione S-transferase M1 (GSTM1) and TI1
(GSTT1) are enzymes responsible for the metabolism of a
broad range of carcinogens [14] and are polymorphic in
humans with various null genotypes. A significant excess of
homozygous null GSTM1 and GSTT1 genotypes have been
demonstrated among individuals with certain types of cancers
including colorectal cancer [15-19]. This suggests that
GSTM1 and GSTTI may play a role in tumour susceptibility.
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In this study, we used allele-specific polymerase chain
reaction (allele-specific PCR) to examine K-ras mutations in
codons 12 and 13 in genomic DNA from patients’ normal
mucosa, transitional mucosa and tumour tissue. The data of
K-ras mutations were compared with clinicopathological
parameters, GSTM1 and GSTTI1 genotypes to investigate
possible correlations.

PATIENTS AND METHODS

Patients and clinicopathological subjects

Samples from 149 tumours were collected from patients
with primary colorectal adenocarcinomas diagnosed at the
Departments of Pathology, Linkdping University Hospital
and Norrkoping Central Hospital, Sweden, between 1982
and 1997. There were 91 males and 58 females. Fifty-four
tumours were localised in the proximal colon (six in the cae-
cum, 32 in the ascending colon and 16 in the transverse
colon), 27 in the distal colon (five in the descending and 22 in
the sigmoid colon) and 62 in the rectum (six unknown).
Seventeen tumours were Dukes’ A stage, 50 Dukes’ B, 39
Dukes’ C and 13 Dukes’ D (30 unknown). The grade of dif-
ferentiation was reconfirmed by two of the authors. The
tumours were considered as mucinous carcinomas if the
mucin lakes represented more than 50% of the tissue. Six
tumours were graded as well differentiated, 98 as moderately
differentiated, 17 as poorly differentiated and 22 as mucinous
carcinomas (six unknown). DNA ploidy and S-phase fraction
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(SPF) were measured using flow cytometry in a limited
number of cases [20]. Twenty-two cases were diploid and 21
non-diploid. In 12 cases SPF was less than 5% and in 25
cases SPF > 5. Sixty-nine corresponding samples from tran-
sitional mucosa were available (samples were taken from the
non-malignant tissue adjacent to the adenocarcinoma by the
pathologists and surgeons in Linkoping and Norrkoping
Hospitals, Sweden and the transitional mucosa showed mor-
phologically premalignant changes). One-hundred and six
normal samples from the distant resection margin which was
histologically free from tumour (>10cm from the tumour)
were also included. The patients were followed until the end
of October 1997 and 26 deaths due to cancer were registered.

DNA extraction from normal, transitional and tumour tissues

Genomic DNA was extracted from frozen normal mucosa,
transitional mucosa and tumour tissues. The tissue (approxi-
mately 200 mg) was sliced into small pieces and dissolved in
tissue lysis solution (40 pl of 20% sodium dodecyl sulphate
(SDS), 40wl of 10 mg/ml proteinase K, 400 ul TEN buffer,
pH 8.5). The tissue samples were incubated in a shaking
water bath at 55°C for 24 h. The process was repeated by the
addition of half the volume of the above lysis solution until
the sample solution turned completely clear. DNA was iso-
lated with phenol, phenol/chloroform and chloroform
extraction, precipitated with ice-cold absolute ethanol,
washed with ice-cold 70% ethanol, and redissolved in double
distilled water.

Allele-specific PCR

There are 12 possible K-ras point mutations in codons 12
and 13 which can result in amino acid substitutions in the K-
ras protein. Primers used in this study to detect these muta-
tions are listed in Table 1 [8]. The 5'PCR primers contain at
the 3’ end one base mutated specifically for each point
mutation. The 3’ PCR primer for the complementary strand
was: 5-GATGGATCCTGCTCCTGCACCAGTAAT-3'.
As an internal positive control for successful amplifications,
B-globin gene was amplified with the following primers: 5'-
CAA CTT CAT CCA CGT TCA CC-3 and 5-GAA GAG
CCA AGG ACA GTT AC-3'. PCRs were performed in 20 pl
of solution containing PCR buffer (1.5mM MgCl,, 50 uM
KCl, 10uM Tris-HCl, pH 8.4), 0.2uM each of dATP,
dCTP, dGTP and dTTP (Pharmacia Biotech, Uppsala,
Sweden) and 0.5 unit Taq DNA polymerase (Sigma Chemi-
cal, St. Louis, Missouri, U.S.A.), and amplifications were
carried out in a Peltier Thermal Cycler PTC-200 (M]
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Research, Inc., Watertown, U.S.A.) as follows: 3min of
denaturation at 94°C, then 35 cycles consisting of denatura-
tion at 94°C for 90sec, annealing at 58°C for 30 sec and
extension at 72°C for 30 sec. A negative control was included
in each set of PCRs. The PCR products were separated by
electrophoresis in 1.5% agarose gel with 0.2 pg/ml ethidium
bromide. After completion of the electrophoresis, the gels
were photographed using a TM-20 UV dual-intensity tran-
silluminator (UVP, Upland, U.S.A.). The fragments ampli-
fied were 141-145 bp for the K-ras gene and 268 bp for the -
globin gene. The ras mutation was not scored if the PCR
product from the internal reference (B-globin gene) was not
evident. All PCR processes were repeated twice for con-
firmation and to ensure reproducibility. DNA direct sequen-
cing was performed in some samples which were detected to
have the mutation from GGT to GAT in codon 12 by the
allele-specific PCR method in order to confirm the mutations.

Analysis of GSTT1 and GSTM1 genotype

PCR was performed to detect the presence or absence of
GSTT1 and GSTM1 genes. Primer sequences for GSTT1
were 5-TTC CTT ACT GGG TCC TCA CAT CTC-3
and 5-TCA CCG GAT CAT GGG CCA GCA-3, and for
GSTM15'-CGC CAT CTT GTG CTA CAT TGC CCG-3’
and 5-TTC TGG ATT GTA CAG ATC A-3'. The B-globin
gene (internal control) was amplified with the primers: 5'-
CAA CTT CAT CCA CGT TCA CC-3’ and 5-GAA GAG
CCA AGG ACA GTT AC-3. PCRs were run in 20 ul of
solution containing PCR buffer (1.5 mM MgCl,, 50 uM KCl,
10uM Tris—-HCl, pH 8.4), 0.2uM each of dATP, dCTP,
dGTP and dTTP (Pharmacia Biotech) and 0.5 unit Taq
DNA polymerase (Sigma), and amplifications were carried
out in a Peltier Thermal Cycler PTC-200 (M] Research) as
follows: 3 min of denaturation at 94°C, then 35 cycles con-
sisting of denaturation at 94°C for 90 sec, annealing at 58°C
for 30 sec and extension at 72°C for 30 sec. A negative con-
trol was included in each run of PCRs. The PCR products
were separated by electrophoresis in 1.5% agarose gels. The
genotypes of GSTT1 and GSTM1 were scored when the f-
globin gene was evident.

Statistical analysis

The chi-square method was used to test the association of
K-ras mutations with clinicopathological variables [21]. A
proportional hazards model was used to estimate and test
prognostic significance [22]. All Pvalues cited are two-sided and
Pvalues less than 0.05 were considered statistically significant.

Table 1. The primer oligonucleotides for the detection of K-ras mutations

Primers Codons Mutations Sequences

1 12 GGT—AGT 5-TTGTGGTAGTTGGAGCTA-3
2 12 GGT—CGT 5-TTGTGGTAGTTGGAGCTC-3
3 12 GGT—-TGT 5-TTGTGGTAGTTGGAGCTT-3
4 12 GGT—GAT 5-TGTGGTAGTTGGAGCTGA-3'
5 12 GGT—GCT 5'-GTGGTAGTTGGAGCTGC-3

6 12 GGT—GTT 5-TGTGGTAGTTGGAGCTGT-3
7 13* GGC—AGC 5-TGGTAGTTGGAGCTGGTA-3’
8 13* GGC—CGC 5-GGTAGTTGGAGCTGGTC-3

9 13* GGC—GAC 5'-GTAGTTGGAGCTGGTGA-3

*These three possible K-ras mutations in codon 13 were the most common ones and the only ones that have been reported [8].
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RESULTS

The distribution of K-ras mutations in normal mucosa,
transitional mucosa and tumour tissue

K-ras mutations were examined with allele-specific PCR in
matched normal mucosa, transitional mucosa and tumours
from the 149 patients with colorectal adenocarcinomas. No
mutation was detected in normal mucosa from 106 patients,
whereas the mutations were identified in four (6%) of the 69
transitional mucosa samples and in 41 (28%) of the 149
tumours (Figure 1). All K-ras mutations were found in
codon 12. 4 patients had GGT to GAT mutations in their
transitional mucosa and showed the same type of mutations
in the corresponding tumours. Of the 41 tumours with
mutations, 34 (83%) were GGT to GAT (glycine to aspartic
acid), six (15%) were GGT to GTT (glycine to valine) and
one (2%) was GGT to GCT (glycine to alanine). 1 patient
had two mutations with both GGT to GAT and GGT to
GTT.

The relationships of K-ras mutations with clinicopathological and
other factors

The relationships of K-ras mutations with clinicopatho-
logical factors including DNA ploidy and SPF are sum-
marised in Table 2. The frequency of K-ras mutations was
significantly decreased as patients’ age increased (P=0.001).
Apparent differences in the frequency of K-ras mutation were
seen with different degrees of differentiation (P=0.03). The
frequency of K-ras mutations was highest in mucinous carci-
nomas (50%), and lowest in well differentiated tumours
(17%). There was no significant relationship between K-ras
mutations and patients’ gender, tumour location, Dukes’
stage, DNA ploidy and SPF (P> 0.05).

Univariate survival analysis was undertaken in 131 patients
with available follow-up data. The results revealed that 28%
of 32 patients with ras mutations died, whilst the death rate in
99 patients without the ras mutations was 17%. The differ-
ence did not reach statistical significance (> 0.05).

The K-ras mutations were not significantly associated with
GSTM1 or GSTT1 deletions in normal tissue, transitional
mucosa and tumours (Table 3, P> 0.05).

We did not find relationships between specific mutations
of GGT to GAT, GTT or GAT and clinicopathological
variables including gender, site, stage, grade, DNA ploidy,
SPF, GSTs and prognosis (2> 0.05).

300 bp

Figure 1. Allele-specific polymerase chain reaction (PCR)
detection of K-ras mutations in colorectal cancer. The K-ras
mutation is indicated by the 145 base pairs (bp) band. Lane 1 is
a DNA size marker (100bp ladder). Lanes 2, 3 and 5 show the
mutations of K-ras; lanes 4, 6 and 7 only show the presence
of the internal control gene, (3-globin; lane 8 is a negative
control, a PCR with no addition of DNA. (3-globin (268 bp)
indicates the presence of coamplified DNA in all the samples.
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Table 2. K-ras mutations in relation to gender, age, site, Dukes’
stage, grade of differentiation, DNA ploidy and S-phase fraction
(SPF) in colorectal adenocarcinomas

Variables No. of patients K-ras mutations P value
Gender
Male 91 22 (24%)
Female 58 19 (33%) 0.25
Age (years)
<60 24 14 (58%)
60-69 50 13 (26%)
70-79 59 12 (20%)
>80 14 2 (14%) 0.001
Unknown 2
Site
Colon 81 18 (22%)
Rectum 62 20 (32%) 0.18
Unknown 6
Dukes’ stage
A 17 9 (53%)
B 50 13 (26%)
C 39 13 (33%)
D 13 5 (38%) 0.63
Unknown 30
Differentiation
Well 6 1 (17%)
Moderate 98 25 (26%)
Poor 17 4 (24%)
Mucinous 22 11 (50%) 0.03
Unknown 6
DNA ploidy (n=43)
Diploid 22 10 (45%)
Non-diploid 21 11 (52%) 0.65
SPF (n=37)
<5% 12 4 (33%)
>5% 25 14 (56%) 0.20

Table 3. Tumour K-ras mutations in relation to GSTMI1 and
GSTT1 genorypes in patients with colorectal adenocarcinomas

No. of K-ras P

Variables patients mutations value
GSTM!1 in normal tissue

Absent 45 6 (13%)

Present 61 14 (23%) 0.21
GSTM]1 in transitional mucosa

Absent 39 6 (15%)

Present 29 6 (21%) 0.93
GSTM1 in tumour

Absent 55 8 (15%)

Present 51 12 (24%) 0.24
GSTTI in normal tissue

Absent 59 9 (15%)

Present 47 11 23%) 0.29
GSTTI in transitional tissue

Absent 46 7 (15%)

Present 22 5(23%) 0.93
GSTTI in tumour

Absent 71 11 (15%)

Present 35 9 (26%) 0.21
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DISCUSSION

Transitional mucosa is morphologically characterised by an
increase in mucosal thickness, lengthening of the crypts and
goblet cell hyperplasia. Histochemical changes are increased
sialomucin content of the goblet cells with decreased or
absent sulphomucin [23,24]. The results are controversial
concerning genetic changes in transitional mucosa. Shibata
and colleagues [25] and Thomas and associates [13] did not
find any K-ras mutation in the histological transition between
normal and tumour tissue, whilst Burmer and Loeb [6] and
Zhu and colleagues [26] did. Further, they observed that
most cases have the same mutations in normal mucosa and
tumour. In the present series of paired transitional mucosa
and tumours, we found identical mutations in both transi-
tional and tumour tissues in 4 patients. This genetic altera-
tion in the region indicated that the transitional mucosa may
be a preneoplastic lesion. K-ras mutations may thus be a
marker for the identification of patients at increased risk of
developing colorectal cancer. In most cases, the mutation is
detected only in tumour tissue but not in transitional mucosa.
In these cases, other genetic alterations in the transitional
mucosa may provide a selective growth advantage required
for tumorigenesis. Also, as we analysed only one sample from
each patient, we may have missed some cases with ras muta-
tions in a small population of cells. Finally, it is possible that
in some cases the transitional mucosa may represent non-
specific changes in response to the tumour [24]. Clearly this
area needs to be investigated further.

In the present study, K-ras mutations were present in 28%
of 149 colorectal tumours. All tumours appeared to have only
one K-ras mutation, except one which harboured two muta-
tions. This suggests that a homogeneous clone resulted in the
tumour. Our study further showed that all the mutations
occurred at the second base of codon 12. GGT to GAT was
more frequent (83%) than the GGT to GTT mutation (15%).
Other studies have identified a wide range of frequencies of K-
ras mutations from 7 to 71% in colorectal cancers [6—13]. The
most common types of K-ras mutations vary in different stud-
ies, with GGT to GAT [8,13] or GGT to GTT [11]. This
difference might be due to variations in populations in which
patients have been exposed to different mutagens. For
instance, alkylating agents may cause GGT to GAT transi-
tions, whilst the GGT to GTT transition is characteristic for
heterocyclic amines and polycyclic aromatic hydrocarbons [5].

Approximately 15% of colorectal adenocarcinomas are
mucinous [27]. It has been reported that the frequency of K-
ras mutations is increased whilst p53 abnormality is
decreased in mucinous tumours [7,28]. We confirmed the
increased frequency of K-ras mutations in mucinous carci-
nomas. Thus, mucinous carcinoma might be considered as a
distinct genetic entity.

We found that individuals with GSTTI null but not
GSTM1 null genotype may be predisposed to developing
colorectal cancer. In the present analysis, however, K-ras
mutations were not associated with GSTMI1 and GSTT!I
genotypes. Therefore, our findings and similar results repor-
ted in colorectal [29] and pituitary tumours [18] suggest that
K-ras mutations and GSTs might represent different path-
ways in promoting tumorigenesis.
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