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Not Infrequent K-ras Mutations in Depressed-type Early Colorectal Carcinomas

Larger than 10 mm
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The aim of this study was to elucidate whether K-ras (codons 12 and 13) mutations occur in
depressed-type early colorectal carcinomas (DECas) larger than 10 mm in size. Thirty-four cases of
DECas including 27 larger than 10 mm were examined for K-ras mutations by means of microdis-
section, PCR-RFLP (polymerase chain reaction-restriction fragment length polymorphism), and
direct sequencing. Although K-ras mutation was infrequent (1/7, 14%) in small (less than 10 mm)
DECas, 16/27 (59%) and 17/27 (63%) of DECas larger than 10 mm revealed codon 12, or either
codon 12 or 13 mutations, respectively. None of the evaluated pathological factors except size
showed a correlation with K-ras mutation. These data indicate that although K-ras mutation could
not be involved in the early stage of the progression of DECas, it might play arole at a later stage

when the tumor sizeisover 10 mm.
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It has been believed that colorectal carcinomas mainly
arise from pre-existing polypoid adenomas and develop
into ulcerative circumscribed carcinomas. This concept
has been generally accepted as the adenoma-carcinoma
sequence theory.? Molecular studies to elucidate the multi-
step genetic aterations of colorectal carcinogenesis have
been based on this pathological concept,? and K-ras gene
mutations, predominantly codon 12,2 are considered to
be associated with growth and progression of adenomas.

On the other hand, in Japan, sporadic non-polypoid
colorectal adenomas and early carcinomas including flat or
depressed type have been detected by advanced routine
colonoscopy.® The depressed-type early carcinomas (DECas)
are thought to arise de novo,*” to show rapid growth and
aggressive behavior,®® and to play an important role in
the developmental process of colorectal carcinoma,>
rather than the polypoid adenoma-carcinoma sequence.

From the genetic point of view, the frequency of K-ras
mutations in flat or depressed neoplasms has been reported
to be low.*>~® Consequently, it has been suggested that
different genetic pathways are involved in progression of
these lesions compared with their polypoid counterparts.
However, earlier studies reporting infrequent K-ras muta-
tion dealt with relatively small numbers of samples mainly
consisting of small-sized lesions (not more than 10 mm),
or did not take into consideration the size of tumors.’2® |t
remains to be seen whether K-ras mutation might be
involved in flat or depressed-type tumors at a later stage of
their development.
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In this study, we have analyzed the frequency of K-ras
mutations in DECas, focusing especially on those more
than 10 mm in size. We found that K-ras mutation in these
tumors was not infrequent when they became larger,
regardless of their histogenesis, suggesting that this muta-
tion could be involved in the progression of these tumors.

MATERIALS AND METHODS

Samples Thirty-four surgically resected DECas were
selected from the archival pathology files of the First
Department of Pathology at Niigata University, School of
Medicine from 1989 to 1999. During the period, 803 early
colorectal carcinomas were entered into the files and
DECas amounted to 80 cases (10.0%). Samples comprised
18 intramucosal and 16 submucosal carcinomas. Eight
DECas were associated with tubular adenoma located at
the periphery of the tumor. Twenty-seven out of 34 sam-
ples were larger than 10 mm in size and the average size
of the tumors was 15.0+6.7 mm. The size of tumors was
defined as their maximal diameter. Cases with a family
history or clinical features suggestive of hereditary colo-
rectal cancers and cancers complicating inflammatory
bowel disease were excluded. All samples were fixed in
10% formalin and the entire lesion was cut into stepwise
sections, embedded in paraffin, and stained with hematox-
ylin and eosin (H&E). All sections were histologically
examined.

Morphological examinations Depressed-type tumor was
defined as tumor either showing a pure depression or one
with marginal elevation in which the mucosal thickness
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was less than twice that of the surrounding normal
mucosa. The size of the cancer associated with adenoma
was measured including the adenomatous component. Well-
differentiated adenocarcinoma was subclassified as high-
grade atypia (CAH) or low-grade atypia (CAL) according
to the cytological degree of atypia, as described previoudy.t”
DNA extraction For each tumor, representative paraffin
specimens were selected and DNA was extracted from
five 10 um-thick serial sections. Target foci, consisting of
2—27 neoplastic tubules per serial section, were microdis-
sected and DNA was extracted according to the methods
described elsewhere.!® Areas with more than one histolog-
ical diagnosis (adenoma, CAL, CAH) were microdissected
separately.

Furthermore, considering the possibility of intratumoral

heterogeneity of K-ras mutational status,® several foci
with identical histological diagnosis (adenoma, CAL and
CAH, respectively) were selected for DNA extraction.
Altogether 241 foci were microdissected separately from
34 samples (mean 7.1+4.1 per sample, range: 2-19).
DNA from normal colorectal mucosa was aso extracted
from each specimen as a negative control.
Analysis of K-ras mutation Mutations of codon 12 and
13 were analyzed by nested polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP).
For codon 12, PCR amplification was performed using the
primers and conditions described by Ohshima et al.,®
except that annealing was carried out for 1.5 min. PCR
products encoding the wild-type and mutant sequences
were distinguished as 86 base pair (bp) and 106 bp frag-
ments, respectively, by digestion with the restriction
enzyme Mval (TaKaRa, Kyoto). For codon 13, K-ras (13)-
5' primer described by Nollau et al.?? was used instead of
primer 3 described by Ohshima et al.?? The wild type was
cleaved into 83 and 32 bp fragments by the restriction
enzyme Bgll (TaKaRa), whereas the PCR product having
a mutant sequence could not be digested by this enzyme.
In each PCR run, three control reactions were included: a)
negative control (containing no template DNA), b) normal
control (normal human placental DNA), and c) positive
control (for codon 12, Aspc 1 pancreas cancer cell line
DNA with GTT to GAT mutation, and for codon 13,
HCT116 colon cancer cell line DNA with GGC to GAC
mutation). PCR, enzyme digestion and electrophoresis
were performed at least twice to confirm the reproducibil-
ity of the result.

The sensitivity for detecting mutant K-ras gene was
determined preliminarily, by testing samples with severa
ratios of mutant (Aspc 1 or HCT116) and wild-type
(human placental) DNA. Mutations in K-ras were detect-
able when mutant DNA comprised more than 10% of
genomic DNA (Fig. 1).

Direct DNA sequencing For amplified DNA samples
with codon 12 mutation, mutant DNA fragments were
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removed from the gel and purified and direct DNA
segquencing was carried out using an Auto Loat Solid-
Phase Sequence Kit (Pharmacia Biotec, Uppsala, Sweden)
and an automated DNA sequencer (ALF-1l, Pharmacia)
equipped with an ALF manager (version 2.5).

Statistical analysis The x? test was used for statistical
analysis and a P vaue of less than 0.05 was considered
significant. Fisher’'s exact test was applied whenever

appropriate.

RESULTS

The K-ras mutation in DECas was detected in 17/34
(50%) and 9/34 (26%) for codons 12 and 13, respectively
(Table ). Statistical significance was observed for the rela-
tion of tumor size to mutation at codon 12 (P=0.042) and
at codon 12 or 13 (P=0.029). Although only one of 7
tumors (14%) less than 10 mm revealed mutation at codon
12, 16/27 (59%) and 9/27 (33%) of tumors of 10 mm or
more showed codon 12 and 13 mutation, respectively. No
statistical significance was observed for other pathological
factors.

K-ras mutation was detected in the adenomatous com-
ponent in 2 out of the 8 DECas associated with adenoma
(at the periphery next to the carcinoma). In one case,
mutational status was identical between the adenomatous
and carcinomatous component (mutation in codon 12
GGT - GAT) (Fig. 2) and in the other, it was different
(mutation in codon 13 in adenoma, and in codon 12 in car-
cinoma).

Table Il shows K-ras codon 12 mutational status and
geometrical distribution of the K-ras mutation-positive
portion in 17 mutation-positive tumors. In only two of 17
tumors was single identical mutation detected in all micro-
dissected foci. In the remaining 15 tumors, the mutational
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Fig. 1. K-ras codon 12 titration assay. DNA mixtures with the
indicated ratio of mutant (Aspc 1, 50 pg/ml) to normal (human
placenta, 50 ug/ml) DNA were examined by nested PCR-RFLP
analysis. The mutant band of 106 bp was detected until 1:9 dilu-
tion.
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Table I. K-ras Mutations in Depressed-type Early Colorectal Carcinomas by Various Pathological

Factors
Frequency of mutation
Codon 12 (%) Codon 13 (%) Codon 12 or 13 (%)

Depth of invasion

Mucosal 8/18 (44%) 5/18 (28%) 14/18 (78%)

Submucosal 9/16 (56%) 4/16 (25%) 9/16 (56%)
Accompanying adenoma

Present 4/8 (50%) 3/8 (38%) 4/8 (50%)

Absent 13/26 (50%) 6/26 (23%) 14/26 (54%)
Histology

Adenoma 1/8 (13%) 1/8 (13%) 2/8 (26%)

CAL 14/23 (61%) 7123 (30%) 14/23 (61%)

CAH 3/11 (27%) 2/11 (18%) 4/11 (36%)
Tumor size (mm)

X<10 1/7 (14%) 0/7 (0%) 1/7 (14%)

X=10 16/27 (59%):| 9/27 (33%) 17/27 (63%):|
Total 17/34 (50%) 9/34 (26%) 18/34 (53%)

CAL: well-differentiated adenocarcinoma, low-grade atypia. CAH: well-differentiated adenocarci-
noma, high-grade atypia.
0OP=0.042 (1/7 vs. 16/27); [0 P=0.029 (1/7 vs. 17/27), by Fisher's exact test.
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Fig. 2. A: DECa 15 mmin size. Microdissection was carried out from the site outlined by the square (HE stain; original magnification
x2.5). B: Result of PCR-RFLP analysis of K-ras codon 12 mutation in this case. M, @X174/Haelll DNA size marker; lane P, normal
control (human placental DNA) showing cleaved wild band (86 bp) only; lanes 1 to 5; DNA samples microdissected from the lesion
showing both mutant (106 bp) and wild-type bands (heterozygous); lane N, DNA sample from normal colorectal mucosa showing
cleaved wild band only; lane A, positive mutant control (Aspc 1) showing uncleaved mutant band only. C: DNA direct sequence analy-
sis. All samples presented an identical mutation (codon 12, GGT - GAT).
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Table Il. Intratumoral Heterogeneity of K-ras Codon 12 Mutations in Depressed-type Early Colorectal Carcinomas
GEM
Mutational status Tota (%) Base change (%)
P C C+P

Single mutation alone 2/17 (11.8%) — — — GGT - GAT 1/17 (5.9%)
GGT - GTT 1/17 (5.9%)

Wild+single mutation 13/17 (76.5%) 2 4 7 GGT - GAT 12/17 (70.6%)
GGT - GTT 1/17 (5.9%)

Wild+double mutations 2/17 (11.8%) 0 0 2 GGT - GAT/GTT

GEM: geometrical distribution of mutation in the tumor. P, peripheral portion; C, central portion; C+P, central and

peripheral portion.

status was heterogeneous. Thirteen tumors consisted of
two populations of subclones, each of which carried a sin-
gle identical mutation or wild-type gene, and 2 tumors
consisted of wild-type and identical double mutations. For
codon 12 mutation-positive tumors, the rate of mutation-
positive foci in each tumor (number of mutation-positive
foci/total number of microdissescted foci) was calculated
(Table Il1). The mean rate was 35.1+30.0% in tumors
larger than 10 mm, and in 9 out of 16 (56.3%), they con-
tained mutation-positive foci at a rate of less than 25%.

DISCUSSION

Earlier studies of K-ras mutation in depressed-type
colorectal tumors have suggested that K-ras mutation is
not involved in the progression of these types of tumors.*2-28
Most, if not at al, of these earlier studies were based on
the examination of small depressed-type tumors (less than
10 mm), presumably because depressed-type tumors in the
colorectum are usualy rather small compared to the
polypoid type. In large-scale studies, 96% of depressed-
type adenomas were less than 3 mm in size,® and 87% of
depressed-type early carcinomas were less than 10 mm.®
However, K-ras mutation, predominantly in codon 12, is
known to up-regulate mitogenic signa transduction path-
ways?® and is considered to result in subclonal evolution
of colorectal adenomas, represented morphologically as an
increase in size and grade of atypia® Considering these
in vivo effects of K-ras mutation in colorectal tumors,
larger size depressed-type tumors must be investigated
to conclude whether or not K-ras mutation plays a role
in the progression of these tumors.

In the present study, K-ras mutation was infrequent (1/
7, 14%) in small (less than 10 mm) DECas, consistent
with earlier studies.**-*® However, 16/27 (59%) and 17/27
(63%) of DECas whose size was larger than 10 mm
showed K-ras codon 12 mutation, or either codon 12 or 13
mutation, respectively, which were significantly more fre-
guent than in tumors of less than 10 mm. The present
results seem to indicate that although K-ras mutation

Table I1l. Rate of Mutation-positive Foci in K-ras (Codon 12)
M utation-positive Tumors

Size of tumors (mm)

Mutation-positive rate

X<10 X=10
100% 0/1 (0%) 2/16 (12.5%)
>50% 0/1 (0%) 5/16 (31.3%)
>25% 1/1 (100%)  9/16 (56.3%)
Average 25.0% 35.1+30.0%

Mutation-positive rate: (mutation-positive foci/al microdis-
sected foci) x100.

could not be involved in the early stage, it might play a
rolein alater stage of progression of DECas.

A few> 19 investigations of K-ras mutations in DECas
larger than 10 mm have been done, and these earlier stud-
ies showed infrequent K-ras mutation (0—24%) in contrast
to our present results. This discrepancy may be explained,
at least partly, by intratumor heterogeneity of K-ras muta
tiona status and the absence in the earlier studies of
microdissection of several foci from one tumor. In 17 sam-
ples larger than 10 mm in the present study, only 2/17
(12%) showed K-ras (codon 12) mutation in all microdis-
sected foci (mean of 7.1 foci per sample) and 15/17 (88%)
showed heterogeneity in mutational status, either wild-
type and single mutation, or wild-type and double muta-
tion (Table Il). The rate of mutation-positive foci was
35.1% on the average (Table I11). These data imply that K-
ras mutation in large DECas (not small ones less than 10
mm in size) may not appear positive when the DECas con-
sist of mixed mutation-positive and negative areas, unless
microdissection is used to examine severa foci and muta-
tion-positive areas.

In colorectal adenomas and carcinomas, codons 12, 13,
and 61 are known to be hot spots of K-ras point muta-
tion.?? As to codon 13, the mutation rate in sporadic ade-
nomas is reported to be 9-19%%2" and the ‘RASCAL’
study summed up the mutation rate of advanced colorectal
cancers as 6.6%.2% In the present study, we have exam-
ined, for the first time, the frequency of codon 13 mutation
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in DECas and detected it in 9/27 cases (33%) of those
larger than 10 mm (no mutation was detected in those less
than 10 mm).

The role of K-ras mutation in DECas remains to be elu-
cidated. A possible role could be an increase in size of the
tumor through clonal expansion of mutation-positive cells
which have gained a growth advantage, since none of the
various pathological factors evaluated (histogenesis, histo-
logical atypia, depth of cancer invasion), except for the
size, showed any correlation with K-ras mutation (codons
12 and 13) (Table 1). However, it seems unjustified to
speculate about a connection between K-ras mutation in
DECas and increase of their size. If enlargement of the
tumor is lead by K-ras mutation, the mutational status is
expected to be homogeneous due to clonal expansion, but
it was heterogeneous in our study. Our present data indi-
cate only that multiple subclones with K-ras mutation
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