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We sought to clarify pathological features and genetic alterations in colorectal carcinomas with characteristics of nonpolypoid growth.
Colorectal carcinomas resected at Showa University Hospital in Tokyo included 86 with characteristics of polypoid growth (PG) and
21 with those of nonpolypoid growth (NPG). Mutations of APC, Ki-ras, and p53 genes, as well as microsatellite instability (MSI), were
analysed using fluorescence-based polymerase chain reaction–single-strand conformation polymorphism (PCR–SSCP). Carcinomas
with an NPG pattern were smaller than PG tumours (Po0.0001). Carcinomas with a PG pattern were more likely to harbour Ki-ras
mutations (36%) than NPG tumours (0%; Po0.0001). Mutation types in the APC gene differed significantly between PG and NPG
carcinomas (P¼ 0.0189), including frameshift mutations in 66% of PG carcinomas but no NPG carcinomas. Presence of a p53
mutation at a ‘hot spot’ also was more likely in PG carcinomas (37%) than in NPG carcinomas (0%; P¼ 0.0124). No significant
difference in presence of MSI was evident between carcinomas with PG and NPG patterns. In conclusion, significant genetic
differences were evident between carcinomas with PG and NPG patterns. Genetic changes in NPG carcinomas differed from those
of the conventional adenoma–carcinoma sequence. Assuming that some nonpolypoid growth lesions transform rapidly into
advanced carcinomas, 20% of all colorectal carcinomas may progress in this manner.
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The distinction between flat or depressed colorectal cancers and
polypoid colorectal cancers now is well accepted endoscopically.
However, the frequency of colorectal carcinomas originating from
a flat or depressed (nonpolypoid) precursor lesion is unknown.
Two pathways for development of colorectal carcinomas have been
proposed, one being the adenoma–carcinoma sequence by which
many carcinomas develop from polypoid adenomas (Morson, 1968;
Muto et al, 1975), and the other involving essentially flat precursor
lesions, often with a central depressed area. Histologically, flat
lesions are more likely to harbour high-grade dysplasia even when
small (Muto et al, 1985). Furthermore, some depressed cancers
may develop de novo (Kuramoto and Ohara, 1988; Kudo, 1993).

In 1990, a multistep genetic model for colorectal tumorigenesis
was proposed (Vogelstein et al, 1988; Fearon et al, 1990; Fearon
and Vogelstein, 1990), in which genetic alterations involving an
oncogene and several tumour suppressor genes accumulate in the
tumour cell lineage. APC gene mutations are involved in the initial
step of adenoma formation, while Ki-ras mutations make

adenomas larger and more severely dysplastic and p53 mutations
promote malignant transformation (Bos et al, 1987; Vogelstein
et al, 1988; Baker et al, 1989; Fearon et al, 1990; Fearon and
Vogelstein, 1990; Miyoshi et al, 1992; Powell et al, 1992). In
another genetic pathway to colorectal neoplasia, microsatellite
instability (MSI) is caused by mutations in nucleotide mismatch
repair genes (Marra and Boland, 1995; Kinzler and Vogelstein,
1996). MSI is characterised by additions and deletions of
nucleotides in numerous repeated nucleotide sequences (micro-
satellites). Patients with MSI-positive colorectal carcinoma have
better survival (Hemminki et al, 2000). Alteration of a 10-base pair
(bp) polyadenine tract in the transforming growth factor-b type II
receptor (TGF-b RII) gene is present in many MSI-positive
carcinomas (Parson et al, 1995; Akiyama et al, 1997). While the
APC, Ki-ras, and p53 genes, as well as MSI, have been
characterised with regard to carcinogenesis in polypoid adenomas,
a specific gene responsible for carcinogenesis in flat adenomas has
not yet been identified.

We encountered a patient in whom a minute depressed lesion
previously had been missed in interpretation of barium enema
radiographs; it transformed rapidly into an advanced carcinoma
with nonpolypoid growth (NPG). In previous studies, some minute
nonpolypoid neoplasias have been reported to transform to
nonpolypoid cancers manifesting rapid growth (Minamoto et al,
1994; Matsumoto et al, 1995; Fujiya and Maruyama, 1997). The
central depression has been reported to be clearly delineated
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radiographically in 32 out (60.4%) of 53 nonpolypoid neoplasias
measuring 5 mm and less (Fujiya and Maruyama, 1997). Matsu-
moto et al (1993) have shown that barium enema examination can
demonstrate small flat and depressed adenomas of the colon,
although colonoscopy seems superior to barium enema examina-
tion for detection of these lesions. The previous barium enema
radiograph indicated depressed area of the tumour alone, but no
elevated portion surrounding depressed area was found in our
case. The histologically entire size of the tumour has been shown
to correspond to the size of the depressed area in barium enema
examination (Matsumoto et al, 1993; Minamoto et al, 1994; Watari
et al, 1997). Thus, the advanced carcinoma in our case was thought
to have truly derived from a minute depressed-type lesion. If flat
lesions containing depressed areas progress rapidly, investigation
of the frequency, morphologic characteristics, and genetic altera-
tions of consequent carcinomas is particularly important. Flat or
depressed lesions are very difficult to identify by conventional
diagnostic techniques (Fujii et al, 1998; Rembacken et al, 2000); if
they develop through distinct genetic pathways, genetic diagnostic
approaches to screen for this type of colorectal neoplasia might
provide more early detection. Assuming that transformation of flat
lesions containing depressed lesions may be rapid, we investigated
the genetic makeup of carcinomas originating from flat lesions
with depressions.

MATERIALS AND METHODS

Initial case

In October 1996, a 53-year-old woman was found to have
occult blood in her stool during screening for colorectal
carcinoma. No abnormality was found in an air-contrast
barium enema radiograph. She had no family history of here-
ditary predisposition to colorectal carcinoma. In October 1997,
she underwent a second examination for stool occult blood. Since
the result again was positive, colonoscopy (Figure 1A) was
performed. An advanced carcinoma of 2.5 cm in diameter was
discovered in the transverse colon. The original barium enema
radiographs were carefully re-examined for evidence of the
carcinoma. A small pool of barium, 4 mm in diameter, was seen
in the location where the advanced carcinoma subsequently was
detected (Figure 1B). Doubling time was estimated to be 2.4
months. Histologically, the resected tumour was a moderately
differentiated adenocarcinoma infiltrating through the muscularis
propria (Figure 1C) with metastases to regional lymph nodes
(stage III, T3N1M0). This carcinoma was classified as having a
nonpolypoid growth (NPG) pattern according to our previously
published criteria (Kaneko et al, 1998). While no frameshift
mutation of the APC gene and no Ki-ras mutation were present, a
p53 mutation was found in exon 7 (codon 244; base change, GGC
to GAC; amino-acid change, Gly to Tyr). This mutation was not
located within one out of six known ‘hot spots’ for p53 mutations.
No MSI was evident.

Patient selection and data collection

Between April 1996 and March 1998, a total of 132 consecutive
patients with invasive colorectal carcinomas underwent surgical
resection at Showa University School of Medicine, Tokyo. Since the
advanced carcinoma in the index case that originated from a
depressed lesion represented stage III disease with pT3, we decided
to select stage II and III carcinomas with pT3 from these cases. In
all, 18 patients were excluded as the cancers were stage I, and four
with liver metastases were also excluded from the study. Three
patients with synchronous cancers of the colon were excluded
because growth pattern and genetic alterations in such lesions
could differ from that of sporadic carcinomas. None of the patients

had a hereditary predisposition to colorectal carcinoma or other
malignant disease. The final study group consisted of these 107
sporadic stage II or III colorectal carcinomas. Pathological features
were evaluated by a pathologist at our hospital. Tumour size and
location were determined from operative reports, and from clinical
and pathologic data where applicable.

Figure 1 Findings in the presented case. (A) Colonoscopy. The tumour
was relatively low and flat, with shallow central depression. (B) Magnified
view of previous barium enema radiograph obtained 1 year previously. A
small pool of barium 4 mm in diameter was present in the left portion of
the transverse colon (arrow). (C) Low-power view of histologic findings in
the lesion. At its border, the cancer was covered with normal mucosa
accompanied by muscularis mucosa (arrow). This lesion was classified as
showing nonpolypoid growth (NPG) type.
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Classification criteria for PG and NPG

Some minute nonpolypoid intramucosal neoplasias have been
reported to transform to nonpolypoid invasive cancers (Minamoto
et al, 1994; Matsumoto et al, 1995; Fujiya and Maruyama, 1997). In
our previous study, almost all of NPG carcinomas infiltrating the
submucosa were macroscopically flat and depressed carcinomas
(Kaneko et al, 1998). We thought that PG and NPG carcinomas
infiltrating the submucosa would progress PG and NPG carcino-
mas infiltrating beyond the submucosa. The histologic interface
between the carcinoma and the surrounding normal epithelium
was carefully studied. Depending on appearance, the carcinomas
were classified as having a polypoid growth (PG) or nonpolypoid
growth (NPG) pattern (Figure 2A–C). Details of this assessment
have been described previously (Kaneko et al, 1998). Briefly,
formalin-fixed surgical specimens were cut into blocks 5 mm in
thickness and embedded in paraffin for sectioning. The appear-
ance of the junction between carcinoma and normal mucosa was
assessed in four or five locations for each carcinoma after sections
were stained with haematoxylin and eosin (H and E). A pathologist
(MK) assigned each cancer to the PG or NPG group. In carcinomas
with a PG pattern, the malignant tumour rose abruptly from
adjacent normal mucosa. In contrast, carcinomas with an NPG
pattern showed a junction covered by normal mucosa and
muscularis mucosa. The mucosa covering the junction either
exhibited normal tissue or contained atypical cells.

Analysis of gene mutations

DNA samples were extracted from tissue obtained at operation and
frozen at �801C until use. Ki-ras codon 12 and 13 mutations were
analysed using polymerase chain reaction–single-strand confor-
mation polymorphism (PCR– SSCP). To facilitate comparison with
our previous data, the primers and PCR conditions for analysis of
Ki-ras mutations were the same as those described previously
(Sugano et al, 1993; Kaneko et al, 1998; Kaneko et al, 2000).

Mutations of the APC and p53 genes were analysed by
fluorescence-based PCR–SSCP analysis with low-pH buffer
(Kukita et al, 1997) using an ALF Express DNA sequencer
(Amersham Pharmacia Biotech, Uppsala, Sweden) (Makino et al,
2000). Multiple overlapping primers were used to generate 250- to
400-bp PCR products spanning codons 1256–1640 of the APC
gene; this site is known as a mutation cluster region (MCR), since a
significant proportion of mutations cluster in a small region of
exon 15. The reported prevalence of somatic mutations in the MCR
ranges from 45 to 60% in colorectal tumours to 100% in desmoid
tumours (Miyoshi et al, 1992; Miyaki et al, 1993). Based on these
observations, we chose to screen for APC mutations in the MCR in
our study. Primers G, H, and I in exon 15 of the APC gene were
used as described previously (Groden et al, 1991). PCR was
performed for 30 cycles (941C for 30 s, 551C for 30 s, 721C for
1 min) with primer G, and for 30 two-step cycles (951C for 20 s,
651C for 2 min) with primers H and I. The primers and PCR
conditions for exons 5–8 of the p53 gene were the same as those
used previously (Makino et al, 2000). Furthermore, MSI (Boland
et al, 1998) of TGF-bRII, BAT 26, BAT 40, D2S123, and D13S175
was analysed by fluorescence based-PCR –SSCP analysis with low-
pH buffer using the ALF Express DNA sequencer. High instability
(MSI-H) was defined by a novel bandshift or allele in at least 30%
of microsatellite loci tested when compared to non-neoplastic
tissue from the same patient (Boland et al, 1998). Low instability
(MSI-L) designated cases with over 0% but less than 30% of
markers showing a novel allele. The 50-terminus of each primer
was labelled with Cy5 dye (Amersham Pharmacia Biotech). A
measure of 50 ng of DNA was used for the PCR reaction. Amplified
PCR fragments were analysed by the ALF Express DNA sequencer
with 5% polyacrylamide gel (acrylamide : bis/49 : 1) containing
1�TME (30 ml Tris base, 36 mM 2[N-morpholino] ethanesulpho-

nic acid (MES) and 1 mM EDTA, pH 6.8). As described previously
(Makino et al, 2000), mutations were analysed with the Fragment
manager program; shifted peaks were considered to represent
DNA fragments that contained a mutation. DNA sequencing of
samples that showed shifted peaks was carried out as described
previously (Makino et al, 2000). A clear peak shift could be

Figure 2 Low-power views of histologic findings in polypoid growth
(PG; panel A) and nonpolypoid growth (NPG; panel B), type of
carcinomas infiltrating to the submucosa, including endoscopic correlation
for NPG (C). (A) At the border of the lesion, the cancer rises abruptly
from normal mucosa. (B) At the border of the lesion, the cancer is covered
with normal mucosa accompanied by muscularis mucosa. (C) Endoscopic
view of NPG carcinoma. The lesion shows relatively little elevation, and has
a central depression.
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detected in a sample containing 10% mutant DNA, and sensitivity
of PCR–SSCP under our conditions was 100% compared with
DNA sequences as described previously (Makino et al, 2000).
Direct sequencing was performed in cases that were negative by
SSCP, since the presence of missed mutations in the SSCP-negative
cases could not otherwise be ruled out. Sample collection and gene
analysis in this study were approved by the Human Ethics Review
Committee of Showa University School of Medicine.

Statistical analysis

Data used for classifying growth patterns of colorectal carcinomas
into the PG and NPG patterns were not considered in the genetic
and clinicopathologic analyses; to avoid bias, these data were
uncoded only afterward. The significance of differences in
proportions was assessed by the w2-test, Fisher’s exact test, or
the Wilcoxon rank-sum test. Multivariate analyses were performed
using a multiple logistic regression. P-values less than 0.05 were
considered to indicate significance.

RESULTS

As shown in Table 1, the incidence of vascular invasion in NPG
carcinomas was significantly higher than that in PG carcinomas.
NPG carcinomas were significantly smaller than PG carcinomas.
Mean age, gender, location of tumour, tumour differentiation,
lymph node metastasis, and proportion of stage II and III did not
differ significantly between PG and NPG carcinomas.

As shown in Table 2, Ki-ras mutation was found in 36% of PG
carcinomas, while no mutation was found in NPG carcinomas.
Differences from the wild-type sequence were as follows: Gly to
Ala, 3 (10%); Gly to Gly, 0 (0%); Gly to Cys, 2 (6%); Gly to Ser, 1

(3%); Gly to Val, 14 (45%); Gly to Asp, 10 (32%); and Gly to Arg, 1
(3%). The frequency of Gly-to-Val mutation at codon 12 was high
in PG carcinomas (14 out of 31, 45%).

Prevalence of an APC mutation did not differ significantly
between PG and NPG carcinomas (Table 2). As shown in Table 3,
the frequency of frameshift mutation was higher in PG carcinomas
(66%) than in NPG carcinomas (0%). Mutation types of the APC
gene in PG carcinomas differed significantly from those in NPG
carcinomas.

Overall prevalence of a p53 mutation did not differ significantly
between PG and NPG carcinomas (Table 2). As shown in Table 3,
types of mutation of the p53 gene in PG carcinoma did not differ
significantly from those in NPG carcinoma. However, involvement
of hot spots differed greatly. Of 49 mutations in PG carcinomas, 18
(37%) were found in hot spots at codon 175 (four patients), 245

Table 1 Clinicopathologic characteristics of PG and NPG carcinomas

PG carcinoma
(n¼86)

NPG carcinoma
(n¼21) P-value

Age, years
Mean (range) 64.7 (42–83) 65.1 (43–82) NS

Gender
Male 44 (51%) 11 (52%) NS
Female 42 (49%) 10 (48%)

TNM classification
Stage II 37 (43%) 8 (38%) NS
Stage III 49 (57%) 13 (62%)

Tumour location
Right 31 (36%) 8 (38%) NS
Left 55 (64%) 13 (62%)

Tumour differentiation
Well 50 (58%) 8 (38%) NS
Moderately 26 (30%) 9 (43%)
Poorly 10 (12%) 4 (19%)

Size, mm
Mean (range) 55 (25–80) 33 (10–55) o0.0001

Lymph node metastasis
Presence 49 (57%) 13 (62%) NS
Absence 37 (43%) 8 (38%)

Vascular invasion
Presence 64 (74%) 20 (95%) 0.0370
Absence 22 (26%) 1 (5%)

PG ¼ polypoid growth type; NPG ¼ nonpolypoid growth type; NS ¼ not
significant (PX0.05).

Table 2 Genetic changes in PG and NPG carcinomas

PG carcinoma
(n¼86)

NPG carcinoma
(n¼21) P-value

APC mutation
Presence 29 (34%) 5 (24%) 0.3818
Absence 57 (66%) 16 (76%)

Ki-ras mutation
Presence 31 (36%) 0 (0%) o0.0001
Absence 55 (64%) 21 (100%)

p53 Mutation
Presence 48 (56%) 12 (57%) 0.9124
Absence 38 (44%) 9 (43%)

MSI
Presence 14 (16%) 3 (14%) 0.9806
Absence 72 (84%) 18 (86%)

PG ¼ polypoid growth type; NPG ¼ nonpolypoid growth type; MSI ¼
microsatellite instability.

Table 3 Mutation patterns of APC and p53 genes in PG and NPG
carcinomas

PG carcinoma NPG carcinoma P-value

APC mutation
Type 29 (100%) 5 (100%)

Nonsense 9 (31%) 4 (80%) 0.0189
Missense 1 (3%) 1 (20%)
Frameshift 19 (66%) 0 (0%)

p53 Mutation
Type 49 (100%)* 12 (100%)

Nonsense 5 (10%) 3 (25%) 0.1805
Missense 35 (71%) 5 (42%)
Frameshift 6 (12%) 4 (32%)
Splice site 2 (4%) —
Silent 1 (2%) —

Hot-spot mutation
Presence 18 (37%) 0 (0%) 0.0124
Absence 31 (63%) 12 (100%)

MSI
Degree 14 (100%) 3 (100%)

MSI-H 7 (50%) 1 (33%) 0.8808
MSI-L 7 (50%) 2 (67%)

PG ¼ polypoid growth type; NPG ¼ nonpolypoid growth type; MSI ¼
microsatellite instability; MSI-H ¼ high instability (two or more out of five loci);
MSI-L ¼ low instability (one out of five loci); * ¼ 49 mutations in 48 PG carcinomas
(one case having two mutations, one nonsense, and one frameshift).
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(three patients), 248 (seven patients), 273 (three patients), and 282
(one patient); no patient had a mutation at codon 249. In contrast,
the 12 p53 mutations in NPG carcinomas were not found at hot
spots. The prevalence of p53 mutations at hot spots thus was
significantly higher in PG carcinomas than in NPG carcinomas
(Table 3). Direct sequencing performed on all cases that were
negative by SSCP did not disclose any mutations. The sensitivity
and specificity of the PCR–SSCP assay for the mutations were 100
and 90%, respectively.

No MSI was found in non-neoplastic tissue from any of the 107
patients. The frequency of MSI in PG carcinomas did not differ
significantly from that in NPG carcinomas (Table 2). The
frequency of patients showing instability at all five loci was five
out of 17 (29%); four out of five loci, no patient (0%); three out of
five loci, one patient (6%); two out of five loci, two patients (12%);
and one out of five loci, nine patients (53%). All five patients with
an abnormality of TGF-bRII also had abnormalities at the other
four loci, and all five patients had PG carcinomas. Of eight MSI-H
tumours, seven (88%) were PG carcinomas. Of three NPG
carcinomas with MSI (Table 3), one was MSI-H (three of five
loci); the remaining two were MSI-L (one out of five loci).

Multivariate analyses were performed using multiple logistic
regression. Tumours were classified as PG or NPG carcinomas, and
these groups were compared concerning patient age, gender,
clinical stage, tumour size, vascular invasion, tumour location,
tumour differentiation, APC mutation, Ki-ras mutation, p53
mutation, and MSI. Significant differences were evident for tumour
size (P¼ 0.00002) and vascular invasion (P¼ 0.02417). Presence of
a Ki-ras mutation showed a significant difference between PG and
NPG carcinomas in univariate analysis (Po0.0001). This differ-
ence was not evident by multiple logistic regression (P¼ 0.99995)
because no Ki-ras mutation was found in NPG carcinomas.

DISCUSSION

This study was prompted by the apparently rapid progression of a
minute depressed lesion to an advanced nonpolypoid growth
carcinoma within only 1 year. We propose that colorectal
neoplasias with a central depression develop into carcinomas with
a nonpolypoid growth pattern.

In our previous prospective study in which 2720 consecutive
patients undergoing total colonoscopy were examined for flat
lesions, a Ki-ras mutation was not found in any intramucosal flat
lesion with a smooth surface (Kaneko et al, 2000). In another
previously published study, we found no Ki-ras mutation in NPG
carcinomas infiltrating the submucosa (SM) (Kaneko et al, 1998).
SM-NPG carcinomas showed neither a coexisting adenomatous
component nor a Ki-ras mutation. In contrast, 75% of SM-PG
carcinomas had a coexisting adenomatous component, and 44%
had a Ki-ras mutation. We reported that SM-PG carcinomas arose
from protruding adenomas according to the adenoma– carcinoma
sequence, while the growth pattern of SM-NPG carcinomas was
different. Vogelstein et al (1988) proposed that Ki-ras mutation is
an early event in the adenoma– carcinoma sequence with Ki-ras
mutational status possibly determining development of an
exophytic polypoid adenoma. Our results suggest that in contrast
a Ki-ras mutation might not be present in the NPG carcinoma
pathway even when the lesion is advanced. Our previous and
present studies indicate that Ki-ras mutation is not related to
genetic progression in morphologically distinct nonpolypoid
lesions containing NPG carcinomas.

Our study showed that NPG carcinomas were significantly
smaller than PG carcinomas. In spite of this, vascular invasion was
significantly more frequent in NPG carcinomas than in PG
carcinomas. It is likely that the biologic behaviour of NPG
carcinomas is more aggressive than that of PG carcinomas. Many
reports have analysed that flat and depressed lesions have a higher

malignant potential than polypoid lesions, since flat and depressed
lesions readily infiltrate deeper layers despite their small size
(Crowford and Stromeyer, 1983; Wolber and Owen, 1991; Lanspa
et al, 1992; Jaramillo et al, 1994; Rubio et al, 1994; Kudo et al,
1995a, b; Mitooka et al, 1995; Yokota et al, 1995; Fujii et al, 1998;
Hart et al, 1998; Rembacken et al, 2000; Saito et al, 2001). A greater
malignant potential in NPG carcinomas than in PG carcinomas is
analogous to flat lesions containing depressed areas having greater
malignant potential than polypoid adenomas.

Mutation patterns in the APC gene differed significantly between
PG and NPG carcinomas. More than 700 somatic mutations of the
APC gene have been reported to date in different tumour types,
with more than 90% of these mutations being observed in
colorectal adenomas according to Laurent-Puig et al (1998). The
same authors reported that most of these somatic mutations led to
truncation of the APC protein, either by frameshift mutation (62%)
or by nonsense mutation (34%). The proportion of frameshift and
nonsense mutations in the report of Laurent-Puig et al was similar
to that in PG carcinomas in our study. In our study, however, no
frameshift mutation was found in NPG carcinomas. Other group
has reported similar findings (De Benedetti et al, 1994). De
Benedetti et al (1994) reported that frameshift mutation of APC
gene was predominant in polypoid adenomas, with APC mutations
participating in progression of exophytic adenomas. In contrast,
Umetani et al (2000) have reported that the frequency of APC
mutation in nonpolypoid adenomas was significantly lower than
that in polypoid adenomas, while being similar between polypoid
carcinomas and nonpolypoid carcinomas. They concluded that
new APC mutations are acquired at the time point representing
malignant transformation during the development of nonpolypoid
adenomas. We believe that APC mutations in NPG carcinomas are
related to malignant transformation, since we found no significant
difference in frequency of APC mutations between PG and NPG
carcinomas. Yet we found no APC frameshift mutations in NPG
carcinomas. If the presence of APC mutations in NPG carcinomas
is indeed related to malignant transformation, we suspect that
specific mutation patterns of the APC gene importantly affect the
genetic pathway leading to NPG carcinoma.

With respect to the p53 gene, 6177 somatic mutations in exons 5
to 8 have been reported in different tumour types (Hussain and
Harris, 1999). The overall prevalence of nonsense, missense,
frameshift, splice site, and silent mutations among these 6177
mutations was 6, 78, 10, 3, and 3%, respectively. These relative
prevalences were similar to those in our PG and NPG tumours. In
contrast, mutation of the p53 gene has been proposed to be
concentrated at hot spots (Hainnaut et al, 1998; Hussain and
Harris, 1999). Mutations were found at one or more of six hot
spots in exons 5–8 in 25–30% of large case series (Greenblatt et al,
1994; Hainnaut et al, 1998; Hussain and Harris, 1999); similarly,
the prevalence in all of our cases considered together was 28%. Hot
spots for somatic mutations in carcinomas represent protein
alterations that provide a selective growth advantage to the cell.
Many reports suggest that a hot spot can identify relationships
between mutation, protein structure and function, and carcino-
genesis (Hsu et al, 1991; Cho et al, 1994; Greenblatt et al, 1994;
Tornaletti and Pfeifer, 1994). In this study, no hot-spot mutations
were found in NPG carcinomas. The difference in p53 mutation
location between PG and NPG carcinomas may suggest differences
in function correlating with differing morphologic development.

The frequency of MSI did not differ significantly between our PG
and NPG carcinomas, although most carcinomas rated MSI-H were
PG carcinomas (88%). Loukola et al (1999) examined MSI in 402
sporadically occurring adenomas, with only six adenomas (1.5%)
being MSI-H. Furthermore, five of these six adenomas subse-
quently proved to have arisen in subjects with hereditary
nonpolyposis colorectal cancer (HNPCC). In our study, eight out
of 107 carcinomas (7%) were MSI-H; most carcinomas rated MSI-
H were PG carcinomas, which were considered to have arisen from
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polypoid adenomas. In the study of Jass et al (2000) MSI-H was
commonly observed in dysplastic areas of serrated polyps, as was
MSI-L. We believe that PG carcinomas may include most
carcinomas derived from serrated adenomas.

Clinicopathologic findings in our study suggest that develop-
ment of NPG carcinomas is more aggressive than that of PG
carcinomas. The genetic makeup of NPG carcinomas is unique, not
being based on the conventional adenoma–carcinoma sequence.
We suggest that the genetic pathway of NPG carcinoma is distinct
from that of PG carcinoma even in early stages of carcinogenesis.
The morphologic characteristics of carcinomas originating from
nonpolypoid lesions may reflect differences in genetic pathways
giving rise to cancers. Furthermore, some minute nonpolypoid
neoplasias have reported previously to transform to nonpolypoid
cancers manifesting rapid growth (Minamoto et al, 1994;
Matsumoto et al, 1995; Fujiya and Maruyama, 1997). If we assume

that some flat or depressed lesions rapidly transform into
advanced nonpolypoid growth carcinomas, a maximum of 20%
of colorectal carcinomas could be expected to progress in this
manner.

ACKNOWLEDGEMENTS

This work was supported in part by a Grant-in-Aid from the
Ministry of Health, Labour, and Welfare (14-36). The work also
was supported in part by a Showa University Grant-in-Aid for
Innovative Collaborative Research Projects and a Special Research
Grant-in-Aid for Development of Characteristic Education from
the Japanese Ministry of Education, Culture, Sports, Science, and
Technology of Japan.

REFERENCES

Akiyama Y, Iwanaga R, Saito K, Shiba K, Ushio K, Ikeda E, Iwama T,
Nomizu T, Yuasa Y (1997) Transforming growth factor b type II receptor
gene mutations in adenomas from hereditary nonpolyposis colorectal
cancer. Gastroenterology 112: 33 – 39

Baker SJ, Fearon ER, Nigro JM (1989) Chromosome 17 deletions and p53
gene mutation in colorectal carcinomas. Science 244: 217 – 221

Boland CR, Thibodeau SN, Hamilton SR, Sidransky D, Eshleman JR, Burt
RW, Meltzer SJ, Rodriguez-Bigas MA, Fodde R, Ranzani GN, Srivastava S
(1998) A National Cancer Institute Workshop on microsatellite
instability for cancer detection and familial predisposition: development
of international criteria for the determination of microsatellite instability
in colorectal cancer. Cancer Res 58: 5248 – 5257

Bos JL, Fearon ER, Hamilton SR, Verlaan-de Vries M, van Boom JH, van
der Eb AJ, Vogelstein B (1987) Prevalence of ras gene mutations in
human colorectal cancers. Nature 327: 293 – 297

Cho Y, Gorina S, Jeffrey PD, Paveletich NP (1994) Crystal structure of a p53
tumor suppressor – DNA complex: understanding tumorigenic muta-
tions. Science 265: 346 – 355

Crowford BE, Stromeyer FW (1983) Small nonpolypoid carcinomas of the
large intestine. Cancer 51: 1760 – 1763

De Benedetti L, Sciallergo S, Gismondi V, James R, Bafico A, Biticci R,
Masetti E, Bonelli L, Heouaine A, Picasso M (1994) Association of APC
gene mutations and histological characteristics of colorectal adenomas.
Cancer Res 54: 3553 – 3556

Fearon ER, Cho KR, Nigro JM, Kern S, Simons J, Ruppert J, Hamilton SR,
Preisinger AC, Thomas G, Kinzler KW (1990) Identification of a
chromosome 18q gene that is altered in human colorectal cancers.
Science 247: 49 – 56

Fearon ER, Vogelstein B (1990) A genetic model for colorectal tumorigen-
esis. Cell 61: 451 – 457

Fujii T, Rembacken BJ, Kato S, Dixon MF, Yoshida S, Axon ATR (1998) Flat
adenomas in the United Kingdom: are treatable cancers being missed?
Endoscopy 30: 437 – 443

Fujiya M, Maruyama M (1997) Small depressed neoplasms of the large
bowel: radiographic visualization and clinical significance. Abdom
Imaging 22: 325 – 331

Greenblatt MS, Bennett WP, Hollstein M, Harris CC (1994) Mutations in the
p53 tumor suppressor gene: clues to cancer etiology and molecular
pathogenesis. Cancer Res 54: 4855 – 4878

Groden J, Thliveris A, Samowitz W, Carison M, Gelbert L, Albertsen H,
Joslyn G, Stevens J, Spirio L, Robertson M (1991) Identification and
characterization of the familial adenomatous polyposis coli gene. Cell 66:
589 – 600

Hainnaut P, Hernandez T, Robinson A (1998) IARC database of p53 gene
mutation in human tumors and cell lines: updated compilation, revised
formats and new visualization tools. Nucleic Acids Res 26: 205 – 213

Hart AR, Kudo S, Mackay EH, Mayberry JF, Atkin WS (1998) Flat
adenomas exist in asymptomatic people: important implications for
colorectal cancer screening programs. Gut 43: 229 – 231

Hemminki A, Mecklin J, Järvine H, Aaltone LA, Joensuu H (2000)
Microsatellite instability is a favorable prognostic indicator in patients

with colorectal cancer receiving chemotherapy. Gastroenterology 119:
921 – 928

Hsu IC, Metcalf RA, Sun T, Welsh JA, Wang NJ, Harris CC (1991)
Mutational hotspot in the p53 gene in human hepatocellular carcinomas.
Nature 350: 427 – 428

Hussain SP, Harris CC (1999) p53 mutation spectrum and load: the
generation of hypotheses liking the exposure of endogenous or
exogenous carcinogens to human cancer. Mutat Res 428: 23 – 32

Jaramillo E, Slezak P, Watanabe M, Rubio C (1994) Endoscopic detection
and complete removal of a micro-invasive carcinoma present in a flat
colonic adenoma. Gastrointest Endosc 40: 369 – 371

Jass JR, Iino H, Ruszkeiwicz A, Painer D, Solomon MJ, Koorey DJ,
Cohn D, Furlong KL, Walsh MD, Palazzo J, Edmonston TB, Fishel R,
Young J, Leggett BA (2000) Neoplastic progression occurs through
mutator pathways in hyperplastic polyposis of the colorectum. Gut 47:
43 – 49

Kaneko K, Fujii T, Kato S, Boku N, Oda Y, Koba I, Ohtsu A, Hosokawa K,
Ono M, Shimoda T, Yoshida S (1998) Growth patterns and genetic
changes of colorectal carcinoma. Jpn J Clin Oncol 28: 196 – 201

Kaneko K, Kurahashi T, Makino R, Konishi K, Mitamura K (2000) Growth
patterns of superficially elevated neoplasia in the large intestine.
Gastrointest Endosc 51: 443 – 450

Kinzler KW, Vogelstein B (1996) Lessons from hereditary colorectal cancer.
Cell 87: 159 – 170

Kudo S (1993) Endoscopic mucosal resection of flat and depressed type of
early colorectal cancer. Endoscopy 25: 455 – 461

Kudo S, Tamura S, Hirota S, Sano Y, Yamano H, Serizawa M, Fukuoka T,
Mitsuoka H, Nakajima T, Kusaka H (1995a) The problem of de novo
colorectal carcinoma. Eur J Cancer 31: 1118 – 1120

Kudo S, Tamura T, Nakajima S (1995b) Depressed type of colorectal cancer.
Endoscopy 27: 54 – 57

Kukita Y, Tahira T, Sommer SS, Hayashi K (1997) SSCP analysis of long
DNA fragments in low pH gel. Hum Mutat 10: 400 – 407

Kuramoto S, Ohara T (1988) Minute cancers arising de novo in the human
large intestine. Cancer 61: 829 – 834

Lanspa SJ, Rouse J, Smyrk T, Watson P, Jenkins JX, Lynch HT (1992)
Epidemiological characteristics of the flat adenoma of Muto: a
prospective study. Dis Colon Rectum 35: 543 – 546

Laurent-Puig P, Beoud C, Soussi T (1998) APC gene: database of germline
and somatic mutations in human tumors and cell line. Nucl Acid Res 26:
270 – 273

Loukola A, Salovaara R, Kristo P, Moisio AL, Kääräinen H, Ahtola H,
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