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Abstract

AIM: To investigate the histopathological and genetic
differences between polypoid growth (PG) and non-
polypoid growth (NPG) submucosal invasive colorectal
carcinoma (CRC).

METHODS: A total of 96 cases of submucosal CRC were
divided into two groups according to their growth type;
60 cases of PG and 36 cases of NPG. The size, histological
degree of dysplasia, depth of submucosal invasion and
lymph node metastasis were compared between the two
groups. Furthermore, expression of p53 was detected by
immunohistochemical staining, and K-ras gene mutation
was examined by polymerase chain reaction based
single-strand conformation polymorphism (SSCP).

RESULTS: The average size of the lesions in the NPG
group was significantly smaller than those in the PG
group (7.5 mm vs 13.8 mm, P < 0.001). The histological
degree of dysplasia tended to be more severe in NPG
group, while the incidence of submucosal massive
invasion and the lymph node metastasis were both
significantly higher in the NPG type than in the PG
group (64.3% vs 43.3%, P = 0.004; 43% vs 7%, P =
0.008, respectively). In addition, A~ras gene mutations
were detected in 67% of lesions in the PG group, but
none in the NPG group, while no difference in p53
immunohistochemical expression was found between the
two groups.

CONCLUSION: Compared with PG submucosal CRC,
NPG type demonstrates more frequent submucosal
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massive invasion, more lymph node metastasis and a
higher degree dysplasia. Genetically, NPG type shows
much less frequent A~7as mutation.
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INTRODUCTION

Regarding the morphorgenesis of colorectal carcinoma
(CRC), the polyp-carcinoma sequences in which a polyp
(exophytic) lesion progresses to invasive carcinoma
has been stressed!"?. This is because most eatly stage
carcinomas have been detected as small lesions with a
polypoid appearance until quite recently. Since 1980,
following Kudo’s achievements, many early CRC with
depressed appearance, which do not resemble a polyp,
have been detected in many other countries as well as in
JapanPl.

This indicates that there are two morphologically
different types of eatly CRC, the exophytic and depressed
types. Ikegami and Shimoda classified early CRC into two
groups according to their intramucosal growth pattern
of the tumor, polypoid growth (PG) and nonpolypoid
growth (NPG) typesm. It has been described that
exophytic and depressed lesions develop into PG and
NPG types of CRC, respectively. More recently, these
two types of CRC have been demonstrated as having
biological as well as morphological differences™. In the
present study, we compared PG and NPG submucosal
(sm) invasive CRC histopathologically and genetically, and
attempted to clarify the biological differences between
the two types of submucosal early CRC.

MATERIALS AND METHODS
Subjects

A total of 96 cases of submucosal CRC were resected
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surgically (63 cases) and endoscopically (33 cases) in The
Affiliated Hospital of Osaka Medical College. These
lesions were divided into two groups according to their
type of growth; 60 cases of PG and 36 cases of NPG. All
diagnoses were based on histopathological examinations
and none of the patients had hereditary colorectal tumors
such as familial adenomatosis polyposis (FAP). Informed
consent was obtained from all subjects after a full
explanation of the project, while the specimen collecting
procedures were approved by the Ethics Committee in
Osaka Medical College.

Classifications

The classification of the lesions was based on the Japanese
conventional criteria”. Briefly, on the basis of microscopic
observation of the cut-sutface, a PG lesion is characterized
by the polypoid appearance, in which the tumor forms a
protrusion due to the intramucosal proliferation (Figure
1A and B), and a NPG lesion is identified as a depressed
or flat appearance without prominent intramucosal
proliferation (Figure 2 A and B).

Histopathological studies

All samples were cut into 5 um thick sections for histologic
examination. To determine the extent of submucosal
invasion, the submucosal layer was divided into three
parts: (1) invasion involving the upper 500 pm of the
submucosal layer was regarded as sml; (2) that involving
the middle layer as sm2; and (3) invasion involving the
deepest layer as sm3. Sm2 and sm3 were regarded as
submucosal massive invasion!"'l. The histological grade
of differentiation was classified as; well-, moderate-or
poor-differentiated adenocarcinoma according to the
World Health Organization (WHO) classification for large
intestinal tumors!'”.

Immunohistochemical study

Immunohistochemical staining was performed for the
examination of p53 protein!"!. Formalin-fixed paraffin
sections were heated in a2 microwave oven before
immunostaining with anti-p53 polyclonal antibody (CM1;
Novocastra, Newcastle, UK). Cases showing diffuse
overexpression of p53 in almost neoplastic glands were
regarded as diffusely positive and cases showing nested
or focal overexpression of p53 in neoplastic glands were
regarded as focally positive. Cases in which the nuclei
of neoplastic glands were stained sporadically or were
unstained were regarded as negative. The positive rate was
calculated as the percentage of diffuse plus focally positive
cases out of the total number of cases.

DNA extraction

Formalin-fixed, paraffin-embedded samples were cut
serially with a thickness of 10 pm. After identification of
a lesion with the highest histological grade of atypia in
the entire tumor tissue and after marking the lesion on
paraffin sections, the marked lesions were scraped from
paraffin sections. The DNA was then extracted by using a
DNA isolator PS kit (Wako Pure Chemical, Osaka, Japan)
in accordance with the supplied protocol!'?.

Figure 1 A: Macroscopic appearance of PG submucoal invasive early colorectal
carcinoma, note the polyp-like exophytic from of the lesion; B: Microscopic
appearance of PG submucoal invasive early colorectal carcinoma, note the
intramucosal protruding proliferation (arrow head).

Figure 2 A: Macroscopic appearance of NPG and PG submucoal invasive early
colorectal carcinoma, note the depressed from of the lesion (arrow head); B:
Microscopic appearance of PG submucoal invasive early colorectal carcinoma, no
intramucosal protruding proliferation in the lesion.

Analysis of K-ras gene mutation

Mutations at codon 12 of K-ras gene were detected by
the polymerase chain reaction-single strand conformation
polymorphism (PCR-RFLP) method (PCR-SSCP), as
previously described elsewhere!". Briefly, the extracted
DNA was amplified by using PCR with the primers of 5
GCCGGTAGTGTATTAACCTTATGTGTGACAT-3’
and 5’CAAAACAAGATTTACCTCTATTGTTGG-3".
10 pL of formamide solution was added to 2 ul. of PCR
products, and heated to 80°C for 5 minutes to dissociated
DNA tosingle strand. Then, 10 pL of single strand
DNA was applied to a 12% polyacrylic amide gel, and
elecphoresis was performed before silver staining. Thus,
the presence of point mutation in K-ras codon 12 and the
type of base substitution were examined!*l.

Statistical analysis

Data were summarized as mean £ SD. The chi-squared
test (or Fisher's exact test when the expected number
of any variables was smaller than or equal to five cases)
and the student 7 test were performed to determine the
significance of differences in mean values and associations.
Findings with a P value of < 0.05 were considered to be
statistically significant.

RESULTS

Pathological evaluation

The mean sizes of the lesions in the NPG and PG groups
were 7.5 & 6.2 mm and 13.8 * 5.4 mm, respectively. The
lesions in the NPG group were significantly smaller than
those in the PG group (P = 0.001, Table 1, Figure 1A and
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Table 1 The size of submucosal invasive carcinomas in the PG

and NPG groups

Groups (17) Size (mean + SD) (mm)
PG (60) 13554
NPG (36) 75+62°

"P < 0.001 vs PG group (Student’s  test).

Table 2 Histological comparison of sm invasive carcinomas
between the PG and NPG groups

PG( %) NPG (%)

Histologial features
Differentiation

Well differentiated 73.3 50"

Moderate differentiated 26.7 50
Invasive depth

Sm 1 56.7 36.7

Sm 2-3 433 64.3°
Lymph node metastasis

Positive 6.7 4.9

Negative 93.3 57.1

°P = 0.238 vs PG group (Fisher’s exact test), "P = 0.004 vs PG group (Fisher’s
exact test), ‘P = 0.008 vs PG group (Fisher’s exact test).

B, Figure 2A and B). In addition, there was no significant
difference in histopathologic differentiation between the
two groups (P = 0.238).

Invasiveness and metastasis

The frequency of sm massive invasion was significant
higher in the NPG group than in the PG group (P =
0.004), and the incidence of lymph node metastasis was
also significantly higher in the NGP group (P = 0.008,
Table 2).

Immunohistochemistry

The positive rates of p53 overexpression in the NPG and
PG groups were 57.1% and 33.3%, respectively, and the
difference was not statistically significant (P > 0.05) (Figure 3).

Genetic studies
K-ras mutation was detected in 67% of the PG lesions but
in none of the NPG lesions (Figure 4).

DISCUSSION

Colorectal carcinoma has traditionally been considered
to develop from adenoma with polypoid appearance,
progressing to invasive carcinoma. This concept has
been called the adenoma-adenocarcinoma sequence in
terms of the histogenesis, and interpreted as the polyp-
cancer sequence in terms of morphogenesis!™. On the
other hand, another proposal that some CRC arise from
non-polypoid lesions, the so-called de novo sequence,
has been reported. Since the 1980s, a large number of
tumors with flat and depressed appearance have been
detected in Japan, and more recently in many other

www.wjgnet.com

Figures 3 p53 immunohistochemical staining in NPG submucosal invasive early
colorectal carcinomas (x 200). Note positive staining of p53 in cancer tissue
(arrows), the picture on the left side is the same section of HE staining.

Figure 4 SSCP analysis of the K-ras
gene codon 12 in PG submucosal
invasive early colorectal carcinomas,
note two extra bands of point
mutations (arrow head). C: normal
control; T: polypoid submucosal colon
cancer; M: molecular marker.

countriesP>". It is not well known whether flat/depressed
epithelial tumors are distinct from ordinary pedunculated
or exophytic polyps and support the de novo theory.
In order to understand the possible histogenesis and
morphogenesis of CRC, a series of comparative studies of
the clinicopathological and biological features of polypoid
and flat/depressed lesions has been reported in Japan™®*’.
However, there is a discrepancy in the histopathologic
criteria between WHO and Japanese classifications®!l, for
measuring adenoma and intramucosal adenocarcinoma:
intramucosal adenocarcinoma is classified as adenoma
with severe dysplasia in the WHO catalog, Therefore, only
submucosal eatly CRC cases were included in the present
study.

Of 96 sm invasive early in the study, 60 cases (62.5%)
and 36 (37.5) cases were divided into two groups according
to their macroscopic growth patterns. Most PG lesions
(87%) were morphologically identified as pedunculated
or sessile polyp, while some NPG lesions demonstrated
gross appearance of central depression with marginal
clevation, as labeled Ila + Ilc in the Japanese classification
of early gastric cancer™. Macroscopically, NPG lesions
showed a significantly smaller size. Moreover, compared
with the PG group, the NPG group demonstrated a worse
histologic differentiation, more massive invasiveness, and a
higher incidence of lymph node metastasis. These findings
indicate that NPG carcinoma might have a different
characteristic pattern of development and progression
from that of PG lesions. Namely, PG lesions mainly
consist of tumors with a low degree of dysplasia and
proliferate slowly in the mucosal layer, while NPG lesions
mainly consist of tumors with a high degree of dysplasia
and infiltrate rapidly to the submucosal layer despite their
small size”™”. Therefore, it might be speculated that NPG
early CRC is more aggressive that PG type.

Several studies have shown that changes occur in Ki-
ras, p53, DCC and Be/2 gene structure and function during
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the various stages of human colon carcinogenesis®™ ™",

Alterations of these genes are responsible for the
establishment of a state of continuous stimulus for cell
division and apoptotic inhibition at physiological and
pharmacological levels. p53 mutation has been regarded as
a late event in the development of advanced CRC. Nuclear
immunohistochemical expression of p53 protein has been
proved to be related to localization, and of prognostic
value for tumor recurrence associated with over-expression
of p53 protein®”

It has been reported that multiple genetic alterations
were involved in the development of adenoma-
adenocarcinoma sequence™. K-ras gene mutation was
detected at an eatly stage of colorectal Carcinogenesis[zo’w.
However, recent research revealed that K-rzs mutation
was detected in 47% of exophytic tumor but not in flat
type CRC"". Our study has also proven that K-ras gene
mutation was not found in NPG sm invasive CRC even
though it was found in 67% of PG type lesions. This result
suggests that NPG type eatly CRC could have a different
genetic background.

In conclusion, our results suggest that NPG early CRC
develop from non-polypoid (flat or depressed) lesions, and
that there exists a different carcinogenesis pathway from
ordinary colorectal adenoma-adenocarcinoma sequence.

COMMENTS

Background

Early colorectal cancer (CRC) has been morphologically classified into two growth
patterns: polypoid growth (PG) and non-polypoid growth (NPG) types. These
two types seem to have different morphogenesis as to their development and
progression. The aim of this study was to investigate the histopathological and
genetic differences between PG and NPG submucosal invasive CRC.

Research frontiers

CRC has traditionally been considered to develop from adenoma with polypoid
appearance, progressing to invasive carcinoma. This concept has been called the
adenoma-adenocarcinoma sequence in terms of the histogenesis, and interpreted
as the polyp-cancer sequence in terms of morphogenesis. On the other hand,
another proposal that some CRC arise from non-polypoid lesions, the so-called
de novo sequence, has been reported. Since the 1980s, a large number of tumors
with flat and depressed appearance have been detected in Japan and more
recently, in many other countries. It is not well known whether flat/depressed
epithelial tumors are distinct from ordinary pedunculated or exophytic polyps and
support the de novo theory. In order to understand the possible histogenesis and
morphogenesis of CRC, a series of comparative studies about clinicopathological
and biological features of polypoid and flat/depressed lesions have been
reported in Japan. However, there is a discrepancy between WHO and Japanese
classifications in the histopathologic criteria for adenoma and intramucosal
adenocarcinoma. Therefore, only submucosal early CRC cases were included in
the present study.

Innovations and breakthroughs

Compared with PG submucosal CRC, NPG type demonstrates more frequent
submucosal massive invasion, more lymph node metastasis and higher degree
dyspalsia. Genetically, NPG type shows much less frequent K-ras mutation.

Applications

These findings suggest that NPG early CRC develop from non-polypoid (flat or
depressed) lesions, and that there is a different carcinogenesis pathway from
ordinary colorectal adenoma-adenocarcinoma sequence. These results should be
useful for the understanding of the carcinogenesis of CRC.

Terminology
PG and NPG: There are two morphologically different types of early CRC, i.e.

exophytic and depressed type. Ikegami and Shimoda classified early CRC into two
groups according to their intramucosal growth pattern of the tumor, PG and NPG
types. And it has been described that exophytic and depressed lesions develop
into PG and NPG types, respectively.

Peer review

The authors have reviewed extensive series of polypoid and non-polypoid
submucosal colorectal carcinoma based on the Japanese literature. In this study,
they investigate differences in the histopathology and genetic makeup of these
two growth patterns. The study is very interesting and well designed. The title
accurately reflects the major topic and contents of the study. The methods used
are appropriate for this type of study. The results provide sufficient experimental
evidence or data to draw firm scientific conclusions. The discussion is well
organized and systematic; the references are appropriate, relevant and up to date.
The figures reflect the major findings of the study. However, the genetic evaluation
is somewhat limited by the markers they have chosen. Other markers should be
studied to further understanding of the differences between these two types of
neoplasia.
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