
Abstract Nonpolypoid neoplasms, as well as ordinary
polypoid tumours, are occasionally found in the colorec-
tum. To clarify whether cell kinetic status affects the mac-
roscopic morphology of colorectal neoplasms, we investi-
gated proliferative indices (PI), apoptotic indices (AI), and
the expression of apoptosis-related gene products. We ex-
amined 110 colorectal neoplasms comprised of 36 poly-
poid, 38 flat elevated and 36 depressed tumours. Accord-
ing to WHO’s criteria these tumours consisted of 61 ade-
nomas with low grade dysplasia (LGD), 30 adenomas
with high grade dysplasia (HGD) and 19 carcinomas with
submucosal invasion. Apoptotic cells were detected by
TUNEL staining. Proliferating cells and apoptosis-related
gene products were assessed by immunohistochemistry
for Ki-67, p53, Bcl-2, and Bax antigens. AI were closely
associated with macroscopic morphology in adenomas but
not in carcinomas. PI were relatively constant among the
three macroscopic types in adenomas and carcinomas.
Median AI values of polypoid, flat elevated and depressed
tumours were 1.8%, 2.1% and 4.6% for adenomas with
LGD, 0.8%, 2.4% and 6.2% for adenomas with HGD and
2.9%, 4.0% and 3.6% for carcinomas, respectively. Over-
all PI were significantly higher in carcinomas than in ade-
nomas with LGD, whereas AI were not different. Al-
though the incidence of expression was significantly high-
er in carcinomas for p53 and in adenomas for Bcl-2 than
the others, the expression of apoptosis-related gene prod-
ucts (p53, Bcl-2 and Bax) was similar among polypoid,
flat elevated and depressed tumours. Macroscopic mor-
phology of colorectal adenomas is determined by the ap-
optosis not by proliferation, and high apoptosis found in
depressed adenomas implies their low net growth.
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Introduction

The vast majority of colorectal carcinomas are widely
believed to arise from polypoid adenomas, a phenome-
non known as the polyp cancer sequence [21] or adeno-
ma carcinoma sequence [22]. However, recent reports
have indicated that a number of nonpolypoid neoplasms
exist in the colorectum, the morphology of which show
either flat elevation [23, 43] or slight depression [19].
These nonpolypoid neoplasms have a unique nature
when compared with polypoid tumours: they tend to be
de novo carcinomas without having adenomatous com-
ponent; they easily invade the submucosal layer [19, 32,
35, 36, 39, 45]; and they do not show K-ras mutation [6,
44] which is common in polypoid neoplasms. This re-
ports suggest that these nonpolypoid neoplasms are im-
portant precursors for advanced colorectal carcinomas.
To our knowledge, however, there is little data on the
reasons for the differences of macroscopic morphology
in colorectal tumours, which remain unclear.

Currently, polypoid adenomas are believed to be formed
when the rate of cell proliferation exceeds that of the adja-
cent normal tissue [27]. Moreover, the reduction of polyps
in patients with adenomatous polyposis coli after sulindac
ingestion suggests that polypoid adenomas could regress
when the rate of apoptotic cell death exceeds that of cell
production [26]. Apoptosis is a process whereby cells die in
a controlled manner in response to specific stimuli and ap-
parently according to an intrinsic and specific program
[11]. This process plays an important role in cell-deletion in
normal homeostasis and embryogenesis [30], and contrib-
utes to retardation of tumour growth [12]. Apoptosis is reg-
ulated by members of the Bcl-2 protein family, some of
which such as Bcl-2, Bcl-XL and Mcl-1, suppress apopto-
sis, whereas others, including Bax, Bak and Bcl-XS, pro-
mote it [16]. The tumour suppresser p53, which is often
mutated in colorectal carcinomas [8], represses Bcl-2 ex-
pression but enhances Bax expression [20, 31].
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It would be reasonable to assume that cell proliferation
and naturally occurring apoptosis affect the morphology
of colorectal tumours. Therefore, in this study, we inves-
tigated the proliferative indices (PI), apoptotic indices
(AI), and the expression of apoptosis-related gene prod-
ucts, p53, Bcl-2, and Bax, and compared them among
polypoid, flat elevated and depressed colorectal tumours.

Materials and methods

A total of 110 cases of colorectal tumours were selected from the
colonoscopy reports of the Third Department of Internal Medi-
cine, Asahikawa Medical College Hospital and the Department of
Gastroenterology, Asahikawa Kosei General Hospital, by referring
to hospital pathology reports. Since the aim of the present study
was to determine the relationship between macroscopic morpholo-
gy and cell kinetic status, the initial numbers of each macroscopic
type of adenomas and carcinomas were adjusted to be roughly
equal. The tumours selected consisted of 36 polypoid, 38 flat ele-
vated and 36 depressed types. The definition of macroscopic types
used here was the same as that previously reported [28, 41]. Brief-
ly, the polypoid tumour indicates pedunculated or subpedunculat-
ed spheroid lesion. The flat elevated tumour was defined as a flat
and slightly elevated lesion. The depressed tumour was defined as
a lesion composed mainly of depressed surface with or without
marginal elevation.

Because the WHO’s criteria [10] for colorectal carcinomas was
adopted after the sample selection, intramucosal carcinomas in
Japanese criteria were simply reclassified as adenoma with high
grade dysplasia (HGD). The term “carcinoma” used in the present
study was only applied to the cases with submucosal carcinoma-
tous invasion. Consequently the histological diagnosis of the ma-
terials consisted of 61 adenomas with low grade dysplasia (LGD)
(15 polypoid, 27 flat elevated, 19 depressed), 30 adenomas with
HGD (14 polypoid, 7 flat elevated, 9 depressed) and 19 carcino-
mas (7 polypoid, 4 flat elevated, 8 depressed). These tumours
were treated by surgical operation (n=16) or the endoscopic mu-
cosal resection method (n=94), all of which included normal mu-
cosa surrounding tumours.

The specimens were fixed in 10% formalin, embedded in paraf-
fin wax, and 4 µm consecutive sections were used for histological
examination, in situ detection of apoptotic cells, and immunostain-
ing of proliferating antigen Ki-67, p53, Bcl-2 and Bax proteins.

Apoptotic cells in situ were detected by the terminal deoxynu-
cleotidyl transferase-mediated dUTP nick-end labelling (TUNEL)
method described by Gavrieli et al. [7]. The slides were dewaxed,
rehydrated through a graded alcohol series, and washed with dis-
tilled water. The tissues were digested with 20 µg/ml proteinase K
(Boehringer, Mannheim, Germany) for 30 min at 37°C, followed
by washing in running tap water. The sections were then treated
with a 2% H2O2 solution and washed in distilled water. The sec-
tions were preincubated with 100 mM potassium cacodylate,
2 mM cobalt chloride, and 0.2 mM dithiothreitol at pH 7.2 for
3 min, and then incubated with the same buffer containing 0.3 U/µm
terminal deoxynucleotidyl transferase (TdT, GIBCO BRL
Gaithersburg, Md.) and 0.04 nmol/µl biotinylated dUTP (Boehringer,
Mannheim, Germany) in a humid chamber at 37°C for 1 h. The
slides were rinsed in 30 mM sodium citrate and 300 mM sodium
chloride for 30 min at room temperature, and then washed in
phosphate-buffered saline (PBS). After blocking with 10% rabbit
serum for 10 min and rinsing briefly in PBS, sections were incu-
bated with the avidin–biotin peroxidase complex (Vector Labora-
tories, Burlingame, Calif.) for 30 min at room temperature, and
again washed in PBS. Labelled cells were visualized with diami-
nobenzidine–H2O2 solution. The sections were then counterstained
with hematoxylin.

The avidin–biotin peroxidase complex method was employed
for the detection of Ki-67 antigen, p53, Bcl-2 and Bax proteins us-
ing the following antibodies: MIB-1 against Ki-67 antigen of pro-

liferating cells (mouse IgG, Immunotech, Marseilles, France);
DO7 against p53 (mouse IgG diluted at 1:100, Dako, Glostrup,
Denmark); clone 124 against Bcl-2 (mouse IgG diluted at 1:60,
Dako); and P-19 against Bax (rabbit IgG diluted at 1:100; Santa
Cruz Biotechnology, Santa Cruz, Calif.). After deparaffinization
and rehydration, endogenous peroxidase activity was blocked with
0.6% H2O2 in methanol for 25 min. The slides were then treated
with the antigen-retrieval technique based on microwave oven
heating in 10 mM citrate buffer (pH 6.0) five times for 5 min each.
The container was allowed to cool at room temperature for 20
minutes. After blocking any nonspecific reaction with 5% horse
serum, sections were incubated with primary antibody (MIB-1 and
DO-7, for 1 h at room temperature; clone 124 and P-19, overnight
at 4°C), followed by the biotinylated second antibody diluted at
1:100 for 30 min at room temperature, visualized with diamino-
benzidine-H2O2 solution, and counterstained with haematoxylin.

PI and AI of tumours were obtained as the percentages of Ki-
67-positive cells and TUNEL-positive cells relative to the total
number of tumour cells. Positive cells were counted among 1,000
tumour cells on the photographs, which covered the total height of
representative tumour glands and were taken with high power
magnification (×200). TUNEL-positive cells located in the stroma
and lumen were excluded because these labelled cells may have
originated from other cell types. PI and AI were also obtained sep-
arately in upper third, middle third and lower third of the represen-
tative tumour glands in each case. These indices were presented as
mean ± standard error (SE), or median with interquartile range in
figures using box plots.

The sections for p53 were judged positive when 20% or more
tumour nuclei were stained; others were judged negative [3]. Those
for Bcl-2 and Bax were regarded as positive when tumours showed
stronger cytoplasmic immunoreaction than adjacent normal epithe-
lium [3]. The results of these immunohistochemical staining were
evaluated independently by two observers (M.N. and J.W.).

Statistical differences were assessed by the Mann-Whitney U-
test between two independent groups, by the Kruskal-Wallis test
among three independent groups, by the Friedman test among seri-
al data groups, and by Chi-square test between two proportions.
Statistical significance was defined asP<0.05.

Results

Ki-67-positive cells were confined to the lower third of
the normal crypts corresponding to the proliferative zone
in normal colonic mucosa. In contrast, those of tumours
were present in significant numbers in the upper third of
the neoplastic glands of both adenomas and carcinomas,
irrespective of their macroscopic morphology (Fig. 1).
TUNEL positive cells frequently exhibited the morpho-
logical features of apoptosis, such as condensation and
margination of nuclear chromatin, relatively small and
roundish nuclei, and clustering of two or three frag-
ments. However, some TUNEL positive cells lacked
these morphological features, suggesting that these cells
were present before the morphology changed but DNA
fragmentation had already occurred (Fig. 2). TUNEL
positive cells lay scattered throughout tumour area of
both adenomas and carcinomas, whereas they were neg-
ligible in normal colonic mucosa.

PI of carcinomas were significantly higher than those
of adenomas with LGD while PI of adenomas with HGD
were in between the two values and were not statistically
significant. There were no differences in AI among the
three histological categories (Table 1). PI of the tumours
were not significantly different among the three macro-
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scopic types (Fig. 3A,B, and C), whereas AI were close-
ly associated with macroscopic morphology of tumours
except in carcinomas. Depressed tumours showed high-
est AI among three macroscopic types in adenomas with
LGD and HGD (Fig. 3D, E).

With regard to the distribution of proliferating cells
within tumours, PI were increased in areas closer to the
luminal surface irrespective of histological category.
This tendency, however, decreased with the development
of histological grade (Fig. 4A–C). When comparing the
distribution of proliferating cells among the three macro-
scopic types, the tendency was also found in each type of
adenomas with LGD, HGD, and carcinomas, except in
the flat elevated carcinomas which showed no alteration
of the distribution (data not shown). In contrast, the dis-
tribution of apoptotic cells within tumours was roughly
constant among the three separate areas of neoplastic
glands irrespective of histological category (Fig. 4D–F)
or of macroscopic morphology (data not shown).

As shown in Table 2, carcinomas and adenomas with
HGD often expressed p53 (58% and 47%), whereas it
was relatively rare in adenomas with LGD (8%). Signifi-
cant differences were found between adenomas with
LGD and adenomas with HGD, and between adenomas
with LGD and carcinomas, but not between adenomas
with HGD and carcinomas. In adenomas with HGD, p53
positive cases showed significantly higher PI
(45.3±4.40%) than negative cases (29.8±4.50%) (P<0.
05), but the difference was not found in adenomas with
LGD and carcinomas. No association was noted between
p53 expression and AI of tumours in each histological
category. Adenomas with LGD and HGD expressed Bcl-
2 more frequently (51% and 47%) than carcinomas
(11%). Significant differences were found between carci-
nomas and adenomas with LGD, and between carcino-
mas and adenomas with HGD, but not between adeno-
mas with LGD and adenomas with HGD. No association
was detected between Bcl-2 expression and AI in each
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Fig. 1A–C Distribution of Ki-67-positive cells in representative
cases of colorectal adenomas. Proliferating cells were found
predominantly in the upper third of neoplastic glands in
A a polypoid,B a flat elevated, andC a depressed adenoma.
Original magnification ×25



histological category. As for the expression of Bax, no
differences were found among adenomas with LGD, ad-
enomas with HGD, or carcinomas (51%, 50%, and 53%,
respectively). No association was detected between mac-
roscopic morphology of tumours and expression of these
apoptosis-related gene products (data not shown).

Discussion

The present study clearly shows that the amount of natu-
rally occurring apoptosis determines macroscopic mor-
phology of colorectal adenomas with LGD and adeno-
mas with HGD but not of carcinomas. To our knowl-

edge, very little has been reported about the association
between macroscopic morphology and apoptosis in colo-
rectal tumours. Arai and Kino [1] reported that the apop-
tosis rate of villous adenomas was significantly lower
than that of tubular adenomas, thus the villous adenomas
developed into larger tumours than the tubular adeno-
mas. Their study suggested that reduced apoptosis in-
creased the mucosal tumour volume when compared
with other polypoid adenomas. Tsujitani et al. [38] ex-
amined colorectal carcinomas with submucosal invasion,
and failed to discover any difference of apoptosis be-
tween polypoid and flat type carcinomas, the latter of
which included both the flat elevated and depressed tu-
mours of our definition. Their results, together with ours
shown in Fig. 3F, suggest that colorectal tumours show
no differences in apoptosis among the three macroscopic
types when submucosal carcinomatous invasion has al-
ready occurred.

The present study also indicates that the overall apo-
ptotic rate was similar between colorectal adenomas and
carcinomas (Table 1), which was consistent with previ-
ous reports [3, 24, 40]. However, a number of discrepan-
cies between different authors is noted in this regard.
While some reports described higher apoptosis in adeno-
mas than carcinomas [13, 34, 38] of the colorectum,
some researchers have found the opposite [37]. The di-
agnostic criteria for carcinoma of the colorectum are
quite different between Japanese and Western patholo-
gists [29]. Since intramucosal carcinomas in Japan are
not accepted as carcinomas in the West, these different
results could be, at least in part, derived from the differ-
ences in distinction between adenomas and carcinomas.
Another reason for the discrepancy could be the tumour
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Fig. 2A, B Morphological features of apoptosis found in a repre-
sentative case of depressed carcinoma. TUNEL positive cells
show A condensed (arrow) and marginated nuclear chromatin
(arrowhead) and B roundish nuclei and clusters of two or three
fragments (arrows). Original magnification ×100)

Table 1 Relationship between histological category and proliferative
index (PI) or apoptotic index (AI). Numbers are mean ± standard
error. (LGD adenoma with low gradedysplasia,HGD adenoma
with high gradedysplasia)

No. PI P-valuea AI

Adenoma
LGD 61 30.54±1.59 2.81±0.36
HGD 30 37.02±3.42 <0.05 2.78±0.62
Carcinoma 19 43.19±5.08 3.41±0.56

a Evaluation by Mann-Whitney U- test

]



stage of the patients: since apoptosis decreases with the
progression of cancer stage [9, 37], apoptotic counts
could vary depending on whether early or advanced car-
cinomas were used as the material for colorectal carcino-
mas. In addition, the results could be affected by whether
the study sample included the depressed adenomas
showing high apoptosis.

Some authors reported the relationship between pro-
liferating cells and macroscopic morphology of colorec-
tal tumours. Kobayashi et al. [14] reported that prolifer-
ating cells of depressed tumours were predominantly

found in superficial portion, whereas those of polypoid
tumours were diffusely distributed, but we were not able
to confirm such a tendency. Yao et al. [46] reported that
proliferating cells were predominantly found in the up-
per portion of both depressed adenomas and polypoid
adenomas, but were randomly distributed in carcinomas.
Although the conclusion was somewhat different, we ob-
served a similar tendency of proliferating cell distribu-
tion, namely, the feature was prominent in adenomas
with LGD and HGD of any macroscopic types, but less
marked in carcinomas (Fig. 4). However we need to take
account of factors other than the proliferating cells. Be-
cause it is still unknown as to why the difference of mac-
roscopic morphology arises, whether the distribution of
proliferating cells differs or not among the three macro-
scopic types is not an issue.

The present study offers one answer to this question: it
is the amount of naturally occurring apoptosis in tumours
which causes the difference of intramucosal tumour vol-
ume. It is demonstrated here that cell loss by apoptosis

21

Fig. 3A–F Relationship between macroscopic morphology and
A–C proliferative indices (PI) or D–F apoptotic indices (AI). PI
are relatively constant among the three macroscopic types in both
of adenomas and carcinomas, whereas AI are closely associated
with macroscopic morphology in adenomas (D, E; P<0.005,
P<0.001,P<0.05, Kruskal-Wallis test) but not in carcinomas (F).
Depressed adenomas show highest AI among the three macro-
scopic types. Box plots show median values, interquartile ranges,
and 90% ranges

Table 2 Relationship between
histological category and
expression of p53, Bcl-2 and
Bax (NSnot significant)

p53 P-value Bcl-2 P-value Bax P-value

(+) (–) (+) (–) (+) (–)

Adenoma
LGD 5 56 31 30 31 30

**
HGD 14 16 ** 14 16 * 15 15

*
Carcinoma 11 8 2 17 10 9 NS

**P <0.0001, LGD vs HGD and carcinoma,*P<0.005, LGD and HGD vs carcinoma (Chi-square test)

] ] ] ]



was largest in depressed adenomas, moderate in flat ele-
vated adenomas, and smallest in polypoid adenomas, al-
though cell increase by proliferation was constant among
these three groups (Fig. 3). Therefore, apoptotic cell loss
could be an important factor in the morphogenesis from
LGD to HGD of adenomas. However, once carcinoma-
tous invasion has occurred, the steady state of cell kinet-
ics found in each macroscopic type might be lost. Other
factors besides the cell kinetics might affect the morpho-
genesis of colorectal carcinomas, such as submucosal tu-
mour mass, necrosis, and so forth.

We found that the expression of apoptosis-related
gene products was not related to macroscopic morpholo-
gy. Yao et al. [47] reported that the incidence of p53 ex-
pression was higher in depressed adenomas than poly-
poid adenomas, but Yukawa et al. [49] and ourselves
failed to detect any such association. Yao et al. regarded
sporadic staining of p53 less than 5% as positive, where-
as we and Yukawa et al. judged such cases as negative.
Even if we had adopted Yao’s criterion, our results
would not have been different because cases of sporadic
staining of p53 were rare in any macroscopic type of ad-
enoma. Concerning the p53 overexpression in the colo-
rectal neoplasms, a consensus of results is that the inci-
dence is markedly higher in carcinomas than adenomas

(Table 2) [3, 13, 33, 34, 40, 42, 47, 49], and that its over-
expression does not correlate with apoptotic index [3,
13, 24, 33, 37, 38, 40]. It is therefore suggested that ap-
optosis of colorectal tumours is not enhanced by the
functional loss of p53, which is derived from mutational
inactivation and detected by immunohistochemical over-
expression [2], although wild-type p53 is believed to
sensitize tumour cells to apoptosis [48]. This discrepan-
cy is explained by the evidence that apoptosis can be in-
duced by p53-dependent and/or p53-independent path-
ways [4], and that concordance between p53 overexpres-
sion and gene mutation is only 69% in colorectal carci-
nomas [5].

In contrast to p53, the incidence of Bcl-2 expression
is generally higher in adenomas than carcinomas (Table
2) [3, 13, 15, 24, 40, 42]. Many studies, including ours,
have shown that apoptotic count was not related to Bcl-2
positivity of colorectal tumours [13, 24, 40], but there
have been reported carcinomas which described lower
apoptosis in Bcl-2-positive cases than negative cases [3,
34]. Krajewska et al. [15] examined a series of Bcl-2
family expressions in colorectal adenomas and carcino-
mas, and concluded that a shift of expression from Bcl-2
and Mcl-1 to Bcl-XL occurs during the progression of
colorectal tumours. They also showed a relatively con-
stant expression of Bax between adenomas and carcino-
mas, which was confirmed in the present study (Table 2).
Therefore Bcl-2 and Bax system [16, 25] does not seem
to play an important role on the expression of apoptosis
in colorectal tumours.

Nonpolypoid colorectal neoplasms, especially de-
pressed carcinomas are believed to develop rapidly. This
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Fig. 4 PI and AI in the three separate areas of tumour glands. PI
are increased as the area is nearing the luminal surface in both
adenomas withA LGD, B HGD and C carcinomas (P<0.0001,
P<0.0001, P<0.005, Friedman test). However, AI are roughly
constant among the three separate areas of neoplastic glands of
bothD, E adenomas andF carcinomas



assumption is confirmed by the histological findings
that they frequently invade the submucosa even when
small [17, 19, 32, 39]. Furthermore, a frequent lack of
adenomatous component gives the impression of ag-
gressive behaviour by carcinomas [17, 19, 32, 35, 36,
39]. These findings were taken at only one point during
the developmental process, and thus the speed of growth
has not been confirmed. Matsui et al. [18] investigated
the growth of 9 depressed and 12 elevated (sessile and
semipedunculated) colorectal carcinomas, by doing a
retrospective radiographic study. They diagnosed these
tumours as intramucosal carcinomas on first examina-
tion, which corresponded to adenomas with HGD in the
present study. They found that depressed tumours devel-
oped more slowly than elevated tumours; the average
doubling times were 32.3 and 8.6 months, respectively.
This observation strongly supports the present study be-
cause depressed adenomas with HGD have the highest
apoptotic indices among three macroscopic types, sug-
gesting a slow net growth of this type tumours. There-
fore, it is suggested that depressed adenomas with HGD
develop not rapidly but slowly when they exist in the
mucosal layer, and thus take longer to reach a given size
than polypoid tumours. This would account for a higher
incidence of submucosal invasion when compared with
polypoid tumours of same size. Once carcinomatous in-
vasion has occurred, however, depressed tumours will
develop similarly with polypoid carcinomas with
submucosal invasion because of a equivalent cell
kinetic state.

In conclusion, the present study shows that the apo-
ptotic rate against cell proliferation determines macro-
scopic morphology of colorectal adenomas with LGD
and HGD, where p53 and bcl-2 participate in the pro-
gression, but do not do so in the morphogenesis of tu-
mours, and that high apoptosis found in depressed ade-
nomas implies their low net growth.
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