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Abstract

The large non-polypoid colorectal neoplasm with a
granule-aggregating appearance shows characteristic
features clinicopathologically. The aim of this study
was to investigate the developmental mechanisms of
this unique lesion.

Among large non-polypoid tumours with a diame-
ter of 10mm or more, 26 granule-aggregating tumours
(GATs) were evaluated while using 19 polypoid tu-
mours (PTs) as controls. Apoptosis and proliferation
indices in the superficial and deeper portions of le-
sions were assessed by immunohistochemical staining
with anti-ss-DNA and Ki-67 antibodies, respectively.
These indices were also analyzed for clinicopathologi-
cal conditions to clarify the developmental manner of
GATs:.

The apoptosis index (Al) of GATSs was significantly
higher than that of PTs (p = 0.0003). Especially in the
deeper portion of the tumour, the Al value of GATs
(4.54, SD: 1.86) was statistically more significant than
that (0.34, SD: 0.48) of PTs (p<0.001). However, irre-
spective of dysplasia, a higher Al of GATs in the
deeper portion was demonstrated in the early stage
(10-19mm in diameter), in contrast to that of PTs (P
= 0.0001). The Ki-67 labeling index as proliferation
index (PI) of the deeper portion of GATs was 22.4
(SD: 7.8), which was significantly lower than that
(33.4, SD: 11.7) of PTs (p = 0.0016). No significant
differences in the supetficial and the whole tumours
were obtained comparing GATSs and PTs. PI values of
GATs increased with their size (p = 0.0034).

The current investigation clearly indicates that col-
orectal adenomas/tumours with granule-aggregating
appearance have a higher apoptosis index in the deep-
er portion. This was demonstrated from an early stage
of growth. These characteristic cell loss and cell pro-
liferation kinetics give this tumour unique clinical fea-
tures, that is, a laterally spreading manner or infre-
quent invasion even after malignant transformation.

Therefore, the importance of recognizing non-
polypoid colorectal neoplasms with a granular feature
as a new disease concept is emphasized.
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INTRODUCTION

Colorectal lesions are of a polypoid or non-polypoid
nature. The former is easily detected by colonoscopy
while it is difficult for the latter. In Japan, advances in
equipment and improvements in techniques have facil-
itated the detailed examination of superficial colorec-
tal tumours. These changes increased the frequency of
detection of non-polypoid colorectal lesions. Many of
the non-polypoid colorectal adenomas less than 10
mm in diameter are superficial, flat, or depressed le-
sions [1-0]. In recent years, the importance of this
type of tumour has gradually gained worldwide recog-
nition [7-9].

Detection of large but flat colorectal tumours 10
mm or more in diameter is also difficult through an
endoscopic examination [10]. However, numerous
non-polypoid tumours have been reported in Japan
[11, 12]. Most of these non-polypoid colorectal lesions
develop laterally rather than vertically [13], and are
known as laterally spreading tumours [4, 5, 11], nodu-
lar tumours [9], or granule-aggregating tumours
(GATs) [14-16]. Large non-polypoid neoplasms desig-
nated as GATS in this study are uncommon in western
countries, and are considered by the Japanese Society
for Cancer of the Colon and Rectum to be a special
type of superficial tumour [14, 15, 17]. On histological
examinations, GATs rarely contain a carcinomatous
component with submucosal invasion, even when the
lesion is larger than 20 mm in diameter [4].

In the present study, the biological differences be-
tween polypoid tumours and non-polypoid GATS
were examined in an effort to understand their differ-
ences in growth and spreading patterns.

PATIENTS AND METHODS

PATIENTS AND SELECTED CASES

Twenty-six patients with endoscopically or surgically
removed granule-aggregating tumours (GATSs) and 19
patients with polypoid tumours (PTs) were retrospec-
tively selected for this study at Yamanashi University
Hospital and its branch hospitals from January 1995 to
December 2005.
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As in our previous reports [15, 16], GATs were de-
fined by the following four characteristics:

1. Laterally spreading colorectal tumours with a gran-
ule-aggregating appearance composed of granules
or small elevated lesions that project above the sur-
rounding mucosa for 1-2 millimeters (Fig. 1)

. No ulceration of the tumour surface

. Tumour diameter of 10 mm or more

. Histological appearance of tubular or tubulovillous
adenomas with a villous component accounting for
0-24% or 25-74% of the tumours, respectively [18-
23]

LN

PTs were defined as protruding colorectal adeno-
mas measuring 10 mm or more in diameter without a
villous component and including pedunculated and
sessile lesions accounting for 75% or more tumours.
Exclusion criteria were a family history of familial ade-
nomatous polyposis or hereditary non-polyposis col-
orectal cancer.

Clinicopathologically, in comparing GATs and PTs,
the male : female ratios were 16 : 10 and 15 : 4; and the
mean ages were 64.0(SD: 10.3) and 64.0(SD: 9.0). The
size of GATs ranged from 12 to 62 mm with a mean
of 28.0 (SD: 11.6) mm and that of PTs from 10 to 19
mm, with a mean of 13.4 (SD: 2.5) mm. The mean
size of GATs was significantly larger than that of PTs
(P<0.0001).

Histologically, selected GATs and PTs were divided
into two groups of low grade atypia (LGA) showing
mild to moderate dysplasia and high grade atypia
(HGA) including severe dysplasia with or without fo-
cal carcinomatous components. The LGA : HGA ratio
was 9:17 and 11 : 8 in GATSs and PTs, respectively.

TISSUE PREPARATION

All specimens were fixed in 10% buffered formalin,
and routinely processed for histological examination
of 3 um-thick paraffin sections. The same pathologist
(HH) examined all slides stained with haematoxylin
and eosin. Investigators blinded to the clinicopatho-
logical data performed all of the assessments.

IMMUNOHISTOCHEMICAL STAINING

The sections were deparaffinized in xylene, dehydrat-
ed through a graded alcohol series, and washed in
phosphate-buffered saline (PBS). To perform im-
munohistochemical detection of single-stranded (ss)
DNA, tissues were digested with proteinase K (20
pg/ml in PBS; Wako Chemicals, Osaka, Japan) at
room temperature (RT) for 6 min, followed by rinsing
3 times in PBS at RT for 5 min each. To perform im-
munohistochemistry for Ki-67, heat treatment for
antigen retrieval was done in an autoclave (121°C, 15
min) using 0.01 M sodium citrate buffer (pH 6.0). The
sections wete then incubated with a 3% H,O, solution
at RT for 10 min to inhibit intrinsic peroxidase activi-
ty. After washing with PBS, the sections were kept at
RT in 10% normal bovine serum for 5 min, followed
by overnight incubation at 4 °C with a rabbit polyclon-
al antibody for ssDNA (A45006, Dako, Glostrup, Den-
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mark) at a 1 : 100 dilution and with an antibody for
Ki-67 (clone: MMI1, Novocastra Laboratories Ltd.
Newecastle, UK) at a 1 : 50 dilution. After washing with
PBS, incubated sections were reacted with Histofine
Simple Stain MAX PO, Multi (Nichirei Co., Tokyo,
Japan) at RT for 30 min, followed by rinsing 3 times in
PBS at RT for 5 min each. After staining with 3-3’-di-
aminobenzidine tetrahydrochloride, the sections were
counterstained with haematoxylin. Negative control
slides were processed without the primary antibodies.

The apoptosis index (Al) and the proliferation in-
dex (PI) of the superficial portion and the deeper por-
tion of each tumour were calculated as the number of
stained tumour cells among 1,000 tumour cells in each
region. At least five representative areas in each region
were selected by light microscopy at 200 x magnifica-
tion.

STATISTICAL ANALYSIS

Associations between the clinicopathological variables
and the AI/PI values were assessed by the Mann-
Whitney U test, the Wilcoxon signed-rank test, the
Kruskal-Wallis test, Student’s t-test, or Fishet’s exact
test using StatView-] 5.0 software. Probability (P) val-
ues<0.05 were considered to indicate significance.

ETtHiCcAL COMPLIANCE

This study was performed in accordance with the
principles of the Declaration of Helsinki. Informed
consent was obtained from all of the patients.

RESULTS

Histologically, positive reactions to anti-ssDNA were
frequently demonstrated in the deeper portion of the
tumour in GATs (Fig. 2a) but in the superficial portion
in PTs (Fig. 2b). Cells positive by anti-Ki-67 immunos-
taining were concentrated in the superficial portions
of both GATs and PTs but with an uneven distribu-
tion (Figs. 3a and b).

The Al value of the whole area was 2.81 (SD: 1.32)
in GATs and 1.59 (SD: 0.52) in PTs. This difference
was statistically significant. (p = 0.0003). In the deeper
portion, the Al of GATs (4.54, SD: 1.806) also showed
a significantly higher value than that (0.34, SD: 0.48)
of PTs (p<0.0001). However, in the superficial por-
tion, the Al of GATSs (1.21, SD: 1.47) was significantly
lower than that (2.67, SD: 0.93) of PTs (p<0.0001).
Similar Al-results comparing GATs and PTs were ob-
tained in every portion of the LGA and HGA groups
(Table 1A).

For PI, only the deeper portion of GATs ( 22.4,
SD: 7.8) was significantly lower (p = 0.0016) than that
(33.4, SD: 11.7) of PTs. The superficial and whole
groups showed no differences of PI. PIs of the deep-
er portion in the LGA group (16.9, SD: 3.4 in GATs
versus 27.9, SD: 11.7 in PTs, p = 0.0185) and in the
HGA group(25.4, SD: 7.9 in GATSs versus 40.9, SD:
6.9 in PTs, p = 0.0005) also demonstrated the same
tendency for a strong significant difference. Addition-
ally, in the HGA group, the PIs of the whole and su-
perficial portion of GATs were also lower than that of
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Fig. 1. Endoscopi-
cally, a typical lateral-
ly-spreading tumour
(arrows) showed
small granular surface
(a) classified as gran-
ule-aggregating tu-
mour (GAT), and its
appearance was high-
lighted by dye spray-
ing (b).

Fig. 2. Positive im-
muno-reactions (ar-
rows) to anti-ssDNA
antibody were mainly
demonstrated in the
deeper-half portion
of laterally spreading
tumours with granu-
lar features (a), but in
the superficial-half of
polypoid tubular ade-
nomas (b). Original
magnificagtion x50.

Fig. 3. Ki-67 positive
cells were aggregated
in the superficial por-
tions of both laterally
spreading and poly-
poid tumours (a, b).
Original magnifica-
tion x50.



280 EUROPEAN JOURNAL OF MEDICAL RESEARCH July 26, 2007

Table 1. Comparison between granule-aggregating tumours and polypoid tumours in low and high grade groups for
apoptosis index (A) and proliferation index (B)

A. Apoptotic index

Total LGA HGA
GATs (n=26) PTs (n=19) p value GATs (n=9) PTs (n=11) p GATs (n=17) PTs (n=8) p value
superficial 1.21(1.47) 2.67(0.93)* =0.0001 0.40(0.52) 2.65(1.03)* 0.0003 1.64(1.64) 2.69 (0.8)* 0.0198
deeper 4.54(1.86)* 034(0.48) =0.0001 4.76(2.25)* 0.28(039) 0.0001 4.42(1.68)* 0.43(0.59) =0.0001
whole 2.81(1.32)* 1.59(0.52) 0.0003 2.43(0.93)* 1.56(0.56) 0.0098 3.01(1.47)* 1.63(0.49) 0.0080

B. Proliferation index
Total LGA HGA

GATs (n=26) PTs(n=19) pvalue GATs (n=9) PTs(n=11) pvalue GATs (n=17) PTs(n=8) p value
superficial ~ 60.6 (14.1) 57.0(16.6) 0.5051 49.5(11.8) 44.2(6.8) 0.2386 66.5(11.7) 74.6(5.3) 0.0546
deeper 22.4(7.8) 33.4(11.7)*% 0.0016 16.9(3.4) 279(11.7)* 0.0185 25.4(7.9) 40.9 (6.9)* 0.0005
whole 42.9(9.8) 45.4(129) 0.6791  34.4(7.1) 359(64) 07324  47.4(7.9) 58.4 (5.9)* 0.0025
LGA=low grade atypia including mild and moderate dysplasia. HGA=high grade atypia including severe dysplasia and focal
adenocarcinoma. GA'Ts=granule-aggregating tumours. PTs=polypoid tumours. Values are the mean (SD). *p values (Mann-

Whitney U test) for comparison between groups.

Table 2. Comparison between low and high grade groups of granule-aggregating tumours and polypoid tumours
for apoptosis index (A) and proliferation index (B)

A. Apoptotoic index

GATs (n=26) PTs (n=19)
LGA (n=9) HGA (n=17) p value LGA (n=11) HGA (n=8) p value
superficial 0.40 (0.52) 1.64 (1.64) 0.1097 2.65(1.03) 2.69 (0.84) 0.9441
deeper 4.76 (2.25) 4.42 (1.68) 0.8590 0.28 (0.39) 0.43 (0.59) 0.5002
whole 2.43 (0.93) 3.01 (147) 0.3743 1.56 (0.56) 1.63 (0.49) 0.8886
B. Proliferation index
GATs (n=26) PTs (n=19)
LGA (n=9) HGA (n=17) p value LGA (n=11) HGA (n=8) p value
superficial 49.5(11.8) 66.5(11.7) 0.1386 442 (6.8) 74.6 (5.3)* 0.0117
deeper 16.9 (3.4) 25.4(7.9) 0.1731 279 (11.7) 40.9(6.9) 0.0687
whole 34.4 (7.1) 47.4(7.9) 0.0858 35.9(6.4) 58.4 (5.9)* 00117

GATs=granule-aggregating tumours. PTs=polypoid tumours. LGA=low grade atypia including mild and moderate
dysplasia. HGA=high grade atypia including severe dysplasia and focal adenocarcinoma. Values are the mean (SD). *p
value (Wilcoxon signed-rank test ) for comparison between the groups.

Table 3. Comparison between the tumour size and index for apoptosis (A) and proliferation (B) in granule-

aggregating tumours

A. Apoptotic index

10-19 mm (n=6) 20-29 mm (n=10) 230 mm (n=10) p value
superficial 0.53 (0.43) 0.94 (0.60) 1.89(2.15) 0.5081
deeper 4.42 (0.98) 4.83 (2.06) 4.32(2.17) 0.6534
whole 2.42 (0.69) 2.73 (0.84) 3.09(1.85) 0.8429
B. Proliferation index

10-19 mm (n=6) 20-29 mm (n=10) 230 mm (n=10) p value
superficial * 42.6 (10.4) 63.8(11.0) 68.2(9.1) 0.0039
deeper 16.4 (2.7) 21.5(7.2) 27.0(8.0) 0.0325
whole* 31.2(5.9) 43.5(7.3) 49.3(7.6) 0.0031

Values are the mean (SD) *p value (Kruskal-Wallis test) for comparison between sizes.

Table 4. Comparison between granule-aggregating tumours and polypoid tumours measuring 10-19 mm in diameter
for apoptosis index and proliferation index

Apoptotic index Proliferation index
GATs (n=6) PTs (n=19) p value GATs (n=6) PTs (n=19) p value
superficail 0.53 (0.43) 2.67 (0.93)* 0.0004 42.6 (10.4) 57.0(16.6) 0.0747
deeper 442 (098)* 0.34 (0.48) 0.0001 164 (2.7) 334 (11.7)* 0.0034
whole 2.42 (0.69)* 1.59 (0.52) 0.0156 31.2(5.9) 454 (12.9)* 0.0186

GATs=granule-aggregating tumours. PTs=polypoid tumours. Values are the mean (SD). *p value (Mann-Whitney U test)
for comparison between the groups.
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PTs but at a weaker level of significance. In other
cells, especially in the superficial PI values showed no
significant differences even though their histological
grades were considered (Table 1B).

Concerning histological grading, there were no sig-
nificant differences between Al values of LGA and
HGA groups in GATSs and in PTs (Table 2A). The PI
values of GATSs also showed no significant difference
between the LGA and HGA groups. The PI values of
PTs however, were significantly higher in the HGA
group than in the LGA group for the superficial and
whole portions, as shown by the following: 74.6, SD:
5.3 versus 44.2, SD: 6.8, p = 0.0117 in the superficial
portion and 58.4, SD: 5.9 versus 35.9, SD: 6.4 P =
0.0117 in the whole of tumour (Table 2B).

With respect to the size of GATs, the analysis re-
vealed no significant differences of Als among the
three groups (superficial portion: p = 0.5081, deeper
portion: p = 0.6534, whole tumour: p = 0.8429)
(Table 3A). In contrast, the PI of GATSs increased
with tumour size in the superficial (p = 0.0039), the
deeper (p = 0.0325) and the whole (p = 0.0031) por-
tions (Table 3B).

The Al and PI values between GATSs and PTs were
analyzed by focusing only on the GATSs of 10-19 mm
in diameter versus PTs. When this was done, the Al
values of the GATs were significantly higher than the
PTs for the deeper (4.42, SD: 0.98 versus 0.34, SD:
0.48, p<0.0001) as well as the whole portions (2.42,
SD: 0.69 versus 1.59, SD: 0.52, p = 0.0156). In the su-
perficial portion however, the Al value for the GATSs
was significantly lower than in the PTs (0.53, SD: 0.43
versus 2.67, SD: 0.93, p = 0.0004). For the PI values,
the deeper portion (16.4, SD: 2.7 versus 33.4, SD:
11.7, p = 0.0034) and whole portion (31.2, SD: 5.9
versus 45.4, SD: 12.9, p = 0.0186) of the GATs were
significantly lower than the corresponding values for

PTs (Table 4).
DiscussioNn

In our series, as we previously reported, 19 tumours
(73.1%) were asymptomatic and 11 of these 19 tu-
mours (57.9%) were detected by faecal occult blood
testing. Also, nine of the 26 patients with GATs
(34.6%) had synchronous cancer at other sites [24-25].
GATSs examined in this study showed strikingly unique
features among colorectal neoplasms.

The present study revealed that the mean Al was
higher in GATSs than in PTs, despite the difference in
the grade of atypia. On the other hand, it has been re-
ported that the Al of villous adenomas was signifi-
cantly lower than that of tubular adenomas [20].
Therefore, the Al values suggest that GATs are bio-
logically as well as histologically and morphologically
distinct from villous adenomas. Regarding the rela-
tionship between apoptosis and tumour growth, some
authors have indicated that apoptosis is frequently
noted in slowly growing tumours [27-29]. Despite
GATs being larger, these tumours did not invade the
submucosa [4], which indicates GATs are slow-grow-
ing tumours.

Neoplasms develop as a result of an imbalance be-
tween cell proliferation and cell loss. Thus, factors af-
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fecting this balance should influence the biological be-
havior of tumours. In a previous study, apoptotic cell
loss in large non-polypoid adenomas (GATSs) was ex-
amined by using the terminal deoxynucleotidyl trans-
ferase-mediated deoxyuridine triphosphate-biotin nick
end-labeling (TUNEL) method [30] and immunostain-
ing for ssDNA. Apoptotic cells were strikingly ob-
served in the deeper portion of the tumour compared
with the superficial portion.

Considering this evidence, PTs were compared with
GATs for the distribution or localization of apoptosis
and cell proliferation in the superficial and deeper
parenchyma, in order to investigate the developmental
mechanism of GATs. The aim was to determine the
association of GATs with AT or PI values and its mot-
phological or clinical manifestations. As a result, GATSs
were clearly shown to possess significant apoptotic ac-
tivity in the deeper portion of the tumour, while PI
values were significantly lower in the deeper portion of
GATs than PTs. These findings suggest that inhibition
of cell proliferation is caused by the significantly
greater prevalence of apoptosis in the deeper portion
of GATs. Accordingly, a marked increase of apoptosis
may inhibit invasion of cells with malignant transfor-
mation in the deeper portion of GATs. Consequently,
the kinetics of cell proliferation and loss in GATSs pro-
mote horizontal growth rather than vertical invasion,
resulting in the lateral spread of this tumour.

The PI values tended to increase in both the super-
ficial and deeper portions of GATSs as an increasing
atypical feature, but there was no significant relation
between cell proliferation and the histological grading.
On the other hand, PI values of GATs were higher in
the superficial and deeper portions with increasing
size, and were statistically significant. This suggests
that GATs gradually increase in size, which is an im-
portant clinical factor characterizing this neoplasm.

The Al values of GATSs were roughly constant in
the superficial and deeper portions irrespective of tu-
mour size, while apoptotic cells were always signifi-
cantly more common in the deeper portion of tu-
mour. Interestingly, in comparing the Al of GATs
with that of PTs the difference in cell loss between
GATs and PTs occurred in the early developmental
stage of tumours at least 10mm in diameter. This sug-
gests that neoplasms measuring 10mm or less in diam-
eter and showing frequent apoptosis in the deeper
portion are precursors of non-polypoid colorectal
adenomas growing laterally and with granule-aggregat-
ing appearance. To confirm our hypothesis, it will be
necessaty to continue to discover the small colorectal
adenomas with such biological characteristics and a di-
ameter less than 10mm. Detailed electronic endoscop-
ic observations at 1000x magnification may help to
clarify the initial stages of this tumour [31-33].

GATs are clinically important because they can
grow to a large size but infrequently invade the sub-
mucosa, even though undergoing malignant transfor-
mation. Thus, the biological behavior of GATs is dif-
ferent from that of PTs. Actually, three current cases
of PTs over 20 mm in diameter (22 mm, 29 mm, and
36 mm, respectively) developed a component of ade-
nocarcinoma invading the submucosa. Whereas there
was no invasion of the submucosa by GATs in this
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study, which included a patient with a tumour measur-
ing 62 mm [34]. This raises the important question of
the best treatment for GATs [35]. We previously inves-
tigated the clinical characteristics of the present series
of GATs [15, 16], in which endoscopic and surgical
treatments were performed in seven (26.9%) and 19
(73.1%) cases, respectively. Follow up data for 1 to 10
years after the removal of tumours have shown no re-
currence in cases receiving either treatment. There-
fore, it is clinically important to recognize the large
non-polypoid neoplasm (GAT) as a new disease con-
cept, not only to assist in the screening and prevention
of colorectal tumours, but also to avoid excessive
surgery [36, 37].

Awareness of the existence of GATs may have im-
portant implications for gastroenterology and for fu-
ture investigations into the development of non-poly-
poid colorectal tumours.
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