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Abstract: The biological characteristics associated with 
the morphological diversity of colorectal cancers were 
investigated to elucidate the causes of this diversity. 
We examined the proliferative and infiltrating activity 
of tumor cells, indicated by the mean number of 
Ag nucleolar organizer region associated proteins 
(NORs) per nucleus (MNA) and the immunohis- 
tochemical response to cathepsin B(CB), in various 
morphological types of early and advanced colorectal 
cancers. We examined 73 colorectal cancers obtained by 
endoscopic and surgical resection. MNA values for 
sessile and flat-elevated cancers were greater than the 
values for pedunculate, subpedunculate, and flat-or-de- 
pressed early cancers (sessile, P < 0.05). In advanced 
cancers invading the muscularis propria, protruding 
cancers showed significantly higher MNA values than 
small ulcerative cancers (P < 0.01). CB expression in- 
creased significantly with the progression of colorectal 
cancers (P < 0.01), but was not related to morphologi- 
cal diversity in early and advanced cancers. In both 
sessile and flat cancers, CB expression was higher in 
moderately differentiated than in well differentiated 
adenocarcinomas. These results indicate that, in 
colorectal cancers, protruding early cancers without 
stalks and protruding advanced cancers have higher 
proliferative activity than pedunculate or flat early can- 
cers and small ulcerative advanced cancers, respec- 
tively, and that CB expression is not associated with 
morphological diversity, but with depth of invasion and 
histological differentiation. 
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Introduction 

The flat type of colorectal cancer exhibits clini- 
copathological and biological features that differ from 
those of polypoid cancers. 1-s Flat type cancers often 
invade the submucosal layer while they are very small 
and the incidence of accompanying adenoma is very 
low. A molecular-biological assessment of flat type can- 
cer has shown that the incidence of K-ras mutation, a 
frequent genetic change in common colorectal cancers, 
was very rare. 4,s 

Nucleolar oganizer regions (NOR), looped structures 
of ribosomal DNA located on acrocentric chromo- 
somes, 6 are very important in protein synthesis. 7 
NOR-associated proteins are argyrophilic, and silver- 
stained NOR associated proteins (AgNORs) are detect- 
able as black dots of various sizes in the nucleolus and 
nucleus? The number of AgNORs is both good 
indicator of cellular proliferative activity and a useful 
diagnostic tool with which to assess the malignancy of 
tumors.a, 9 

Proteases secreted by cancer cells have been investi- 
gated because of their possible role in cancer infiltration 
and metastasis. Cathepsin B (CB), a cysteine endopep- 
tidase contained in the lysosome, 1~ is implicated in inva- 
sion by cancer cells4 l~L2 The expression of CB is closely 
associated with the staging of gastric and colorectal 
cancers.13,14 

We considered that the proliferative and infiltrating 
activities of tumor ceils would be associated with 
the development of tumors and that the morphology 
and pathway of progression during the early stage 
of colorectal cancers might be affected by these biologi- 
cal characteristics. In this study, we investigated 
the mean number of AgNORs per nucleus (MNA), 
and the immunohistochemical responses to CB and 
assessed the relationship between morphological diver- 
sity and these features in early and advanced eolorectal 
cancers. 
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Materials and methods  

Materials 

Clinical materials, consisting of 73 colorectal cancers 
obtained by endoscopic and surgical resection, were 
retrospectively and specifically selected by the morphol- 
ogy. Specimens were obtained from the First Depart- 
ment of Surgery-Nagasaki University School of 
Medicine (Nagasaki, Japan), Sasebo City General Hos- 
pital, Isahaya Health Insurance General Hospital, and 
Fukuda Yutaka Clinic between 1984 and 1994. Two 
pathologists performed the histologic examinations, 
and the morphological classification was determined by 
their pathological findings in accordance with the Gen- 
eral Rules for Clinical and Pathological Studies on Can- 
cer of  the Colon, Rectum and Anus of the Japanese 
Research Society for Cancer of the Colon and Rec- 
tum. as We used the criteria for diagnosing flat type can- 
cer proposed by Nagasako16: (1) Tubular cancer glands 
are arranged horizontally; (2) the top of elevation and 
the bottom of the depression are parallel to the normal 
mucosa; (3) the tumor height is less than double that of 
the normal mucosa; and (4) villous cancers are ex- 
cluded. Specimens included 28 polypoid cancers (13 
pedunculate [Ip], 6 subpedunculate [Isp], and 9 sessile 
[Is]) and 25 flat type cancers (13 flat-elevated [IIa] and 
12 flat-or-depressed [IIb, IIc]). Further, 20 advanced 
cancers invading the muscularis propria (10 protruding 
[type 1] and 10 small ulcerative [type 2]) were exam- 
ined. Seven adenomas and 16 adenomatous compo- 
nents with low-grade dysplasia 17 from Ip and Isp cancers 
were selected as controls. Representative sections of 
each tumor that had been fixed in 10% formalin neutral 
buffer solution for 24 h and paraffinized were stained. 

Methods 

AgNORS staining. We performed one-step silver stain- 
ing, as described by Proton et al. is in 1986. The tissue 
was cut into 3 ~t-m sections and deparaffinized. The re- 
agent was prepared in the dark by combining one vol- 
ume of 2% gelatin solution in 1% formic acid with two 
volumes fo 50% silver nitrate, then spreading the mix- 
ture over the sections at room temperature for 30 min. TM 

The sections were then washed and destaincd with 5% 
sodium thiosulfate to detect AgNOR dots. The MNA 8 
was counted in 100 nuclei in the superficial layer and in 
the deepest layer of each tumor, except for intramu- 
cosal cancers, under a light microscope (• 1000). 
Cathepsin B staining. Each sample was cut into 5 ~t-m 
sections and deparaffinized. The sections were im- 
mersed in 1% H202 with phosphate-buffered saline 
(PBS) for 10min to inactivate endogenous peroxidase, 
then exposed for  l h  at 37~ to 1:100 diluted, sheep 

anti-human cathepsin B antiserum (Binding Site, Bir- 
mingham, UK) as the primary antibody. The sections 
were reacted with biotinylated rabbit anti-sheep immu- 
noglobulin and ABC reagent, using a Vectastatin ABC 
kit (Vector Laboratories Inc., Burlingame, Calif.). Af- 
ter the peroxidase reactions were visualized with 0.01% 
H202 and 3,3'-diaminobenzidine, the sections were ob- 
served under a light microscope (• 400). The response 
to staining was assessed according to the criteria of 
Higashiyama et al., 19 and sections containing 10% or 
more stained cells were regarded as positive. 

Statistical analysis 

All MNA values were expressed as means + SD and 
data were tested by one-way analysis of variance 
(ANOVA) and Dunnett's multiple comparison test. 
The incidence of CB expression was tested using the ~2 
test for differences in percentages. A two-tailed P value 
below 0.05 was regarded as significant in both tests. 

Results 

Histopathological features of  specimens 

The adenomas and adenomatous components with can- 
cer consisted of 6 tubular adenomas, 16 tubulovillous 
adenomas, and 1 villous adenoma. 17 The histopatho- 
logical features of the cancers are summarized in Table 
1. All early colorectal cancers had a tumor diameter less 
than 20mm. All samples of Ip and Isp involved well 
differentiated adenocarcinomas, while other early 
cancers included well and moderately differentiated 
adenocarcinomas. Neither lymphatic (ly) nor venous 
(v) invasion was found in the polypoid cancers, al- 
though these modes of invasion were seen in some flat 
type cancers. There were no lymph node metastases in 
any of the early cancers. In the advanced cancers, the 
tumor size in all type 1 specimens exceeded 20mm, 
while that of type 2 was less than 20 mm. The rates of ly 
and v invasion in each of these types were higher than 
those of early cancers, but lymph node metastasis was 
not frequent. 

AgNOR staining 

AgNOR sites were visualized as granular black dots, of 
various sizes, in the nucleolus and the nucleus (Fig. 1). 
The MNA value for each morphological group is shown 
in Fig. 2. The MNA values for adenomas and 
adenomatous components with cancer were 4.7 +_ 0.0, 
and 5.5 _+ 1.0, respectively. The latter was significantly 
greater than that for normal epithelium (3.9 + 0.9) (P < 
0.01). In relation to the histological subtype of the 
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Table L Histopathological features of various morphological types of colorectal cancer examined 

Histological grade of Depth of 
differentiation invasion 

Morphological type Tumor size (mm) Well Moderately m sm ly(+) a 

A. Nanashima et al.: AgNORs and cathepsin B in colorectal cancers 

v(+) b n(+) r 

Early cancers 
Polypoid type 

Ip (n = 13) 13.8 • 4.5 13 0 
Isp (n = 6) 10.5 • 3.5 6 0 
Is (n = 9) 15.1 • 3.3 6 3 

Flat type 
IIa (n = 13) 10.9 • 3.0 6 7 
IIb, IIc (n = 12) 8.8 • 3.9 5 7 

Advanced cancers 
Type 1 (n = 1 0 )  d 23.9 +- 2.6 2 8 
Type 2 (n = 10) d 17.0 • 2.5 3 7 

10 3 0 0 0 
4 2 0 0 0 
5 4 0 0 0 

4 9 2 1 0 
4 8 0 1 0 

8 5 1 
8 4 1 

a Lymph duct invasion 
bVenous invasion 
c Lymph node metastasis 
d All tumors invaded the muscularis propria 

adenomas, the M N A  for villous adenomas and villous 
components with cancer (6.2 • 1.1) was slightly greater 
than the value for tubular adenomas and tubular com- 
ponents with cancer (5.1 • 0.7) (data not shown). The 
M N A  for all types of colorectal cancer was elevated 
compared to that for adenomas and adenomatous com- 
ponents with cancer. The MNA values in the early can- 
cers were 8.6 _+ 2.0 for Is, 8.2 _+ 2.2 for IIa, 6.7 ___ 1.7 for 
Ip, Isp and 6.6 _+ 1.3 for IIb, IIc. The M N A  values for Is 
and IIa were similar as were those for Ip, Isp and lib, 
IIc. The M N A  value for Is was significantly greater than 
the values for Ip, Isp and lib, IIc (P < 0.05), whereas in 
advanced cancers, the M N A  for type I (10.4 + 3.3) was 
significantly greater than that for type 2 (7.8 _+ 1.7) (P < 
0.01). The M N A  values for the intramucosal cancers 
and for the superficial and the deepest layers of submu- 

Fig. 1. Argyrophil nucleolar organizer region (AgNORs) 
staining of colorectal cancer. Most cancer cells contained sev- 
eral black dots of various sizes in the nucleolus and nucleus. 
Silver stain, • 100 

cosal and advanced cancers are shown in Fig. 3. There 
were no significant differences in the M N A  values 
among the three layers in any of the cancers. In ad- 
vanced cancers, the M N A  value for the deepest layer in 
type 1 was significantly greater than that for the deepest 
layer in small type 2 (P < 0.05). 

The correlation between M N A  and histological grade 
is shown in Fig. 4. As lp and Isp were well differentiated 
adenocarcinomas, as described above, the M N A  for all 

M N A  

15 

lO 

n 
normal 
mue0sa 
(n=22) 

II f 

adenomatous 
aden0ma comp0aeats I p , I s p  Is  lla lib,lie ~r I "l~pe 2 

with c0ncer 
(n=7) (n=16) (n=19) (n=9) (n=13) (n=12) (n=lO) (n=lO) 

Fig, 2. Mean number of AgNORs per nucleus (MNA) in rela- 
tion to morphological subtype of colorectal cancer. Early can- 
cers consisted of polypoid type (lp, Isp, and Is) and fiat type 
(IIa and 11t), IIc). Advanced cancers consisted of protruding 
(type 1) and small ulcerative (type 2) cancers. Data were ana- 
lyzed by Dunnett's multiple comparison test (two-tailed). * P 
< 0.01 relative to all cancers; *P < 0.05; **P < 0.01 
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Fig. 3. Mean numbers of AgNORs in intramucosal cancers, 
and in each layer of submucosal and advanced colorectal 
cancers. White bars, dotted bars, and black bars indicate 
intramucosal cancers, the superficial layer of submucosal can- 
cers, and the deepest layer of advanced cancers, respectively. 
Data were analyzed by Dunnett 's multiple comparison test 
(two-tailed). * P < 0.05 

10 

(29) (6) (3) (6) (7) (5) (7) (2) (8) (3) (7) 
Ip,Isp Is IIa lib,lie Type I Type2 

Fig. 4. Mean number of AgNORs in relation to histological 
differentiation in each morphological type of colorectal can- 
cer. The white bars and black bars represent well and moder- 
ately differentiated adenocarcinomas, respectively 

Table 2. Morphological type and cathepsin B expression 

Incidence of cathepsin B 
expression 

Morphological type Number Percentage Significance 

Adenoma (n = 23) 5/23 22 
Adenoma only (n = 7) 2/7 29 
Adenomatous components 3/16 19 

with cancer (n = 16) 

Early cancer (n = 53) 33/53 62 
Ip, Isp (n = 19) 12/19 63 
Is (n = 9) 6/9 67 
IIa (n = 13) 8/13 62 
IIb, IIc (n = 12) 7/12 58 

Advanced cancer (n = 20) 20/20 100 
Type i (n = 10) 10/10 100 
Type 2 (n = 10) 10/10 100 

** P < 0.01 
Da ta  were  anatvzed by the Z; test 

groups  of  well different iated cancers were  compared .  
H o w e v e r ,  there  were no significant differences a m o n g  
any ear ly  cancers. 

Immunohistochemical  response o f  cathepsin B 

CB staining in the cytoplasm of  cancer  cells was granu-  
lar or  diffuse (Fig. 5a). A compar i son  of  responses  to 

ca thepsin  B staining in the different morpholog ica l  
types is shown in Tab le  2. The  CB posit ive rate  was 
significantly e levated in the o rder  of  adenomas  (22%),  
early cancers (63%),  and advanced  cancers (100%) (P  
< 0.01). However ,  there  was no difference in CB ex- 
pression be tween  any ear ly  cancers or  be tween  the two 
types of  advanced  cancer.  Al l  advanced cancers  were  
CB-posi t ive .  The  incidence of  CB expression in 
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b 

Fig. 5a,b. Expression of cathepsin B in colorectal cancers, a Strong positive response to cathepsin B is observed in the cytoplasma 
of cancer cells, b Negative response to cathepsin B. DAB, • 100 

Table 3. Cathepsin B expression in each morphological type of cancer in the various 
layers examined 

Morphological type 

Cathepsin B expression 

Number Percentage Significance 

Intramucosal cancers (n 27) 10/27 37 ] - -  1 - -  
Ip, Isp (n = 14) 7/14 50 | 
Is (n = 5) 2/5 40 
IIa (n = 4) 0/4 0 ** 
IIb, IIc (n = 4) 1/4 25 * 

Submucosal cancers (n = 26) SP 21/26 81 
DP 23/26 89 

Ip, Isp (n = 5 ) S P }  5/5~ 100~ 
5/5J 100J 

Is (n = 4) SDPp} 3/4~ 75 
4/4J 100} 

IIa (n = 9) SP} 8/9j7/9~ 89}78 

IIb, IIc (n = 8 ) S P }  6/8J 6/8, 75} 75 

Advanced cancers (n = 20) SP 15/20 85 - -  
DP 20/20 100 

Type1 (n=  10) SDPp} 8/10~ 

Type2 (n = 10)SDPp} 10/10j7/10~ 100}70 

*P < 0.05; **P < 0.01 
Data were analyzed by the ;(2 test 
SP, Superficial layer; DP, deepest layer 

intramucosal cancer and in each layer of submucosal 
and advanced cancers is shown in Table 3, In all early 
cancers, CB expression in the superficial (21/26: 81%) 
and the deepest layers (23/26: 89%) of submucosal can- 
cers was significantly greater than that in intramucosal 
cancers (10/27: 37%) (P < 0.01), and this tendency was 
similar in each type of cancer. In submucosal and ad- 
vanced cancers, CB expression was similar in the super- 
ficial and the deepest lavers. 

The correlation between histological grade and CB 
expression is shown in Table 4. The CB-positive rate of 
moderately differentiated adenocarcinomas in Is, IIa 
and IIb, IIc (14/17: 82%) was significantly greater than 
that of well differentiated cancers (7/17: 41%) (P < 
0.05), In each histological grade of sessile and flat 
cancers, however, there was no significant difference 
in CB expression among each morphological types of 
cancers. 
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Table 4. Histological grade and cathepsin B expression 

Cathepsin B expression 

Morphological type Number Percentage Significance 

lp, Isp (n = 19) ~ 12/19 63 

Sessile and flat early cancers 
Well differentiated 7/17 41 

adenocarcinomas (n = 17) 
Is (n - 6) 3/6 50 
IIa (n = 6) 2/6 33 
IIb, IIc (n = 5) 2/5 40 

Moderately differentiated 14/17 82 
adenocarcinomas (n = 17) 

Is (n = 3) 3/3 100 
IIa (n = 7) 6/7 86 
lib, IIc (n = 7) 5/7 71 

* P < 0.05 
Data were analyzed by the X 2 test 
"All Ip and Isp were well differentiated adenocarcinomas. All advanced cancers expressed 
cathepsin B 

Discussion 

Although polypoid cancers originating from protruding 
adenomas may develop into protruding advanced can- 
cers, and finally become large ulcerative cancers, flat 
type cancers may develop de novo 2~ or f rom flat micro 
adenomas 21,22 and directly develop into small ulcerative 
cancers. 23 The morphological differences in cancer tis- 
sues could depend on different biological characteris- 
tics, including the proliferative and infiltrating activity 
of the various tumor cells. 

Bromodeoxyuridine,  24 D N A  polymerase ~,25 Ki_67,26 
and proliferating cell nuclear antigen 27 are indicators of 
cellular proliferation activity. The number  and the size 
of AgNORs is also related to cellular proliferative activ- 
ity, 2a-3~ as well as to cellular differentiation? 1 A few 
studies of the proliferative activity in the flat type of 
colorectal adenomas and cancers have been pub- 
lished.32 34 Mitomi et al. 32 have repor ted that the PCNA 
labelling index (LI) is higher in the order  of polypoid, 
flat elevated, and flat or depressed adenomas. Yamada 
and Iwashita 33 have reported similar results for the Ki- 
67 LI in adenomas. Murata ~4 evaluated flat type neo- 
plasms by means of AgNORs,  and reported that the 
score in IIc was higher than that in Is or IIa. We postu- 
lated that the proliferative activity for flat type cancers, 
especially flat-or-depressed (lib, IIc) types, would be 
higher than that for other types of early colorectal can- 
cers, since flat cancers  readily invade the deeper  layer 
while still very smallY However ,  contrary to our notion 
and the findings of Murata et al., 34 we found higher 
MNA values in early Is and IIa cancers. The MNA 
values they reported (less than 3.0) were considerably 
lower than ours and there seemed to be no significant 
differences among Is, IIa and Ilc. We also counted all 

small clear dots in the nucleolus and nucleus, following 
the procedure of Crocker and McGovern. 8 If these dots 
are not counted, it is impossible to distinguish malignant 
from benign cells. Our  results and those of others 32,~3 
indicate that flat or depressed cancers do not necessarily 
have high proliferative activitiy. Although Ip and Isp 
cancers also protrude into the lumen, the MNA value 
for these cancers has smaller than the values for Is and 
IIa types. It is possible that Is and IIa, which protrude 
widely, without adenomas, are essentially different 
from Ip or Isp and have higher proliferative activity. Is 
and IIa may be similar with regard to proliferative 
activity. 

As mentioned above, it is thought that protruding 
cancers develop into protruding advanced cancers, 
whereas flat type cancers develop directly into ulcer- 
ative cancers when their diameter is less than 
20mm. I6,23,35 In this study, we found the MNA for type 1 
was significantly greater than that for small type 2 and 
that, protruding cancers had high proliferative 
activity in advanced cancers, as well as in early cancers. 
Moreover,  the MN A  value for small type 2 was not 
greater than the values for Is and IIa. These results 
indicate that there are similarities among protruding 
and depressed cancers, which may support the theory 
that Is and IIa develop into protruding advanced can- 
cers, whereas lib, IIc develop into ulcerative advanced 
cancers during the progression from early to advanced 
colorectal cancers. 

Watari and Yokota 36 examined cells proliferation 
by Ki-67 staining. They reported that, although Ki-67- 
positive cells were noted mainly in the upper third of 
neoplastic glands in superficial elevated lesions, there 
was no difference in Ki-67 staining in whole glands of 
clear and wide depression neoplasma without marginal 
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elevation. In this study, we examined AgNORs staining 
in each layer of the cancer lesions. However ,  the MN A  
value in early cancers did not  differ markedly among 
the intramucosal cancers and each layer of submucosat 
cancer in any of the cancer groups and it seemed that all 
layers had similar A g N O R  activity, We also examined 
the relationship between histological grade and MNA. 
Rayter  et al. 37 repor ted that the number  of AgNORs 
was not related to histologic differentiation in colorectal 
cancer. We also found that the MNA was not associated 
with histological grade for any cancers and that there 
were no differences among groups with the same histo- 
logical grade. 

Three  s teps--at tachment ,  migration, and local pro- 
teolysis--have been proposed to constitute the process 
of tumor cell invasion. Several classes of proteinase 
have been implicated in this process. Of these, CB is an 
important  indicator of tumor invasion in various cell 
lines 11,12 and solid tumors? 8 41 According to a report  by 
Buck et al., 38 CB induces the denaturation and destruc- 
tion of collagen, fibronectin, laminin, proteoglycans, 
and other substances contained in the extracellular ma- 
trix, and abnormal CB activity may be related to the 
development  of human cancers. Some investigators 
have reported that increased CB activity is also related 
to the progression and prognosis of colorectal can- 
cers? 4,42,43 To date, to our knowledge the infiltrative ac- 
tivity of flat colorectal cancers has not been reported. In 
this study, we found the incidence of CB expression 
increased significantly from adenomas to advanced 
colorectal cancers. However,  there was no significant 
difference in CB expression among each group of early 
cancers, or between the two advanced cancers. CB ex- 
pression in colorectal cancers has been shown to be 
correlated with tumor progression. 14,42 In this study, CB 
expression was increased in all layers of submucosal 
compared with intramucosal cancers. As there were no 
significant differences between layers in the submucosal 
or advanced cancers, it appears that all cancer layers 
may have similar proteinase content, as well as similar 
proliferative activity. 

Regarding the relationship between CB expression 
and histological grade, although Sheahan et al. 42 have 
repor ted that the CB-positive rate was higher in less 
differentiated cancers, Campo et al. 14 did not  find any 
correlation with the histological classification. Our re- 
sults showed that, in early cancers, CB expression in 
moderately differentiated adenocarcinomas was more 
frequent  than in well differentiated adenocarcinomas, 
findings that support  the results of Sheahan et al. 42 

In this study, we investigated the morphological di- 
versity of early colorectal cancers and, however, the 
clinical implications can not be sufficiently answered. 
However,  we suggest that if activities of AgNORs and 
CB are high on biopsied or surgical cancer specimens, 

the degree of malignancy and invasion of cancers may 
be predicted. 

In conclusion, high MNA values were associated with 
the protruding growth of Is, IIa, and type 1 colorectal 
cancers and these early and advanced cancers showed 
similar proliferative characteristics. Although CB ex- 
pression was related to tumor invasion from adenomas 
to advanced cancers and to histological differentiation, 
it was not related to the morphological diversity of can- 
cer. We speculate that other  specific features of cancer 
cells also affect the morphology of colorectal adenomas 
or cancers and we believe that further examinations are 
necessary to clarify the biological characteristics of the 
fiat type of colorectal cancers. 
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