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Summary. Twenty-six specimens of tubular adenoma 
and 7 specimens of adenocarcinoma in adenoma of the 
colon were examined to evaluate apoptosis between 
adenoma and early adenocarcinoma. Cell proliferation 
and cell death seemed to be balanced in adenoma with 
mild and moderate atypia, but unbalanced in adenoma 
with severe atypia and cancer. Apoptosis was considered 
to be suppressed at cancer in some cases. However, a 
number of apoptosis increased at cancer in other cases. 
Necrosis was seen only in cancer areas. The ratio of cells 
simultaneously stained by anti-Ki-67 antibody (MIB-1) 
and terminal deoxynucleotidyl transferase-mediated 
deoxyuridine triphosphate-nick end labeling (TUNEL) 
tended to be high from adenoma with moderate atypia to 
cancer, suggesting the unstableness of DNA. I t  is 
possible that cancer cells having highly unstable DNA 
easily underwent apoptosis as well as necrosis, 
accidentally. The p53 protein was positive only in cancer 
areas of three cases. One of these three cases showed 
decreased apoptosis in a cancer area, but the other two 
cases showed increased apoptosis. Furthermore, certain 
numbers of cancer cells were double-stained by p53 
immunohistochemistry and TUNEL. These results 
suggest that the p53 protein may contribute to suppress 
apoptosis in the last stage of carcinogenesis of the 
colonic adenocarcinoma, but other factors including 
extrinsic stimulation may cause apoptosis despite the 
mutation of p53 protein. 
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Introduction 

Growth or homeostasis of tissues depends on the 
balance of cell proliferation and cell death (Kerr et al., 
1972; Willie et al., 1980). Apoptosis and necrosis have 
been considered for cell death (Wyllie et al., 1980; Buja 
et al., 1993; Cummings et al., 1997), and a cell loss by 
apoptosis seems to be important for the regulation of cell 
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number in the mammalian gastrointestinal tract (Hall et 
al., 1994). The number of proliferating cells significantly 
increases in proportion to the severity of dysplasia in 
colonic epithelia1 neoplasms (Johnston et al., 1989; 
Diebold et al., 1992; Risio and Rossini, 1993). On the 
other hand, the number of apoptosis in colonic tumors is 
still obscure, although correlation between mitotic and 
apoptotic indices has been reported in colonic adenoma 
(Arai and Kino, 1995). We investigated apoptosis in 
adenoma and early adenocarcinoma of the colon to 
clarify whether any difference is seen between adenoma 
and cancer. For this purpose, terminal deoxynucleotidyl 
transferase (TdT)-mediated deoxyuridine triphosphate 
(dUTP)-nick end labeling (TUNEL) (Gavrieli et al., 
1992) was used to detect apoptosis in addition to 
counting apoptotic bodies in hematoxylin and eosin 
staining (HE). The close relation between cell cycle and 
apoptosis has been considered, although there may be an 
another apoptotic pathway occurring without entering 
cell cycle (Coates et al., 1996). An anti-Ki-67 antibody 
(MIB-1) detects cells existing in G1, S, G2, and M 
phases of cell cycle (Gerdes et al., 1984; Cattoretti et al., 
1992). Cells simultaneously positive for MIB-1 and 
TUNEL may indicate that cells entering in cell cycle die 
(Coates et al., 1996), and that these cells have the 
unstable DNA. Various genes are involved in the 
regulation of cell cycle, and some of them are also 
necessary to regulate apoptosis (Coates et al., 1996). The 
p53 protein, which normally induces apoptosis 
depending on cell cycle (Kobayashi et al., 1995), is 
presumed to play a role during carcinogenesis close to 
the stage of the final malignant transformation in colonic 
adenoma-carcinoma sequence (Fearon and Vogelstein, 
1990; Kikuchi-Yanoshita et al., 1992; Auer et al., 1994). 
Immunohistochemistry of p53 protein, including double 
staining with TUNEL, would reveal whether p53 
expression is a major factor for the regulation of 
apoptosis in the last stage of carcinogenesis. 

Materials and methods 

Patients and specimens 

Thirty-three specimens of colonic tubular adenoma 
and adenocarcinoma in adenoma obtained by endoscopic 














