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Summary. The mammalian cell cycle is controlled by 
regulators of the G1 to S transition such as tumor 
suppressor proteins, p53 and retinoblastoma (RB); cyclin 
D1 and cyclin-dependent kinase 4; and inhibitor of 
cyclin dependent kinase, Recently, 
aberrations of these cell cycle-related genes have been 
reported to contribute to the formation and development 
of cancer. In human hepatocellular carcinoma (HCC), 
high frequencies of aberration have been detected in the 
p53 and RB genes. Loss of heterozygosity (LOH) of 
chromosome 13q was detected in 35% of HCC and LOH 
on chromosome 17p was detected in 49%. Mutation of 
the p53 gene was also detected in 32%. The aberrations 
of these genes were observed more frequently in poorly 
differentiated and in advanced HCCs. On the other hand, 
genetic alterations of the cyclin DI and p161NK4A genes 
were not so frequent, but appeared to be associated with 
the aggressive behavior of the tumor, which suggests that 
disruption of the cell cycle-related genes results in the 
progression of HCC. Further study with a substantial 
number of cases is required to determine the actual 
frequency of the aberrations of the G1 controlling genes 
in hepatocarcinogenesis. 
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lntroduction 

With the progress in molecular genetic studies, 
various genetic abnormalities have been identified in 
human cancers. Activation of oncogenes and loss of 
function of tumor suppressor genes in each step of 
carcinogenesis may play an important role in tumor 
development. In hepatocellular carcinoma (HCC), 
aberrations of oncogenes, tumor suppressor genes, and 
loss of heterozygosity (LOH) on some chromosomal 
arms have been reported, and these multiple genetic 
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alterations may contribute to the transformation of 
normal hepatocytes to cancer cells (Nishida et al., 
1994a). 

On the other hand, numerous cyclins and cyclin- 
dependent kinase inhibitors (CDKIs) have been 
identified, and studies on the cell cycle control 
mechanism have revealed that progression of eukaryotic 
cells through the cell cycle is controlled by the 
sequential formation, activation and inactivation of a 
series of cyclin-dependent kinase (CDK) complexes 
(Evans et al., 1983; Matsushime et al., 1992). Further- 
more, overproduction of the cyclin andlor CDKs, which 
presumably act like oncogenes, has been reported in 
many types of cancers (Jiang et al., 1992; de Boer et al., 
1993). In addition, cell cycle inhibitors might be like 
tumor suppressor genes the loss of function of which 
may lead to cancer (Serrano et al., 1995; Yang et al., 
1995). From these perspectives, we discuss here about 
the alteration of the cell-cycle related genes in HCC and 
speculate on the role of the aberration of these genes in 
hepatocarcinogenesis. 

Abgrratlon of cell cyclerelated genes In human HCC 

(1)  The p53 gene 

The p53 gene, which was at first considered an 
oncogene, acts as a tumor suppressor gene, and 
mutations of the p53 gene are the most frequent genetic 
changes in a wide range of cancers in humans and 
experimental animals (Nigro et al., 1989). In human 
HCC, the loss of p53 function can occur through point 
mutations, rearrangements and intragenic deletions, and 
these alterations of the p53 gene are closaly associated 
with loss of heterozygosity (L0I-i) on chmmosome 17p 
and vice versa (Muraicami et al., 1991; O& et al., 1992; 
Nishida et al., 1993). The wild type p53 has a specific 
DNA-binding function and activates the transcription of 
genes with p53 binding sequences (Farmer et al., 1992; 
Kem et al., 1992). The genes transcriptionaliy controlled 
by p53 are divided into three rou S: (i) cell cycle- 
related genes such as the p21 gwAgl gene fhat is a 
universal inhibitor of cyclin kinase (El-Deiry et al., 
















