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A B S T R A C T  

Hepatocellular carcinoma (HCC) accumulates a mutation of the p53 
gene with a common substitution of nucleotide in a particular site. It is 
hypothesized that infection of hepatitis B virus (HBV) or exposure to 
aflatoxins could induce it. In Japan, the concentration of aflatoxins in the 
environment is low; however, infection of HBV and/or hepatitis C virus 
(HCV) is frequently seen in patients with HCC. The purpose of our studies 
was to determine whether these hepatoviral factors influence p53 alter- 
ations. In our results, p53 abnormalities, which were composed of loss of 
heterozygosity (LOH) and/or point mutation, were shown in 39% of pa- 
tients. We postulated that they occurred at late stages in tumor growth 
based on the following two results. LOH analysis on p53 showed that most 
of the tumor nodule consisted of two phenotypes, LOH and non-LOH 
cancer cells. The p53 abnormalities correlated with the grade of cancer cell 
atypia which advanced with tumor growth. 

HBV and HCV infections were identified by polymerase chain reaction 
using DNA extracted from cancerous and noncancerous regions of the 
liver. By these methods, the patients who had been infected with either 
HBV or HCV showed an incidence of p53 abnormalities (45 %) higher than 
those infected by neither (13%). However, the detection rate of these 
viruses was lower in the HCC region (33 %) than that in the noncancerous 
region (56%) in cases with mutated p53. The low rate of HCV detection 
(22%) in the HCC region with altered p53 was attributable to these 
different viral detection rates. There was a difference in pattern of p53 
mutational changes in patients depending upon whether they were in- 
fected by HBV or by HCV. Two of three HBV-infected patients had a 
transversional change of nucleotide at the G:C site to T:A. However, in 
cases with HCV, four of eight patients had a transitional change of nucleo- 
tide of p53. These results showed that HBV and HCV infections affect 
carcinogenic pathways causing p53 abnormalities independently. 

I N T R O D U C T I O N  

Southern Africa and Southeast Asia are high-frequency regions of 
HCC. 2 Exposure to dietary carcinogens such as aflatoxins and infec- 

tion of HBV are pervasive in these areas (1-4) and are recognized as 
hepatocarcinogenic factors (5-8). 

The tumor suppressor gene p53 has been known to play an impor- 

tant role for carcinogenesis after its genetic conversions in two ways: 
LOH and mutational change of nucleotide with amino acid substitu- 
tions (9). In HCC, highly accumulated point mutation of p53 at the 
second to third position of codon 249 was reported with the uniform 
nucleotide change at the G:C site to T:A (10, 11). 

Aflatoxins induce the specific mutation of plasmid-inserted 
complementary DNA of p53 at G:C to T:A transversion at codon 249 
in vitro (12). In an animal model, however, the mutations of p53 in 
tumors led by aflatoxins were nonspecific in the site of nucleotide and 
the type of substitution (13, 14). 
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HCC accompanied by HBV was also reported to have the point 

mutation at codon 249 of p53 with a high incidence rate (58%) in 

China (15) and a lower rate in Japan (16-18) and other countries (19), 

although HBV is pervasive in all of these countries. In China, aria- 

toxins contaminate the environment, and they affect concertedly the 

p53 mutations accompanied by HBV. In Japan, the concentration of 

environmental ariatoxins is low but HBV has prevailed. Therefore, 

Japanese HCC is an appropriate subject with which to elucidate the 
HBV influence on p53 abnormalities free from the effect of aflatoxins. 

Other factors associated with HCC, such as HCV and alcohol, 

remain to be examined. HCV, which was recently cloned (20), is 

easily detectable in serum by immunoblot analysis (21-24) and in 
tissue by PCR (25). Alcohol intake is known to induce HCC (26, 27), 

but its direct role on a cellular genetic alteration is not known. In this 
study, the association of p53 mutations with risk factors such as HBV, 

HCV, and daily intake of alcohol was investigated. The direct effect of 
HBV and/or HCV infections on the HCC region was assessed by PCR 

that was performed using DNA samples obtained from a HCC region 

and a noncancerous region of the liver separately. Our present results 

indicate that HBV and HCV infections were hepatocarcinogenic 
through frequent induction of p53 abnormalities and that the former 

affected the G:C site to T:A alterations except at codon 249, and the 

latter led the endogeneous mutations in p53. 

M A T E R I A L S  AND M E T H O D S  

Clinical Data and Histopathological Analysis of Tumor Samples. Clini- 
cal information was accumulated from 41 Japanese patients with HCC. The 
patients were classified into 4 groups according to their daily intake of alcohol: 
no intake or not daily intake (less than 5 days/week), daily intake below 40 
ml/day, 40-120 ml/day, and over 120 ml/day (27). In serum, hepatitis B viral 
surface antigen and HCV antibody were detected by enzyme-linked immuno- 
sorbent assay and radioimmunoassay (Abbot Laboratories, Tokyo, Japan). 
Several paired samples of about 3 cm 2 surface with 6 mm thickness were 
obtained at surgery or autopsy. They were cut into halves; one half was used 
for the extraction of the nucleic acid, and the other half was processed for 
paraffin-embedded histopathology. Maximum diameter of the tumor nodules 
was measured, and the number of tumor nodules was counted. They were 
classified into four categories (Table 1). Histopathological grade was assigned 
according to the Edmondson and Steiner classification (28). Nucleic atypia of 
grades III and IV is distinguishable from grades I and II by the chromatin 
content and the size or multiplicity of the nucleus. 

DNA and RNA Extraction. HCC and noncancerous regions were selected 
for extraction from several frozen tissues. The former samples were chosen 
from the tissues which had less than 15% contamination of noncancerous cells 
by histopathology. After digestion of the samples with proteinase K, DNA was 
extracted in phenol-chloroform (29). RNA was extracted by the acid gua- 
nidinium thiocyanate-phenol-chloroform method (30). 

Detection of Hepatitis B and C Virus Genomes in Tissues. For the 
detection of HBV, PCR was done on the DNA extracted with the specific 
oligonucleotide primer set for the S region of the genome (31). HCV genome 
was detected by reverse transcriptase-pretreated PCR using the extracted RNA 
with the following specific primer set (25). The DNA was amplified for 35 
cycles with a scheduled temperature shift of 3 consecutive steps at 94~ for 1 
min, 55~ for 45 s, and 72~ for 1 min. PCR products were electrophoresed 
in 3% Seakem agarose gel (FMC Bioproducts), stained with ethidium bromide, 
and observed under UV light illumination. 
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p53 DNA Amplification and LOH Analysis. PCR primers to amplify 
exons 4, 5, 7, and 8 that contained highly conserved regions II to V of the p53 
gene were designed on the basis of published sequences (32). Each PCR 
product was precipitated with ethanol and separated from dNTPs and primers 
with membrane filters (Ultrafree C3TYK; Milipore, Ltd., Japan). To detect 
LOH in p53, purified PCR products of exon 4 were digested by AccII restric- 
tion enzyme. Codon 72 is known to be the genetic polymorphic region with 
CGC/CCC (arginine/proline), and the allele with CGC is digested by AccII 
(33, 34). 

p53 DNA Sequencing. The purified PCR product in each exon was se- 
quenced by the direct dideoxy method using fluorescently labeled dNTPs and 
the same sense or antisense primer which had been used on PCR amplification. 
Gel electrophoresis, data collection, and analysis were performed by using the 
373A system (Applied Biosystems). In all cases, sequences were read from 
both strands of amplified DNA and confirmed repeatedly on mutation spots. 

R E S U L T S  

Patient Population and Alcohol Abuse. Forty-one patients, ages 

14-82 years  (median and mean,  64 and 63.4 years, respectively),  were  

studied. Thir ty-f ive patients were  men  and 6 were  women.  Their  

habitual alcohol intake was as follows: 20 patients were  grade 1, 6 

were  grade 2, 14 were  grade 3, and 9 were  grade 4. 

Pathological Findings. The number  of  tumor nodules was classi- 

fied into 4 grades. Eleven patients had single nodules,  9 had several 

nodules,  11 had multiple nodules,  and 10 had diffusely spread nod- 

ules. The diameter  of  the tumor nodules was graded into 4 groups: 

grade 1 in 5 patients, grade 2 in 10 patients, grade 3 in 7 patients, and 

grade 4 in 19 patients (Table 1). In Edmondson ' s  classification, there 

were  2 patients o f  grade I, 15 o f  grade II, 18 o f  grade III, and 6 of  

grade IV. Statistically (X 2 test), a significant correlation was observed 

be tween the diameter  of  the nodule and Edmondson ' s  grade (P  < 

0.06). When  the combinat ions o f  the nodule diameter  3 -4  with Ed- 

mondson ' s  I I I - IV and nodule diameter  1-2  with Edmondson ' s  I - I I  

were  compared  with each other, a more  significant correlation was 

obtained (P  < 0.002). 

Viral Genome Detected in the Liver by PCR and Antigen or 
Antibody in S e r u m .  The HBV genome was detected in 10 patients 

by PCR. A m o n g  them, five cases were  positive in both HCC and 

NCR, four cases were  positive in NCR alone, and one case was 

positive in HCC alone. In serum, hepatitis B viral surface antigen was 

detected in five patients who  were  H B V  genome  positive by PCR in 

both HCC and NCR, and the sensitivity of  antigen detect ion was 50% 

of  that of  the genome detect ion by PCR. HCV genome was  detected 

in 27 patients by PCR. A m o n g  them, 9 cases were  positive in both 

HCC and NCR, and 18 cases were  positive in NCR alone. None were  

positive in HCC alone. In serum, 21 patients were  positive with HCV 

antibody, 8 patients corresponded to the cases detected by PCR in both 

HCC and NCR, and the remaining 13 patients were  positive in NCR 

alone by PCR. Seventy-eight  % of  the H C V  genome-posi t ive  cases as 

detected by PCR showed antibody titers against HCV. The rate of  

H B V  detect ion in HCC which  had occurred in HBV-posit ive patients 

was 60%, while  the HCV-positive rate in HCC which  had been seen 

in HCV-infected patients was 33%. 

p53 LOH Analysis by AccII Digested PCR Products for Exon 4 
Codon 72 Polymorphic Region. Genetic po lymorphism was de- 

tected in 22 cases at codon 72 and the remaining 19 cases were  not 

informative.  LOH appeared in 9 cases among them; two cases were  

complete  and seven cases were  incomplete  (Fig. 1). The incomplete  

LOH showed that extracted H C C - D N A  was derived f rom either L O H  

or non-LOH cells. They  were  clearly detected as thicker bands, when  

the ratio of AccII-digested f ragments  to non-digested ones had devi- 

ated f rom the normal.  This was  not attributable to contaminat ion of  

noncancerous  cells because the altered ratio was higher  than the 

average contaminat ion rate (under 15%) in the microscopical ly  se- 

lected tissue. A complete  pattern was seen in one o f  two cases with 

HBV and only one o f  eight cases with HCV. 

p53 Gene Mutations with Amino Acid Substitution. These data 

are summar ized  in Table 1. Point mutat ions were  detected at codons 

154, 176, and 177 (exon 5) in 3 patients; at codon 248 (exon 7) in 2 

patients; at codons 271, 273 ,286 ,  292, and 300 (exon 8) in 6 patients; 

and at codon 319 (exon 9) in one patient. There  was no mutat ion at 

codon 249, where  the mutat ion point accumulated with a high fre- 

quency in HCC (10, 11, 15). All  mutat ions were  associated with amino 

acid substitutions, and 67% thereof  were  located within the conserved 

region of  p53. The transitional nucleotide changes  occupied 50% of  

mutations, and all o f  them were  located at the CpG site. With the 

exception of  case 10, all mutational  cases contained various amounts  

Table 1 Hepato-viral infections and p53 gene alterations in hepatocellar carcinoma 

HBV detection HCV detection p53 abnormalities 

Mutation 
Alcohol Growth Microscopic Codon 

Case abuse a pattern b atypia c HCC a NCR e H C C  d N C R  e L O H  f (exon)  Nucleotide Amino acid 

2 3 Mul, 4 III + + - - - 248(ex 7) CGG~TGG Arg--~Trp 
4 3 Mul, 4 III - + - + +* ND ND ND 
8 1 Dif, 4 III - + - - ND 286(ex8) GAA---~ TAA Arg-+ stop 
9 4 Sev, 4 II - - - + +* 273(ex8) CGT--, TGT Arg~Cys 

10 3 Sev, 3 III - - - + + 273(ex8) CGT---,TGT Arg--> Cys 
15 1 Sin, 1 III - - - + +* ND ND ND 
22 4 Sin, 2 III - - + + - 319(ex9) AAG---~TAG Lys~stop 
23 3 Mul, 4 III - - + + ND 177(ex5) CCC---, CAC Pro-+His 
25 3 Sin, 2 II - - - + +* ND ND ND 
27 3 Sin, 2 IV + + - + ND 154(ex5) GGC--> GTC Gly--*Val 
34 2 Dif, 4 IV - - - + +* 176(ex5) TGC--~TAC Cys---~Tyr 

271(ex8) GAG--->GAC Glu-+Asp 
36 3 Sin, 2 II + + - - + ND ND ND 
37 1 Mul, 4 III - - - + ND 292(ex8) AAA---, AAT Lys-+Asn 
39 3 Dif, 4 IV . . . . .  300(ex8) CCC---~TCC Pro-~Ser 
41 2 Mul, 4 IV - - - + +* ND ND ND 
42 4 Dif, 4 III - - - + + * 248(ex7) CGG---~ CAG Arg-+ Gin 

"Alcohol intake classified into 4 groups: 1, not-intake or not-daily-intake ("daily" means not less than 5 days per week); 2, daily ethanol intake below 40 ml/day; 3, daily intake 
40-120 ml/day; 4, daily intake over 120 ml/day. 

b Number and diameter of tumor nodules. The former means number of cancer nodules: sin, single nodule; sev, several (2-10) nodules; mul, multiple (>10) nodules; dif, diffuse 
uncountable spreading type of cancer nodules. The latter means largest diameter of cancer nodules and classified with 4 groups as following: 1, >2 cm; 2, 2-5 cm; 3, 5-10 cm; 4, 
>10 cm. 

c I to IV classified by Edmondson's grade. 
a HCC, hepatocellular carcinoma region. 
e NCR, noncancerous region in the liver. 
f LOH, loss of heterozigosity of p53 analyzed by exon 4 PCR products digested with ACCII endonuclease; +*, incomplete LOH which is mixed by ACCII-digested and -nondigested 

patterns in a polymorphic region at exon 4 of p53. 
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p53 A B N O R M A L I T I E S  A N D  H C V  

M 1  2 3 4 5 6 7 8 

4---293 
4---176 
4---117 

BP 

Fig. 1. LOH analysis of p53  on exon 4 polymorphic region by Accl I -d iges ted  PCR 
products. Each lane shows whether amplified fragments containing codon 72 (exon 4) 
were able to be digested by A c c l I  endonuclease. L a n e  M, r  digested marker; 
Lane  1, NCR in case 10; Lane  2, HCC region in case 10; Lane  3, NCR in case 36; Lane  
4, HCC region in case 36; Lane  5, NCR in case 2; Lane  6, HCC region in case 2; Lane  
7, NCR in case 4; Lane  8, HCC region in case 4. NCR samples showed that one allele was 
cleaved into two fragments (176 base pairs and 117 base pairs), while another was not a 
digestible fragment (293 base pairs). Lanes  2 and 4, one allele of the pair was lost 
completely (complete LOH pattern). Lane  6, both alleles were not lost (non-LOH pattern). 
Lane  8, the ratio of the indigestible fragment to the digested one decreased. It meant that 
two cell populations were mixed in the HCC sample. In them, one was LOH phenotype 
and the other was non-LOH phenotype (incomplete LOH pattern). 
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Fig. 2. Point mutations identified by direct sequences. All s e q u e n c e s  w e r e  confirmed 

with both sides of PCR by forward and reverse primer. A. Case 10 showed the C to T 
change at the first nucleotide of codon 273 completely and the wild allele was lost (A.1) .  
In case 9, the same spot mutation was shown by reverse reaction, but wild alleles o f  p53  
were contained (A.2) .  B. In case 34, there were wild and mutant alleles, and the amounts 
of them were almost equal at codon 271 (B.1). At codon 176, the amount of mutant alleles 
was more than that of wild ones (B.2) .  C. In case 42, at codon 248 there were mutant and 
wild alleles. The amount of the former was more than that of the latter. 

of wild alleles. In case 34, there were mutations at codons 176 and 
271, and there were nonuniform degrees of mutations against wild 
alleles. The different degrees of mutations at these codons indicated 
that the HCC nodule contained two cell populations: one with a 
mutation at codon 271, and the other with 2 mutations at codons 271 
and 176 (Fig. 2). 

Correlation between p53 Abnormalit ies  and Associated Factors. 
p53 abnormalities that contained LOH or point mutations were ob- 
served in 16 patients. LOH was associated with point mutations in 
44%. Of these 16 cases, 13 were over grade III (Edmondson's grade). 
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The remaining three cases were of grade II. When grades III-IV and 
I-II, which were clearly distinguishable in the nucleic atypia, were 
compared the former had a higher incidence of p53 abnormalities than 
the latter. This difference was verified by X a analysis (P < 0.02). In 
HBV- or HCV-positive cases, the rate of p53 abnormalities was 45%, 
while it was 12.5% in cases that were negative in both HBV and HCV 
(P < 0.09). There was no significant difference in the rate of p53 
abnormalities between HBV infection (50%) and HCV infection 
(44%). However, the rate of HBV or HCV detection in the HCC 
region with p53 abnormalities was lower (33%) than that in the 
noncancerous region of the liver (56%). The rates of p53 abnormali- 
ties were equal (50%) between the HBV-positive HCC region and the 
HBV-negative HCC region, while the incidence rate of p53 abnor- 
malities accompanied by HCV in an HCC region was lower (22%) 
than that in the noncancerous region of the liver (56%). There was no 
significant correlation in immunoblot detection for virus, size of tu- 
mor nodule, tumor multiplicity, and habitual alcohol intake with p53 
abnormalities (Table 2). In the locations of point mutations and alter- 
ations of nucleotide, two of three cases showing HBV infection and 
p53 abnormalities had transversional mutations at the G:C to T:A site, 
whereas four of eight cases showing HCV infection and p53 abnor- 
malities had transitional mutations (Table 3). 

DISCUSSION 

Patterns of p53 abnormalities and the related factors are different 
according to the type of cancer (35-40). In colon and some other 
organs, the high frequencies of transitional change of nucleotide have 
been reported at the CpG site (35-37), but in the liver these are low 
in transition but high in transversion at the G:C site to T:A, especially 
at codon 249 (10, 11, 15). To explain the different pattern between the 
colon and the liver, the diversity of carcinogenic factors has been 
suspected (10, 11, 15). In the colon, endogenous mutagens, such as 
methylated cytosines, were related to the transition from cytosine to 

Table 2 Inc idence  o f  p53  abnormal i t ies  in dif ferent associat ions  

Association n % 

Nodule multiplicity 
single-several 7/20 35 
multiple-diffuse 9/21 43 

Longest diameter (grade) 
1-2 5/15 33 
3-4 11/26 42 

Edmondson grade 
I-II  3/17 18 
III-IV 13/24 a 54 

Alcohol intake (grade) 
1-2 5/18 28 
3--4 11/23 48 

I-IBV or HCV detection by PCR (by immunoblot assay) 
Positive cases 15/33 b (9/24) 45 (38) 

Positives in HCC 5/15 33 
Negatives in HCC 10/18 56 

Negative cases 1/8 (7/17) 13 (41) 

HBV infection 
Positive cases 5/10 (1/5) 50 (20) 

Positives in HCC 3/6 50 
Negatives in HCC 2/4 50 

Negative cases 11/31 (15/36) 35 (42) 

HCV infection 
Positive cases 12/27 (8/21) 

Positives in HCC 2/9 
Negatives in HCC 10/18 

Negative cases 4/14 (8/20) 

44 ( 3 8 )  
22 
56 
29 (40) 

a Significant difference from I-II  grade in incidence (P < 0.02). 
b Significant difference from negative in incidence (P < 0.09). 
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Table 3 p53 nucleotide change pattern and viral infection 

Nucleotide Whole HBV HCV Grade 3-4 of 
change n (%) (%) (%) alcohol intake 

Transition 
G:C to A:T 6 (50) 
A:T to G:C 0 (0) 

Transversion 
G:C to T:A 3 (25) 
G:C to C:G 1 (8) 
A:T to T:A 2 (17) 
A:T to C:G 0 (0) 

1 (33) 4(50) 5 (63) a 

2 (67) b 2 (25) 2 (25) c 

2 (25) 1 (13) 

a One case was infected with HBV, 3 cases with HCV, and one case was negative for 
both. 

b One case was coinfected with HBV and HCV. 
c One case was infected with HBV and the other was coinfected with HCV. 

patient is infected with HCV, might be similar to the endogenous 
carcinogenic pattern seen in colon cancer. It is different in southern 
Africa and southeast Asia where other factors such as aflatoxins 
prevail. HBV influences p53 at the G:C to T:A transversional change 
of nucleotide, while HCV might have an indirect effect on p53 
through the endogenous carcinogenic pathway. 
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thymine at the CpG site (38), whereas in HCC, aflatoxins or HBV 
would be associated with the transversion at the G:C site to T:A in 
codon 249. 

1. 
Combination of exposure to aflatoxins and infection with HBV is 

pervasive in southem Africa and southeast Asia, and a high frequency 2. 
of mutation at codon 249 in HCC is observed in these areas. In Japan, 
only the latter has prevailed and the specific mutation at codon 249 is 3. 
infrequent (16, 17, 18). In this study, we assumed hepatoviral infec- 

4. 
tions caused p53 abnormalities because the HBV- or HCV-positive 
patients by PCR had a significantly higher incidence of hepatoviral 
infections, although viral antigens in sera or antiviral antibodies did 5. 
not correlate with these mutations. Two of three HBV-positive cases 
with p53 point mutations showed the G:C to T:A transversional 6. 
change, while none contained the mutation at codon 249. HBV with- 
out aflatoxins was not efficient to promote the specific mutation of 7. 
p53. On the contrary, most of the HCV-related HCC took the endog- 

8. 
enous pathway which altered the nucleotide transitionally, especially 
at the CpG site. 

It is known that the HBV genome exists in HCC and two states have 9. 
been identified: it infects the cancer cell, and it integrates into the host 10. 
gene (39-40). A part of the genome, the X region of HBV, has an 
ability to stimulate the growth of the host cell through a promoter 11. 
signaling pathway (6). However, it is not known whether HCV inte- 
grates and directly affects host cell behavior. Our results showed that 

12. 
the rate of HCV detection in cancer was lower than that in the 
noncancerous region of the liver, indicating that HCV would exert its 
hepatocarcinogenic effect on host cells in an early stage, because with 13. 
the tumor growth, the cellular condition for the viral replication be- 
comes detrimental. The virus might be excluded at the final stage of 14. 
liver cell transformation because HCV has no viral reverse transcrip- 
tase and is unable to integrate into the hepatocyte gene. 15. 

Significant correlation between p53 abnormalities and cell atypia, 
as well as LOH analysis on p53, confirmed that p53 abnormalities 16. 
occurred at a late stage. The grade of cellular atypia (Edmondson's 
grade) increases with the clinical stage of HCC (the extent or diameter 

17. 
of tumor), and their correlation is similar to adenoma-carcinoma pro- 
gression (41-44). In this study, the grade of cellular atypia correlated 18. 
with the diameter of tumor nodule, while p53 abnormalities correlated 
only with the grade of cellular atypia and did not associate with the 19. 
tumor diameter. It has been indicated that a genetic alteration was 
closely related to morphological changes in cancer cells, such as an 20. 
increase of chromatin content. Most of the LOH cases formed an 
incomplete pattern and deviated from the normal concentration of 

21. 
separate alleles. The p53 phenotype with LOH elicited non-LOH cells 
in the same cancer nodule. These abnormalities were not seen in the 
early phase of hepatocarcinogenesis and were introduced after mono- 

22. 
clonal growing of cancer cells had started. 

In cancer of the colon and some other organs, p53 transitional 23. 

mutations have been demonstrated to occur as late events (45-47). 
Therefore, the carcinogenesis of HCC in Japan, especially when the 24. 
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