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ABSTRACT

In a case-control study to evaluate the factors involved in the development of
hepatocellular carcinoma, polymorphisms of the p53 gene were compared in 68 cases
mostly infected with hepatitis C virus (HCV) and 68 controls matched for sex and age:
DNA from peripheral blood leukocytes was analyzed by the polymerase chain reaction-
single strand conformation polymorphism method and direct sequencing.
Polymorphisms analyzed were those in exon 4 (CCC vs. CGC, Pro vs. Arg at codon 72,
Al allele vs. A2 allele), intron 2 (C vs. G at nucleotide 38, Al vs. A2), intron 3 (C vs. A
at nucleotide 65, A1 vs. A2; absence and presence of 16 base pair repeat at nucleotides
24 to 39, A1 vs. A2), intron 6 (A vs. G at nucleotide 62, Al vs. A2) and intron 7 (C and
T vs. T and G at nucleotides 72 and 92, A1 vs. A2). A significantly higher frequency of
the allele for CCC (Pro, A1) at codon 72 of exon 4 was found in cases (39%) than in
controls (26%) (p<0.05). Highly significant linkage of the polymorphisms in exon 4,
intron 2, intron 3 and intron 7, and between the intron 3-16 bp duplication and
polymorphism in intron 6 also was found. Matched pair analysis showed significantly
higher frequencies of certain haplotypes (1-1-1-1-2-2 or 1-1-2-1-2-1 for exon 4, intron 2,
intron 3, the intron 3-16 bp duplication, intron 6 and intron 7) in cases than in controls
(p=0.014, OR=2.27, 95% CI= 1.08-5.12). No preference of specific p53 polymorphisms
for specific HCV genotype was detected.  These findings suggest that in
hepatocarcinogenesis mainly due to HCV infection, genetic factors may be involved and
that genetic markers can serve as predictors of a high-risk group for

hepatocarcinogenesis.

INTRODUCTION

Cancer prevention consists of three stages; primary prevention, i.e.,
intervention designed to reduce the risk of getting cancer, secondary prevention, i.e., the
early detection and treatment and tertiary prevention, i.e., the prevention of progression
of disability through palliative care focusing on quality of life. As for the
implementation of effective primary and secondary prevention, detection of high-risk
cancer groups is crucially important. High-risk indicators include chronic atrophic
gastritis or gastric dysphasia for stomach cancer, family and past histories of colon
cancer or polyps and inflammatory bowel diseases for colon cancer and hepatitis C or

hepatitis B virus (HCV or HBV) infection or liver cirrhosis for hepatocelluar carcinoma
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(HCC). Detection and quantification of environmental carcinogens bound to DNA in
human peripheral blood leukocytes or other tissues are also possible indicators of high-
risk. DNA adducts of aflatioxin B, (1), 4-aminobiphenyl or benz(a)pyrene (2) have been
found in human tissues and those of some cancer therapeutic agents such as mitomycin
C were also detecfed (3). DNA methylation is also extensively investigated in cancer
patients and smokers (4, 5).

Along with environmental factors the involvement of genetic factors is now
well documented (6). Not only for well-established hereditary forms of cancer such as
bilateral retinoblastoma, familial adenomatous polyposis or xeroderma pigmentosum
but also for some common cancers, relevant genes including HNPCC-related or BRCA
genes (7, 8) have been found. Genetic variations of some enzymes involved in the
metabolism of chemicals such as cytochromes, N-acetyltransferases, glutathione S-
transferases and aldehyde dehydrogenases are also thought to affect the development of
some cancers (9).

p53 tumor suppressor gene shows many somatic mutations in many cancers
(10, 11). Germ line alterations (genetic polymorphism) of this gene are also closely
related to certain types of cancers as in the Li-Fraumeni syndrome patients (12). Genetic
polymorphisms of this gene at various sites are also present in cancer patients not
categorized as Li-Fraumeni syndrome (13-15). We have analyzed polymorphisms of
p53 gene and others involved in the metabolism of chemicals in cases and controls
enrolled in a case control study for HCC done in Hyogo Prefecture where the incidence
of this cancer is relatively high. The aim of this study was to identify possible genetic

predictors of the high-risk group for hepatocellular carcinoma.

MATERIALS AND METHODS
Subjects

From the patients and hospitals controls enrolled in a case-control study for
HCC done in Hyogo Prefecture, 68 cases (51 males and 17 females) and the same
number of controls matched for sex and age (5 years) who did not have cancer and
were not infected with HBV or HCV were selected. Mean age +S.D. were 61.61+8.1

years for cases and 60.41+9.2 years for controls. Peripheral blood was drawn from
selected subjects after obtaining their oral informed consent.

This case-control study was done to evaluate the state of hepatitis virus
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infection; dietary, drinking and smoking habits; other life styles and the genetic factors
that control drinking and the metabolism of chemicals including genetic variants of
aldehyde dehydrogenase (ALDH) 2 and glutathione S-transferase (GST) MI. The
results of the study will be publish elsewhere.
Analysis of polymorphisms

Genomic DNA was extracted from peripheral blood by the phenol-chloroform
method. Polymorphisms in exon 4 (CCC vs. CGC, Pro vs. Arg at codon 72; Bst Ul
polymorphism) (16), intron 2 (C vs. G at nucleotide 38) (17), intron 3 (C vs. A at
nucleotide 65), intron 3-16 base pair repeat (at nucleotides 24 to 39) (18) and intron 7
(C and T vs. T and G at nucleotides 72 and 92) (19) of p53 gene were analyzed by the
polymerase chain reaction-single strand conformation polymorphism (PCR-SSCP)
method. And the polymorphism of intron 6 (A vs. G at nucleotide 62; Msp I
polymorphism) (20) was analyzed by the PCR-restriction fragment length
polymorphism method using Msp I.  Primers used for amplification of exon 4 were
obtained from CLONTECH Laboratories, Inc. (California, USA) and those for introns
were designed in the laboratory of the first author and synthesized at Life Technologies,
Inc. (Maryland, USA). To confirm the polymorphisms, some PCR products were
extracted from the gel and directly sequenced in an ABI PRISM™ 310 sequencer
(Perkin-Elmer Corporation, Connecticut, USA). Details of the procedures will be
published elsewhere.
Designation of alleles

Allele designation was based on previous publications; the Al allele is
designated for rare types in exon 4 (CCC or Pro) (21), intron 2 (C) (17) and intron 6 (A)
(20), and the A1 allele for wild types in the intron 3-16 bp repeat (absence) (18) and
intron 7 (C and T) (22). For the polymorphism in intron 3 found in the present study, the
Al allele is designated for wild type (C).
Statistical analysis

Genotype distributions were examined for significance in departure from
Hardy-Weinberg equilibrium. Haplotype frequencies were estimated according to the
principles outlined by Hill; i.e., the genotype frequency of the double-heterozygote class
was computed from other classes (23). The exact test of the matched pair method based

on sex and age (5 years) was used for the statistical analyses of the case-control
studies and odds ratios (OR) and the 95% confidence intervals (95% ClI) were



estimated.

RESULTS
Summary results of the case-control studv

Preliminary results with all the 108‘cases (89 males and 19 females) and 93
controls (63 males and 30 females) enrolled in the study showed that significantly
positive correlation with HCC was found with a history of blood transfusion in males
and females, family history of HCV hepatitis in males and bachelorhood in males.
Apparent but not significant correlation was detected with heavy drinking. No
difference was found with ALDH2 genotype distribution between cases and controls.
Of 75 cases and 98 controls, the numbers with null type of GSTM1 were 46 (61%) and
45 (46%) respectively, and these were significantly different with the odds ratio of 1.86
and 95% CI of 1.01-3.44 (to be published). In the 68 cases subjected to the p53
polymorphism analysis, 57 (84%) were positive for HCV antibody and only 5 were
positive for HBs antigen.
Results on p53 polymorphism

PCR-SSCP showed a novel polymorphism in intron 3. Direct sequencing of the
intron revealed that it had A instead of C at nucleotide 65 intron 3 (data not shown).

Table I shows the genotype distributions of polymorphisms and the Al allele
frequencies in exon 4 and introns 2, 3, 6 and 7. All the data showed a good fit to the
Hardy-Weinberg equilibrium, with no significant deviation from equilibrium at the 5%
level. When the distribution of each genotype was compared between cases and controls
there was no significant difference with any polymorphism. However, when the
numbers of alleles of the respective polymorphisms were compared the rare Al allele
was significantly higher in exon 4 of the cases. A similar result was obtained for intron 2,
but it was not significant at the 5% level by Fisher’s exact test. It was, however,
significant at p=0.039 by the chi-square test. No significant differences in the
distributions of polymorphism were detected in introns 3 to 7. It should be noted that
the distributions of polymorphisms in exon 4 and intron 2 were very close. The A2
allele in the intron 3-16 bp duplication and A1 allele in intron 6 are very rare in the
Japanese when compared with the Caucasian, as previously reported (24). Three
polymorphisms in exon 4 and introns 2 and 3 showed strong linkage disequilibrium and

the same was true for exon 4 and introns 2 and 7. Rare alleles in the intron 3-16 bp
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duplication and intron 6 (A2 for the intron 3-16 bp duplication and A1l for intron 6)
numbered only three each, but there was strong linkage disequilibrium with each other
(data not shown).

Estimated extended haplotype frequencies for the six polymorphisms are
shown in Table II. About 95% of the linkages are cla551ﬁed as three haplotypes; 2-2-1-
1-2-1, 1-1-1-1-2-2 and 1-1-2-1-2-1. It should be noted that almost all the sites with rare
alleles in exon 4 and intron 2 also showed a rare allele in intron 3 or 7, but never at both
sites.

Table III shows matched pair analysis with respect to the presence of the 1-1-1-
1-2-2 or 1-1-2-1-2-1 allele. The chromosomes individually have rare alleles in exon 4
and introns 2 and 7 or in exon 4 and introns 2 and 3, whereas they have common rare
alleles in exon 4 and intron 2. Matching was done by sex and age (5 years), and the
number of pairs counted for presence/absence of the above two types of chromosomes.
The number of pairs was 25 for cases (+)/controls (-) and 11 for cases (-)/controls (+),
showing a significant difference (p=0.014, OR=2.27, 95% CI=1.08-5.12). The rare
alleles (A1) in exon 4 and intron 2 may therefore be associated with high risk of
hepatocarcinogenesis.
P33 polymorphisms and HCV genotype

Of the 57 HCV positives among 68 cases, HCV genotypes of 52 were available.
The relationship of the p53 polymorphism in exon 4 to the HCV genotype is shown in
Table IV. For those with the 2-1 and 2-2 haplotypes, the HCV genotype distributions
were almost the same, 1b predominated followed by 2a. This is similar to the
distributions reported for Japanese HCV carriers (25). The numbers of 1-1 cases for
each HCV genotype were too few to make a statistical correlation. A very similar
tendency was found for the p53 polymorphisms in introns 2, 3 and 7, indicating absence

of preference of p53 polymorphisms for a specific HCV genotype.

DISCUSSION

HCC in Japan today is caused mostly by HCV infection (26), HBV infection as
the direct cause having significantly decreased (27). The drinking of alcohol is involved
in producing liver damage and carcinogenesis caused by HCV infection (28).
Compared with these extrinsic factors, the intrinsic or genetic factors relevant to

hepatocarcinogenesis have yet to be determined. Because evaluation of the genetic
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markers that may be involved in hepatocarcinogenesis was the purpose of our case-
control study the genetic polymorphism of some enzymes and p53 gene was selected.
Polymorphisms of p53 gene in relation to breast, lung, colorectal and cervical cancers
have already been investigated (13-15). p53 polymorphism in hepatocellular carcinoma
patients, howevef has not. In this study we found a significant increase in the number
of rare alleles in exon 4 (A1) at codon 72 (CCC) and intron 2 (Al) in DNA obtained
from peripheral blood leukocytes of HCC patients as compared with the DNA of the
control subjects. Although the difference was not very marked between the two groups
it may account for the genetic susceptibility of some individuals to
hepatocarcinogenesis. Most of the cases in this study were infected with HCV and some
with HBV. No marked difference in the distribution of polymorphisms in exon 4 or
intron 2 was found for those positive and negative for HCV antibody, but statistical
analysis was not possible due to the small number of seronegatives. The control subjects
were selected from individuals not infected with these hepatitis viruses, so it was not
possible to investigate whether the rare types of polymorphisms in exon 4 (Al) and
intron 2 (A1) of the p53 gene work preferentially at certain stages of the infection by or
proliferation of hepatitis viruses. We can only speculate that the polymorphisms of the
p53 gene may be involved in certain steps in hepatocarcinogenesis triggered by virus
infection or other égents. It is reasonable to conclude that the polymorphism in exon 4,
rather than that in intron 2, is responsible for this mechanism. Because the
polymorphisms in exon 4 and intron 2 were closely linked, the significant correlation of
the latter to hepatocarcinogenesis may simply be a phenomenon that derives from this
close linkage, although a germ line mutation outside the coding region of p53 may
possibly be suggested to affect this gene expression (29).

Significant correlations of the polymorphism at codon 72 (A1 allele, Pro type)
in exon 4 have been reported in lung (14) and breast (15) cancers. In uterine cervical
cancer associated with human papilloma virus (HPV), the A2 allele or Arg type of
polymorphism at this position is reported to predominate over that of the A1 or Pro type
and this is explained by the higher susceptibility of the Arg-type pS53 protein to
degradation by the E6 from HPV (30), but it is important to note that separate
observations have also been made (31, 32). In our study reported here, there was no
significant correlation for polymorphisms in intron 3, intron 3-16 bp duplication, intron

6 or in intron 7 alone.
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The association of the polymorphism in exon 4 or intron 2 with hepatocellular
carcinoma was statistically significant but was not of the all or none type. More genetic
markers associated with hepatocellular carcinoma may be needed to identify the high-
risk group. Even though the association of individual markers with this cancer may not
be marked, the association of many combined markers, including the genetic

polymorphisms in exon 4 and intron 2, should provide a good indicator of high risk.
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Table I. p53 genotypes and A1 allele frequencies in cases and controls. *

Polymorphism p53 genotype Allele frequency % *HW®
-1 2-1 22 Al P’
Exon 4 Cases 12 29 27 0390 0.038 0.727
Controls 7 22 39 0.265 1.940
Intron 2 Cases 12 29 27 0390 0.053 0.727
Controls 8 21 39 0.272 3.301
Intron 3 Cases 5 11 2 0.890 0.135 2.101
Controls 61 6 1 0.941 2.806
Intron 3- Cases 67 1 0 0993 0.624 0.004
16 bp dupl Controls 66 2 0 0.985 0.015
Intron 6 Cases 0 1 67 0.007 0.624 0.004
Controls o 2 66 0.015 0.015
Intron 7 Cases 36 27 5 0.728 0322 0.000
Controls 42 23 3 0.787 0.004

* Number of cases and controls was 68 each.
®p values are differences between the cases and controls: Fisher’s exact test.

°Chi-square values for deviation from Hardy-Weinberg proportions.
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Table II. Estimated extended haplotype frequencies in six p53 polymorphisms in cases

and controls.

Exon4 Intron2 Intron3 Intron3- Intron6 Intron7 Cases Controls

16 bp dupl
2 2 1 1 2 1 0.610 0.713
1 1 1 1 2 2 0.272 0.184
1 1 2 1 2 1 0.103 0.051
2 2 1 | 2 2 0.000 0.015
1 1 1 I 2 1 0.007 0.007
1 1 2 1 2 2 0.000 0.007
1 1 2 2 1 1 0.007 0.000
1 1 1 2 1 2 0.000 0.007
1 1 1 2 1 1 0.000 0.007
2 1 1 1 2 1 0.000 0.007
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Table 1II. Matched pair analysis with respect to the presence of 1-1-1-1-2-2 or

1-1-2-1-2-1 alleles in the order of exon 4, introns 2 and 3, intron 3-16 bp
duplication and introns 6 and 7.

Controls

+ -

+ 15 25
Cases

- 11 17

p =0.014, OR=2.27, 95% CI=1.08-5.12

Exact test of matched pair analysis using the F distribution gave p<0.025,
which is significant.

“4+” indicates the number of subjects with at least the 1-1-1-1-2-2 or 1-1-2-1-2-

1 allele and “-” the number of subjects bearing neither allele.



Table IV. Number of cases showing individual HCV genotypes for each type of

polymorphism in exon 4-of p53 gene.

HCV genotype
p53 genotype 1b 2a 2b 3 Total
1-1 2 2 1 1 6
2-1 18 1 1 24
22 16 5 0 1 22
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