
• BRIEF REPORTS •

Homozygosity for Pro of p53 Arg72Pro as a potential risk factor for

hepatocellular carcinoma in Chinese population

Zhong-Zheng Zhu, Wen-Ming Cong, Shu-Fang Liu, Hui Dong, Guan-Shan Zhu, Meng-Chao Wu

PO Box 2345, Beijing 100023, China                                                                                                                                                                              World J Gastroenterol  2005;11(2):289-292

Fax: +86-10-85381893                                                                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327

E-mail: wjg@wjgnet.com     www.wjgnet.com                                                                                                                                     © 2005 The WJG Press and Elsevier Inc. All rights reserved.
ELSEVIER

Zhong-Zheng Zhu, Wen-Ming Cong, Hui Dong, Meng-Chao Wu,
Department of Pathology, Eastern Hepatobiliary Surgery Hospital,
Second Military Medical University, Shanghai 200438, China
Shu-Fang Liu, HealthDigit Company Limited, Shanghai 200233, China
Guan-Shan Zhu, Department of Infectious Diseases, Changhai
Hospital, Second Military Medical University, Shanghai 200433,
China, and National Institute on Alcohol Abuse and Alcoholism,
National Institutes of Health, Rockville, Maryland 20852, USA
Supported by  the National Natural Science Foundation of China,
No. 30370645, and by the Hundred Leading Scientists Program of the
Public Health Sector of Shanghai, No. 98BR007
Correspondence to: Professor Wen-Ming Cong, Department of
Pathology, Eastern Hepatobiliary Surgery Hospital, Second Military
Medical University, Shanghai 200438, China.  wmcong@smmu.edu.cn
Telephone: +86-21-25070860
Received: 2004-03-15    Accepted: 2004-04-05

Abstract
AIM: Codon 72 exon 4 polymorphism (Arg72Pro) of the
p53 gene has been implicated in cancer risk. Our objective
was to investigate the possible association between p53
Arg72Pro polymorphism and susceptibility to hepatocellular
carcinoma (HCC) among Chinese population.

METHODS: The p53 Arg72Pro genotypes were determined
by PCR-based restriction fragment length polymorphism
(RFLP) analysis in 507 HCC cases and 541 controls. Odds
ratios (ORs) for HCC and 95% confidence intervals (CIs)
from unconditional logistic regression models were used
to evaluate relative risks. Potential risk factors were
included in the logistic regression models as covariates in
the multivariate analyses on genotype and HCC.

RESULTS: The frequencies for Pro and Arg alleles were
44.5%, 55.5% in HCC cases, and 40.3% and 59.7% in
controls, respectively. The Pro allele was significantly
associated with the presence of HCC (P = 0.05) and had a
higher risk for HCC (OR = 1.19, 95% CI 1.00-1.41) as
compared with the Arg allele. After adjusted for potential
risk factors, Arg/Pro heterozygotes had an 1.21-fold increased
risk (95% CI 0.82-1.78, P = 0.34) of HCC compared with
Arg homozygotes, whereas the risk for Pro homozygotes
was 1.79 (95% CI 1.06-3.01, P = 0.03) times higher than
that for Arg homozygotes. Pro-allele carriers had a higher
relative risk of HCC than the Arg-only carriers (adjusted
OR = 1.33, 95% CI 0.92-1.92, P = 0.13), although the
difference was not statistically significant.

CONCLUSION: Homozygosity for Pro of p53 Arg72Pro is
potentially one of the genetic risk factors for HCC in Chinese
population. The p53 Arg72Pro polymorphism may be used
as a stratification marker in screening individuals at a high
risk of HCC.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
malignant neoplasms worldwide with most cases exhibited in
southeast Asia and tropical Africa[1]. In mainland China, the
mortality rate of HCC is 337 for men and 123 for women per
million people and both rank top in the world[2]. Furthermore,
the age-adjusted death rate of HCC is still increasing in both
rural and urban areas of mainland China[3].
       Etiologically, HCC is a complex and multifactorial disease
that is linked to both viral and chemical carcinogens. Major
etiologic factors include infection with HBV and HCV, cigarette
smoking, alcohol drinking and AFB1 exposure[4-9]. However,
not all individuals with exposure to risk factors develop cancer
even after a long-term follow-up indicating that susceptibility
to HCC is mediated by genetically determined differences.
Germline polymorphisms of several genes, most of which encode
for xenobiotic metabolizing enzymes (cytochrome P450, glutathione
S-transferase, N-acetyltransferase 2, microsomal epoxide hydrolase,
and uridine 5’-diphosphate-glucuronosyltransferases)[10-14],
have been studied as potential risk factors for HCC. However,
the pathogenesis of human HCC is a multistage process with
the involvement of a series of genes, including oncogenes and
tumor suppressor genes. Germline polymorphisms of these
genes may also determine individual susceptibility to HCC.
       The p53 tumor suppressor gene is of critical importance for
the regulation of cell cycle and maintenance of genomic integrity.
Loss of p53 function has been suggested to be a critical step in
multistage hepatocarcinogenesis[15]. The wild-type p53 gene
exhibits a polymorphism at codon 72 in exon 4, with a single
nucleotide change that causes a substitution of proline for
arginine (Arg72Pro)[16]. The Arg72Pro polymorphism is located
in a proline-rich region (residues 64-92) of the p53 protein, where
the 72Pro amino acid constitutes one of five PXXP motifs
resembling a SH3 binding domain. The region is required for
the growth suppression and apoptosis mediated by p53 but
not for cell cycle arrest. The two polymorphic variants of wild-
type p53 have been shown to have some different biochemical
and biological properties[17]. Since Storey et al (1998) established
an association of p53 Arg72Pro with cervical cancer, the p53
polymorphism has been studied as a risk factor in various
cancers with inconsistent results[18-29].
    To investigate the possible association between p53
Arg72Pro polymorphism and susceptibility to HCC, we
conducted a hospital-based case-control study in a large-size
sample of Chinese population.

MATERIALS AND METHODS

Patients
Five hundred and seven cases of HCC and 541 controls were



recruited from the Eastern Hepatobiliary Surgery Hospital,
Shanghai, China, during the period from February 1999 to May
2003. Controls were subjects with intrahepatic stones (n = 207),
cavernous hemangioma (n = 238), and other benign liver diseases
(n = 96). Informed consent was obtained from all study subjects.
All individuals received surgeries on liver and liver tissues
were available, including formalin-fixed and paraffin-embedded
archival samples (193 HCC and 291 controls) and formalin-fixed
samples (314 HCC and 250 controls), for DNA isolation. For
each formalin-fixed and paraffin-embedded archival sample, five
7-m-thick sections were obtained for microdissection-based
extraction of genomic DNA. Two flanking sections, 4 m,
hematoxylin and eosin-stained, were prepared to ensure the
composition of histological components. One pathologist (Dr.
WM Cong) assessed all patients and assigned non-tumor and
tumor areas on 4-m slides (non-tumor areas were used in
analyses). For each formalin-fixed sample, non-tumor liver tissues
were obtained within one week after operation, and stored at
-80 ℃ until examination. All pathological diagnoses were reviewed
by the same pathologist. Genomic DNA was isolated from the
liver tissues using standard phenol-chloroform methods.
       Information on age, sex, cigarette smoking, alcohol drinking,
HBsAg status, anti-HCV status and family history of HCC in
first-degree relatives was obtained from the hospital registration.

Genotyping of p53 Arg72Pro polymorphism
The genotypes of p53 Arg72Pro were determined using PCR-
based restriction fragment length polymorphism (RFLP) method.
The PCR primers used for amplifying the polymorphism region
were: forward, 5’-TTGCCGTCCCAAGCAATGGATGA-3’;
reverse, 5’-TCTGGGAAGGGACAGAAGATGAC-3’. PCR
condition was 2 min at 94 ℃, followed by 35 cycles of 30 s at
94 ℃, 30 s at 60 ℃, and 30 s at 72 ℃, and with a final extension
at 72 ℃ for 7 min. A 10-L aliquot of PCR product was digested
overnight at 60 ℃ in a 15-L reaction volume containing 10 units
of BstU I (New England BioLabs). After overnight digestion,
the fragments were separated by electrophoresis on a vertical
90 g/L non-denaturing polyacrylamide gel at 120 V for 45 min,
stained with ethidium bromide. Homozygotes for Pro were
represented by a DNA band with the size of 199 bp, whereas
Arg homozygotes were represented by DNA bands with sizes
of 113 bp and 86 bp. Heterozygotes displayed a combination of
both alleles (199, 113, and 86 bp) (Figure 1). Negative and
positive controls were assessed during analysis to ensure that

PCR products were not contaminated and that the enzyme
digestion worked correctly. In addition, laboratory personnel
were kept blind as to group status, and the extent of random
misclassification was controlled through randomly genotyping
100 samples twice.

Figure 1  Non-denaturing polyacrylamide gel electrophoresis of
p53 Arg72Pro region PCR products digested with BstU I. M: 100-
bp DNA ladder, 1: Arg/Pro heterozygote, 2: Pro homozygote, 3:
Arg homozygote.

Statistical analysis
Odds ratios (ORs) for HCC and 95% confidence intervals (CIs)
from unconditional logistic regression models were used to
evaluate relative risks. t-test was used to evaluate the age difference
between groups. In the multivariate analyses on genotype and
HCC, potential risk factors including sex, age, cigarette smoking,
alcohol drinking, HBsAg status, anti-HCV status and family
history of HCC in first-degree relatives were included in the
logistic regression models as covariates. All the above analyses
were performed using SPSS 10.0 software (SPSS, Chicago, IL).
Hardy-Weinberg equilibrium (HWE) tests and allele-specific
OR were performed using website-based software at http://ihg.
gsf.de/ihg/snps.html.

RESULTS
There were a total of 507 HCC cases and 541 controls in this
study. The distribution of the p53 Arg72Pro genotypes in HCC
cases and controls, and the genotype- and allele-specific ORs
for HCC are shown in Table 1. Male, cigarette smoking, HBsAg-

Table 1  Frequency distributions and odds ratios of multiple risk factors in 507 HCC cases and 541 controls

     HCC case  Control Crude     Adjusted
Risk factor             Variable      P

         n (%)      n (%)        OR (95% CI)   OR (95% CI)1

p53 Arg72Pro Arg      563 (55.5) 646 (59.7)     1.0

Pro      451 (44.5) 436 (40.3)     1.19 (1.00-1.41)   0.05

Arg/Arg      145 (28.6) 188 (34.8)     1.0 1.0
Arg/Pro      273 (53.8) 270 (49.9)     1.31 (1.00-1.73) 1.21 (0.82-1.78)   0.34

Pro/Pro        89 (17.6)   83 (15.3)     1.39 (0.96-2.01) 1.79 (1.06-3.01)   0.03

Sex Female        73 (14.4) 278 (51.4)     1.0 1.0
Male      434 (85.6) 263 (48.6)     6.28 (4.66-8.48) 4.97 (3.28-7.52) <0.001

Cigarette smoking No      288 (56.8) 437 (80.8)     1.0 1.0

Yes      219 (43.2) 104 (19.2)     3.20 (2.42-4.21) 1.90 (1.19-3.02) <0.01
Alcohol drinking No      304 (60.0) 446 (82.4)     1.0 1.0

Yes      203 (40.0)   95 (17.6)     3.13 (2.36-4.16) 1.20 (0.75-1.93)   0.44

HBsAg Negative      137 (27.0) 445 (82.3)     1.0 1.0
Positive      370 (73.0)   96 (17.7)   12.52 (9.32-16.82)           16.83 (11.53-24.56) <0.001

Anti-HCV Negative      469 (92.5) 527 (97.4)     1.0 1.0

Positive        38 (7.5)   14 (2.6)     3.05 (1.63-5.69) 7.29 (3.17-16.80) <0.001
Family history2 No      433 (85.4) 532 (98.3)     1.0 1.0

Yes        74 (14.6)     9 (1.7)   10.07 (5.00-20.33) 9.47 (3.92-22.90) <0.001

1All the variables in the table and age were included in the logistic regression model; 2Family history of HCC in first-degree relatives.
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positive, anti-HCV-positive and family history of HCC in first-
degree relatives were also significant risk factors for developing
HCC. No significant association with HCC was found for alcohol
drinking. The age (mean±SD) of HCC cases and controls were
50.3±11.6 and 44.7±10.8 years respectively (P<0.001). We have
randomly genotyped 100 samples twice and got concordant results.
      The frequencies of the three genotypes were as follows:
Arg/Arg 34.8%, Arg/Pro 49.9% and Pro/Pro 15.3% in controls and
Arg/Arg 28.6%, Arg/Pro 53.8% and Pro/Pro 17.6% in HCC cases
respectively. Based on these data, the frequencies for Pro and
Arg alleles were 44.5%, 55.5% in HCC cases, and 40.3% and
59.7% in controls, respectively. The Pro allele was significantly
associated with the presence of HCC (P = 0.05) and had a higher
risk for HCC (OR = 1.19, 95% CI 1.00-1.41) as compared to the
Arg allele. Genotype distributions were in HWE for controls,
but not for HCC cases (P = 0.04) with marginally statistical
significance. The genotype frequencies in our control group
were similar to those reported by other authors in Chinese
population[22,30].
      No overall association between p53 Arg72Pro genotypes
and HCC was observed. However, particular genotypic frequencies
were different in HCC cases and controls. After adjusted for
potential risk factors, Arg/Pro heterozygotes had an 1.21-fold
increased risk of HCC compared to Arg homozygotes, whereas
the risk for Pro homozygotes was 1.79 (95% CI 1.06-3.01, P = 0.03)
times higher than that for Arg homozygotes. Pro-allele carriers
had a higher relative risk of HCC compared to Arg-only carriers,
although the difference was not statistically significant.
     It is also important to elucidate the frequency of loss of
heterozygosity (LOH) in HCC using tissues out of the liver as
referencing materials since the surrounding non-cancerous
liver tissues used as referencing materials might have already
accumulated genetic alterations. Thus, we also examined genotypes
of p53 Arg72Pro in blood DNA of a part of our HCC patients
homozygous for the Arg or the Pro allele (33 and 21 cases,
respectively). No LOH was detected in this locus.

DISCUSSION

The p53 gene is one of the most extensively studied human
genes because of its role as a tumor suppressor gene. Its diverse
functions include DNA binding, cell cycle control, DNA repair,
differentiation, genomic plasticity, and apoptosis[31]. Thus, the
overall function of p53 is to maintain genomic integrity as a
whole, providing a protective effect against tumorigenesis. Wild
type p53 is polymorphic at codon 72 in human populations and
it has been reported that homozygosity for Pro of p53 Arg72Pro
is potentially a risk factor for cancers of the lung, esophagus,
stomach, breast, nasopharynx, urothelium, and prostate[23-29].
In this study, we used PCR-based RFLP method to analyze the
p53 Arg72Pro polymorphism in HCC among the Chinese
population.
      We found that the Pro allele was significantly associated
with the presence of HCC and that carriers of the Pro, or the
“risk allele”, had an 1.33-fold increased risk of HCC compared
to Arg-only carriers, without statistical significance. Arg/Pro
heterozygotes of the p53 polymorphism had an 1.21-fold
increased risk of HCC compared to Arg homozygotes. Pro
homozygotes had an 1.79-fold increased risk of HCC with
statistical significance. This large epidemiological study
suggests that homozygosity for Pro of p53 Arg72Pro is
potentially one of the genetic risk factors for HCC in Chinese
population. The p53 Arg72Pro polymorphism may be used as a
stratification marker in screening individuals at a high risk of HCC.
     There have been two case-control studies conducted to
examine the association between p53 Arg72Pro and HCC[32,33].

A significant association between Pro allele and HCC in HBsAg-
positive males with chronic liver diseases or family history of
HCC was reported in a Taiwanese case-control study conducted
by Yu et al[32]. However, no overall increased frequency of the
Pro allele was observed in HCC cases in that study. One possible
explanation is that the effect of Pro allele of p53 Arg72Pro
polymorphism might be masked by the stronger tumorigenic
effect of chronic HBV infection. A recent case-control study
performed in Spain by Anzola et al[33] failed to observe any
association between p53 Arg72Pro and HCC. The inconsistency
in the association could be attributable to ethnic difference,
since the study by Anzola et al was performed in a Caucasian
population, while the study by Yu et al, as well as the current
study, were performed in an Asian population.
       The hypothesized relationship of the p53 polymorphism to
cancer susceptibility has been unclear. It was reported that
these two polymorphic variants of wild type p53 differ in E6-
mediated degradation, transcription activation and induction
of apoptosis[17]. Recent studies indicated that the Arg allele is
preferentially mutated and retained in various human cancers
arising in Pro/Arg heterozygotes, and that the p53 mutant is a
more potent inhibitor of p73 when p53 has Arg in codon 72 rather
than Pro[33-36]. These findings suggest that this polymorphism acts
as an intragenic modifier of mutant p53 behavior and has an
effect on the biological activity of p53. However, results of other
studies show that the polymorphism does not influence protein-
protein interaction (p53mut-p53WT or p53mut-p73WT)[37,38].
Thus, the implications of the p53 polymorphism in cancer
development require further study. We must also consider the
possibility that the p53 Arg72Pro is simply in a state of linkage
disequilibrium (LD) with an as-yet-unidentified functional locus.
The highest cancer risk figures have been reported in intronic
polymorphisms (MspI RFLPs in intron 6 and a 16-bp duplication
in intron 3) in p53 gene suggesting that the mechanism
underlying these associations might be a locus which is in LD
with p53 Arg72Pro polymorphism rather than direct functional
involvement of the Arg/Pro substitution itself[20,21].
    The p53 Arg72Pro polymorphism displays a similar
association pattern in HCC compared with previously examined
esophageal and lung cancer patients from the Chinese population,
in which the risk of Pro homozygotes for cancer was about 2 times
against Arg homozygotes[22,24,39]. Taken together, there might
be, at least in Chinese population, a common genetic basis for
the pathogenesis of these different cancers.
       In summary, homozygosity for Pro of p53 Arg72Pro is
potentially one of the genetic risk factors for HCC in Chinese
population. The p53 Arg72Pro polymorphism may be used as a
stratification marker in screening individuals at a high risk of
HCC.
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