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Abstract

AIM: To evaluate the association between p53 codon
72 polymorphism and liver cancer risk by means of
meta-analysis.

METHODS: Two investigators independently searched
the Medline, Embase and Chinese Biomedicine databas-
es. Summary odds ratios and 95% CI for p53 codon 72
polymorphism and liver cancer were calculated in fixed-
effects model (Mantel-Haenszel method) and random-
effects model (DerSimonian and Laird method) when
appropriate.

RESULTS: This meta-analysis included 1115 liver can-
cer cases and 1778 controls. The combined results
based on all studies showed that there was a statisti-
cally significant link between Pro/Pro genotype and liver
cancer, but not between Arg/Arg or Pro/Arg genotype
and liver cancer. When stratifying for race, similar re-
sults were obtained, i.e. patients with liver cancer had a
significantly higher frequency of Pro/Pro genotype than
non-cancer patients among Asians. After stratifying the
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various studies by control source, gender, family history
of liver cancer and chronic hepatitis virus infection, we
found that (1) patients among hospital-based studies
had a significantly higher frequency of Pro/Pro and a
significantly lower frequency of Arg/Arg genotype than
individuals without cancer; (2) female patients with liver
cancer had a significantly lower frequency of Arg/Arg
and a higher frequency of Pro/Arg+Pro/Pro genotypes
than female individuals without cancer; (3) subgroup
analyses for family history of liver cancer did not re-
veal any significant association between p53 codon 72
polymorphism and liver cancer development; and (4)
patients with negative hepatitis virus infection had a sig-
nificantly higher frequency of Pro/Pro and a significantly
lower frequency of Arg/Arg genotype than individuals
without cancer.

CONCLUSION: This meta-analysis suggests that the
p53 codon 72 polymorphism may be associated with
liver cancer among Asians.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Primary liver cancer is the sixth most common cancer in
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the world and the third most common cause of cancer
rnortalitym. A 2005 analysis of the worldwide incidence
of and mortality from cancer showed that 626 000 cases
of liver cancer occurred in 2002, 82% of which are from
developing countries and that 598000 patients die annu-
ally of this disease!.China alone accounts for 55% liver
cancer death worldwide. Moreover, the 5-year survival
rate was 8% in the United States during 1988-2001" 9%
in Europe during 1995-1999" and 5% in developing
countties in 2002". The major etiologies of hepatocellu-
lar carcinoma (HCC) include infection with hepatitis B vi-
rus (HBV) and hepatitis C virus (HCV), cigarette smoking,
alcohol drinking and aflatoxin B1 (AFB1) exposure/”.
However, not all individuals with exposure to the risk
factors develop cancer even after a long-term follow-up.
The pathogenesis of human HCC is a multistage process
with the involvement of a series of genes, including on-
cogenes and tumor suppressor genes.

The p53 tumor suppressor gene, located on chromo-
some 17p13, 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'”, A specific p53 mutation
at codon 249 in exon 7 was associated with AFBi-induced
HCC in certain areas of high AFB: contamination"". 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)"”. The
polymorphism occurs in the proline-rich domain of p53
protein, which is necessaty for the protein to fully induce
apoptosis. It is found that in cell lines containing induc-
ible versions of alleles encoding the Pro and Arg variants,
the Arg variant induces apoptosis more markedly than the
Pro variant"”. In other words, the two polymorphic vari-
ants of p53 are functionally distinct, and these differences
may influence cancer risk. The polymorphism consists
of a single base pair change of either arginine or proline
which creates 3 distinct genotypes: homozygous for argi-
nine (Arg/Arg), homozygous for proline (Pro/Pro) and a
heterozygote (Pro/Arg)"™". p53 codon 72 polymorphisms
have been reported to be associated with cancers of the
lung"™, esophagus"®, stomach'"”, colorectum, breast"”,
bladder™ and cervix".

In recent years, a number of case-control studies were
conducted to investigate the association between p53
codon 72 polymorphism and liver cancer susceptibility in
humans. But these studies reported conflicting results. No
quantitative summary of the evidence has ever been per-
formed. The purpose of this meta-analysis was to quanti-
tatively summarize the evidence for such a relationship.

MATERIALS AND METHODS

Literature search strategy

Search was applied to the following electronic databases:
Medline (from 1966 to September 2010), Embase (from
1950 to September 2010) and Chinese Biomedicine da-
tabases (from 1979 to September 2010). The following
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key words were used: “p53” or “codon 727, “liver” or
“hepatocellular”, “carcinoma” or “cancer” or “tumor”.
The search was without restriction in language, but with
restriction in the studies conducted in human subjects.
The reference lists of reviews and retrieved articles were
hand searched at the same time. We did not include ab-
stracts or unpublished reports. If more than one article
was published by the same author using the same case

series, we selected the study with the largest series.

Inclusion and exclusion criteria

We reviewed abstracts of all citations and retrieved stud-
ies. The following criteria were used to include published
studies: (1) evaluating the association between p53 codon
72 polymorphism and liver cancer; (2) case-control study;
and (3) sufficient genotype data were presented to cal-
culate the odds ratio (OR) with confidence interval (CI).
Major reasons for exclusion of studies were: (1) no con-
trol; (2) duplicate; and (3) no usable data reported.

Data extraction

All data were extracted independently by two reviewers
(Chen X and Liu F) according to the prespecified selec-
tion criteria. Disagreement was resolved by discussion.
The following data were extracted: the last name of the
first author, study design, publication year, statistical
methods, ethnicity of the population, genotyping meth-
ods, number of liver cancer cases and controls studied
and results of studies.

Statistical analysis

The statistical analysis was conducted using STATA 8.2
(Stata Corp LP, College Station, TX, USA), P < 0.05
was considered statistically significant. Dichotomous
data were presented as OR with 95% CI. Statistical het-
erogeneity was measured using the Q statistic test (P <
0.10 was considered statistically significant heterogene-
ity)*. Either a random- effects model (DerSimonian-
Laird method™) or fixed-effects model (Mantel-Haenszel
methodw) was used to calculate pooled effect estimates
in the presence or absence of heterogeneity, respectively.
To establish the effect of clinical heterogeneity among
the studies on the conclusions of this meta-analysis,
subgroup analyses were conducted based on race, study
design, gender, chronic hepatitis virus status and family
history of liver cancer patients. Several methods were
used to assess the potential for publication bias. Visual
inspection of funnel plot asymmetry was conducted.
The Begg’s rank correlation method™ and the Egger’s
weighted regression method”” were used to statistically
assess publication bias. P < 0.05 was considered statisti-
cally significant.

RESULTS

Study characteristics
There were 2248 papers relevant to the search words.
Through screening the title and reading the abstract and
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First author Design Yr Country Ethnicity Case/control Genotyping HWE
n Arg/Arg Arg/Pro Pro/Pro
Yu et al®™ HCC 1999 China Asian 80/328 28/112 35/141 17/75 PCR-RFLP 0.02
Angzola et al® HCC 2003 Spain Caucasian 97/111 46/65 47/42 4/4 PCR-SSCP 0.38
Leveri et al®™ PCC 2004 Italy Caucasian 86,/254 46/122 33/113 7/19 PCR-RFLP 0.30
Zhu et al®™ HCC 2005 China Asian 469/567 135/197 252/284 82/86 PCR-RFLP 0.32
Ezzikouri et al® PCC 2007 Morocco  Caucasian 96,222 52/129 31/79 13/14 PCR-RFLP 0.69
Yoon et al™ HCC 2008 Korea Asian 287/296 110/124 111/135 66/37 PCR-RFLP 0.98

HCC: Hospital-based case-control; PCC: Population-based case-control; PCR-RFLP: Polymerase chain reaction-restriction fragment length polymorphism;

PCR-SSCP: Single strand conformation polymorphism analysis of polymerase chain reaction products; HWE: Hardy-Weinberg equilibrium of genotypes in

control group. y -test is used, if P > 0.05, frequencies of genotypes in control group was in Hardy-Weinberg equilibrium.

Subgroups Arg/Arg P value Pro/Pro P value Pro/Arg P value Pro/Arg + P value
Pro/Pro
Race
Asian 0.83 (0.68-1.00) 0.543 1.35 (1.06-1.71) 0.048 1.00 (0.83-1.20) 0.120 NA NA
Caucasian 0.90 (0.67-1.20) 0.199 1.56 (0.91-2.69) 0.420 0.99 (0.73-1.33) 0.160 NA NA
Gender
Male 0.72 (0.47-1.09) 0.023 NA NA NA NA 1.39 (0.91-2.12) 0.023
Female 0.49 (0.26-0.94) 0.862 NA NA NA NA 2.03 (1.07-3.85) 0.862
Control source
HCC 0.80 (0.67-0.96) 0.575 1.34 (1.06-1.70) 0.106 1.04 (0.88-1.24) 0.094 NA NA
PCC 1.03 (0.73-1.45) 0.280 1.65 (0.92-2.79) 0.220 0.82 (0.57-1.17) 0.772 NA NA
Family history
Yes 0.32 (0.07-1.48) 0.667 NA NA NA NA 3.08 (0.67-14.08) 0.667
No 0.72 (0.28-1.81) 0.013 NA NA NA NA 1.39 (0.55-3.53) 0.013
Hepatitis virus infection
Positive 1.08 (0.75-1.56) 0.980 0.90 (0.56-1.44) 0.459 0.99 (0.70-1.40) 0.550 NA NA
Negative 0.55 (0.32-0.94) 0.204 2.07 (1.29-3.30) 0.373 1.19 (0.83-1.71) 0.338 NA NA

NA: Due to lack of data, meta-analyses cannot be performed. HCC: Hospital based case-control studies; PCC: Population based case-control studies. P

value for heterogeneity. If P < 0.10, random effect model was used; otherwise, fixed effect model was used.

the entire article, 12 cohort studies were identified” .

Six of them were excluded (four studies reported du-

licate data® " and three are not related to liver can-
cer[27‘28’37]). As a result, six studies™ " were selected,
including 1115 liver cancer cases and 1778 controls.
These studies were carried out in China, Spain, Italy, Mo-
rocco and Korea. Characteristics of the studies included
in the meta-analysis are presented in Table 1.

Quantitative data synthesis
The combined results based on all studies showed that
there was a statistically significant link between Pro/Pro
genotype and liver cancer (OR = 1.38, 95% CI: 1.11-1.72,
P = 0.004), but not between Arg/Arg ot Pro/Arg and liv-
er cancer (Arg/Arg, OR = 0.85, 95% CI: 0.72-1.00; Pro/
Arg, OR = 0.99, 95% CI: 0.85-1.16). When stratifying for
race, similar results were obtained, i.e. patients with liver
cancer had a significantly higher frequency of Pro/Pro
(OR = 1.35, 95% CI: 1.06-1.71, P = 0.014) genotype than
non-cancer patients among Asians (Figure 1).

When stratifying by control source, we found that
patients among hospital-based studies had a signifi-
cantly higher frequency of Pro/Pro (OR = 1.34, 95%
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CI: 1.06-1.70, P = 0.014) and a significantly lower fre-
quency of Arg/Arg (OR = 0.80, 95% CI: 0.67-0.96, P =
0.018) genotype than patients without cancer, but not in
population-based studies. When stratifying for gender,
we found that female patients with liver cancer had a sig-
nificantly lower frequency of Arg/Arg (OR = 0.49, 95%
CI: 0.26-0.94, P = 0.031) and a higher frequency of Pro/
Arg+Pro/Pro (OR = 2.03, 95% CI: 1.07-3.85, P = 0.031)
genotypes than female individuals without cancer. When
we stratified the various studies by family history of liver
cancet, no statistically significant results wete observed for
all the analyses. When stratifying by chronic hepatitis virus
status, we found that patients with negative hepatitis virus
infection had a significantly higher frequency of Pro/Pro
(OR = 2.07, 95% CI: 1.29-3.30, P = 0.002) and a signifi-
cantly lower frequency of Arg/Arg (OR = 0.55, 95% CIL
0.32-0.94, P = 0.028) genotype than individuals without
cancet, but not in patients with positive hepatitis virus in-
fection (Table 2).

Heterogeneity and publication bias

No statistically significant heterogeneity was observed
amonyg trials for all the analyses with the Q statistic (Arg/
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Figure 1 Meta-analysis of p53 codon 72 Arg/Arg (A), Pro/Pro (B) and Pro/Arg (C) and liver cancer risk.

Arg P = 0.458; Pro/Pro P = 0.152; Pro/Arg P = 0.161).
In addition, I’Abbe plots did not show evidence of
heterogeneity (Figure 2A). Review of funnel plots could

(4 9

TR
JBaishideng®

WJG | www.wjgnet.com

not rule out the potential for publication bias for all the
analyses. Publication bias was not evident when the Begg
rank correlation method (Arg/Arg P = 1.00; Pro/Pro P
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Figure 2 L'Abbe plots (A), Begg’s funnel plot (B) and Egger’s publication
bias plot (C) of p53 codon 72 polymorphism and liver cancer risk.

= 1.00; Pro/Arg P = 0.707) and the Egger weighted re-
gression method (Arg/Arg P = 0.440; Pro/Pro P = 0.995;
Pro/Arg P = 0.818) were used (Figure 2B and C).

DISCUSSION

Although many environmental factors are found to cor-
relate with the tumorigenesis of liver cancer™”, the risk
factors still need to be further elucidated. It has been
recognized that the most important risk factor for the de-
velopment of HCC is cirthosis”™. Chronic infections with
HBV and HCV are the most frequent causes of cirrhosis
worldwide. A large number of cohort and case-control
studies have shown that alcohol consumption causes liver

cirrhosis and is an independent risk factor for primary
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liver cancer®®*!, Epidemiological studies reported el-

evated HCC risks associated with exposure to aflatoxins
after adjustment for HBV exposure/., Cigarette smoking
has been causally associated with the risk of HCC**,
However, there are a portion of patients without known
risk factors who eventually developed liver cancer™, Pre-
vious studies had shown an interaction of environmental
factors and genetic predisposition in the development of
liver cancer”™™. Therefore, genetic predisposition may
contribute to the process of tumotigenesis.

A genetic predisposition to liver cancer has been sug-
gested by many studies' . Recent studies suggest that
single nucleotide polymorphism may be related to the
tumorigenesis of liver cancer™". The p53 gene and its
encoded protein controls cell cycle, cell growth and apop-
tosis, which has a common polymorphism at codon 72
of exon 4 that encodes either Pro or Arg. Until recently, a
number of studies have been conducted to find the rela-
tionship between p53 codon 72 polymorphism and liver
cancer risk. Most of these studies were based on small
sample sizes. Moreover, there are still some conflicting
results. As a powerful statistical method, meta-analysis can
provide a quantitative approach for pooling the results of
different researches on the same topic, and for estimating
and explaining their diversity™".

We found that Pro/Pro genotype had a 1.38-fold sta-
tistically significant increased risk of liver cancer in this
meta-analysis. When stratifying for race, patients with liver
cancer had a significantly higher frequency of Pro/Pro
genotype than individuals without cancer among Asians.
When stratifying the various studies by control source,
gender, family history of liver cancer and chronic hepati-
tis virus infection, we found that (1) patients in hospital-
based studies had a significantly higher frequency of
Pro/Pro and a significantly lower frequency of Arg/Arg
genotype than patients without cancer; (2) female patients
with liver cancer had a significantly lower frequency of
Arg/Arg and a higher frequency of Pro/Arg+Pro/Pro
genotypes than female individuals without cancer; (3)
subgroup analyses for family history of liver cancer did
not reveal any significant association between p53 codon
72 polymorphism and liver cancer development; and (4)
patients with negative hepatitis virus infection had a sig-
nificantly higher frequency of Pro/Pro and a significantly
lower frequency of Arg/Arg genotype than individuals
without cancet.

A number of studies have shown significant differ-
ences in the biochemical properties of the p53 protein,
depending on the particular polymorphic form. It has
been shown that the Arg/Arg and Pro/Pro vatiants dif-
fer in binding activity, transcriptional activation, apoptosis
induction and cell cycle arrest!™?. The p53 Arg vari-
ant induces apoptosis faster and more efficiently than
the p53 Pro variant”. One explanation of such higher
apoptotic potential is the greater ability of the Arg vari-
ant to localize to the mitochondria; this localization is ac-
companied by the proapoptotic release of cytochrome C
into the cytosol"”. In addition, p53 Arg72 is more active
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than p53 Pro72 in the induction of apoptosis through a
transcription-dependant pathway. Pim ez al”™ also found
that the Arg72 form of p53 is significantly more efficient
than the Pro72 form in inducing apoptosis. In contrast,
the Pro72 form appears to induce a higher level of G1
arrest than the Arg72 form. These data indicate that the
two polymorphic variants of p53 are functionally distinct,
and these differences may influence cancer risk. From our
meta-analyses, we found that patients with liver cancer
had a significantly higher frequency of Pro/Pro than non-
cancer patients (P = 0.004), which can be explained by the
points of view mentioned above.

Another major finding of this study was the different
associations of p53 codon 72 gene polymorphism with
the risk of liver cancer based on race. In fact, race-specific
variation in the distribution of genotypes in the p53 co-
don 72 polymorphism has been demonstrated””. Because
race may be related to the disease, cither through com-
mon risk factors or other genes in linkage disequilibrium
with p53, confounding by race, or population stratification,
may lead to tresult bias in studies conducted on ethni-
cally diverse populations that did not account for possible
confoundingm. In this subgroup analysis, the frequency
of Pro/Pro genotype showed distinct differences among
Asians and Caucasians. The pooled OR associated with
P53 codon 72 gene polymorphism was statistically signifi-
cant among Asians, but not in Caucasians. The discrep-
ancy might be due to genetic background and/or environ-
mental exposure differences.

Results of meta-analyses often depend on control
selection procedures™. Arg/Arg and Pro/Pro genotype
frequency might be different between the two control
sources (hospital-based and population-based) (Table 1).
In subgroup analysis stratified by the different study de-
signs, the hospital-based controls resulted in a significantly
stronger association between p53 Arg72 Pro polymor-
phism and development of liver cancer than population-
based controls.

It is widely accepted that family history of liver cancer
and chronic hepatitis virus infection are obvious risk fac-
tors for development of liver cancer. By pooling the avail-
able data that evaluated associations and interaction be-
tween p53 Arg72 Pro genotype and family history of liver
cancer risk, the p53 Arg72 Pro genotype was not found to
be associated with increased risk of liver cancer in those
either with or without family history of liver cancer. In-
terestingly, we found that patients with negative hepatitis
virus infection were at higher risk for liver cancer than pa-
tients with positive hepatitis virus infection. One explana-
tion for the preferentially increased liver cancer risk of the
p53 Arg72Pro polymorphism among hepatitis virus-neg-
ative but not hepatitis virus-positive subjects, is that the
effect of the Pro allele may be concealed by chronic HBV
infection since the relative risk of HCC among chronic
HBV carriers is 10-200-folds higher than among non-

. [57,58 .
cartiers’ Y. Moreover, we demonstrated that there is an
association between p53 Arg72Pro and enhanced risk of

liver cancer in female patients. Such differences between
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men and women have already been reported in colorectal
cancer, which were explained by exogenous hormones
intake"”, However, because of the limited study sample
size, these results should be interpreted with caution.

However, there are still some limitations in this meta-
analysis: (1) only published studies were included in the
meta-analysis; therefore, publication bias may have oc-
curred, even though the use of a statistical test did not
show it; (2) these results should be interpreted with
caution because the population from five countries and
controls were not uniform; (3) the number of cases and
controls in the included studies was low; and (4) meta-
analysis is a retrospective research that is subject to the
methodological limitations. In order to minimize the bias,
we developed a detailed protocol before initiating the
study, and performed a meticulous search for published
studies using explicit methods for study selection, data
extraction and data analysis. Nevertheless, our results still
should be interpreted with caution.

In conclusion, this meta-analysis suggests that the
p53 codon 72 polymorphism may be associated with liver
cancer, and that difference in genotype distribution may
be associated with race, gender and chronic hepatitis virus
status of patients. Due to limited number of cases in this
analysis, it is critical that larger and well-designed multi-
center studies based on the same ethnic group are needed
to confirm our results.

COMMENTS

Background

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). This change has been implicated as a risk factor for liver cancer,
but individual studies have been inconclusive or controversial. The aim of this
meta-analysis was to clarify the effect of p53 Arg72Pro polymorphism on the
risk of liver cancer.

Research frontiers

There have been many studies on the association between p53 genetic polymor-
phism Arg72Pro and liver cancer risk, but no meta-analysis has been conducted.

Innovations and breakthroughs

To the best of our knowledge, this is the first systematic review that has investi-
gated the association between p53 codon 72 polymorphisms and liver cancer.
This meta-analysis revealed that the p53 codon 72 polymorphism may be as-
sociated with liver cancer among Asians.

Applications

It can be seen from this paper that p53 polymorphism Arg72Pro could alter the
susceptibility to liver cancer. It suggests that, even a common variant in the
functional region of a definitively meaningful gene had an effect on human dis-
eases, such as cancer.

Terminology

Meta-analysis is a means of increasing the effective sample size under inves-
tigation through the pooling of data from individual association studies, thus
enhancing the statistical power of the analysis.

Peer review

The authors analyzed the association between p53 codon 72 polymorphism
and liver cancer susceptibility in humans through this meta-analysis, and
quantitatively summarized the evidence for such a relationship. They found that
patients with liver cancer had a significantly higher frequency of Pro/Pro than
non-cancer patients among Asians. Female patients with liver cancer had a sig-
nificantly lower frequency of Arg/Arg and a higher frequency of Pro/Arg+Pro/Pro
than female individuals without cancer.
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