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p-catenin mutation is correlated with a favorable prognosis
in patients with hepatocellular carcinoma
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Abstract. The B-catenin gene is frequently mutated in patients
with hepatocellular carcinoma (HCC) and has long been
thought to be one of the major oncogenes involved in the hepa-
tocarcinogenesis. The prognostic role of -catenin mutation
in HCC remains unclear. To address this issue, a search for
relevant studies was performed in the PubMed, Embase and
Web of Science databases. The pooled effect was calculated
from the available data to evaluate the correlation of [3-catenin
mutation with overall survival rate and tumor clinicopatho-
logical features in patients with HCC. The pooled odds ratio
(OR) was calculated using the Mantel-Haenszel model for
fixed effects. Three studies met the inclusion criteria. A total of
618 cases were included, and 3-catenin mutation was identified
in 104 of them. The meta-analysis revealed that the presence of
[-catenin mutation (n=104), compared with the control group
(n=514), was correlated with a longer overall survival rate
[OR, 0.33; 95% confidence interval (CI),0.21-0.53; P<0.00001]
in patients with HCC. No significant heterogeneity was found
among the eligible studies (I>=0%; P=0.72). §-catenin mutation
was correlated with a relatively lower rate of hepatitis B virus
infection (OR, 0.36; 95% CI, 0.21-0.61; P=0.0002), improved
tumor differentiation (OR, 0.32; 95% CI, 0.19-0.56; P<0.0001)
and a lower tumor-node-metastasis stage (I+II) (OR, 0.23;
95% CI, 0.14-0.38; P<0.00001). These findings suggest that
[-catenin mutation may predict a favorable prognosis in
patients with HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common
malignancy and the third most frequent cause of cancer-related
fatality worldwide (1). It is estimated that 750,000 new
cases occur globally per year, half of which are reported
in China (2,3). Infection with hepatitis B virus (HBV) or
hepatitis C virus (HCV) is thought to be the most frequent
etiology of HCC (4). Additionally, interaction of aflatoxin Bl
(AFB) exposure with HBV infection is believed to increase
the prevalence of HCC (5). Tobacco, alcohol and obesity are
also co-morbidity risk factors for HCC (6,7). However, envi-
ronmental contributing factors can only partially explain the
pathogenesis of HCC.

Hepatocarcinogenesis is a complex multistep process
involving numerous signaling pathways (8). The signaling
pathways, linked to distinct categories, such as proliferation,
apoptosis, metabolism, splicing, chromatin biology and cell
cycle, play crucial roles in the development of HCC (9). The
Wnt-f-catenin signaling pathway regulates various processes
that are important for cancer progression, including tumor
initiation, growth, survival, migration, differentiation and
apoptosis (10). Hyperactivation of this signaling pathway,
stimulated by upstream molecules, occurs in a third of all
HCCs and represents the major oncogenic driver (11).

[-catenin, the central hub of the canonical Wnt signaling
pathway, has several biological functions that are referred
to as oncogenic activities (12). Over the past few decades,
numerous studies have explored the genetic profiles associated
with cancer predisposition, and a high frequency of 3-catenin
mutation in HCC has been reported (13-17). According to
the latest findings from whole-genome research in HCC
patients, the -catenin gene is the most frequently mutated
oncogene (18). Additionally, several studies have shown that
crosstalk between mutant f-catenin and other oncogenes or
tumor suppressor genes, such as H-ras and Met, was involved
in tumorigenesis in the liver (19,20). In addition, it has been
shown that a molecular subclass specific to f-catenin mutation
in HCC was associated with certain clinical characteris-
tics (21,22). These previous studies indicate the importance
of B-catenin mutation in the initiation and progression of
HCC. Howeyver, limited evidence has indicated an association
between B-catenin mutation and the survival rate in HCC



WANG et al: PROGNOSTIC SIGNIFICANCE OF -CATENIN MUTATION IN HCC

patients, and the prognostic significance of 3-catenin mutation
in HCC patients remains unclear.

In the present study, a meta-analysis was performed of the
published studies to investigate the prognostic significance
of B-catenin mutation in HCC cases. The results showed that
[-catenin mutation is correlated with favorable prognosis in
HCC patients.

Materials and methods

Search strategy. Aa search of the PubMed, Embase and Web
of Science databases was performed for the relevant studies
published until September 1, 2014. The databases were
searched using the following algorithm without language
limits: (‘B-catenin’” OR ‘beta-catenin’ OR ‘CTNNBI1’) and
(‘prognosis’ or ‘prognostic’ or ‘survival’) and ("(HCC’ or
‘hepatocellular neoplasm’ or ‘liver cancer’ or ‘HCC’). All the
references cited in the relevant studies were used to identify
additional eligible studies. For further full-text review and
data extraction, only studies in English were included.

Inclusion and exclusion criteria. Studies were included in
the present meta-analysis if they met the following inclusion
criteria: i) Studies were written in the English language,
ii) patients were diagnosed with HCC by pathological exami-
nation, iii) the samples used for the mutational analysis were
obtained from surgical tumor tissue specimens, iv) 3-catenin
mutation was detected, and v) data were sufficient for the esti-
mation of the hazard ratio (HR) or odds ratio (OR) and their
respective 95% confidence intervals (CIs).

The following studies were excluded: i) Non-English
publications; ii) reviews, letters, case reports and conference
abstracts without original data; iii) duplications of previous
studies and replicated samples; and iv) studies from which
sufficient data could not be extracted.

Data extraction and quality assessment. Two investigators
(Z Wang and YY Sheng) screened the included studies and
independently extracted the raw data from all the eligible
studies. For each study, the following information was collected:
First author name, publication date, number of patients, gender
of patients, tumor-node-metastasis stage, tumor differentia-
tion, research technique, definition of -catenin mutation and
overall survival. Study quality was assessed independently by
two investigators (Z. Wang and Y.Y. Sheng) according to the
Newcastle-Ottawa scale (23). Disagreements were settled by
discussion among the authors.

Statistical analysis. Outcomes of the eligible studies were
analyzed in Review Manager Version 5.2. The statistical
methods used were in accordance with the Cochrane Handbook
for Systematic Review of Interventions (Version 5.1.0, updated
March 2011).

The dichotomous variables were analyzed by estimating
the OR and 95% CI. The statistical method used was the
Mantel-Haenszel fixed-effects model. The I* value was
calculated to evaluate the heterogeneity of the study, and
heterogeneity was considered present if the I? statistic was
=50%. All the P-values were found by a two-sided test and
P<0.05 was considered to indicate a statistically significant
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Figure 1. Flowchart of the selection process for the meta-analysis.

difference. A funnel plot was used to evaluate the potential
publication bias.

Results

Description of studies. A flow diagram illustrating the search
and selection criteria is provided in Fig. 1. The initial search
strategy yielded 699 studies. On the basis of the titles and
abstracts, 677 studies (including 88 reviews, 40 conference
papers, 21 animal studies, 52 cell line studies and 476 studies
that had no association with the present study) were excluded.
Following screening of the full text, 4 studies were excluded
that were unavailable, 1 was not written in English and 14 did
not provide useful data. Three studies with a total number
of 618 patients (104 with (3-catenin mutations and 514 with
wild-type B-catenin) were ultimately included in the analysis.
Their characteristics are summarized in Table I. The studies
in the meta-analysis were published between 2000 and 2011.
Polymerase chain reaction (PCR) and DNA sequencing were
used to detect B-catenin mutations. The association between
[-catenin mutation and overall survival rate was investigated,
and the end-point of follow-up was set at 5 years in all the
studies.

Quality assessment. Each of the 3 studies eligible for analysis
was assessed according to the 'Newcastle-Ottawa Scale
(NOS) for assessing the quality of non-randomized studies in
meta-analyses' standard. The NOS has 8 items categorized in
three dimensions: Selection, comparability and exposure. A
study can be awarded a maximum of 1 star for each numbered
item within the selection and exposure categories, and a
maximum of 2 stars in the comparability category. In total,
quality scores range from O to 9 stars, and a study with a score
of =6 is defined as a high-quality study. On the basis of the
NOS, all 3 studies included in the meta-analysis were of high
quality (Table I).

Impact of B-catenin mutation on the overall survival rate
in HCC patients. Among the included studies, the f-catenin
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Table I. Characteristics of the studies included in the meta-analysis.

First author Year Patients Comparison 3-catenin mutation detection Mutation, % Outcome measures Quality score* (Refs.)

Hsu 2000 366 Wild-type DNA-sequencing
Mao 2001 66 Wild-type DNA-sequencing
Yuan 2011 186 Wild-type DNA-sequencing

12.8 5-year OS 7 stars 25)
454 5-year OS 6 stars 27
14.5 5-year OS 7 stars (26)

*Quality of studies was assessed according to the 'Newcastle-Ottawa Scale for assessing the quality of non-randomized studies in meta-analyses'

standard, and the number of stars was assigned.
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Figure 2. Forest plots. The results of the meta-analysis for (A) 5-year overall survival; (B) hepatitis B virus infection; (C) tumor differentiation; and

(D) tumor-node-metastasis stage. CI, confidence interval.

mutation rate ranged from 12.8-44.4%, and the mean inci-
dence of B-catenin mutation was 16.6%. The majority of
mutations occurred at the phosphorylation sites for GSK-3f3
binding in exon 3. The meta-analysis was conducted to assess
the association between [3-catenin mutation and the overall
survival rate of HCC patients. The pooled OR was 0.33
(95% CI, 0.21-0.53; Z=4.58; P<0.00001) (Fig. 2A). The I*
test (I’=0%; P=0.72) showed no significant heterogeneity
between the 3 included studies. This result indicated that
[B-catenin mutation was correlated with a favorable prognosis
in patients with HCC.

Correlation of -catenin mutation with clinicopathological
parameters. Two of the studies evaluated the correlation
of B-catenin mutation with HBV infection. The pooled OR
was 0.36 (95% CI, 0.21-0.61; Z=3.77, P=0.0002) (Fig. 2B)
without heterogeneity (I>=0%; P=0.88). This result indicated
that (3-catenin mutation occurred more frequently in patients
who were negative for HBV. Additionally, 2 studies assessed
the correlation between B-catenin mutation and tumor
differentiation. The pooled OR was 0.32 (95% CI, 0.19-0.56;
7=4.06; P<0.0001) (Fig. 2C), suggesting that -catenin muta-
tion was associated with well-differentiated tumors. The
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Figure 3. Funnel plot for the assessment of publication bias. SE, standard
error; OR, odds ratio.

incidence of B-catenin mutation was significantly higher in
stage I+II carcinomas compared to stage III+IV carcinomas
(OR, 0.23; 95% CI, 0.14-0.38; Z=5.78; P<0.00001) (Fig. 2D).
Thus, p-catenin mutation was correlated with a subset
of well-differentiated, low-stage HCCs in HBV-negative
patients.

Publication bias. A funnel plot assessment was performed
(Fig. 3), which indicated that no significant publication bias
existed for the studies included in the meta-analysis.

Discussion

The Wnt signaling pathway plays a crucial role in the patho-
genesis of HCC, and (-catenin serves as the core component
of this pathway (24). The association between [-catenin
mutation and prognosis in HCC patients was first reported
in 2000 (25). Since then, however, few studies have further
explored this area (26,27). Therefore, it is necessary to analyze
the existing data regarding B-catenin mutation in HCCs
to draw a reasonable conclusion regarding its prognostic
significance. The present systematic meta-analysis assessed
comprehensive evidence regarding the prognostic significance
of B-catenin mutation in HCC patients who received surgical
treatment. The results suggest that the presence of -catenin
mutation predicts a favorable prognosis in HCC patients,
which provides useful information for decision-making in the
treatment of HCC.

B-catenin, a multifunctional cytoplasmic protein, is
maintained at a low steady-state level in the absence of Wnt
signaling. Alterations of the Wnt-f3-catenin pathway are
involved in the pathogenesis of HCC. [3-catenin mutation,
which is highly frequent in patients with HCC, can influence
the proliferation, motility, apoptosis and senescence of cancer
cells (28). It has been previously shown that 3-catenin mutation
was more frequent in small colorectal adenomas compared
to larger adenomas and invasive carcinomas (29) and that it
was associated with good clinical outcomes in ovarian carci-
noma (30). These observations are consistent with the present
finding that (3-catenin mutation was significantly associated
with a relatively good prognosis in HCC cases. Based on the
findings of these previous studies, investigators have studied
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and identified possible mechanisms involved in this phenom-
enon. The studies by Sekine er al (31,32) demonstrated that
a P-catenin loss-of-function mutation affected glutamine
synthesis pathway activity in mice and, thus, delayed hepato-
cyte proliferation following partial hepatectomy. Additionally,
Apte et al (33) reported that (3-catenin mutation, cooperating
with the hepatocyte growth factor-mediated signaling pathway,
impaired liver growth and minimized the pathogenesis of
HCC. In addition, Harada et al (34) found that (3-catenin
gain-of-function mutations did not induce hepatocarcinogen-
esis in a mice model. These results may partially account for
the correlation of f-catenin mutation with a longer survival
rate in HCC.

The present results also demonstrated that 3-catenin muta-
tion occurred more frequently in HBV-negative patients. This
finding was supported by recent studies of whole-genome
sequencing in HCC, confirming that the rate of f-catenin
mutation was much higher in HCV-related HCC compared
to HBV-related HCC (17,35,36). Additionally, the association
between [3-catenin mutation and clinicopathological features
of HCC was analyzed and -catenin mutation was associated
with improved tumor differentiation and a lower tumor stage.
The improved tumor differentiation and lower tumor stage
may indicate a relatively lower primary tumor aggressiveness
and a decreased probability of metastasis. This result is consis-
tent with the present finding that B-catenin mutation predicts a
favorable prognosis in HCC.

To avoid a potential influence of the studies with insuf-
ficient data on the reliability of this systematic review, only
high-quality studies with large sample sizes (=100) were
included in the meta-analysis, as these factors offer a more reli-
able analysis. In addition, all of the samples for the 3-catenin
mutation analysis were obtained from surgical tumor tissue
specimens and the end-point of follow-up was set at 5 years in
all the eligible studies. Furthermore, the combined analysis of
the studies yielded similar results to those of the meta-analysis
of all the eligible studies. This result demonstrated that
the systematic review is propitious for the production and
application of clinical evidence. As the participants in the
meta-analysis were mostly from Asia, these findings may
be more generally applicable to Asian patients. Therefore,
to obtain a better understanding of the precise prognostic
significance of f-catenin mutation, additional, large prospec-
tive studies with similar methods to those presented should be
conducted.

Although the association between [3-catenin mutation and
patient prognosis in HCC was comprehensively evaluated,
limitations exist in the present meta-analysis. First, the number
of eligible studies included in the study was limited. Second,
no unpublished studies were found. There was a possibility of
publication bias, although the funnel plot showed no signifi-
cant bias. Third, studies in languages other than English were
excluded. The risk of language bias should be considered, but
it may not lead to significant bias in the assessment of inter-
ventional effectiveness.

In conclusion, the present study indicated that the $-catenin
mutation is correlated with a favorable prognosis and specific
clinicopathological features in patients with HCC. As there is a
paucity of evidence to clearly explain this finding, more scientific
research is required to investigate the prognostic importance of
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[-catenin mutation among HCC patients, which may inform the
choice of new adjunctive therapy for HCC cases.
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