
Abstract. Background/Aim: Transcatheter arterial chemo -
embolization (TACE) is one of the most widely used palliative
therapies for the unresectable hepatocellular carcinoma (HCC).
However, a large difference is found in prognosis among
patients treated with TACE. The aim of the present study was
to investigate the prognostic value of β-catenin in HCC patients
treated with TACE. Materials and Methods: Seventy patients
with HCC were included in this study. Expression of β-catenin
was determined by immunohistochemistry in biopsy samples
taken before TACE. The patients were treated with TACE and
followed-up. Clinicopathological parameters, progression-free
survival (PFS) and overall survival (OS) were evaluated to
analyze the association of β-catenin expression with prognosis
for HCC patients after TACE. Results: HCC patient biopsies
exhibited a significantly higher positive rate of β-catenin
expression (72.86%) compared to paracancer normal tissues
(19.44%) (p<0.01). β-Catenin expression was closely
correlated with tumor differentiation, tumor size, serum α-
fetoprotein (AFP) level and TACE treatment frequency (all
p<0.05). Patients with negative β-catenin expression had
longer PFS and OS after TACE compared to those with
positive β-catenin expression (PFS: 44.2 vs. 14.1 months,

p=0.004; OS: 56.4 vs. 35.9 months, p<0.001). Multivariate
Cox regression analysis indicated that β-catenin expression in
HCC patients treated with TACE was an independent
prognostic factor for higher PFS and OS. Conclusion: The
HCC patients with increased β-catenin expression have a poor
prognosis with lower survival rate.

Hepatocellular carcinoma (HCC) is one of the most common
and rapidly progressing cancers related to great fatality
worldwide (1, 2). Although the patients with HCC will be
treated with surgical resection, liver transplantation,
locoregional treatments and chemotherapy, HCC prognosis
remains poor because of its high chemo-resistance and
recurrence (3-5).

Transcatheter arterial chemoembolization (TACE) is used
for the treatment of HCC at an intermediate stage, improving
survival of patients (6). A previous report suggested that the
combination effect of sorafenib and TACE might contribute
to a better prognosis of HCC (7). A significant reduction in
tumor size could be achieved by TACE in HCC patients at
an advanced stage (8). However, the efficacy of TACE
treatment is limited, since distant metastasis and reduced
long-term survival are observed in HCC patients after TACE
(9, 10). Therefore, identification of reliable biomarkers that
can be used to predict prognosis of HCC patients would
contribute to a more effective clinical management of HCC
treatment with TACE.

Wnt/β-catenin pathway has been associated with the
development and progression of HCC (11, 12). β-Catenin
expression levels were reported to be correlated with
clinicopathological factors and poor survival rate in patients
with HCC (13, 14). However, the relationship between 
β-catenin expression and prognosis in hepatocellular
carcinoma (HCC) after TACE have not been reported.
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In this study we examined the prognostic value of 
β-catenin expression in HCC patients who underwent TACE
treatment with the aim to identify a new prognostic approach
for TACE treatment and improve the overall survival of
HCC patients. 

Methods and Materials

Patients. A total of 70 patients with intermediate or advanced HCC
were enrolled in this study. The patients had undergone TACE as
initial treatment at Nanjing Jinlin Hospital, between June 2009 and
March 2017. All patients were diagnosed with HCC by clinical
examination, dynamic computed tomography (CT) or magnetic
resonance imaging (MRI), α-fetoprotein (AFP) examination, and
puncture biopsy pathology prior to TACE treatment. The patients
were included according to following criteria: older than 18 years;
confirmed by puncture biopsy pathology; no indications for surgery
resection or the patients refused the surgical resection; capable of
action competence; no history of chemotherapy, radiotherapy or
other loco-regional therapy; signed the consent voluntarily; liver
function categorized to class C according to Child-Pugh
classification but improved to A after regular treatment. The
exclusion criteria were: severely damaged liver function, categorized
to class C; poor overall health status and unable to tolerate surgical
operation; other medical conditions such as diabetes, lung
dysfunction, impaired renal function and severe heart disease; blood
circulation and coagulation disorders; serious infection or local active
infection; large scale metastasis to multiple organs other than liver
and expected survival time less than 3 months. This study was
approved by the ethics committee of the Nanjing Jinlin Hospital.

Immunohistochemical analysis. Puncture biopsies were obtained
from each patient prior to TACE treatment. Thirty-six normal
paracarcinoma tissues were used as normal control. β-Catenin
protein expression was measured by immunohistochemical analysis
in formalin-fixed, paraffin-embedded tissue sections. Two serial
sections of 4 μm were cut from each block and placed onto Super
Frost Plus glass-slides (Thermo Fisher Scientific Gerhard Menzel,
Braunschweig, Germany). Following deparaffinization in xylene,
the slides were rehydrated and washed in Tris-buffered saline. The
endogenous peroxidase activity was quenched by 10 min incubation
in a mixture of 3% hydrogen peroxide solution in 100% methanol
(Sigma, St. Louis, MO, USA). Slides were cleared with Tris-
buffered saline and placed at room temperature for 1 h. They were
then incubated with monoclonal mouse antibody to human β-catenin
protein (Abcam, Fremont, CA, USA) at 1/100 dilution overnight at
4˚C. Phosphate-buffered saline was used instead of the primary
antibody as the negative control. After washing with pH 7.4
phosphate-buffered saline (PBS), the sections were incubated with
secondary antibody (Dako REAL EnVision Detection System,
Dako, UK) for 30 min at room temperature. Color development was
performed with 3, 3’-diaminobenzidine (DAB). Nuclei were lightly
counterstained with hematoxylin. The sections were examined
microscopically and interpreted in a blinded fashion by two
pathologists. Ten areas were randomly selected and counted at a
magnification of 200×. β-Catenin staining was evaluated
semiquantitatively on the basis of the percentage of positively
stained cells and classified as follows: 0, no staining or weak
staining in <10% of cells; 1+, weak immunostaining in 11%-30%

of cells; 2+, moderate immunostaining in 31%-50% of cells and 3+,
strong immunostaining in >50% of cells. The staining pattern was
either granular or diffuse. Scores of 0 and 1+ indicate a negative
tumor, while scores of 2+ and 3+ were regarded as positive.

TACE treatment. Liver and renal function tests, full blood count,
clotting profile, AFP, and viral hepatitis status were checked before
TACE. After local anesthesia through 5-10 ml 2% lidocaine (Bayer,
Leverkusen, Germany) injection 1 cm under inguinal ligament, TACE
was performed using the following procedures. Using 5 French
catheter, superior mesenteric and celiac arteriography was performed
initially to assess anatomy, tumor staining, and the tumor-feeding
artery. The microcatheter was positioned into or as close as possible
to the tumor feeding branch, followed by infusion of an emulsion of
30-50 mg of Pirarubicin Hydrochloride for Injection and 5 to 20 ml
of iodized oil (lipiodol; Guerbet, Aulnay sous Bois, France). The
amount of chemotherapeutic agents or lipiodol was determined based
on the tumor diameter, liver function, peripheral blood count, and
vasculature of the tumor. For some patients with large and
hypervascular tumors, gelatin sponge particles were used. TACE was
repeated at an interval of 1.5 to 3 months, usually until CT scans and
AFP levels suggested stabilization of the tumor.

Follow-up. Following TACE, patients were followed up with serum
AFP, blood routine, liver function, and enhanced CT or MRI with
an interval of 1 to 3 months. Patients were given subsequent TACE
treatment according to their clinical examinations. The median
follow-up period was 37.2 months (range=3.2-120.1) for survivors.
Progress-free survival (PFS) was defined from the date of initial
TACE treatment until the date of tumor growth >20% or new
metastasis. Overall survival (OS) was defined from the date of
initial TACE treatment until the date of death or last follow-up.

Statistical analysis. All analyses were performed with IBM SPSS
Statistics version 23.0 (Armonk, NY: IBM Corp.). Intergroup
comparisons of the clinical variables were analyzed using one-way
ANOVA analysis for continuous variables and chi-square test for
discrete variables. Survival curves were calculated using the Kaplan–
Meier method and compared by the log-rank test. Furthermore, Cox
proportional hazard models and logistic regression models were used
for the multivariate analysis concerning survival times and the
association of β-catenin expression status with clinicopathological
variables, respectively. All p-values were two-sided, with p<0.05
considered to indicate statistical significance.

Results
Increased expression of β-catenin in HCC tissues.
Expression level of β-catenin was determined with
immunohistochemistry in HCC and normal paracancer liver
tissues from each patient prior to TACE treatment. As shown
in Figure 1 and Table I, HCC tissues exhibited a significantly
higher positive rate of β-catenin expression (72.86%)
compared to the paracancer tissues (19.44%) (p<0.01).

The relationship between β-catenin expression and the
clinicopathologic features of HCC. In order to better understand
the relationship between β-catenin expression and prognosis in
HCC patients treated with TACE, the association of β-catenin
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Figure 2. Kaplan–Meier survival analysis of patients treated with TACE (n=70) according to the level of β-catenin expression, using the median
level as cut off. Overall survival of the patients with positive (n=51) and negative (n=19) β-catenin expression (log-rank, p=0.004) (A). Progression-
free survival of the patients with positive (n=51) and negative (n=19) β-catenin expression (log-rank, p<0.001) (B). 

Figure 1. Representative immunohistochemistry staining for β-catenin expression in hepatocellular carcinoma (HCC) and paracancer tisssues. 
β-Catenin expression in paracancer tissue; magnification 200× (A). β-Catenin expression in paracancer tissue; magnification 400× (B). β-Catenin
expression in HCC tissue; magnification 200× (C). D: β-catenin expression in HCC tissue; magnification 400× (D).



expression with clinicopathological parameters was analyzed. As
shown in Table II, the percentage of patients positive for 
β-catenin was higher among the patients with poor
differentiation than among patients with well/moderate
differentiation (p<0.01). The expression of β-catenin was also
positively correlated with tumor size >5 cm and AFP >400 ng/ml
(p<0.01), as well as with TACE treatment frequency >5 times
(p<0.01). Finally, no relationship was found between β-catenin
expression level and patient gender, age, or Child-Pugh class
(p>0.05). 

β-Catenin expression is associated with prognosis in HCC
patients treated with TACE. To investigate whether β-catenin
could be used to predict prognosis after TACE treatment in
HCC patients, the Kaplan–Meier method was performed.
Survival analysis indicated that patients negative for β-
catenin expression had a longer post-TACE PFS compared
to those positive for β-catenin expression (44.2 vs. 14.1
months, p=0.004; Figure 2A). Furthermore, the patients with
negative β-catenin expression had a longer post-TACE OS
compared to those with positive β-catenin expression (56.4
vs. 35.9 months, p<0.001; Figure 2B).

Multivariate analysis was performed using the Cox
proportional hazards model to analyze the prognostic value
of β-catenin expression; only β-catenin expression was
associated with increased PFS and OS (Table III). AFP level,
surgery, pre-treatment tumor size, differentiation, gender, age
and TACE treatment frequency did not significantly correlate
with either PFS or OS. β-Catenin expression in HCC patients
treated with TACE was an independent prognostic factor for
higher PFS [Hazard ratio (HR)=4.184, 95% confidence
interval (CI)=1.522-11.504, p=0.006] and OS (HR=4.479,
95% CI=2.247-8.925, p=0.000).

Discussion

The present study is the first to demonstrate an association
between β-catenin expression and HCC prognosis after
TACE treatment. It was previously reported that inhibition
of the Wnt/β-catenin signaling pathway improves therapeutic
effect of TACE by restraining the migration and invasion,
and promoting apoptosis of HCC cells in a rat model of

HCC, indicating the Wnt/β-catenin signaling pathway might
play a crucial role in the prognosis of TACE in patients with
HCC (15). However, the clinical investigation for the
relationship between β-catenin expression and prognosis of
HCC after TACE has not been explored.

TACE is one of the most widely used palliative therapies
for the unresectable HCC (16, 17). TACE exerts an
anticancer effect by selectively blocking the arterial blood
supply of HCC (18). Two randomized trials showed the
survival benefit for the patients with inoperable HCC and the
compensated liver function upon receiving TACE treatment
(10, 19). However, large difference in prognosis was found
among patients treated with TACE (18, 20). Therefore,
finding a reliable molecular biomarker and method to predict
prognosis post-TACE treatment becomes imperative as it is
critical for the selection of HCC patients and planning of
TACE treatment strategy. 

Previous studies have reported that serum vascular
endothelial growth factor (VEGF) and C-reactive protein (CRP)
levels combined with enhanced MRI might serve as markers for
efficacy and prognosis evaluation in HCC patients treated with
TACE. Low levels of serum VEGF and CRP, small tumor size
and low apparent diffusion coeffcient (ADC) value before
treatment indicated a better prognosis after TACE (21).
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Table I. β-Catenin protein expression in carcinoma and normal
paracancer liver tissues.

Tissue type          N             β-catenin expression             χ2          p-Value

                                          Negative          Positive
                                            N (%)              N (%)                                

Carcinoma           70       19 (27.14%)    51 (72.86%)   27.373     <0.0001
Paracancer           36       29 (80.55%)      7 (19.44%)         

Table II. Association of β-catenin protein expression with
clinicopathological characteristics in hepatocellular carcinoma
patients.

Characteristic                    β-Catenin expression (n=70)

                                              Negative            Positive              p-Value

Gender
   Male                                        13                       28                     0.415
   Female                                       6                       23
Age
   >50                                          15                       35                     0.554
   <50                                            4                       16
Child-Pugh class
   A                                              16                       46
   B                                                3                         5                     0.674
Differentiation
   Well/moderate                         17                         7
   Poor                                           2                       44                     0.000
Tumor size
   <5 cm                                      15                       18
   >5 cm                                        4                       33                     0.001
TACE frequency 
   <5                                            16                       11
   >5                                              3                       40                     0.000
AFP level (ng/ml)
   <400                                        14                       19
   >400                                          5                       32                     0.008

TACE, Transcatheter arterial chemoembolization; AFP, α-fetoprotein.



Moreover, it has been demonstrated that glutamine synthetase
(GS) could predict adjuvant TACE response in HCC. Patients
with a low GS expression who received postoperative adjuvant
TACE showed a better OS (22). Regulation of COX-2
expression and epithelial–to–mesenchymal transition by
hypoxia-inducible factor-1α is associated with poor prognosis
in HCC patients post TACE surgery (23). Furthermore, a
previous report suggested prognostic significance of serum
procalcitonin in patients with unresectable HCC treated with
TACE (24). However, more biomarkers for better prognosis
prediction of TACE still need to be explored. It was reported
that TACE might induce significant neoangiogenetic reaction
by an increase in VEGF and b-FGF following treatment, which
may affect survival of patients (25). The Wnt/β-catenin
signaling pathway was found to regulate the protein expression
of the angiogenic factors, MMP-2, MMP-9, VEGF-A, VEGF-
C, and bFGF in HCC cells (26). Therefore, we hypothesized
that both Wnt/β-catenin signaling pathway and TACE may
influence HCC outcome, and hence, investigated β-catenin as
a biomarker for HCC prognosis after TACE. The present study
is the first to demonstrate that β-catenin expression is associated
with prognosis in HCC patients treated with TACE, suggesting
that β-catenin is worth to be further investigated for its potential
as a molecular biomarker for prognosis prediction after TACE
treatment.

In conclusion, expression of β-catenin is increased in
HCC tissues and is related to poor differentiation, larger
tumor size and higher AFP level. The HCC patients with
increased β-catenin expression have a high TACE treatment
frequency and poor prognosis. 
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