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Summary

Purpose: As a conserved cellular stress response, autophagy 
has recently been demonstrated to be involved in the patho-
genesis of several human cancers. Beclin-1 is an important 
autophagy gene that is abnormally expressed in a variety of 
human cancers. In this study, we investigated the expression 
of Beclin-1 in Hepatocellular Carcinoma (HCC).

Methods: A total of 83 patients with primary HCC were 
enrolled in this study. The expression of Beclin-1, PCNA, 
NET-1, Bcl-2, and Bax was measured in tissue microarray, 
including 83 cases of HCC and 46 adjacent non-tumor liver 
tissues. The association of the expression of Beclin-1 with 
clinicopathological features as well as PCNA, NET-1, Bcl-2, 
and Bax were analyzed.

Results: The positive rate of Beclin-1 in HCC tissues was 
significantly lower than that in adjacent tissues (x2=4.013, 

p=0.012). Beclin-1 expression in HCC tissues was nega-
tively correlated with the expression of PCNA, NET-1, and 
anti-apoptotic protein Bcl-2, but positively correlated with 
pro-apoptotic protein Bax expression. Meanwhile, Beclin-1 
expression was negatively correlated with HCC Edmond-
son grading (p=0.0058). Furthermore, Beclin-1 expression 
was significantly lower in HCC patients with liver cirrhosis 
(p=0.029) or vascular invasion (p=0.011) than those in HCC 
patients without cirrhosis or vascular invasion.

Conclusion: Decreased expression of Beclin-1 was observed 
in HCC tissues and negatively correlated with HCC Edmond-
son grading, suggesting that Beclin-1 might be a valuable 
prognostic indicator for HCC.

Key words: Beclin-1, hepatocellular carcinoma, clinico-
pathological features 

Introduction

 Liver cancer (LC) is the sixth most common 
cancer and the third leading cause of cancer-related 
death in the world. In 2008, there were 749,000 
new cases of LC, with an estimated 696,000 deaths 
around the world [1]. Hepatocellular carcinoma 
(HCC) is one of the most common liver cancers, as 
well as one of the most common malignant tumors 
in the world [2]. Currently, hepatectomy is the most 
common treatment for HCC and one of the most ef-
fective surgical intervention to achieve a long-term 
survival [3]. Most HCC patients are diagnosed with 
potential hepatic dysfunction in advanced stage [4], 

with a very poor prognoses due to a low survival 
rate. Although it is reported that several numerator 
elements and histological features are associated 
with the prognosis of HCC [5], more effective bio-
markers are necessary for predicting the clinical 
outcomes of HCC patients.
 Autophagy is a genetic programming process 
that can recycle the long-lived proteins or damaged 
organelles [5]. Several studies have shown that au-
tophagy plays an important role in the occurrence 
and development of cancer [6]. However, the role of 
autophagy in the growth and metastasis of human 
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cancers is not fully clear. Therefore, autophagy 
has become a focus in cancer research [7,8]. The 
loss of autophagy may promote the tumor pro-
gression through promoting the genomic damage 
and instability. About 30 specific genes that regu-
late autophagy have been identified in yeast, 16 
of which are homologous genes [9]. Among these 
genes, Beclin-1 plays a key role in autophagy in 
mammals [10], which is a counterpart of the yeast 
Atg6 gene in mammals, and a part of the type III 
phosphatidylinositol 3-kinase complex required 
for the formation of autophagic vesicles [11,12]. 
Beclin-1 is found to be abnormally expressed in 
human melanoma [13], colon cancer [14], ovarian 
cancer [15], and brain cancer [16]. 
 This study aimed to investigate the expression 
of Beclin-1 in LC tissues and its correlations with 
clinicopathological features and prognosis.

Methods 

Patients and follow-up

 A total of 83 HCC patients followed up at the Sixth 
People’s Hospital of Qingdao from January 2010 to 
December 2011 were selected. They all suffered from 
primary HCC and had not received prior treatment for 
HCC but had undergone surgery as initial therapy. All 
patients were followed up regularly. HCC diagnosis was 
confirmed via histopathology. A total of 46 non-cancer 
liver tissues from 83 HCC patients were used as negative 
controls. This study was approved by the ethics commit-
tee at the Sixth People’s Hospital of Qingdao and all the 
enrolled objects had signed informed consent.

Test reagents

 Envision + peroxidase blocking solution was pur-
chased from DakoCytomation (Glostrup, Denmark). 
Mouse anti-human monoclonal antibodies [proliferating 
cell nuclear antigen (PCNA), NET-1, B-cell lymphoma-2 
(Bcl-2), Bcl-2 associated X protein (Bax), and Survivin] 
were purchased from Zymed Laboratories (Carlsbad, CA, 
USA). DAKO Envision + /horseradish peroxidase (HRP) 
system was bought from DAKO (DAKO, Carpinteria, CA, 
USA). Diaminobenzidine (DAB) kit interleukin (IL)-1-
9032 was bought from Fuzhou Maxim Biotech Co., Ltd 
(Fujian, Fuzhou, China). 

Tissue microarray (TMA)

 The tissue microarray was constructed according 
to the method of Qun (patent number: ZL 2008 10022 
170.4) and the specific method is as follows: All HCC 
tissues were stained with Hematoxylin-Eosin (HE) and 
then examined by two pathologists. Representative ar-
eas without necrotic and hemorrhagic materials were 
marked on the paraffin block. Two cylindrical tissue 
cores with a diameter of 1.6 mm were removed from 
the donor block and transferred into the recipient paraf-
fin block and the planar array locations were recorded. 
A total of three different TMAs was constructed, each 

containing more than 100 cylinders. Finally, TMA con-
sisted of 83 HCC tissues and 46 adjacent non-cancerous 
tissues (ANT). Serial sections with a thickness of 4 μm 
were cut from ANT and placed on a microscope slide for 
immunohistochemical staining.

Immunohistochemical staining

 After 5 μm-thick sections were fixed by formalin and 
embedded into paraffin, Beclin-1, PCNA, NET-1, Bcl-2, 
Bax, and surviving cancer cells were detected by Envi-
sion + /DAB analytical method. A total of 10 TMA serial 
sections were prepared from each TMA and stained. Par-
affin sections were dewaxed in xylene and treated with 
microwave. Then the slide was placed into 10 mM sodi-
um citrate buffer (pH 6.0), heated in boiling water for 10 
min, cooled at room temperature for 20 min, incubated 
with Envision + peroxidase blocking solution for 5 min 
and washed with 0.05% Tris Buffered Saline Tween-20 
(TBST) (pH 7.4). Then the primary antibody was added 
onto the slide for incubation at room temperature for 
30 min. Following this, the slide was washed again with 
TBST (pH 7.4), followed by detection using DAKO Envi-
sion + /HRP system. Sections were cultured with DAB for 
15 min and slightly counterstained with hematoxylin. 
PCNA and Bcl-2, and Beclin-1, NET-1, and Bax in HCC 
and cytoplasm were used as positive controls, while TBS 
in the same concentration, instead of primary antibody, 
was used as negative control.

Staining pattern and evaluation

 Positive staining intensity and percentage of cy-
toplasm /nucleus in the whole cylinder were scored 
blindly by two independent investigators, who did not 
previously know the clinical information . The immuno-
competence distribution was graded as follows: grade 0 
(<5%), grade 1 (5-25%), grade 2 (25-50%), grade 3 (50-
75%), and grade 4 (>75%), respectively. The positive 
staining intensity was divided into 4 grades as follows: 
grade 0 (no staining), grade 1 (weak), grade 2 (moderate), 
and grade 3 (severe), respectively. The two grades were 
multiplied with each other. The final expression scores 
of Beclin-1, PCNA, NET-1, Bcl-2, Bax, and Survivin were 
calculated and the positive percentage integral value 
was multiplied with the staining intensity score (0-12 
points). The intratumoral protein expression is defined 
as follows: negative (-) (0 points), low expression (+) (1-6 
points), and high expression (++) (> 6 points).

Western blotting analysis

 TMA HCC tissues and ANT were taken, lysed with 
lysis buffer, and centrifuged at 12000 g and 4°C for 10 
min. The supernatant was collected to extract the to-
tal protein. The concentration of protein was measured 
using the Bicinchoninic Acid (BCA) method. Total pro-
tein extracting solution and 5 × protein loading buffer 
were mixed evenly at a volume ratio of 1:5, treated with 
boiling water bath for 15 min and naturally cooled at 
4°C. The corresponding Sodium Dodecyl Sulfate Poly-
acrylamide Gel Electrophoresis (SDS-PAGE) separation 
gel was prepared according to the molecular weight of 
target protein. Denatured protein samples were added 
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into the loading wells for loading based on the protein 
concentration and the total protein content in each well 
was kept the same. The electrophoresis was performed 
under constant pressure of 220 V until the bromophenol 
blue reached the bottom of gel. According to the molecu-
lar weight of target protein, the gel was cut and placed 
into transfer buffer. A layer of Polyvinylidene Fluoride 
(PVDF) membrane and six layers of filter paper were cut 
according to the size of gel. PVDF membrane was im-
mersed into the methanol for 10 s first and then PVDF 
membrane and filter paper were placed into the transfer 
buffer. Then the positive pole - three layers of filter pa-
per - PVDF membrane – gel - three layers of filter paper 
- negative pole were placed on the membrane transfer 
instrument in order. Their edges should be aligned to 
prevent blistering. After the membrane transfer under 
constant pressure of 60 V for 1 h, the PVDF membrane 
attached with protein was sealed using 5% skim milk 
powder on a shaking table at 4°C overnight. The sealed 
membrane was washed with TBST for 10 min and in-
cubated in the corresponding primary antibody at 4°C 
overnight. After the membrane was washed with TBST 
for 3 times (10 min/time), it was incubated using the 
corresponding secondary antibody on a shaking table 
at room temperature for 3 h and it was washed again 
with TBST for 3 times (10 min/time). Reagent A and 
B in Electrochemiluminescence (ECL) kit were evenly 
mixed at a volume ratio of 1:1 and added dropwise onto 
the PVDF membrane, followed by color development in 
a dark place for 1 min. The excess liquid around the 

membrane was sucked dry with the filter paper. Then 
the membrane was placed into the gel imager, followed 
by photography under the dynamic integral mode and 
observation of results. Lab Works 4.6 professional image 
analysis software was used to analyze the images.

Statistics

 Data were analyzed using GraphPad Prism 5 soft-
ware and shown as mean ± standard deviation (SD). 
Follow-up time was from the first postoperative day to 
death. The follow-up period ranged from 12 to 60 months 
(median 48.1). The last follow-up date was January 2016. 
Overall survival (OS) referred to survival between sur-
gery and date of death. The correlations of Beclin-1 ex-
pression with cell proliferation-related proteins (PCNA 
and NET-1), apoptosis-related proteins (Bcl-2 and Bax), 
and clinicopathological characteristics (Edmondson 
grading) were analyzed by Spearman rank correlation 
test. P <0.05 was considered statistically significant.

Results

Beclin-1 expressions in HCC and ANT 

 Among the 83 patients there were 66 (79.5%) 
males and 17 (20.5%) aged from 22 to 76 years 
(median 47). The expression of Beclin-1 in 83 LC 
tissues and 46 non-cancer tissues was detected 
by immunohistochemical staining, showing a

Sample n Beclin-1 expression

-(%) +(%) ++(%)

Liver cancer tissues 83 21 46 15 x2=4.013

Non-cancer tissues 46 4 27 15 p=0.012

Table 1. Expression of Beclin-1 in liver cancer tissues and non-cancer tissues

Figure 1. Immunohistochemical staining analysis of the expression of Beclin-1 in liver cancer tissues (A) and non-
cancer tissues (B). (original magnification×400). The Figure shows that the level of Beclin-1 in liver cancer tissues was 
significantly increased compared to that in non-cancer tissues.

A B
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significantly lower positive rate of Beclin-1 expres-
sion in LC tissues than that in non-cancer tissues 
(x2=4.013, p=0.012) (Table 1 and Figure 1). 

Association of Beclin-1 expression with clinicopatho-
logical features of HCC

 To investigate whether the expression of Be-
clin-1 was associated with the clinicopathological 
features of HCC, we performed correlative analysis 
and showed that the expression of Beclin-1 in tu-
mor tissues was negatively correlated with HCC Ed-
mondson grading (p=0.0058) (Figure 2A) as demon-
strated by significantly higher positive expression 
of Beclin-1 in Edmondson grade I-II (79.5%, 31/39) 
than that in grade III-IV in HCC (54.5%, 24/44). 
Similarly, the positive expression rate of Beclin-1 
in HCC patients with liver cirrhosis (66.7%, 48/72) 
was significantly lower than that in patients with-
out liver cirrhosis (81.8%, 9/11) (p=0.0028) (Fig-
ure 2B). Moreover, the expression of Beclin-1 was 
negatively correlated with HCC in patients with 
liver cirrhosis (p=0.029). The positive expression 
rate of Beclin-1 in HCC patients with vascular inva-
sion displayed a significantly lower positive rate of 
Beclin-1 (39.1%, 9/23) compared with that in HCC 

patients without vascular invasion (75.0%, 45/60) 
(p=0.011) (Figure 2C). Taken together, these data 
suggest that abnormal expression of Beclin-1 was 
associated with the clinicopathological features of 
HCC. 

Expressions of Beclin-1, and proliferation- and apop-
tosis-related proteins

 Western blot analysis showed that the expres-
sion levels of Beclin-1 and Bax in HCC were sig-
nificantly lower than those in ANT (p=0.038 and 
0.014) (Figure 3A and 3B). However, the expression 
levels of proliferation- and apoptosis-related pro-
teins (PNCA, NET-1 and Bcl-2) in HCC were signifi-
cantly higher than those in ANT (p=0.033, 0.024 
and 0.009) (Figure 3C-E).

Correlations of Beclin-1 expression with proliferation- 
and apoptosis-related proteins in HCC 

 Correlation analyses showed that Beclin-1 ex-
pression was negatively correlated with the expres-
sions of PCNA, NET-1, and Bcl-2 (r=-0.559, -0.548 
and -0.456; p<0.001) (Figure 4A-C), but positively 
correlated with the expression of Bax (r=0.568, 
p=0.027) (Figure 4D).

Figure 2. Associations of Beclin-1 expression with clinicopathological features of HCC. (A): HCC Edmondson grading; 
(B): HCC with or without liver cirrhosis; (C): HCC with or without vascular invasion.
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Figure 3. Expression of Beclin-1 (A), Bax (B), PCNA (C), NET-1 (D) and Bcl-2 (E) in HCC and ANT. HCC tumor tissues 
and adjacent non-tumor tissues (ANT) were isolated followed by extraction of protein for measuring the expression of 
Beclin-1, Bax, PCNA, NET-1 and Bcl-2 by western blot. The Figure shows that Beclin-1 and Bax protein were remarkably 
reduced in HCC tumor tissues compared to the adjacent non-tumor tissues, with evident increase of PNCA, NET-1 and 
Bcl-2 expressions.
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Discussion

 Autophagy is a strictly-regulated catabolic 
process that involves the degradation of intracel-
lular components by lysosomes during cell growth, 
development, and tumorigenesis [17]. The effect 
of autophagy in tumorigenesis is bi-directional. In 
the tumor microenvironment, autophagy acts as 
a means of temporary survival responding to the 
metabolic stress. However, as cell stress continues 
to lead to sustained or progressive autophagy, cell 
death will ensue. In addition, new evidence shows 
the autophagy characteristics in cells treated with 
chemotherapeutic agents. Whether the high-level 
autophagy induced by cytotoxic drugs is consid-
ered as a direct cell-death pathway or garbage 
disposal mechanism remains unclear [18]. At pre-
sent, the molecular mechanism of autophagy has 
been examined in many studies to elucidate the 
roles of autophagy in the occurrence and develop-
ment of cancer. Beclin-1, an orthologous gene of 
Atg6 in mammals, is a proximal step in autophagy 
[19], which recruits proteins from the cytoplasm 
for autophagy degradation or provision of mem-

brane components for autophagy pathway. Zou et 
al. found that the natural flavone A extracted from 
Scutellaria root can induce the Beclin-1-mediated 
autophagy in human HCC HepG2 cells [20]. Inac-
tivation of Beclin-1 has been shown to lead to an 
increase in the incidence rate of tumor in mice. 
Beclin-1 has high percentages in human breast 
cancer, ovarian cancer, and prostate cancer and its 
protein level has been found to be decreased in hu-
man breast cancer, ovarian cancer, and brain tumor 
[21]. In addition, the high expression of Beclin-1 
has been shown to inhibit the formation of human 
breast tumors in mouse model [22]. Therefore, Bec-
lin-1 may play a role as a tumor suppressor and its 
down-regulation may contribute to the occurrence 
of human cancer. In this study, Beclin-1 was mainly 
localized in the cytoplasm of HCC tissues and its 
expression level in HCC tissues was significantly 
decreased compared with that in ANT. These results 
are similar to those obtained by Liang et al. [23], 
among which Beclin-1 is lowly expressed in hu-
man breast epithelial cancer cell lines and tissues, 
and highly expressed everywhere in normal breast 
epithelium. Another study [24] showed that trans-

Figure 4. Correlations of Beclin-1 expression with PCNA (A), NET-1 (B) and Bcl-2 (C) and Bax (D) in HCC. The relation-
ship of Beclin-1 expression with PCNA, BET-1, Bcl-2 or Bax were analyzed by Spearman rank correlation test. Beclin-1 
expression was negatively correlated with the levels of PCNA, NET-1 and Bcl-2, but positively associated with the 
expression of Bax.
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fection of Beclin-1 into transformed breast cancer 
cell lines can reduce its tumorigenic potential in 
nude mice. These findings suggest that defective 
autophagy may exist in these cancers. Moreover, 
it has been shown that autophagy enhances tumor 
development and protects tumor cells from stimuli 
causing cell death [22]. In HCC xenograft tumor 
in vivo, inducing autophagy can inhibit the tumor 
growth and support the autophagy-mediated anti-
tumor activity. These different results also show 
that Beclin-1 may play a role in a tissue-specific 
manner.
 In this study, the expression level of Beclin-1 
was negatively correlated with Edmondson grad-
ing, background of liver cirrhosis, and vascular 
invasion of HCC. It was found in this study that 
Beclin-1 expression in Edmondson grade I-II was 
higher than that in grade III-IV in HCC. Similarly, 
Beclin-1 expressions in HCC with vascular invasion 
and liver cirrhosis were significantly lower than 
those in HCC without vascular invasion and liver 
cirrhosis. These results indicate that Beclin-1 may 
be an immediate early response gene in tumori-
genesis. The absence of Beclin-1 may be an early 
event in HCC, so it plays a more pivotal role in 
HCC progression. In order to identify the potential 
mechanism of Beclin-1 in affecting the malignant 
transformation of HCC, the correlations of Beclin-1 
expression in HCC with proliferation-associated 
proteins, such as PCNA and NET-1, and apoptosis-
related proteins, such as Bcl-2 and Bax, were stud-
ied. PCNA is a nuclear antigen that is expressed in 
proliferating cells at all stages of cell cycle, except 
G0 phase, and is used as a marker of proliferation. 
As a member of the transmembrane 4 superfam-
ily (TM4SF), NET-1 serves as a molecular service 
protein to enhance the formation and stability of 
functional signal transduction complexes through 
connecting specific cell surface proteins, such 
as lineage-specific proteins, integrins, and other 
TM4SFs. Therefore, NET-1 plays an important role 
in cell signal transduction, regulation, adhesion, 
migration, proliferation, and differentiation [5,6]. 
Previous studies have shown that NET-1 expres-
sion is closely related to HCC proliferation, which 
is significantly up-regulated during cancer gen-

esis [14]. Bcl-2 is one of the major anti-apoptotic 
proteins commonly found in mitochondrial mem-
brane and the cytoplasm. When cells are deprived 
of survival signals or stressed, Bcl-2 is released 
from the mitochondrial membrane and replaced 
with pro-apoptotic factors, such as Bax. When the 
Bcl-2 level is decreased, the permeability of mito-
chondrial membrane will be increased and several 
proteins that can activate the Caspase cascade are 
released. In this study, Spearman correlation analy-
ses showed that Beclin-1 had significantly negative 
correlations with PCNA, NET-1 and Bcl-2. There 
was a significantly positive correlation between Be-
clin-1 and Bax. Since Bax is a pro-apoptotic factor 
and Bcl-2 is an apoptosis-inhibiting factor, data in 
this study confirmed the correlation between Bec-
lin-1 expression and Bax overexpression, suggest-
ing that autophagy may be positively correlated 
with HCC apoptosis. A new function of autophagy 
in promoting HCC cell death was proposed, involv-
ing the inhibition of cell proliferation and promo-
tion of apoptosis. However, the mechanism of this 
new function is still unclear.
 Cell proliferation and apoptosis play important 
roles in the occurrence, development and progres-
sion of cancer. The expressions of PCNA and NET-
1, as tumor-related factors, are closely related to 
cell proliferation. The increased expression of Bax 
and decreased expression of Bcl-2 lead to a higher 
activation level of apoptosis. Therefore, it is specu-
lated that the co-expression of these genes in HCC 
has a synergistic effect, which greatly reduces the 
progression of cancer by inhibiting proliferation 
and promoting apoptosis. However, future experi-
ments are required to confirm this hypothesis both 
in vitro and in vivo.
 In conclusion, decreased expression of Beclin-1 
was observed in HCC tissues and was negatively 
correlated with Edmondson grading, suggesting 
Beclin-1 might be a marker for evaluating the prog-
nosis of HCC.
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