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1. Introduction

Hepatocellular carcinoma (HCC) is a type of primary 
liver cancer with high mortality clinically (1). As shown 
by the latest cancer statistics released by National Central 
Cancer Registry: In 2015, there were about 4.29 million 
new cases of malignant tumors and about 2.81 million 
deaths, which included about 461,100 new cases of HCC 
and 422,100 deaths (2), seriously threatening human 
life and health. Since uncontrolled growth, deterioration 
and metastasis were the main causes of high cancer 
mortality, the hotspots of HCC research in recent years 
have focused on exploring the molecular mechanisms of 
carcinogenesis and development of HCC, and searching 

for the biomarkers of malignant proliferation and 
interventional targets of HCC (3-5). Many studies have 
shown that apurinic-apyrimidinic endonuclease 1 (APE1) 
was expressed in a variety of tumors such as lung cancer, 
colorectal cancer, ovarian cancer and multiple myeloma 
(6), but in-depth study reports in HCC were very limited. 
This study was designed to investigate the expression 
characteristics of APE1 in HCC, analyze its relationship 
with clinical pathological characteristics, and determine 
its effects on HCC cell proliferation and apoptosis.

2. Materials and Methods

2.1. Tissue samples and main reagents

Tissue samples and experimental cells: HCC tissue 
microarrays were purchased from Shanghai Outdo 
Biotech (model HLivH160CS01); there were 80 cases 
of HCC, 1 each at cancer/paracancerous site. TNM 
staging was available, clinical phase 1, 2, 3 and 4, 
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pathological grade I, II and III (AJCC, 7th Edition). 
The specific display arrangement is shown in Figure 
1B. Both human HCC BEL-7402, BEL-7405, HCC-
9204, Hep3B, HepG2, SMMC-7721 and Huh-7 cells and 
normal hepatocyte L-02 cells APE1 were purchased from 
Institute of Basic Medical Sciences of Peking Union 
Medical College.
 Main reagents: Total RNA extraction reagent 
TRIizol, SYBR® PrimeScript™ RT-PCR Kit and mRNA 
SYBR Green fluorescence quantification PCR reagent 
were purchased from Takara of Japan; protein extraction 
RIPA lysate, BCA protein concentration kit, SDS-PAGE 
gel preparation reagent, MTT cell proliferation kit and 
Annexin V-FITC/PI double-labeling apoptosis kit were 
purchased from Jiangsu Beyotime Biotechnology; cell 
transfection reagent Lipo 3000 was purchased from 
Invitrogen of the United States; APE1 antibody and 
GAPDH antibody were purchased from ABCAM of the 
United Kingdom.

2.2. Methods

Detection of APE1 expression level in HCC tissue 
microarrays with immunohistochemistry: After baking, 
hydration and antigen-repairing, the primary and 
secondary antibodies were added dropwise to tissue 
microarrays, followed by DAB color development and 
mounting with neutral balsam. After microphotography 
under a light microscope, IPP software was used to 
acquire integrated content density (IOD).
 Detection of cellular APE1 expression with Western 
blots: The cells were collected to extract total proteins 
for quantification using the BCA technique. Following 
SDS-PAGE gel electrophoresis, the proteins were 
transferred to the membrane and blocked with 5% 
skim milk powder-TBST blocking solution at room 
temperature for 1 h. Then, diluted APE1 and GADPH 
primary antibodies were separately added to the NC 
membrane, which was incubated at 4°C overnight on a 
shaker; the corresponding secondary antibodies (1:100 
dilution) were added, followed by incubation at 37°C 
constant temperature for 1 h on a shaker before color 
development.
 Construction of APE1 shRNA vector: APE1 shRNA 
sequences were designed and synthesized, the forward 
primer was: 5'-CCGGCCTGGATTAAGAAGAAAGGA
TCTCGAGATCCTTTCTTCTTAATCCAGGTTTTT-3', 
the reverse primer was: 5'-AATTCAAAAACCTGGAT
TAAGAAGAAAGGATCTCGAGATCCTTTCTTCTT
AATCCAGG-3', the clone was ligated to pLKO.1-GFP 
plasmid, followed by sequencing verification.
 Detection of cell proliferation with MTT assay: 
The cells in each group were stably sub-cultured for 
passaging and then cultured in complete medium. MTT 
assay was conducted for 72 h. Four duplicates were 
used in each group. A 20 μL MTT (dissolved in 5mg/
mL PBS) was added to each well, and the supernatant 
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was discarded after incubation for 4 h. Then, 150 μL 
Formazan solution was added to shake for 10 min until 
the crystals were fully dissolved. The absorbance was 
measured with a microplate reader (570 nm).
 Detection of apoptosis with Annexin V-FITC/PI 
double-labeling technique: The cells were collected, 
placed on a 100 mesh copper sieve and rubbed gently. 
After rinsing with normal saline, the cells were 
centrifuged at 2500 r/min, then the cell suspension 
was obtained after the supernatant and cell debris were 
discarded. Flow cytometry was employed for the analysis 
according to "Annexin V-FITC/PI Double-Labeling 
Detection Kit".

2.3. Statistical processing

SPSS 17.0 software was employed for statistical 
analysis, and x ± s was used for statistical description. 
One-way ANOVA was conducted to compare inter-
group differences, if the results showed that the inter-
group difference had statistical significance, t-test was 
further conducted for pairwise comparison of inter-group 
differences. All statistical analysis test levels were set at 
α = 0.05.

3. Results

3.1. Differential expression of APE1 in HCC tissues

Immunohistochemical technique was used to detect 
APE1 expression in HCC of the 80 cases and the 
corresponding paracancerous tissue microarrays; the IOD 
values are shown in Figure 1A. The results showed that 
APE1 expression was significantly up-regulated in HCC 
tissues (Figure 1C), and the difference had statistical 
significance (p < 0.0001). The results suggested that 
APE1 may play an important role in the development of 
HCC. The immunohistochemical results of 4 cases were 
selected from each group (Figure 2).

3.2. Differential expression of APE1 in HCC cells

Western blots were used to detect APE1 expression in 
human HCC BEL-7402, BEL-7405, HCC-9204, Hep3B, 
HepG2, SMMC-7721 and Huh-7 cells as well as in 
normal hepatocyte L-02 cells. The results showed that 
APE1 expression was higher in HCC cells than in normal 
hepatocytes to varying levels, APE1 expression in HCC 
cells was 2.5-3.6 times higher than in hepatocytes (Figure 
3). The changes of differential expression of APE1 in 
HCC cells were consistent with that in HCC tissues, 
showing significant over-expression in both cases.

3.3. Relationship between APE1 expression and 
pathological characteristics of HCC

According to the statistical analysis of case data in 
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control shRNA group and blank group (p < 0.05), and 
there was no significant difference between control 
shRNA group and blank group (p > 0.05) (Figure 4A). 
Meanwhile, protein expression detected with Western 
blotting was consistent with mRNA level, and the 
protein expression was significantly lower in APE1 
shRNA group than in control shRNA group and blank 
group, demonstrating the efficacy of the designed 
shRNA interfering sequence (Figure 4B). Various 
groups of Hep 3B cell lines with stably transfected 
plasmids were established, the transfection efficiency 
as detected by fluorescence microscopy was > 70%, 
accordingly, the cell lines could be used for subsequent 
detections (Figure 4C).

tissue microarrays, APE1 expression in HCC tissues of 
the 80 cases had no statistically significant correlation 
with patient's gender and age (p > 0.05), but its 
correlation with the differences in TNM staging and 
histological grading had statistical significance (p < 
0.05) (Table 1).

2.4. Silencing APE1 expression and transfection 
efficiency evaluation 

The silencing of APE1 mRNA expression in HCC 
Hep 3B cells was detected with real-time PCR. The 
results showed that the mRNA expression level was 
significantly lower in APE1 shRNA group than in 

Figure 1. Differential expression of APE1 in HCC tissues. (A): IOD for APE1 expression in HCC of the 80 cases and the 
corresponding paracancerous tissue microarrays as detected with immunohistochemistry (Blue indicates HCC tissues, green 
indicates paracancerous tissues). (B): Schematic diagram for the distribution of HCC and paracancerous tissues in the microarrays (blue 
indicates HCC tissues, green indicates paracancerous tissues). (C): Statistical analysis of APE1 expression in HCC tissues.

Figure 2. The immunohistochemical results of 4 cases were selected from HCC and paracancerous tissues in the microarrays. 
The immunohistochemistry results showed that the APE1 positive rate of HCC was much higher than paracancerous tissues in the 
microarrays. It was the same with the IOD result.
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2.5. Effects of silencing APE1 on Hep 3B cell 
proliferation ability

MTT assay was used to detect cell proliferation in each 
group after culture for 72 h. The results showed that the 
cell absorbance in blank group, control shRNA group 
and APE1 shRNA group was 1.525 ± 0.079, 1.497 ± 
0.072 and 0.981 ± 0.063, respectively, based on the 
results of one-way ANOVA, the inter-group differences 
had statistical significance (F = 109.7, p < 0.001). The 
cell proliferation activity was significantly lower in 
APE1 shRNA group than in control shRNA group, and 
the difference had statistical significance (p < 0.001), 
while the difference in cell proliferation activity between 
blank group and control shRNA group had no statistical 
significance (p > 0.05). The results showed that silencing 
APE1 expression could significantly reduce cell 
proliferation activity in HCC Hep 3B cells (Figure 5).

2.6. Effects of silencing APE1 expression on HCC Hep 
3B apoptosis

An Annexin V-FITC/PI double-labeling technique was 

Figure 3. Detection of APE1 expression in human HCC cells 
with Western blot. APE1 expression in human HCC BEL-
7402, BEL-7405, HCC-9204, Hep3B, HepG2, SMMC-7721 
and Huh-7 cells as well as in normal hepatocyte L-02 cells. The 
results showed that APE1 expression was higher in HCC cells 
than in normal hepatocytes to varying levels, APE1 expression 
in HCC cells was 2.5-3.6 times higher than in hepatocytes.

Table 1. Relationship between APE1 expression and clinical pathological characteristics of HCC

Group

Sex
     Male
     Female
Age
     ≤ 50 years
     > 50 years
TNM staging
     I-II
     III-IV
Histopathological grading
     Good (I) 
     Medium (II, III) 
     Poor (IV) 

No. of cases (n = 80)

64
16

20
60

39
41

2
67
11

Positive expression (n = 31)

25
6

7
24

10
21

0
23
8

Negative expression (n = 49)

39
10

13
36

29
19

2
44
3

c2 value

0.013

0.158

5.975

7.167

p value

0.908

0.691

0.014

0.027

Figure 4. Silencing APE1 expression in HCC Hep 3B cells and transfection efficiency evaluation. (A): The mRNA expression 
level was significantly lower in APE1 shRNA group than in control shRNA group and blank group (p < 0.05), and there was no 
significant difference between control shRNA group and blank group (p > 0.05). (B): The APE1 protein expression was significantly 
lower in APE1 shRNA group than in control shRNA group and blank group. (C): The transfection efficiency as detected by 
fluorescence microscopy was > 70% in both experimental and control group.
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used to detect apoptosis in each group. The results 
showed that the total apoptosis rate in blank group, 
control shRNA group and APE1 shRNA group was 
9.91% ± 0.61%, 10.96% ± 0.75% and 20.06% ± 1.73%, 
respectively. Based on one-way ANOVA, the inter-
group differences had statistical significance (F = 46.63, 
p < 0.01). The apoptosis rate was significantly higher in 
APE1 shRNA group than in control shRNA group, and 
the difference had statistical significance (p < 0.01); the 
difference in apoptosis rate between blank group and 
control shRNA group had no statistical significance (p 
> 0.05) (Figure 6). The results showed that silencing 
APE1 expression was able to significantly increase the 
apoptosis of HCC Hep 3B, suggesting that APE1 may 
promote tumor growth by inhibiting apoptosis.

4. Discussion

The carcinogenesis and development of HCC is a 
complex multi-factor multi-stage pathogenesis process 
that involves abnormal expression of many related 
genes (7). An important part of tumor biology is to 
identify the key genes of HCC and search for new 
therapeutic targets based on the study of mechanisms 
of action (8). APE1 is a protein that plays a role in 
DNA repair and redox function, and is able to regulate 
a variety of transcription factors associated with 
cancer-related pathways (9,10). Its open reading frame 
consisting of 954bp encodes 318 amino acid residues 
(Figure 7) for protein diagram (11). On the one hand, 
APE1 functions as an endonuclease involved in DNA 
base excision repair, it is closely related to tumor cell 
proliferation; on the other hand, it regulates the activity 
of redox-sensitive transcription factors (12). Many 
studies showed APE1 over-expression in a variety of 
tumors (13-15). Some scholars used enzyme-linked 
immunosorbent assay to detect serum APE1 in patients 
suffering from bladder cancer without chemotherapy 
or radiotherapy (51 cases) and in a non-tumor control 
group (55 cases). The correlation between clinical 
factors and serum APE1 was determined by the area 
of subject's characteristics under the curve. The results 
showed significant over-expression of serum APE1 
in patients with bladder cancer, the sensitivity and 
specificity were 93% and 59%, respectively, and serum 
APE1 expression was related to tumor staging, grading, 
myometrial invasion and recurrence, suggesting that 
serum APE1 may serve as a potential serum marker 
of bladder cancer (16). Some studies also found that 
serum APE1 level was significantly elevated in 229 of 
412 patients with non-small cell lung cancer and was 
correlated with tissue level (r2 = 0.639, p < 0.001). 
Elevation of APE1 level in patient's tissues and serum 
prior to chemotherapy was related to progression-

Figure 6. Silencing APE1 expression significantly increases HCC Hep 3B apoptosis. Annexin V-FITC/PI double-labeling 
technique was used to detect apoptosis in each group. The results showed that the total apoptosis rate in blank group, control shRNA 
group and APE1 shRNA group was 9.91% ± 0.61%, 10.96% ± 0.75% and 20.06% ± 1.73%, respectively.

Figure 5. Effects of silencing APE1 expression on HCC Hep 
3B cell proliferation ability. MTT assay was used to detect 
cell proliferation in each group after culture for 72 h. The 
results showed that the cell absorbance in blank group, control 
shRNA group and APE1 shRNA group was 1.525 ± 0.079, 1.497 
± 0.072 and 0.981 ± 0.063, respectively, based on the results 
of one-way ANOVA, the inter-group differences had statistical 
significance (F = 109.7, p < 0.0001).
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free survival (HR: 2.165, p < 0.001, HR: 1.421, p = 
0.012), but unrelated to overall survival; after 6 cycles 
of chemotherapy, low APE1 serum level was related to 
better overall survival (HR: 0.497, p = 0.010) (17).
With the rapid development of molecular biology 
technologies, some new methods such as shRNA 
technique are used in targeted intervention of APE1. 
RNA interference is a typical technique that uses 
double-stranded RNA to specifically inhibit gene 
expression of the corresponding complementary bases. 
This technique characterized by high specificity, 
small molecularity and transitivity can specifically 
silence gene expression. It has been widely used to 
explore gene functions and provide gene therapy for 
the treatment of malignant tumors (18). Bhat AA 
et al. knocked out APE1 with shRNA to study the 
pathogenesis of esophageal adenocarcinoma; they 
found that APE1 was essential for phosphorylation, 
nuclear localization and transcriptional activation 
of STAT3, further suggesting that APE1 plays a key 
role in inducing the activation of the EGFR-STAT3 
signaling axis. It also responded to acidic bile salts and 
is a major risk factor for esophageal adenocarcinoma 
(19). Shah F et al. knocked out APE1 with siRNA 
in pancreatic cancer cells and found that some new 
genes and pathways affected APE1 expression using a 
single-cell sequencing technique, they also determined 
the specificity of tumor subtypes; these findings 
will facilitate hypothesis-driven methods to generate 
combination therapies. For example, pancreatic and 
other cancers can be treated with APE1 inhibitor 
APX33 30 in combination with other drugs approved 
by the FDA (20).
 Since there were few study reports on the roles of 
APE1 in HCC pathogenesis, this study investigated 
its functions in human HCC high metastatic cells by 
silencing APE1. First of all, we examined the level 
of APE1 expression in 80 cases of HCC and the 
corresponding paracancerous tissue microarrays using 
immunohistochemical techniques. Meanwhile, we 
detected APE1 expression in human HCC BEL-7402, 
BEL-7405, HCC-9204, Hep3B, HepG2, SMMC-7721 
and Huh-7 cells as well as in normal hepatocyte L-02 
cells using Western blotting. The results showed that 

APE1 expression in HCC was significantly up-regulated 
and different from TNM staging and histological 
grading.  An APE1 shRNA vector  was further 
constructed in HCC Hep3B cells to establish stably 
transfected cell lines. Then, cell proliferative activity 
was detected with MTT assay while apoptosis was 
detected with an Annexin V-FITC/PI double-labeling 
technique. The results showed that down-regulation of 
APE1 expression significantly reduced the proliferative 
activity of Hep3B cells and increased the apoptosis 
rate. Apoptosis is not only an important means in the 
regulation of cell growth and differentiation but also 
an important protective mechanism against the tumors. 
The apoptotic potential is usually extremely low in 
cancerous cells, but the proliferative ability is enhanced, 
which directly leads to rapid pathologic division and 
proliferation of tumor cells, suggesting that APE1 may 
promote tumor growth by inhibiting apoptosis.
 In summary, this experiment applied a RNA 
interference technique and successfully introduced an 
APE1 siRNA expression plasmid into human HCC 
cells, leading to down-regulation of cellular APE1 
expression. It is confirmed that down-regulation of 
APE1 protein can inhibit proliferation and promote 
apoptosis of HCC cells. These findings provide an 
experimental basis and show certain prospects for 
clinical application of APE1 in the treatment of HCC, 
justifying further in-depth research.
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