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ABSTRACT

Objective: To investigate the effect of reduced BRCA1-related RING domain 1 (BARD1) expression on the proliferation, invasion, 
and migration of hepatocellular carcinoma cells and its possible mechanism.

Methods: The expression levels of BARD1 in liver cancer and normal adjacent tissues were determined by immunohistochemistry. 
Liver cancer cell line SMMC7721 was selected for culture, siRNA was selected to silence the BARD1 gene in SMMC7721 cells 
(BARD1 silencing group), and non-related sequence sirna-nc was selected to transfection SMMC7721 cells as the negative control 
group (control group). The effect of the BARD1 knockdown on the proliferation of hepatocellular carcinoma cells was observed 
through cell cloning. Teanswell cell assay was used to determine the changes of cell invasion and migration. Finally, a western blot 
was used to determine the expression of Akt, mTOR and MMP-9 in each group.

Results: The expression of BARD1 in hepatocellular carcinoma was significantly higher than that that of paracancer. Compared 
with the control group, the proliferation, migration and invasion abilities of the BARD1 silencing group were significantly lower 
(P<0.01). Compared with the control group, the expression levels of BARD1, Akt, mTOR and MMP-9 in the BARD1 silencing group 
were significantly lower (P<0.05).

Conclusion: BARD1 knockdown may inhibit the proliferation, invasion, and migration of HCC cells by inhibiting the activation 
of the Akt/ mTOR signaling pathway.
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Introduction

Primary hepatocellular carcinoma (HCC) is 
one of the most common malignancies with a high 
incidence. More than 600,000 people in the world 
die of liver cancer every year. With the progress of 
medical science and technology, treatments from 
liver cancer are increasing, but the recurrence and 
metastasis rates of liver cancer patients are still high. 
In addition, the 5-year survival rate of patients is 
only about 35%, which seriously affects the life and 
health of patients(1-2). The continuous proliferation, 
invasion, and metastasis of cells are the most 

significant characteristics of malignant tumors, and 
the most prevalent cause of death in patients. The 
BRCA1 RING structure of the related Domain 1 
(BARD1) is a kind of S phase of cell division and 
DNA damage. After interacting with the BRCA1 
nucleoprotein, the BARD1 can join with breast 
cancer susceptibility gene 1 (BRCA1) to form stable 
heterologous dimers and maintain the organism 
genome integrity(3-4). Previous studies have shown 
that BARD1 is prominently expressed in a variety 
of cancers, especially in certain aggressive, highly 
specific malignancies, and there are relatively few 
studies on its expression in liver cancer cells(5). In 
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this study, the changes of proliferation, invasion, and 
metastasis of liver cancer cells and their possible 
influencing mechanisms after BARD1 expression 
were discussed and analyzed.

 
Materials and methods

Main materials, instruments and reagents
This experiment utilized the following:
• 40 cases of liver cancer tissues and normal 

paracancer tissues (liver cancer tissues and normal 
paracancer tissues removed during surgery for liver 
cancer patients in the hospital); the SMMC7721 
human liver cancer cell line (Shanghai Hongshun 
Biotechnology Co., LTD.); 

• A thermostatic water bath box (Shanghai 
Zhichu Instrument Co., LTD. model: ZHSY-50V); 

• A high-speed centrifuge (Yancheng Kitt 
Experimental Instrument Co., LTD., model number: 
KS50R); 

• A paraffin slicing machine (Hubei Xiaogan 
Kuohai Medical Technology Co., LTD., model: KH-
Q320); 

• A fluorescence microscope (Thermo 
Fisher Technology [China] Co., LTD., model: 
AMAFD2000); 

• An electronic balance (Shanghai Yixin 
Scientific Instrument Co., LTD., model: fa-a); 

• An ultra-low temperature refrigerator (Haier 
Bio-medical Co., LTD., model: DW-86L728); 

• An immunohistochemical kit (Bhaode 
Biotechnology Co., LTD.); 

• aPCR instrument (Shanghai Bayu Industrial 
Co., LTD., model: Veriti96); 

• Flow cytometry (Suzhou Taomaison Scientific 
Instrument Co., LTD., model: qlc-1); 

• A DMEM medium (Shanghai Syme Fisher 
Biotechnology Co., LTD.); 

• A fetal bovine serum (Shanghai Leichuang 
Biotechnology Co., LTD., specification: 
Z7185FBS-100); 

• Xylene (Nanchang Lanxiang Chemical Co., 
LTD.); 

• Rabbit anti-human BARD1 polyclonal 
antibody (Emmett Technologies, LTD.).

Experimental methods and observation 
indicators

Liver cancer tissues and normal paracancer 
tissues were collected, and the expression levels of 
BARD1 in liver cancer tissues and normal paracancer 
tissues were determined by immunohistochemistry.

Cell culture
The liver cancer cell line SMMC7721 was 

selected, removed from the liquid nitrogen, and 
thawed in a constant temperature water bath at 37 
oC. After thawing, it was cultured in the DMEM 
medium at 37 oC with 15% fetal bovine serum and 
5% CO2. A cell culture was conducted when the cells 
grew to a fusion state of approximately 75%, and the 
cells were cultured after two passages. 

When the cell density reached about 85% and 
the growth conditions were favorable, the cells were 
inoculated into a 6-well plate or 30 cm2 culture 
medium, and the cells could be frozen and stored for 
subsequent experiments.

Cell transfection
The cells were removed and thawed, the 

SMMC7721 cells with appropriate density were 
digested with trypsin and centrifuged, the cell 
suspension was made, the cells were seeded with 
60,000 cells/well in 96-well plates for culture, and 
the transfection experiment was carried out when 
the cell density was approximately 70%. SiRNA was 
selected to silence the BARD1 gene in SMMC7721 
cells (BARD1 silencing group). In addition, the non-
correlated sequence SiRNA-NC was selected to 
transfect SMMC7721 cells as the negative control 
group (control group).

Cell cloning experiment
The SMMC7721 human hepatocellular 

carcinoma cells were digested, centrifuged, 
resuscitated, and counted with trypsin after treatment. 
The cells were seeded at 6×103 cells/well into a six-
well plate and cultured in a medium of 5% CO2 at 37 
oC for 2 weeks. 

After washing with phosphate buffer solution, 
fixing with formalin solution, and washing with 
distilled water, staining with 0.1% crystal violet, the 
effect of the knockdown BARD1 expression on the 
proliferation of HCC cells was observed.

Teanswell cell migration experiment
A 200-h, serum-free medium was added to 

the upper chamber of Teanswell cell, and a 600-h, 
serum-free medium was added to the lower chamber 
and cultured in a DMEM medium of 10% FBS, and 
5% CO2 at 37 oC for 48 h. 

The cells that had not migrated in the past were 
stained and washed, and the effect of a BARD1 
knockdown on the migration ability of liver cancer 
cells was observed by microscope.
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Teanswell cell invasion experiment
200 μL of a serum-free medium was added to 

the upper chamber of the Teanswell cell, and 600 
μL of a serum-free medium was added to the lower 
chamber. It was then cultured in a DMEM medium 
of 10% fetal bovine serum, and 5% CO2 at 37oC for 
48 h. The non-penetrating cells were stained and 
washed, and the effect of a BARD1 knockdown 
on the invasion ability of liver cancer cells was 
observed by microscope. The expression of a 
mammalian target of rapamycin (mTOR) and matrix 
metalloproteinase-9 (MMP-9) in serine-threonine 
kinase (Akt) was determined by western blotting.

Statistical methods
In this study, the measurement data were 

compared by one-way anova and an LSD t-test. The 
effect of the BARD1 knockdown on the proliferation 
of hepatocellular carcinoma cells was observed by cell 
cloning. A Teanswell cell assay was used to determine 
the changes caused by cell invasion and migration. In 
addition, a western blot was used to determine the 
expression of Akt, mTOR, and MMP-9 in each group, 
and P<0.05 was considered statistically significant. In 
this study, a SPSS20.0 software package was used for 
statistical data analysis.

Results

Observing the expression of BARD1 in liver 
cancer tissues and normal paracancer tissues

In this study, the expression of BARD1 in liver 
cancer tissues was significantly higher than that in 
normal para-carcinoma tissues, as shown in Figure 1.

The effect of knockdown of BARD1 expression 
on the proliferation of hepatocellular carcinoma 
cells

Compared with the control group, the 
proliferation ability of the BARD1 silencing group 

was significantly lower (P<0.01) (see Figure 2 and 
Table 1).

The effect of knockdown of BARD1 expression 
on the migration ability of hepatocellular 
carcinoma cells

Compared with the control group, the cell 
migration ability of the BARD1 silencing group was 
significantly lower (P<0.01) (see Figure 3 and Table 2).

Group Changes in cell proliferation

Control group 276.69±22.37

BARD1 silent group 83.15±18.55

t 16.313

P <0.001

Group Changes in cell migration

Control group 36.22±11.54

BARD1 silent group 5.19±1.22

T 6.551

P <0.001

Table 1: Effect of BARD1 expression on the proliferation 
of hepatocellular carcinoma cells (x̅±s).

Table 2: The effect of BARD1 expression on the migra-
tion ability of hepatocellular carcinoma cells.

Figure 1: BARD1 expression in liver cancer cells and 
normal paracancer tissues.
A: liver cancer tissue; B: normal paracancer tissue.

Figure 2: The effect of BARD1 expression on the 
proliferation of hepatocellular carcinoma cells.
A: BARD1 silence group; B: control group.

Figure 3: The effect of BARD1 expression on the 
migration ability of hepatocellular carcinoma cells.
A: BARD1 silence group; B: control group.
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Effect of knockdown BARD1 expression on 
the invasion ability of liver cancer cells

Compared with the control group, the 
invasion ability of the BARD1 silencing group was 
significantly reduced (P<0.01) (see Figure 4 and 
Table 3).

Expression of BARD1, Akt, mTOR, and 
MMP-9 in each group

Compared with the control group, the expression 
levels of BARD1, Akt, mTOR, and MMP-9 in the 
BARD1 silencing group were significantly reduced 
(P<0.05), as shown in Figure 5.

Discussion

In the world, primary liver cancer is still 
one of the important diseases threatening human 
health. With the development of modern medical 
technology and the deepening of the research on 
malignant tumors, treatments for liver cancer have 

made important progress. Since early symptoms 
are often less obvious, most of the patients at the 
time of diagnosis are in the middle–late stage, when 
incidence of malignancy is higher. Thus, they soon 
lose the chance of having an optimal operation, and 
there is currently no cure for advanced liver cancer(6). 
High rates of metastasis and recurrence are still major 
obstacles to long-term survival of HCC patients. 
With the continuous development of molecular 
biology technology and tumor medicine, studies 
have found that the occurrence and development 
of liver cancer are closely related to the regulation 
of various intercellular and extracellular factors 
and multiple signaling pathways(7). Therefore, it 
is important to search for new molecular markers 
to improve the therapeutic effect and improve the 
prognoses of patients with HCC.

The BARD1 gene is located in 2q34-35, and 
the BARD1 protein encoded by this gene has a 
RING domain at the -NH2 end and a BRCT domain 
at the -COOH end. BARD1 binds to BRCA1 to 
form a stable heterodimer, which can inhibit the cell 
cycle and participate in cell cycle regulation, gene 
transcriptional regulation, and DNA damage repair(8). 
Choudhary et al.(9) found that there was a significant 
positive correlation between the overexpression of 
BARD1 and the clinical characteristics of patients 
with liver cancer, and this increased expression 
level may lead to liver injury and further promote 
the occurrence and development of liver cancer. 
In this study, the expression of BARD1 in liver 
cancer tissues was significantly higher than that in 
normal paracancer tissues. These results echoed 
those of Choudhary et al. Some researchers have 
believed that a tumor is a disease with abnormal 
cell proliferation and differentiation and that the 
proliferation, invasion, and migration of cancer cells 
are the most important processes in liver cancer 
metastasis(10). In this study, compared with the control 
group, the proliferation ability, migration ability, and 
invasion ability of the BARD1 silencing group were 
significantly reduced. These results suggested that 
BARD1 knockdown could significantly inhibit the 
proliferation, invasion, and metastasis of HCC cells. 
Invasion and metastasis are important biological 
characteristics of malignant tumors, and they are 
multi-step and multi-factor complex processes. They 
involve a variety of factors, such as the change of 
tumor cell adhesion, the shedding of tumor cells at 
the primary site, the degradation of interstitial cells 
and basement membrane, the invasion of vasculature, 
and the formation of new blood vessels(11). It has 

Figure 4: The effect of BARD1 expression on the 
invasion ability of hepatocellular carcinoma cells.
A: BARD1 silence group; B: control group.

Figure 5: Expression of BARD1, Akt, mTOR, and MMP-
9 in each group.

Group Changes in cellular invasiveness

Control group 437.62±36.39

BARD1 silent group 109.67±24.36

t 18.344

P <0.001

Table 3: Effect of BARD1 expression on the invasion 
ability of hepatocellular carcinoma cells.
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been reported that the occurrence and development 
of malignant tumors are related to the abnormal 
expression of a variety of genes—that is, the process 
of over-activation of oncogenes and inhibition of 
tumor suppressor genes—which is regulated by a 
variety of complex cell signaling pathways(12). In 
order to explore the applicable mechanism of action, 
the expression levels of BARD1, Akt, mTOR, and 
MMP-9 in liver cancer cells were determined by 
western blot by knocking down the expression levels 
of BARD1 in SMMC7221 cells. This study revealed 
that the expression levels of BARD1, Akt, mTOR, 
and MMP-9 were significantly reduced in the BARD1 
silencing group compared with those of the control 
group (P<0.05). It showed that the knockdown 
of BARD1 expression could significantly down-
regulate the expression of Akt, mTOR, and MMP-9 
and inhibit the conduction pathway of Akt (a serine/
threonine kinase) and mTOR. A number of studies 
have found that the level of Akt is significantly 
increased in most patients with liver cancer, and 
the activated Akt can induce a large amount of 
downstream expression of related molecules, such 
as blood vessel formation, cell survival, and cell 
proliferation(13-14). In addition, mTOR and MMP-9 
are downstream molecules of Akt, and the catalytic 
domain encoding phosphoinositol-3 kinase gene is 
mutated, promoting the increase of Akt expression. 
In turn, this activates mTOR to further regulate the 
expression of the vascular endothelial factor and the 
formation of MMP-9 and other related proteins(15).

In summary, knockdown of BARD1 may 
inhibit the proliferation, invasion, and migration of 
hepatocellular carcinoma cells by inhibiting the death 
activation of the Akt/mTOR signaling pathway.

References

1) Raafat Rowida I, Eshra KA, El-Sharaby RM, Eissa R, 
Saied SM, et al. Apa1 (rs7975232) SNP in the vitamin D 
receptor is linked to hepatocellular carcinoma in hepatitis 
C virus cirrhosis. Br J Biomed Sci. 2020; 77: 53-57.

2) Wong NACS, Amary F, Butler R, Byers R, Gonzalez 
D, et al. HER2 testing of gastro-esophageal 
adenocarcinoma: A commentary and guidance document 
from the Association of Clinical Pathologists Molecular 
Pathology and Diagnostics Committee. J Clin Pathol. 
2018; 71: 388-394.

3) Venier RE, Maurer LM, Kessler EM, Ranganathan S, 
McGough RL, et al. A germline BARD1 mutation in a 
patient with Ewing Sarcoma: Implications for familial 
testing and counseling. Pediatr Blood Cancer. 2019; 66: 
27824.

4) Cimmino F, Avitabile M, Lasorsa VA, Pezone L, 
Cardinale A, et al. Functional characterization of full-
length BARD1 strengthens its role as a tumor suppressor 
in neuroblastoma. J Cancer. 2020; 11: 1495-1504.

5) Takahashi M, Chiba N, Shimodaira H, Yoshino Y, 
Mori T, et al. OLA1 gene sequencing in patients with 
BRCA1/2 mutation-negative suspected hereditary breast 
and ovarian cancer. Breast Cancer. 2017; 24: 336-340.

6) Yang B, Hagberg KW, Chen J, Sahasrabuddhe VV, 
Graubard BI, et al. Associations of antibiotic use with 
risk of primary liver cancer in the Clinical Practice 
Research Datalink. Br J Cancer. 2016; 115: 85-89.

7) Ramos R, Nadal E, Peiró I, Masuet-Aumatell C, Macia I, 
et al. Preoperative nutritional status assessment predicts 
postoperative outcomes in patients with surgically 
resected non-small cell lung cancer. Eur J Surg Oncol. 
2018; 44: 1419-1424.

8) Ratajska M, Matusiak M, Kuzniacka A, Wasag B, Brozek 
I, et al. Cancer predisposing BARD1 mutations affect 
exon skipping and are associated with overexpression of 
specific BARD1 isoforms. Oncol Rep. 2015; 34: 2609.

9) Choudhary RK, Siddiqui MQ, Gadewal N, Nachimuthu 
D, Kuligina E, et al. Biophysical evaluation to categorize 
pathogenicity of cancer-predisposing mutations 
identified in the BARD1 BRCT domain. RSC Adv. 
2018; 8: 34056-34068.

10) Zheng Y, Zhu C, Ma L, Shao P, Qin C, et al. miRNA-
154-5p Inhibits proliferation, migration and invasion by 
targeting E2F5 in prostate cancer cell lines. Urol Int. 
2016; 98: 65-74.

11) Wang CY, Shang M, Zhou CL, Feng LZ, Zhou QS, et al. 
Mechanism of Cxc chemokine ligand 5 (CXCL5)/Cxc 
chemokine receptor 2 (CXCR2) bio-axis in mice with 
acute respiratory distress syndrome. Med Sci Monit. 
2019; 25: 5299-5305.

12) Rebecca FL, Wang T. Epigenomic annotation of 
noncoding mutations identifies mutated pathways in 
primary liver cancer. Plos One. 2017; 12: 174032.

13) Mello T, Materozzi M, Zanieri F, Simeone I, Ceni E, 
et al. Liver haploinsufficiency of RuvBL1 causes 
hepatic insulin resistance and enhances hepatocellular 
carcinoma progression. Int J Cancer. 2019; 1:12.

14) Adhikari M, Adhikari B, Ghimire B, Baboota S, 
Choi EH. Cold atmospheric plasma and silymarin 
nanoemulsion activate autophagy in human melanoma 
cells. Int J Mol Sci. 2020; 21: 1939.

15) Li XT, Jing M, Cai FY, Yao XM, Kong L, et al. Enhanced 
antitumor efficiency of R8GD modified epirubicin plus 
tetrandrine liposomes in treatment of gastric cancer via 
inhibiting tumor metastasis. J Liposome Res. 2020; 1: 
1-26.

Acknowledgement:
This paper was supported by the Guangdong Medical Science 
and Technology Research Fund Project (No. B2018131).

–––––––––
Corresponding Author: 
Xinying Shen 
Email: enqhr9@163.com
(China)


