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Background: To investigate the roles of miR-7 and its potential mechanisms in hepatocellular carcinoma 
(HCC).
Methods: The functions of miR-7 were identified and measured by MTT [3-(4,5)-dimethylthiahiazo(-z-
y1)-3,5-di-phenytetrazoliumromide], colony formation, transwell, and flow cytometry assays. A luciferase 
assay was applied to verify the direct binding of miR-7 on BCL2L1 3'untranslated region (3'UTR). 
An in vitro experiment was then used to investigate the biological effects of miR-7 and BCL2L1. A co-
immunoprecipitation (COIP) assay was used to detect the protein interaction between BCL2L1 and P53.
Results: We found that miR-7 overexpression suppressed cell proliferation, migration, and invasion in 
HCC. BCL2L1 was also demonstrated as a direct target gene of miR-7. This study showed that BCL2L1 
could partially rescue the inhibitory effect of miR-7 on the proliferation, migration, and invasion of HCC 
cells. Our research showed that miR-7 could inhibit the epithelial-mesenchymal transition (EMT) pathway 
by regulating BCL2L1. We also further confirmed that miR-7 inhibits the proliferation, migration, and 
invasion of Hep3B and Huh7 cells by targeting BCL2L1. Furthermore, we observed that the BCL2L1 protein 
interacts with the P53 protein and BCL2L1 affects the development of liver cancer through P53. We also 
found that BCL2L1 could promote the invasion and migration of liver cancer cells through P53 inhibition. 
BCL2L1 also inhibited the expression of Caspase 3/7 in hepatoma cells by inhibiting the expression of P53.
Conclusions: Our study demonstrated that miR-7/BCL2L1/P53 may serve as a regulatory molecular axis 
for HCC treatment. Our results suggest that miR-7/BCL2L1/P53 may have predictive value and represent a 
new treatment strategy for liver cancer.
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Introduction

Hepatocellular carcinoma (HCC) is the most common 
primary liver malignant tumor and the third leading cause 
of cancer-related death (1). At present, surgical resection 
and liver transplantation are the most effective treatment 

methods, but the 5-year survival rate of liver cancer patients 
is still very low (2-4). Therefore, there is a pressing need 
to clarify the potential molecular mechanism of HCC and 
identify new possible targets to prevent the occurrence and 
development of this neoplasia.

https://crossmark.crossref.org/dialog/?doi=10.21037/atm-22-5929
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In recent years, miRNA has become a hotspot in the field 
of tumor research, with numerous studies exploring miRNAs, 
providing new ideas for a more comprehensive and in-depth 
understanding of the pathogenesis of tumors (5). MiRNAs 
can act as either oncogenes or tumor suppressors and 
extensively participate in the emergence and development 
of various tumors (including liver cancer), through cell 
proliferation, apoptosis, and metastasis (6-8). Increasing 
evidence shows that abnormal miRNA expression participates 
in cancer occurrence by promoting the expression of proto-
oncogenes or inhibiting the expression of tumor suppressor 
genes (9).

MiR-7 is involved in many signal pathways involved 
in differentiation, proliferation regulation, apoptosis 
and migration. It targets many mRNAs according to the 
intracellular environment, and is also regulated by different 
transcription factors and molecules involved in their 
processing and degradation (10). The study found that the 
level of miR-7 was related to the invasiveness of estrogen 
receptor positive breast tumors (11). Duex et al. found that 
miR-7 forms a signaling pathway with epidermal growth 
factor receptor (EGFR) via Usp18 (Ubp43). Usp18 is a 
ubiquitin-specific peptidase, and its down-regulation can 
increase miR-7 levels (12). It has been also found that miR-
7 mediates hepatocyte growth factor (HGF) to inhibit the 

activity of oncoprotein and inhibit the development of 
normal cells to cancer cells (13).

At present, there are few reports on the regulatory 
mechanism of miR-7 in liver cancer and the specific functions 
and molecular mechanisms in hepatocarcinogenesis and 
development. Therefore, using miR-7 as the research 
object, this study detected the expression of miR-7 in 
liver cancer and further explored the specific functions 
and molecular mechanisms of miR-7 in the process of 
hepatocarcinogenesis. We present the following article in 
accordance with the MDAR reporting checklist (available at 
https://atm.amegroups.com/article/view/10.21037/atm-22-
5929/rc).

Methods

The RNA extraction and one-step reverse transcription 
quantitative real-time PCR (qRT-PCR) kits were purchased 
from Dayroot Biochemical Technology (Beijing, China); 
the Dulbecco’s Modified Eagle Medium (DMEM) culture 
medium and fetal bovine serum (FBS) were purchased from 
the Gibco Company (New York, USA); the matrix glue 
was purchased from the Becton Dickinson (BD) Company 
(New York, USA); the Transwell Lab was purchased from 
the Corning Company (USA); and the β-Actin, E-cadherin, 
N-cadherin, MMP2, MMP9, BCL2L1, P53, BAX, Caspase 3, 
and Caspase 7 antibodies were purchased from Proteintech 
(Chicago, USA).

Cell culture and transfection 

The study conformed to the provisions of the Declaration 
of Helsinki (as revised in 2013), and was approved by 
the Ethics Committee of Affiliated Hospital of Nantong 
University (No. 2022-L094). Informed consent was 
provided by all participants. Fresh tissue and matched 
adjacent normal tissue samples from liver cancer patients 
were surgically removed at the Affiliated Hospital of 
Nantong University. None of the liver cancer patients 
received preoperative anti-tumor therapy. The in vitro 
culture human HCC cell lines (HCCLM3, Huh7, Hep3B) 
and human normal liver cell line (LO2) were purchased from 
ATCC (American type culture collection, Manassas, USA). 

The cells were cultured in a 37 ℃ and 5% carbon 
dioxide (CO2) environment. The overexpression plasmid, 
shRNA (short hairpin RNA), and negative control (NC) 
(Genechem, Shanghai, China) were transfected into cells 
with Lipofectamine 3000 reagent (Invitrogen, Carlsbad, 
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USA), and the transfection efficiency was evaluated with 
fluorescent qRT-PCR. The DMEM medium with 10% 
FBS concentration was used for the cell culture.

qRT-PCR 

We used Trizol reagent (Invitrogen) to extract total RNA 
from cells and used a spectrophotometer to determine 
the purity and concentration of RNA according to the 
manufacturer’s instructions. Total RNA (1 μg) was reverse 
transcribed into cDNA (complementary DNA) using 
the Prime Script RT kit (Takara Bio, Beijing, China). 
Using DNA as the template, the SYBR Select Master 
Mix kit (Thermo Fisher Scientific, Carlsbad, USA) and 
ABI Prism 7900 detection system (Applied Biosystems, 
Carlsbad, USA) were used for the qRT-PCR reaction. 
The primer sequences are listed as follows: miR-7, 
5'-CGGGCCAACAAATCACAGTC-3' (forward) and 
5'-CAGCCACAAAAGAGCACAAT-3' (reverse); and 
BCL2L1, 5'-CCTGACATCCCAGCTCCACA-3' (forward) 
and 5'-GCGATCCGACTCACCAATACC-3' (reverse). 

Cell proliferation assay

Cell  prol i ferat ion abi l i ty  was analyzed using the 
MTT [3- (4 ,5 ) -d imethy l th iah iazo(-z-y1)-3 ,5-d i -
phenytetrazoliumromide] test. Cells growing in the 
logarithmic phase were digested, counted, and then planted 
in a 96-well plate according to the appropriate density. 
MTT solution (200 μL) was added into each hole. Dimethyl 
sulfoxide (DMSO) (100 μL) was added into each hole after 
continuous cultivation for 4 h, and the culture plate was 
placed into the microplate reader (Olympus, Japan). We 
then detected the absorbance value of the optical density 
(OD)-490 nm holes (each group had three sets of auxiliary 
holes).

In addition, we also analyzed the proliferation ability 
of cells through colony formation assay. Cells were plated 
in 6-well plate at a density of 1,000 cells/plate. Two weeks 
later, the colony was fixed with 4% paraformaldehyde for  
30 minutes, and stained with crystal violet for 10 minutes. All 
colonies were washed several times with ddH2O, dried and 
photographed.

Cell apoptosis assay 

Cell apoptosis was analyzed by flow cytometry. The 
cells were inoculated in the culture plate and transfected 

after culturing for 24 h. The cells were collected 48 h 
after transfection, washed with phosphate buffer saline 
(PBS), and double stained using an Annexin V-FITC/PI 
(fluorescein isothiocyanate/propidium iodide) apoptosis 
detection kit (Solarbio, Beijing, China). 

Cell migration assay

The cell migration ability was investigated using the cell 
scratch test. The cells were inoculated into six-well plates, 
cultured for 24 h, and then transfected. We used 10 μL 
sterile tips to scratch a single layer of cells, and the cells are 
washed with PBS three times to wash away the scratched 
cells. Serum-free DMEM was added and placed in the cell 
incubator for 24 hours. The scratches at 0 h and 72 h were 
photographed with an optical microscope (OLYMPUS, 
Tokyo, Japan) to calculate the cell migration rate. Finally, 
we took pictures.

Cell invasion experiment

A Transwell chamber (Thermo Fisher Scientific, Carlsbad, 
USA) was used to study the cell invasion ability. The 
transfected cells were digested and resuspended with serum-
free DMEM medium, then added to the Transwell upper 
chamber coated with matrix glue, and the DMEM medium 
containing 10% FBS was added to the lower chamber. 
After placing the cells in the cell incubator for 24 h, cells on 
the membrane were gently removed, while cells under the 
membrane were fixed with methanol, stained with crystal 
violet, counted and took pictures.

Western blot analysis

Protein lysate was added to the cell culture plates of the 
experimental and control groups by western blot. The 
supernatant was centrifuged after ice lysis to determine the 
protein concentration of the two groups. Subsequently, the 
polyacrylamide gel was configured and equal proportions 
of protein samples of the control and experimental groups 
were placed into the upper sample well. We then performed 
constant flow electrophoresis until the protein lanes were 
fully separated. 

The protein was transferred to a polyvinylidene fluoride 
(PVDF) membrane using the wet transfer method. After 
sealing using skimmed milk powder for 2 hours, we placed 
the cut PVDF membrane into the antibody incubation box 
and incubated it overnight at 4 ℃. The next day, after TBS 
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with Tween-20 (TBST) rinsing, an HRP-labeled secondary 
antibody was added and incubated at room temperature for 
1 h. A fully automated chemiluminescence imaging system 
(Odyssey, Ithaca, USA) was used to take photos.

Luciferase reporter assay

A target prediction and luciferase reporter gene experiment 
were carried out using the TARGETSCAN database 
(https://www.targetscan.org/) to predict the target gene of 
hsa-miR-7. Wild type (wt) and mutant type (mut) luciferase 
reporter gene plasmids were constructed. The luciferase 
reporter gene plasmid and miRNA overexpression plasmid 
were co-transfected into Huh7 cells, and the luciferase 
activity was determined using the double luciferase reporter 
gene system (Promega, Madison, USA).

Immunohistochemical staining

The paraffin-embedded sections were dewaxed and 
hydrated by immunohistochemical staining, and then 
washed twice using PBS for 5 min each time. Thereafter, 3% 
H2O2 (hydrogen peroxide) was sealed at room temperature 
for 5–10 min and then washed three times with distilled 
water for 5 min each time. Antigen repair was subsequently 
performed, PBS was used for washing (for 5 min), and 
bovine serum albumin (BSA) was used for sealing at room 
temperature (for 20 min). The first antibody was added 
dropwise and incubated overnight at 4 ℃, and then washed 
with PBS three times (2 min each time). Next, a biotinylated 
secondary antibody was added dropwise for 20 min at 
20–37 ℃, and then washed with PBS three times (2 min 
each time). Subsequently, Strept Avidin-Biotin Complex 
(SABC) reagent was added dropwise for 20 min at 20–37 ℃, 
washed with PBS four times (for 5 min each time), and then 
used the DAB (3,3'-diaminobenzidine) color development 
kit (Beyotime, Shanghai, China). We then washed this 
with distilled water three times (5 min each time), and 
subsequently used hematoxylin for 2 min and differentiated 
with hydrochloric acid ethanol. Thereafter, we performed 
dehydration, transparency, sealing film, and microscopic 
examination.

Statistical analysis 

All data were analyzed using SPSS 26.0 software. The 
measurement data were expressed by (z ± s). Analysis of 
variance and the LSD-t-test were used to analyze the 

differences between three groups, and the independent 
sample two-sided f-test was used to analyze the differences 
between two groups. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Overexpression of miR-7 inhibits cell proliferation and 
metastasis

First, we detected the expression level of miR-7 in HCC 
tissues and found that miR-7 was lowly expressed (Figure 
1A). To determine the possible mechanism of miR-7 in 
HCC, we transfected a miR-7 overexpression plasmid into 
Hep3B and Huh7 cells and also detected miR-7 expression 
by qRT-PCR, which indicated that miR-7 expression was 
significantly up-regulated (Figure 1B). 

To further explore the function of miR-7 in liver cancer 
cells, we used colony formation, MTT analysis, and flow 
cytometry analysis. Our colony formation and MTT analysis 
results showed that the proliferation and cell survival rates of 
the miR-7 overexpression group were significantly reduced 
(Figure 1C,1D). In addition, flow cytometry analysis showed 
that miR-7 overexpression markedly increased the number 
of apoptotic cells (Figure 1E). Moreover, Transwell analysis 
showed notably reduced migration and invasion in cells 
induced by miR-7 (Figure 1F).

BCL2L1 is the target gene of miR-7

The TARGETSCAN database (https://www.targetscan.
org/) was utilized to predict the target gene of hsa-miR-7; 
we found that BCL2L1 may be the target gene of miR-7 
(Figure 2A). The dual luciferase reporter gene experiment 
results showed that miR-7 could significantly reduce the 
activity of the wt luciferase plasmid compared with the NC 
group (Figure 2B). At the same time, we overexpressed miR-
7 in Hep3B and Huh7 cells. The qPCR results showed 
that overexpression of miR-7 could substantially inhibit the 
expression of BCL2L1 (Figure 2C).

The high expression of BCL2L1 in liver cancer tissues 
and cells was determined via The Cancer Genome Atlas 
(TCGA) and Gene Expression Profiling Interactive 
Analysis (GEPIA) databases

To investigate the expression of BCL2L1 in different tumors, 
we conducted differential expression analysis using TCGA 

https://www.targetscan.org/
https://www.targetscan.org/


Annals of Translational Medicine, Vol 11, No 1 January 2023 Page 5 of 15

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2023;11(1):12 | https://dx.doi.org/10.21037/atm-22-5929

5

4

3

2

1

0R
el

at
iv

e 
ex

pr
es

si
on

 o
f m

iR
-7

Adjacent 
tissues

Liver cancer 
tissues

35

30

25

20

15

10

5

0
R

el
at

iv
e 

ex
pr

es
si

on
 o

f m
iR

-7

Hep3B Huh7

P=0.004

NC

miR-7

Hep3B

Huh7

NC miR-7

NC miR-7

Hep3B

Huh7

200
150
100
50
0C

el
l n

um
be

r

NC miR-7

** **

**

200
150
100
50
0C

el
l n

um
be

r

NC miR-7

**

4
3.5

3
2.5

2
1.5

1
0.5

0

C
el

l v
ia

bi
lit

y

1     2     3     4     5
Days

Hep3B
NC

miR-7

*

3.5

3

2.5

2

1.5

1

0.5

0

C
el

l v
ia

bi
lit

y

1     2     3     4     5
Days

Huh7
NC

miR-7

*

106

105

104

103

102

101

100

P
I-

A

0.15% 2.93%

1.99%94.48%

100   101   102   103   104   105   106

Annexin V-FITC-A

106

105

104

103

102

101

100

P
I-

A

1.48% 6.85%

8.33%83.28%

100   101   102   103   104   105   106

Annexin V-FITC-A
106

105

104

103

102

101

100

P
I-

A

19.47% 16.45%

2.72%61.08%

100   101   102   103   104   105   106

Annexin V-FITC-A

106

105

104

103

102

101

100

P
I-

A

17.90% 18.89%

2.69%60.23%

100   101   102   103   104   105   106

Annexin V-FITC-A

25
20
15
10
5
0A

po
pt

os
is

 
pe

rc
en

ta
ge

, %

NC miR-7

*

Hep3B

24
23
22
21
20
19
18
17

A
po

pt
os

is
 

pe
rc

en
ta

ge
, %

NC miR-7

*
Huh7

Hep3B

Huh7

NC miR-7
300

200

100

0

C
el

l n
um

be
r

**
**

NC

miR-7

Migration

Hep3B Huh7
Migration

Hep3B

Huh7

NC miR-7

Invasion

200

150

100

50

0

C
el

l n
um

be
r

**
**

NC

miR-7

Invasion

Hep3B Huh7

A B C

D E

F

Figure 1 miR-7 overexpression inhibits cell proliferation, migration, and invasion in HCC. (A) Relative expression of miR-7 in HCC tissue was 
detected by qRT-PCR. (B) miR-7 overexpression plasmids were transfected into Hep3B and Huh7 cells. Efficacy of transfection was examined 
by qRT-PCR. (C,D) Cell proliferation and viability were detected by colony formation assay (stained with crystal violet) and MTT assay after 
transfection of miR-7 overexpression plasmid. (E) Cell apoptosis was measured by flow cytometry assay after transfection of miR-7 overexpression 
plasmid. (F) Cell migration and invasion were analyzed via a transwell assay (stained with crystal violet, original magnification ×100) after 
transfection of miR-7 overexpression plasmid. *, P<0.05; **, P<0.01. NC, negative control; FITC, fluorescein isothiocyanate; PI, propidium iodide; 
HCC, hepatocellular carcinoma; qRT-PCR, quantitative real-time PCR; MTT, 3- (4,5)-dimethylthiahiazo (-z-y1)-3,5-di-phenytetrazoliumromide.

(https://cancergenome.nih.gov/) and GEPIA databases 
[Gene Expression Profiling Interactive Analysis (GEPIA), 
cancer-pku.cn]. Our results showed that, compared with 
normal tissues, BCL2L1 was notably overexpressed in 
tumors such as uterine corpus endometrial carcinoma, 
breast cancer, cervical squamous cell carcinoma and 
endocervical adenocarcinoma, prostate adenocarcinoma, 
HCC, etc. (Figure 3A). Subsequently, we further analyzed 
the expression level of BCL2L1 in liver cancer tissue. The 
results showed that BCL2L1 was significantly overexpressed 
in liver cancer compared with the adjacent tissues (Figure 
3B). Paired difference analysis further confirmed that 

BCL2L1 was highly expressed in HCC (Figure 3C). 
To further explore the biological function of BCL2L1, we 

carried out co-expression and function enrichment analyses 
of the BCL2L1 gene. Figure 3D shows 21 co-expressed 
genes that are correlated with BCL2L1. Subsequently, we 
selected the first 100 co-expressed genes with the highest 
correlation for enrichment analysis (Figure 3E), in which 
the neuroactive ligand-receptor interaction was the highly 
enriched Gene Ontology (GO) terms (Figure 3F). In addition, 
we also performed a logistic analysis of the correlation 
between BCL2L1 expression and clinicopathological features 
using TCGA database. We found that the high expression 
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of BCL2L1 was related to the T stage, pathologic stage, and 
HISTOLOGIC grade (Table 1).

The high expression of BCL2L1 in liver cancer tissues was 
detected by western blot, qPCR, and immunohistochemistry 

To verify the expression of BCL2L1 in liver cancer tissues, 
we detected the BCL2L1 protein expression in liver cancer 
and normal adjacent tissues by western blot. The results 
showed that the BCL2L1 protein expression in liver cancer 
tissues was significantly higher than that in adjacent tissues, 
and the difference was statistically significant (Figure 4A). 
We also found that BCL2L1 was highly expressed in HCC 
cells (Figure 4B). 

Next, qRT-PCR was applied to detect the BCL2L1 
mRNA expression in 25 pairs of liver cancer and adjacent 
normal tissues, which was significantly higher than that in 
the corresponding adjacent liver tissues (Figure 4C), and the 
expression of BCL2L1 in HCC was negatively correlated 
with the expression of miR-7 (Figure 4D). 

Immunohistochemistry showed that the BCL2L1 
protein expression in liver cancer and adjacent tissues 

showed brown-yellow diffuse staining, and its expression 
was mainly localized in the cytoplasm (Figure 4E). Among 
121 liver cancer tissues, BCL2L1 was expressed in 75 cases 
(61.9%), and was positive in 15 of 46 adjacent tissues, 
with a positive rate of 31.9%. The expression of BCL2L1 
in liver cancer tissues was markedly different from that in 
adjacent tissues (P<0.05). In addition, we also found that 
the positive expression of BCL2L1 in HCC was related to 
tumor size, tumor node metastasis (TNM) stage, and tumor 
size. However, there was no significant correlation with the 
gender, age, number of tumors, degree of differentiation, 
HBV infection, and degree of liver cirrhosis of liver cancer 
patients (Table 2).

Effect of silencing BCL2L1 on the invasion, migration, 
and apoptosis of HCC cells

First, sh-BCL2L1 (BCL2L1 interference plasmid) was used 
to silence the expression of BCL2L1 in Hep3B and Huh7 
cells, and the interference effect was detected by western 
blot (Figure 5A). The flow cytometry results showed that sh-
BCL2L1 could significantly inhibit the apoptosis of Hep3B 
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Figure 3 The high expression of BCL2L1 in HCC was confirmed through the TCGA-LIHC and GEPIA datasets. (A) BCL2L1 was 
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and Huh7 cells compared with the NC group (Figure 5B). 
The wound healing (Figure 5C) and Transwell test (Figure 
5D) results showed that sh-BCL2L1 could considerably 
inhibit the migration and invasion of Hep3B and Huh7 cells 
compared with the NC group. 

The BCL2L1 mechanism promotes the invasion and 
migration of liver cancer cells and inhibits apoptosis of 
liver cancer cells

The STRING database [functional protein association 
networks (STRING), string-db.org] was used to predict 
and validate the BCL2L1-interacting proteins. We found 
that the P53 and BAX proteins may be BCL2L1-interacting 
proteins (Figure 6A). The co-immunoprecipitation (COIP) 
experiment results also showed that the BCL2L1 protein 
interacted with the P53 and BAX proteins. At the same 
time, we silenced the expression of BCL2L1 in Hep3B and 
Huh7 cells, and through western blot, observed that the 
expression of P53 was reduced. Moreover, sh-BCL2L1 could 
significantly inhibit the expressions of P53 and BAX (Figure 
6B). Western blot also demonstrated that E-cadherin was 

up-regulated in Hep3B and Huh7 cells, while N-cadherin, 
MMP2, and MMP9 were down-regulated (Figure 6C). 
Therefore, BCL2L1 may promote the invasion and 
migration of liver cancer cells through the epithelial-
mesenchymal transition (EMT) pathway.

Regulatory mechanism of the miR-7/BCL2L1 signaling 
axis in HCC

To determine whether miR-7 inhibition of Huh7 cell 
invasion and migration is the result of miR-7 targeting 
BCL2L1, we restored the expression of BCL2L1 inhibited 
by miR-7 through a recovery experiment. Our results 
indicated that the restoration of BCL2L1 expression in 
Hep3B and Huh7 cells eliminated the miR-7 inhibition of 
cell invasion and migration (Figure 7A,7B). The Western 
Blot results also showed that overexpression of miR-7 could 
substantially inhibit the expression of BCL2L1. To further 
confirm whether miR-7 is related to the EMT pathway 
via BCL2L1 regulation, we transfected HCC cells with 
miR-7 and BCL2L1 overexpression plasmids. The miR-
7 overexpression plasmid up-regulated the expression 

Table 1 Logistic analysis of the correlation between BCL2L1 expression and clinicopathological features

Characteristics Total (N) OR P value

T stage (T3 & T4 vs. T1 & T2) 371 1.723 (1.073−2.793) 0.025*

N stage (N1 vs. N0) 258 2.603 (0.328−53.007) 0.410

M stage (M1 vs. M0) 272 2.662 (0.336−54.188) 0.399

Pathologic stage (stages III & IV vs. stages I & II) 350 2.045 (1.257−3.365) 0.004*

Tumor status (with tumor vs. tumor-free) 355 1.218 (0.800−1.857) 0.359

Gender (male vs. female) 374 0.885 (0.573−1.365) 0.581

BMI (kg/m2) (>25 vs. ≤25) 337 0.775 (0.504−1.189) 0.244

Residual tumor (R1 & R2 vs. R0) 345 2.113 (0.800−6.194) 0.144

Histologic grade (G3 & G4 vs. G1 & G2) 369 1.639 (1.072−2.519) 0.023*

Adjacent hepatic tissue inflammation (mild & severe vs. none) 237 1.532 (0.918−2.567) 0.103

AFP (ng/mL) (>400 vs. ≤400) 280 1.482 (0.850−2.603) 0.167

Albumin (g/dL) (≥3.5 vs. <3.5) 300 1.194 (0.697−2.059) 0.519

Prothrombin time (>4 vs. ≤4) 297 1.331 (0.810−2.195) 0.260

Child-Pugh grade (B & C vs. A) 241 2.327 (0.942−6.299) 0.077

Fibrosis Ishak score (3/4 & 5/6 vs. 0 & 1/2) 215 0.945 (0.553−1.615) 0.837

Vascular invasion (yes vs. no) 318 0.983 (0.619−1.561) 0.942

*, P<0.05. OR, odds ratio; BMI, body mass index; AFP, alpha fetoprotein.
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Figure 4 High expression of BCL2L1 in liver cancer tissues and cells. (A) BCL2L1 protein expression in liver cancer tissues was found to 
be significantly higher than that in adjacent tissues by western blot analysis, and the difference was statistically significant. (B) BCL2L1 
was highly expressed in HCC cells. (C) The expression of BCL2L1 mRNA in 25 pairs of liver cancer and adjacent normal tissues by 
qRT-PCR. The results showed that the BCL2L1 mRNA expression level in liver cancer tissues was significantly higher than that in the 
corresponding adjacent liver tissues. (D) The expression of BCL2L1 in HCC was negatively correlated with the miR-7 expression. (E) 
Immunohistochemistry (took pictures under the ×4, ×20 and ×40 mirrors respectively) showed that the expression of the BCL2L1 protein in 
breast cancer tissues and adjacent tissues displayed brown-yellow diffuse staining, and its expression was mainly localized in the cytoplasm. 
**, P<0.01. HCC, hepatocellular carcinoma; qRT-PCR, quantitative real-time PCR.

of E-cadherin, and down-regulated the expression of 
N-cadherin, MMP2, and MMP9 in Hep3B and Huh7 cells. 
BCL2L1 overexpression eliminates these effects. Our results 
consistently showed that miR-7 hinders the progression of 
liver cancer by inhibiting BCL2L1 (Figure 7C).

Regulatory mechanism of the BCL2L1/P53 signaling axis 
in HCC

To clarify whether BCL2L1 affects the invasion and 
migration of HCC and Caspase 3/7 through P53, we 
transfected sh-BCL2L1 and P53 overexpression plasmids 

into Hep3B and Huh7 cells. Compared with the control 
cells, the migration and invasion of P53-transfected 
Hep3B and Huh7 cells were significantly inhibited (Figure 
8A). BCL2L1 overexpression could partially rescue the 
promotion of P53 silencing on Caspase 3/7. Furthermore, it 
could be seen that BCL2L1 plays a role in the progression 
of liver cancer by regulating P53 (Figure 8B).

Discussion

Although previous studies have shown that epigenetic 
and molecular changes of various well-known signaling 
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pathways are involved in the genesis and development of 
HCC, the molecular mechanism of HCC has not been fully 
elucidated (14). In recent years, molecular targeted therapy 
of liver cancer has become a research hotspot, and there is 
a pressing need to identify effective key therapeutic targets 
for liver cancer.

The expression of miR-7 is usually down-regulated in 
different cancer cells [i.e., brain, lung, and colon cancer 
cells (15-18)]. In mammals, miR-7 mainly acts as a tumor 
suppressor and regulates some basic cellular processes, 
including proliferation, differentiation, apoptosis, and 
migration (19,20). Interestingly, it is also involved in the 

signaling pathway that guides the differentiation of different 
tissues and is regulated by specific transcription factors (21).  
For example, miR-7 can inhibit cell metastasis by targeting 
focal adhesion kinase (FAK) and Kruppel-like factor 4 (KLF4) 
in breast cancer (22,23). miR-7 inhibits proliferation and 
metastasis by regulating the PI3K/Akt signaling pathway in 
HCC and glioblastoma (24). In tumor stem cells, the miR-
7 promoter is silenced due to DNA methylation (25). In 
breast cancer, its expression depends on estrogen (26). It was 
found that miR-7 is a new and reliable biomarker of an acidic 
tumor microenvironment (TME) and a novel therapeutic 
target for non-small cell lung cancer (NSCLC) (27). Ku 

Table 2 Relationship between BCL2L1 expression and clinicopathological parameters in liver tissue

Group N BCL2L1 (n), high/low χ2 P value

Age 1.486 0.323

>50 years 87 51/36

≤50 years 34 24/10

Gender 0.062 0.803

Male 104 64/40

Female 17 11/6

Tumor size (cm) 4.139 0.042*

<5 59 42/17

≥5 62 33/29

Tumor number 0.536 0.464

Single 82 49/33

Multiple 39 26/13

TNM 3.917 0.048*

I/II 76 42/34

III/IV 45 33/12

Differentiation degree 0.035 0.851

Well/moderate 75 46/29

Poor 46 29/17

HBsAg 0.157 0.692

Negative 14 8/6

Positive 107 67/40

Cirrhosis 3.294 0.070

No 46 35/11

Yes 75 45/30

*, P<0.05. TNM, tumor node metastasis; HBsAg, hepatitis B surface antigen.
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Figure 5 Knockout of BCL2L1 inhibits the invasion and migration of HCC cells and promotes apoptosis. (A) The BCL2L1 protein 
expression level in Hep3B and Huh7 cells was determined by western blot analysis. (B) Cell apoptosis was measured by flow cytometry assay 
after transfection of sh-BCL2L1. (C,D) Cell migration and invasion were analyzed using a transwell assay (stained with crystal violet, original 
magnification ×100) and wound healing following transfection (original magnification ×100) of sh-BCL2L1. *, P<0.05; **, P<0.01. NC, 
negative control; HCC hepatocellular carcinoma; FITC, fluorescein isothiocyanate; PI, propidium iodide.
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et al. found that LINC00240 acts as a sponge for miR-7-
5p and induces EGFR overexpression. Also, LINC00240 
knockdown induces miR-7-5p overexpression (28). However, 
the mechanism of miR-7 in HCC remains unclear.

The present study evaluated the expression and function 
of miR-7 in HCC. The results showed that miR-7 expression 
was down-regulated in HCC. miR-7  inhibited the 
proliferation, migration, and invasion of Hep3B and Huh7 
cells, and promoted the apoptosis of Hep3B and Huh7 cells. 
Moreover, to further evaluate the molecular mechanism of 
miR-7 inhibiting hepatocarcinogenesis, we predicted that 
BCL2L1 was the target gene of miR-7 using the TargetScan 

and StarBase software, and confirmed that BCL2L1 was the 
target gene of miR-7 through a dual luciferase experiment. 
It has been confirmed that the members of B-cell CLL/
lymphoma 2 (BCL-2) family proteins play a central role 
in determining the occurrence of apoptosis by regulating 
the permeability of the mitochondrial outer membrane. 
BCL2L1 counteracts its apoptosis-promoting function by 
preventing BAX and BAD transfer from the cytoplasm to 
mitochondria (29). Furthermore, it has also been reported 
that miR-1266 and miR-185 can induce cell apoptosis and 
reduce proliferation by inhibiting the BCL2 and BCL2L1 
genes (30).
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Figure 6 The P53 and BAX proteins are BCL2L1-interacting proteins and the BCL2L1 promotes the invasion and migration of liver 
cancer cells through the EMT pathway. (A) Predictions of BCL2L1-interacting proteins were made using STRING software. (B) Protein 
interaction between BCL2L1 and P53/BAX. (C) The expression of E-cadherin, N-cadherin, MMP2, MMP9, P53, BAX, and Caspase 
3/7 at the protein level in transfected cells with sh-NC or sh-BCL2L1 were examined by western blot analysis. IB, immunoblotting; IP, 
immunoprecipitation; NC, negative control; MMP, matrix metallopeptidase; EMT, epithelial-mesenchymal transition. 

Figure 7 BCL2L1 overexpression rescued the miR-7-mediated inhibitory effects in HCC cells. (A,B) The inhibitory functions of miR-7 
on cell migration and invasion were measured by Transwell assays (A) (stained with crystal violet, original magnification ×100) and wound 
healing (B) (original magnification ×100) in Hep3B and Huh7 cells transfected with the BCL2L1 overexpression plasmid, respectively. (C) 
The expressions levels of E-cadherin, N-cadherin, MMP2, and MMP9 were detected by western blot analysis in Hep3B and Huh7 cells that 
were transfected with sh-NC, miR-7, or miR-7 + BCL2L1, respectively. *, P<0.05; **, P<0.01. NC, negative control; HCC, hepatocellular 
carcinoma; MMP, mitochondrial membrane potential.
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In addition, studies have demonstrated that BCL2L1 
also participates in cell migration and mitochondrial 
metabolism, in addition to its effect on apoptosis. These 
effects may be conducive to the occurrence and diffusion 
of transfer (31). Increased BCL2L1 is related to the drug 
resistance of ovarian cancer to a variety of anti-cancer 
drugs. The double inhibition of FGFR4 and BCL2L1 has 
shown strong effects and tolerable toxicity (32). Thus, 
BCL2L1 plays an important role in the occurrence and 
development of tumors. We found that BCL2L1 is 
highly expressed in HCC. We also found that the positive 
expression of BCL2L1 in HCC was related to tumor size, 
TNM stage and tumor size. In addition, silencing BCL2L1 
can significantly inhibit the proliferation, invasion and 
migration of HCC cells and promote apoptosis. Therefore, 
BCL2L1 plays an important role in the occurrence and 
development of liver cancer.

The abnormal reactivation of EMT is related to the 
malignant characteristics of tumor cells during tumor 
progression and metastasis, such as promoting migration 
and invasion, increasing tumor stem cells, and enhancing 
resistance to chemotherapy and immunotherapy (33,34). 
The knockdown of BCL2L1 expression increases the 
expression of E-cadherin in the EMT signaling pathway of 
liver cancer cells and decreases the expression of N-cadherin, 
MMP2, and MMP9. Thus, BCL2L1 promotes the invasion 
and migration of liver cancer cells through the EMT signal 
pathway. 

We also found that BCL2L1 may inhibit the apoptosis 
of hepatoma cells through P53, BAX, and Caspase 3/7. 

In this study, we used bioinformatics software to predict 
proteins and the COIP experiment to verify that P53 and 
BAX are the BCL2L1-interacting proteins. We also found 
that BCL2L1 can partially rescue the inhibitory effect of 
miR-7 on the proliferation, migration, and invasion of 
HCC cells. Our research shows that miR-7 can inhibit the 
EMT pathway by regulating BCL2L1. In addition, BCL2L1 
overexpression can partially rescue the inhibition of P53 
on the invasion and migration of HCC cells. BCL2L1 
overexpression can also partially rescue the promotion of 
P53 silencing on Caspase 3/7. These results indicate that 
BCL2L1 plays a role in the progression of liver cancer by 
regulating P53.

In conclusion, the miR-7/BCL2L1/P53 signaling axis 
plays an important role in inhibiting the progression of liver 
cancer. These findings may provide an effective therapeutic 
target for liver cancer.

Conclusions

In summary, we demonstrated that BCL2L1 is a direct 
target gene of miR-7. MiR-7 can inhibit the epithelial 
mesenchymal transformation (EMT) pathway by regulating 
BCL2L1. In addition, we found that BCL2L1 protein 
interacted with P53 protein. BCL2L1 also inhibits the 
expression of Caspase 3/7 in hepatoma cells by inhibiting 
the expression of P53.Consequently, further research 
is needed to clarify the regulation mechanism miR-7/
BCL2L1/P53 axis and identify specific targets for HCC 
treatment.
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