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Abstract. The present study aimed to investigate molecular 
mechanisms associated with liver cancer and provide a possible 
therapeutic target for the treatment of liver cancer. Liver 
cancer patients that were diagnosed and treated at the Central 
Hospital of China National Petroleum Corp. were included in 
the present study. microRNA (miR)‑222 was predicted to target 
B‑cell lymphoma-2 (Bcl‑2) binding component 3 (BBC3, also 
known as p53 upregulated modulator of apoptosis) by a bioin-
formatics analysis with TargetScan, which was verified by a 
dual‑luciferase reporter assay system. The correlations between 
BBC3 and miR‑222 levels and the patients' characteristics were 
analyzed. Furthermore, reverse transcription‑quantitative 
polymerase chain reaction was used to assess the mRNA levels 
of miRNA‑222 in the HCC‑LM3, MHCC97H and HepG2 
cell lines. HepG2 cells were then transfected with miR‑222 
inhibitor or miR‑negative control inhibitor. Cell proliferation, 
apoptosis, cell cycle, migration and invasion were evaluated 
by an MTT assay, flow cytometry, wound healing assay and 
Transwell assay, respectively. BBC3 was quantified by immu-
nofluorescence and western blot analysis, and cyclin D1, Bcl‑2 
and caspase‑3 levels were also evaluated by western blotting. 
miR‑222 inhibitor obviously inhibited HepG2 cell proliferation, 
migration, invasion, BBC3 and cyclin D1 protein expression 
levels and enhanced HepG2 cell apoptosis as well as the protein 
levels of Bcl‑2 and caspase‑3. miR‑222 level in tumors ≥5 cm 
(maximum) was significantly higher compared with tumors 
<5 cm (maximum) and was significantly higher in metastatic 
tumors compared with non‑metastatic tumors, while BBC3 
level showed the adverse changes. The results of the present 
study suggested that miR‑222 inhibitor exerted anti‑cancer 
effects against liver cancer cells, probably by targeting the 
3' untranslated region (UTR) of BBC3.

Introduction

Liver cancer, the symptoms of which include a lump or pain 
on the right side below the rib cage, swelling of the abdomen, 
yellowish skin, and weight loss, is also known as hepatic 
cancer and starts in the liver (1). Primary liver cancer is the 
sixth most common cancer type (accounting for 6% of all 
cancers) worldwide (2). Therefore, it is urgently required to 
identify a novel therapeutic target for liver cancer and explore 
the possible associated molecular mechanisms.

B‑cell lymphoma-2 (Bcl‑2), encoded by BCL2 gene, is a 
major member of the Bcl‑2 family, a group of proteins with 
the ability to induce or inhibit cell apoptosis in humans (3,4). 
However, since Bcl‑2 is not a growth signal transducer, it is 
deemed as a crucial anti‑apoptotic protein. Among all of the 
members of the Bcl‑2‑homology 3 (BH3)‑only subgroup of the 
Bcl‑2 family, Bcl‑2 binding component 3 (BBC3), also known 
as tumor protein 53 (TP53) upregulated modulator of apop-
tosis (PUMA), a transcriptional target of TP53 (5,6), acts as an 
essential apoptosis inducer (7,8). BBC3 takes part in numerous 
pathological and physiological processes, for instance, cancer 
and bacterial or viral infections (9).

The first microRNA (miRNA/miR) was discovered in the 
early 1990s (10,11). miRNAs are a class of small non‑coding 
RNA with a length of ~22 nucleotides, which function in RNA 
silencing and post‑transcriptional gene regulation (12,13), and 
have a role in various biological processes (14‑16). To date, 
>1,000 miRNAs encoded by the human genome have been 
identified (17). miRNA‑based therapies are currently under 
investigation (18‑20).

Mounting evidence demonstrates the involvement of 
miRNAs in liver cancer (21,22); however, the corresponding 
molecular mechanisms have remained to be fully elucidated. The 
present study aimed to explore this matter in order to provide 
novel approaches for the treatment and diagnosis/prognostication 
of liver cancer patients.

Materials and methods

Tissue samples. In the present study, liver cancer tissues and 
adjacent normal liver tissues that were ≥2 cm distant from 
tumor margins from 31 patients who underwent surgery at 
the Central Hospital of China National Petroleum Corp. 
(Langfang, China) were obtained. None of the patients 
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received any other therapies, including chemotherapy and 
radiotherapy. The primary tumors from patients with and 
without the presence of metastasis were extracted. Tissues 
were quickly removed and immediately placed in liquid 
nitrogen. The present study was approved by the ethics 
committee of the Central Hospital of China National 
Petroleum Corp. (Langfang, China). Written informed 
consent for the use of the specimens for research purposes 
was provided by each patient prior to the surgery.

Cell culture and transfection. The human liver cancer cell 
lines HCC‑LM3, SMCC7721 and HepG2, and 293 cells were 
obtained from Cell Bank of Chinese Academy of Sciences 
(Shanghai, China) and cultured in high‑glucose Dulbecco's 
modified Eagle's medium (DMEM) supplemented with 10% 
fetal bovine serum (FBS) (both from GE Healthcare, Little 
Chalfont, UK) and 1% penicillin/streptomycin in an incubator 
with 5% CO2 at 37˚C.

Hepatoblastoma‑derived HepG2 cells (23) were randomly 
divided into 3 groups, i.e., the control group, miR‑negative 
control (NC) inhibitor group and miR‑222 inhibitor group. 
HepG2 cells were transfected with miR‑222 inhibitor or 
miR‑NC inhibitor (RiboBio, Guangzhou, China) for 48 h with 
Lipofectamine™ 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) in accordance with the manufac-
turer's instructions.

Luciferase act ivi t y assay.  By using TargetScan 
(http://www.targetscan.org), BBC3 was predicted to be a target 
gene of miR‑222; therefore, the recombinant reporter plasmids 
pmir‑BBC3 wild‑type (wt)‑3'UTR and pmir‑BBC3 mutant 
(mut)‑3'UTR were constructed as followed: The 3'UTR of 
BBC3 was amplified from cDNA of 293 cells and cloned into 
pmir plasmid (Invitrogen; Thermo Fisher Scientific, Inc.) to 
construct pmir‑BBC3 wt‑3'UTR, while the pmir‑BBC3 
mut‑3'UTR was obtained by Stratagene mutation kit 
(Stratagene; Agilent Technologies, Inc., Santa Clara, CA, 
USA) based on the manufacture's protocol. Following incuba-
tion of HepG2 cells for 48 h when cells were allowed to attach 
after seeding, they were co‑transfected with miR‑222 inhibitor 
or miR‑NC inhibitor and pmir‑BBC3wt‑3'UTR or 
pmir‑BBC3mut‑3'UTR by using Lipofectamine™  2000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). At 48 h 
after transfection, the relative activity of luciferase in different 
groups was tested.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was extracted and isolated from 
tissues or cultured HCC‑LM3, SMCC7721 and HepG2 cells 
with a miRNeasy Mini Kit (Qiagen, Hilden, Germany). 
Complementary (c)DNA was first synthesized with an iScrip™ 
cDNA Synthesis Kit (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA). For the assessment of the miR‑222 levels, cDNA 
was amplified with SYBR Premix Ex Taq™ (Takara Bio, 
Inc., Otsu, Japan) in a CFX96™ Real‑Time PCR Detection 
System (Bio‑Rad Laboratories, Inc.). The conditions were as 
following: Denaturation at 95˚C (5 min), followed by 40 cycles 
of denaturation at 95˚C (10 sec) and annealing/extension at 
60˚C (30 sec). The relative content of miR‑222 was calculated 
via the 2‑ΔΔCq method (24). U6 was used as an internal control. 

Primers were as followed: miR-222 forward, GTG​CAA​GTG​
TAG​ATG​CCG​ACA​A and reverse, GTG​CAA​GTG​TAG​ATG​
CCG​ACA​A; U6 forward, CTC​GCT​TCG​GCA​GCA​CA and 
reverse, AACGCTTCACGAATTTGCGT.

Flow cytometric assays. The cell cycle distribution in the 
different groups was evaluated by flow cytometry. HepG2 
cells were seeded into 96‑well plates at the seeding density of 
3x104/well and transfected with miR‑222 inhibitor or miR‑NC 
inhibitor. After 48 h of incubation, the cells were detached 
with 0.025% trypsin (Thermo Fisher Scientific, Inc.), washed 
with pre‑cooled PBS and 70% cold ethanol, and finally fixed 
overnight at the temperature of 4˚C. Subsequently, propidium 
iodide (PI) staining solution (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany), RNaseA (cat no. R1253; Thermo Fisher 
Scientific, Inc.) and 0.2% Triton X‑100 were added to HepG2 
cells, followed by incubation at 4˚C for 30 min in the dark. 
The cell suspension was then adjusted to the concentration of 
1x106 cells/ml. The cellular DNA content was evaluated with 
a MoFlo XDP Cell Sorter (Beckman Coulter, Brea, CA, USA), 
and the percentage of cells at each phase was analyzed by FlowJo 
software version 7.6.3 (FlowJo LLC, Ashland, OR, USA).

To detect the apoptotic rate, the cells were seeded in 12‑well 
plates at the seeding density of 3x105/well and cultured for 
48 h. Thereafter, the cells were harvested with 0.025% trypsin 
(Thermo Fisher Scientific, Inc.) and collected. After washing 
with PBS three times, 5 µl fluorescein isothiocyanate‑labeled 
Annexin V (FITC) and 5 µl PI was added into the cells and 
incubated in the dark for 15 min at 37˚C. The cell apoptosis 
rate was analyzed by flow cytometry within 1 h.

MTT assay. HepG2 cell proliferation was measured by an 
MTT assay. HepG2 cells were seeded into 96‑well plates at 
the density of 3x104 cells/well and cultured for 6, 12, 24 and 
48 h, respectively. After the addition of MTT solution (20 µl, 
5 mg/ml) to each well, HepG2 cells were further cultured at 
37˚C for 4 h. After the aspiration of culture medium from each 
well, 200 µl dimethylsulfoxide was added to fully dissolve the 
formazan crystals. A Synergy H1 Multi‑Mode Reader (BioTek, 
Winooski, VT, USA) was used to read the absorbance of each 
well at the wavelength of 570 nm.

Wound healing assay. A wound healing assay was used for the 
detection of the cell migration ability. At 24 h after transfec-
tion of miR‑222 inhibitor or miR‑NC inhibitor, HepG2 cells 
were seeded into 6‑well plates at 8x105 cells per well. After the 
attainment of 90% confluence, the surface of each well was 
scratched with a 20‑µl pipette. After washing the wells with 
PBS for three times, they were further cultured at 37˚C for 
24 h and images were then captured.

Transwell invasion assay. The invasion ability of HepG2 
cells was evaluated using Transwell chambers coated with 
Matrigel® (8 µm; BD Biosciences, Franklin Lakes, NJ, USA). 
The bottom chamber was filled with DMEM and 10% FBS. 
HepG2 cells (1x105 in 100 µl) were seeded in the upper wells 
with serum‑free DMEM and incubated at 37˚C. After 16 h, 
non‑invading cells on the upper surface were removed, while 
cells invaded to the lower side of the polycarbonate membrane 
were fixed with ethanol for 30 min at room temperature and 
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stained with crystal violet for 5 min at room temperature. The 
number of invaded cells in six independent fields of view was 
counted under a microscope.

Western blot analysis. HepG2 cells were lysed with radioim-
munoprecipitation assay lysis buffer (Beyotime Institute of 
Biotechnology, Haimen, China) for the extraction of protein 
samples. Protein concentration was determined by the BCA 
method (Beyotime Institute of Biotechnology, Shanghai, 
China). Total protein (10 µg per lane) was separated by 10% 
SDS‑PAGE and transferred onto polyvinylidene difluoride 
(PVDF) membranes (EMD Millipore, Billerica, MA, USA). 
PVDF membranes were blocked with 5% bovine serum 
albumin (BSA; Beijing Solarbio Science & Technology Co., 
Ltd., Beijing, China) at room temperature for 1‑2 h before the 
incubation with primary antibody to Bcl‑2 (12789; 1:1,000; 
ProteinTech Group, Inc., Chicago, IL, USA), cyclin D 1 
(2978; 1:1,000; Cell Signaling Technology, Inc., Danvers, MA, 
USA), BBC3 (sc‑28226; 1:1,000, Santa Cruz Biotechnology, 
Inc., Santa Cruz, CA, USA), cleaved caspase‑3 (9665; 1:1,000) 
and GAPDH (5174; 1:1,000) (both from Cell Signaling 
Technology, Inc.) at 4˚C overnight, and then washed with TBST 
for 3 times for 10 min each. The PVDF membranes were treated 
with horseradish peroxidase‑labeled goat anti‑rabbit secondary 
antibody (ab97080; 1:5,000; Abcam, Cambridge, MA, USA) 
for 1 h at room temperature. Finally, protein bands were visual-
ized by enhanced chemiluminescence (Pierce; Thermo Fisher 
Scientific, Inc.). GAPDH was used as an internal control.

Immunofluorescence. For immunofluorescence analysis, cells 
were incubated with primary and secondary antibody, respec-
tively. Images were captured under a microscope. In brief, the 
protocol was as follows: HepG2 cells were seeded on glass 
slides in 24‑well plates and cultured at 37˚C for 24 h. After 
washing with PBS three times, HepG2 cells were treated with 
4% paraformaldehyde for 30 min, and permeabilized/blocked 

with 0.1% Triton X‑100 for 1 h at room temperature. Rabbit 
monoclonal BBC3 antibody (sc‑28226; 1:1,000; Santa Cruz 
Biotechnology, Inc.) was used as primary antibody and incu-
bated at 4˚C overnight. Alexa Fluor 488 (A32731, 1:1,000, 
Invitrogen; Thermo Fisher Scientific, Inc.) was used as 
secondary antibody to detect fluorescence and incubated at 
room temperature for 2 h. The cell nuclei were stained by 
DAPI (Vector Laboratories, Ltd., Peterborough, UK) at room 
temperature for 2 h. Images were captured by Leica DM5000 B 
(Leica Microsystems, Buffalo Grove, IL, USA).

Statistical analysis. Statistical analyses were performed using 
SPSS 21.0 (IBM Corporation, Armonk, NY, USA). Values 
are expressed as the mean ± standard error of the mean. Data 
between two groups were compared with the Student's t‑test, 
while data among 3 groups were compared by one‑way anal-
ysis of variance followed by Newman‑Keuls analysis. P<0.05 
was considered to indicate a significant difference.

Results

miR‑222 directly regulates the 3'UTR of the mRNA of BBC3. 
TargetScan was applied for the prediction of miRNAs that 
bind with the 3'UTR of the mRNA of BBC3. A miRNA that 
had a relatively high score was selected for the present study. 
As displayed in Fig. 1A, miR‑222 was predicted to target the 
3'UTR of the mRNA of BBC3. The predicted interaction 
between miR‑222 and the 3'UTR of the mRNA of BBC3 was 
then verified by using a dual‑luciferase reporter assay system. 
The position of the mutation introduced in the 3'UTR of the 
mRNA of BBC3 is presented in Fig. 1B. The relative luciferase 
activity in HepG2 cells that were transfected with miR‑222 
inhibitor and pmir‑BBC3wt‑3'UTR was obviously lower than 
that in HepG2 cells transfected with miR‑222 inhibitor and 
pmir‑BBC3mut‑3'UTR (Fig. 1C). Thus, the 3'UTR of the mRNA 
of BBC3 was verified to be a direct target gene of miR‑222.

Figure 1. miR‑222 targets the 3'UTR of the mRNA of BBC3. (A) miR‑222 was predicted to target the mRNA of BBC3 3'UTR. (B) The mutation introduced in 
the 3'UTR of the mRNA of BBC3. (C) The relative luciferase activity in HepG2 cells that were transfected with miR‑222 inhibitor and pmir‑BBC3wt‑3'UTR 
was obviously lower than that in HepG2 cells which were transfected with miR‑222 inhibitor and pmir‑BBC3mut‑3'UTR. **P<0.01 miR-222 group vs. NC 
group. miR/miRNA, microRNA; BBC3, B‑cell lymphoma 2 binding component 3; UTR, untranslated region; mut, mutant; wt, wild‑type; NC, negative 
control; hsa, Homo sapiens.
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miR‑222 and BBC3 levels are associated with the tumor size and 
metastasis in liver cancer. The characteristics of 31 liver cancer 
patients, including sex, age, tumor size, stage and metastasis, are 
displayed in Table I. Regarding the patients' sex, age and tumor 
histological grade, no significant differences in miR‑222 or BBC3 
levels were identified between the respective sub‑groups. As for 
the tumor size, the miR‑222 levels in tumors with a maximum 
diameter of ≥5 cm (3.13±0.66) was significantly higher compared 
with that in tumors of <5 cm in maximum diameter (2.37±0.85; 
P=0.02); while significantly lower BBC3 levels were identified 
in tumors sized maximum ≥5 cm (2.29±0.36) than in those of 
<5 cm in maximum size (2.88±0.44; P=0.04). In addition, the 
miR‑222 levels in metastatic tumors (3.27±0.34) were obviously 
higher than in non‑metastatic tumors (2.49±0.63; P=0.04); 
however, BBC3 levels were downregulated in metastatic tumors 
(2.11±0.42) compared with those in non‑metastatic tumors 
(2.99±0.49; P=0.01). Taken together, a negative correlation was 
identified between miR‑222 and BBC3.

miR‑222 levels in HCC‑LM3, SMCC7721 and HepG2 cell 
lines. RT‑qPCR was used to examine the miR‑222 levels 
among 3 human liver cancer cell lines, including HCC‑LM3, 
SMCC7721 and HepG2. The results indicated that HepG2 
cells had the highest level of miR‑222 among the 3 cell lines, 
which was not significantly different from that in SMCC7721 
cells (Fig. 2A). Therefore, HepG2 cells were used in all of 
the subsequent experiments. First of all, HepG2 cells were 
randomly divided into 3 groups, namely the control group, 
the miR‑NC inhibitor group and miR‑222 inhibitor group. 
The results indicated no significant difference in miR‑222 
expression levels between the control group and the miR‑NC 
inhibitor group, while miR‑222 was notably decreased in the 
miR‑222 inhibitor group (Fig. 2B). In conclusion, miR‑222 
inhibitor was successfully transfected into HepG2 cells.

miR‑222 inhibitor induces apoptosis and decreases prolifera‑
tion of HepG2 cells. Cell apoptosis in the different groups was 

Figure 2. miR‑222 expression is highest in the HepG2 cell line. (A) Among 3 human liver cancer cell lines, including HCC‑LM3, SMCC7721 and HepG2, 
the latter had the highest level of miR‑222. Therefore, HepG2 cells were used in the subsequent experiments. (B) No significant difference in the expression 
levels of miR‑222 was detected between the control group and miR‑NC inhibitor group, but it was notably decreased in the miR‑222 inhibitor group. **P<0.01 
miR-222 inhibitor group vs. NC group. miR, microRNA; NC, negative control.

Table I. Correlation between miR‑222 or BBC3 and the characteristics of liver cancer patients.

Factor	C ases (n)	 miR‑222	 P‑value	 BBC3	 P‑value

Sex
  Male	 27	 2.75±1.34	 0.79	 2.63±0.68	 0.27
  Female	 4	 2.95±1.12		  2.67±0.47
Age (years)
  <60	 13	 2.99±1.53	 0.51	 1.97±0.64	 0.68
  ≥60	 18	 2.65±1.32		  2.13±0.33
Maximum tumor size (cm)
  ≥5	 11	 3.13±0.66	 0.02	 2.29±0.36	 0.04
  <5	 20	 2.37±0.85		  2.88±0.44
Histological grade
  Well/moderate differentiation	 15	 2.78±1.33	 0.25	 2.45±0.57	 0.08
  Poor differentiation	 16	 2.24±1.25		  2.87±0.68
Metastasis
  No	 28	 2.49±0.63	 0.04	 2.99±0.49	 0.01
  Yes	 3	 3.27±0.34		  2.11±0.42

Values are expressed as the mean ± standard error of the mean. BBC3, B‑cell lymphoma-2 binding component 3; miR, microRNA.
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evaluated by flow cytometry. The results of the mean values 
of the apoptotic rate indicated that, compared with HepG2 
cells in the control group (20.11%) and those transfected with 
miR‑NC inhibitor (21.22%), the apoptotic rate was signifi-
cantly higher in the group transfected with miR‑222 inhibitor 
(33.76%) (Fig. 3A and B).

Changes in the proliferation of HepG2 cells in different 
groups were evaluated by an MTT assay. The results demon-
strated that, compared with HepG2 cells in the control group 
(2.02%) and miR‑NC inhibitor treatment group (1.75%), the 
proliferation ability was significantly reduced by treatment 
with miR‑222 inhibitor (1.26%; Fig. 3C).

miR‑222 inhibitor causes cell cycle arrest of HepG2 in G0/G1 
phase. Regarding the cell cycle distribution of HepG2 cells, 
no obvious changes were observed between the control group 
and the miR‑NC inhibitor group; furthermore, there was 
also no notable difference in the G2 phase population among 
the 3 groups. However, in the miR‑222 inhibitor group, the 
G0/G1‑phase population (64.00%) was significantly increase 
compared with that in the in control (56.79%) and miR‑NC 
(58.95%) groups, and the S‑phase population in the miR‑222 
inhibitor group (20.46%) was significantly decreased in 
comparison with that in the control group (30.96%) and 
miR‑NC group (29.11%) (Fig. 4A and B).

miR‑222 inhibitor reduces HepG2 cell migration and inva‑
sion. The migration and invasion ability of HepG2 cells was 
assessed using a wound healing assay and Transwell cham-
bers, respectively. The results indicated that, compared with 
HepG2 cells in the control group and the miR‑NC inhibitor 
group, the cell migration ability (Fig. 5A and B) and cell inva-
sion ability were significantly reduced by miR‑222 inhibitor 
(Fig. 5C and D).

Effects of miR‑222 inhibitor on Bcl‑2/BBC3/cyclin D1/caspase‑3 
protein levels in HepG2 cells. Compared with the immu-
nofluorescence of HepG2 cells in the control group and the 
miR‑NC inhibitor group, miR‑222 inhibitor significantly 
increased the immunofluorescence of BBC3 protein in HepG2 
cells (Fig. 6A). Furthermore, western blot analysis indicated 
that compared with those in the control and miR‑NC inhibitor 
groups, miR‑222 inhibitor decreased the protein levels of 
Bcl‑2/cyclin D1 and increased BBC3/cleaved caspase‑3 protein 
levels in HepG2 cells (Fig. 6B-F).

Discussion

T h e  p r e s e n t  s t u d y  i n d i c a t e d  t h a t  m i R‑2 2 2 
inhibitor obviously reduced the cell proliferation/migra-
tion/invasion/Bcl‑2/cyclin D1 protein levels and promoted cell 
apoptosis as well as BBC3/caspase‑3 protein levels, probably 
via binding with BBC3 in HepG2 cells. Taken together, the 
results of the present study suggested that miR‑222 inhibitor 
reduced the progression of liver cancer cells by targeting the 
3'UTR of the mRNA of BBC3, and providing a possible thera-
peutic target for the treatment of liver cancer.

Liver cancer starts in the liver (1). Primary liver cancer is 
the sixth most common cancer type (accounting for 6% of all 
cancers) worldwide (2). In order to improve the prognosis of liver 
cancer patients, it is required to identify novel therapeutic targets.

BBC3 promotes cell apoptosis and regulates pathophysi-
ological processes during the development of cancer (6‑8). The 
involvement of miRNAs has been reported in liver cancer, with 
indistinct molecular mechanisms (20,21). In the present study, 
TargetScan was used to predict miRNAs which recognize the 
3'UTR of the mRNA of BBC3. Among all of the miRNAs that 
targeted the 3'UTR of the mRNA of BBC3, miR‑222 had a 
relatively high score was selected for assessment in the present 

Figure 3. miR‑222 inhibitor increases the apoptotic rate of HepG2 cells and decreases their proliferation. No obvious changes in HepG2 cell apoptosis or 
proliferation were identified between the control and the miR‑NC inhibitor group. (A and B) Compared with HepG2 cells in the control group and miR‑NC 
inhibitor group, the apoptotic rate was significantly increased by treatment with miR‑222 inhibitor, while (C) the proliferation ability was significantly reduced 
by miR‑222 inhibitor. **P<0.01 miR-222 inhibitor group vs. NC group. miR, microRNA; NC, negative control; PI, propidium iodide; Con, control; FITC, fluo-
rescein isothiocyanate; OD, optical density; Q, quadrant.
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study. The relative luciferase activity in HepG2 cells transfected 
with miR‑222 inhibitor and pmir‑BBC3wt‑3'UTR was identified 
to be obviously lower than that in cells transfected with miR‑222 
inhibitor and pmir‑BBC3mut‑3'UTR, which verified that the 
3'UTR of the mRNA of BBC3 was indeed targeted by miR‑222.

RT‑qPCR was used to examine the levels of miR‑222 
mRNA in the HCC‑LM3, SMCC7721 and HepG2 cell lines. 
In HepG2 cells, the level of miR‑222 was highest among 
the 3 cell lines. HepG2 cells were therefore selected for the 
remaining experiments. The results suggested that miR‑222 
has an oncogenic function in liver cancer, which was in line 
with a previous study performed on HepG2 cells (25).

However, it has remained elusive whether miR‑222 affects 
the behavior of liver cancer cells, e.g. HepG2, via BBC3. In 
the present study, HepG2 cells were randomly divided into 
3  groups, including a control group, miR‑NC group and 
miR‑222 inhibitor group. An MTT assay, a wound healing 
assay, a Transwell invasion assay and flow cytometry were 
used to determine the roles of miR‑222 in cell proliferation, 
migration, invasion, apoptosis and cell cycle, respectively. 
The results indicated that, compared with the control and 
miR‑NC inhibitor groups, miR‑222 inhibitor obviously inhib-
ited the cell proliferation/migration/invasion and promoted 
the apoptosis of HepG2 cells, which suggested that miR‑222 

Figure 4. miR‑222 inhibitor induces cell cycle arrest of HepG2 cells at G0/G1 phase. (A) Cell cycle distribution profiles and (B) quantified populations in each 
phase of the cell cycle are presented. No obvious changes in the cell populations in each phase were observed between the control group and the miR‑NC 
inhibitor group. Furthermore, no notable difference in the number of cells in G2 phase was observed between the 3 groups. However, the G0/G1 phase popula-
tion in the miR‑222 inhibitor group (64.00%) was significantly increased compared with that in the control (56.79%) and miR‑NC group (58.95%); and the 
S‑phase population in the miR‑222 inhibitor group (20.46%) was decreased in comparison with that in the control (30.96%) and miR‑NC group (29.11%). 
*P<0.05, **P<0.01 miR-222 inhibitor group vs. NC group. miR, microRNA; NC, negative control.

Figure 5. miR‑222 inhibitor impairs HepG2 cell migration and invasion. (A and B) The cell migration ability was tested by a wound healing assay and 
(C and D) the cell invasion ability of was assessed using Transwell chambers. The results indicated that, compared with HepG2 cells in the control and miR‑NC 
inhibitor group, the cell migration and invasion ability were significantly reduced by miR‑222 inhibitor (scale bar, 100 µm). miR, microRNA; NC, negative 
control; Con, control. *P<0.05 miR-222 inhibitor group vs. NC group. miR, microRNA; NC, negative control.
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inhibitor has a role in ameliorating liver cancer. Furthermore, 
miR‑222 inhibitor induced a block of HepG2 cells at G1/G0 
phase. These results were consistent with a previous study, 
which reported that miR‑222 inhibitor restrains prostate 
cancer cell migration and invasion, and promotes prostate 
cancer cell apoptosis (26,27). The corresponding molecules 
involved in the aforementioned processes remain to be eluci-
dated.

The Bcl‑2 family of proteins induces or represses cell 
apoptosis in humans (5,6). Bcl‑2 itself is considered to have a 
crucial anti‑apoptotic role. Caspase‑3, encoded by the CASP3 
gene, is activated in apoptotic cells through the extrinsic 
(death ligand) and intrinsic (mitochondrial) pathways (28,29); 
however, cleaved caspase‑3 is active in normal and apoptotic 
cells  (30). Cyclin D 1, a protein encoded by the CCND1 
gene in humans  (31,32), is expressed in all adult tissues 
except cells derived from bone marrow stem cells (33,34). 

Overexpression of cyclin D1 has been associated with early 
cancer onset/progression  (35), shorter overall survival and 

higher metastasis in patients (36,37). The protein levels of 
Bcl‑2, BBC3, cyclin D1 and caspase‑3 in 3 different groups 
were determined by western blot analysis. The results indi-
cated that, compared with those in the control and miR‑NC 
inhibitor groups, miR‑222 inhibitor obviously inhibited 
Bcl‑2/cyclin D1 protein levels and promoted BBC3/caspase‑3 
protein levels. Furthermore, miR‑222 inhibitor promoted the 
immunofluorescence of BBC3.

Taken together, miR‑222 was demonstrated to have a 
crucial role in the HepG2 cell line via targeting the 3'UTR 
of the mRNA of BBC3, and may be a therapeutic target for 
the treatment of liver cancer. HepG2 is a hepatoblastoma cell 
line, which is a rare childhood cancer; the results should be 
confirmed in other cell lines representing more common types 
of liver cancer, e.g. in SMCC7721, in future studies.
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