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Abstract. There is currently a requirement for effective treat-
ment strategies for human hepatocellular carcinoma (HCC), a 
leading cause of cancer‑associated mortality. MicroRNA-122 
(miR-122), a repressor of the endogenous apoptosis regulator 
Bcl‑w, is frequently downregulated in HCC. Thus, it is hypoth-
esized that the activation of miR‑122 may induce selective 
hepatocellular apoptosis via caspase activation in a model of 
HCC. In the present study, an miR‑122 mimic transfection 
was performed in HepG2 cells, and used to investigate the 
role and therapeutic potential of miR‑122 in the regulation 
of HCC‑derived cell lines. The apoptotic rates of HepG2 
cells were significantly increased following miR‑122 mimic 
transfection. Reverse transcription‑polymerase chain reaction 
analysis revealed that Bcl‑w mRNA was significantly reduced, 
while the mRNA levels of caspase‑9 and caspase‑3 were mark-
edly increased. The immunocytochemistry results supported 
the mRNA trends. Collectively, the present results suggest that 
endogenous miR‑122 contributes to HepG2 apoptosis and that 
transfection of mimic miR‑122 normalizes apoptotic levels in 
a model of HCC.

Introduction

Hepatocellular carcinoma (HCC), the most common primary 
malignancy of the liver, is the leading cause of cancer‑asso-
ciated mortality, the incidence of which has been increasing 
exponentially worldwide in recent decades  (1‑3). Surgical 
resection and liver transplantation are recognized as poten-
tially curative therapeutic strategies, however, the five‑year 
survival rate of HCC remains at <7%. For the majority of 
patients, HCC is diagnosed in the advanced tumor stages due 
to the asymptomatic nature of HCC. At this point, the scarcity 

of donated livers for transplantation severely limits the options 
for patients with HCC (4,5). For advanced and unresectable 
HCC, chemotherapy, transarterial chemoembolization, abla-
tion (radiofrequency ablation, microwave, laser-induced 
interstitial thermotherapy, high-intensity focused ultrasound 
ablation, cryoablation and chemical ablation), and stereotactic 
body radiation therapy (proton beam therapy) at present are 
often the only measures for treating the disease. However, an 
ideal treatment strategy is yet to be elucidated, as outcomes 
associated with the existing treatments are generally poor due 
to low tolerance, low efficacy and a high recurrence rate (6). 
Therefore, a novel therapeutic modality is required.

MicroRNA (miR)‑122, a liver‑specific miR, comprises 70% 
of the total miR population of the liver. It is downregulated 
in human HCC and is associated with hepatocarcinogenesis. 
miR‑122 inhibits hepatoma cell proliferation and promotes 
apoptosis of HCC cells (7). Gramantieri et al (8) found that 
decreased expression of miR‑122a promoted the expression of 
cyclin G1 and enabled more cells to enter into S phase, thereby 
contributing to the proliferation of malignant liver cancer 
cells. Another study found that the Bcl‑2 anti‑apoptotic family 
member Bcl‑w, also termed BCL2L2 was a direct target of 
miR‑122. Bcl‑w expression may be downregulated by miR‑122 
and subsequently inhibit cancer cell proliferation via caspase‑3 
apoptotic activation in HCC cells (9).

The above‑mentioned findings indicate that hepatocar-
cinogenesis may be inhibited via exogenous miR‑122 mimic 
transfection into a pathogenic carcinoma or HCC. The intercep-
tion of a pathogenic cell survival pathway via mimic miR‑122 
transfection may be an important step toward a novel thera-
peutic treatment for patients with HCC. In the present study, 
a liposome‑mediated synthetic miR‑122 analog (an miR‑122 
mimic) was transfected into HepG2 cells. Subsequently, the 
apoptotic rates of HepG2‑transfected cells were analyzed, 
and the protein and mRNA levels of Bcl‑w, caspase‑9 and 
caspase‑3 were investigated to examine the possible pathway 
by which miR‑122 is contributing to apoptosis in HepG2 cells.

Materials and methods

Cell culture. HepG2 cells were obtained from Professor Weng 
Shengmei of the College of Pharmacy, Fujian Medical University 
(Fuzhou, China) and maintained in RPMI‑1640 medium (Gibco 
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Life Technologies, Grand Island NY, USA) supplemented with 
10% fetal calf serum (Gibco Life Technologies) at 37˚C with 
5% CO2 (no antibiotics). HepG2 cells in the logarithmic growth 
phase were acquired and the cellular concentration was adjusted 
to 1x106 cells/ml. The cells were then incubated at a density of 
2 ml/well in 6‑well plates for 24 h. HepG2 cells were randomly 
divided into four groups, normal cultured HepG2 cells, the 
transfection reagent control group, the negative control group 
[transfected with non‑specific sequence control short interfering 
(si)RNA] and miR‑122 mimic transfection group. Biological 
duplicates were included for each group and all experimental 
procedures were repeated three times.

miR‑122 transfection. A commercial miR‑122 mimic 
was used for transfection with the following sequence: 
5'‑UGGAGUGUGACAAUGGUGUUUG‑3' (synthesized by 
Qiagen; Germantown, MD, USA). The AllStars Negative 
Control siRNA (Qiagen; cat. no. 1027280) served as a nega-
tive control and an AllStars Hs Cell Death Control siRNA 
(cat. no. 1027298) served as a positive control. Transfection 
was achieved using the HiPerFect transfection reagent 
(Qiagen) according to the manufacturer's instructions. Briefly, 
5 µl transfection reagent was mixed with 2.5 µl 2‑µM control 
siRNA, AllStars Hs Cell Death Control siRNA, or miR‑122 
mimic and 100  ml serum‑free media, then incubated for 
10 min.

Serum‑supplemented media was removed from the cell 
cultures and cells were washed with serum‑free RPMI‑1640. 
Fresh, serum‑free media (900 µl) was then added to the mono-
layer of cells. Subsequently, 100 µl siRNA/mimic‑HiPerFect 
mixture was added into each well and mixed gently. The cells 
were further incubated for 24, 48 and 72 h prior to harvesting.

Transfection efficiency. AllStars Hs Cell Death Control siRNA 
transfection induces cellular apoptosis. The targets of the 
siRNA are predominantly genes, which are associated with cell 
apoptosis and caspase‑3 or ‑8 activation. The cells that were 
successfully transfected with AllStars Hs Cell Death Control 
siRNA were expected to undergo apoptosis within 24‑72 h. 
AllStars Hs Cell Death Control‑transfected HepG2 cells and 
the non‑transfected control cells were cultivated for 24, 48 and 
72 h. At each of these time points, cultures were analyzed for 
apoptosis under a (DM 2500B Leica optical microscope, at a 
magnification of x500 (Leica Microsystems GmbH, Wetzlar, 
Germany). The transfection ratio (TR) was calculated according 
to the formula: TR (%) = (apoptotic cell number in the AllStars 

Hs Cell Death Control siRNA transfection group / total cells 
in this group ‑ the apoptotic cell number in the non‑transfected 
control group / total cells in the non‑transfected group) x 100.

Flow cytometric analysis of apoptotic rate. Cell samples from 
all four experimental groups were stained using an Annexin V 
apoptosis detection kit (MP Biomedicals, Shanghai, China). 
The apoptotic rate of the cells was detected by flow cytometry 
(BD FACSVerse flow cytometer; BD Biosciences, San Jose, 
CA, USA). The cells were collected at a 1x106 cells/ml density 
per sample after culturing for 24, 48 and 72 h. The cells were 
then centrifuged at 27.75-111 x g for 5 min, and the super-
natant was removed and washed with phosphate‑buffered 
saline (PBS). A total of 100 µl 1X Annexin‑binding buffer 
was added to resuspend the cells. Subsequently, 5 µl Alexa 
fluor 488 (green) Annexin V and 1 µl 100‑µg/ml propidium 
iodide (PI; red) was added to the cells. The cells were incu-
bated at room temperature in the dark for 15 min. Following 
incubation, 400 µl 1X Annexin‑binding buffer was added 
to the cells and the mixture was gently mixed. The cellular 
concentration was adjusted to 1x106 cells/ml. The time periods 
that exhibited the highest TRs from the previous screen were 
selected and assessed via flow cytometry. In the bivariate 
flow cytometry scatter plots, the lower left quadrant exhibits 
living cells [fluorescein isothiocyanate (FITC)‑/PI‑]; the 
upper right quadrant indicates non‑living cells/necrotic cells 
(FITC+/PI+); the lower right quadrant demonstrates apoptotic 
cells (FITC+/PI‑); and the upper left quadrant suggested early 
apoptotic cells (FITC+/Pl-)..

Reverse transcription‑polymerase chain reaction (RT‑PCR). 
Total mRNA was extracted from cells using TRIzol reagent 
and reverse transcribed into cDNA using an RT‑PCR kit 
(Invitrogen Life Technologies, Grand Island, NY, USA). The 
mRNA levels of Bcl‑w, Bcl‑2‑associated X protein (Bax), 
caspase‑9 and caspase‑3 were then detected with RT‑PCR 
using gene‑specific probes (Table  I; Shanghai Dinghan 
Biotechnology Co. Ltd., Shanghai, China) and β‑actin served 
as an internal control. The PCR cycle parameters were as 
follows: Denaturation at 4˚C for 5 min, amplification at 9˚C 
for 30 sec, 57˚C for 30 sec and 72˚C for 45 sec sequentially 
for 30 cycles in total, and extension at 7˚C for 7 min. The 
PCR products were separated by 1.2-1.3% agarose gel elec-
trophoresis. A total of 5 µl of each product was added into 
five combs, and run twice at 110 mV for 40 min, prior to 
being visualized with grayscale scanning (Gel DocTM EZ 

Table I. Polymerase chain reaction primer sequences.

Gene	 Fragment, bp	 Upstream	 Downstream

β‑actin	 556	 5'‑AAA GAC CTG TAC GCC AAC ACA G‑3'	 5'‑TTT TAG GAT GGC AAG GGA CTT C‑3'
Bcl‑w	 237	 5'‑GCA GCT GGA GATGAG TTC G‑3'	 5'‑CCA TCC ACT CCT GCA CTT G‑3'
Bax	 223	 5'‑GTT TCA TCC AGG ATC GAG C‑3'	 5'‑GCC GTC AGA AAA CAT GTC AG‑3'
Caspase‑9	 240	 5'‑CAG ACC AGA GAT TCG CAA AC‑3'	 5'‑CGC AAC TTC TCA CAG TCG AT‑3'
Caspase‑3	 200	 5'‑ATG AGA GGC AAT GAT TGT TAA T‑3'	 5'‑CCC ACA GAT GCC TAA GTT CT‑3'

Bax, Bcl‑2‑associated X protein.
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Imager system; Bio-Rad Laboratories, Inc., Hercules, CA, 
USA).

Immunocytochemsitry. Bcl‑w, Bax, caspase‑9 and 
caspase‑3 were selected as target proteins. Glass coverslips 
(1.8x20x20 mm) were soaked in dilute hydrochloric acid 
overnight and washed with double distilled water prior to 
drying and autoclaving. The coverslips were placed into 
6‑well plates (1 coverslip/well) and HepG2 cells were inocu-
lated in these wells at a density of 1x105 cells/ml. After 24 h 
cultivation, the cell densities were of 40‑50%. The coverslips 
recovered by cells were divided into four experimental 

groups for each target protein, two coverslips per group. Each 
group was transfected with miR‑122 mimic, negative control 
siRNA, transfection reagent and blank control, respectively, 
then cultivation was continued for 24 h. In addition, two 
coverslips were randomly selected from each experimental 
group for immunocytochemical negative controls to verify 
true positive rather than false positive. For each target 
protein (Bcl-w, Bax, caspase 9 and caspase 3), both immuno-
histochemical negative and immunohistochemical positive 
controls were used for contrast analysis in each experimental 
groups in order to verify true positive rather than false 
positive immunohistochemistry. These coverslips were 

Figure 1. HepG2 cells are reactive to transfection with AllStars Hs Cell Death Control siRNA. (A) HepG2 cells were visualized under an ordinary optical 
microscope 24 h after transfection. (B) At 72 h after liposome‑mediated transfection with AllStars Hs Cell Death Control siRNA, HepG2 cells appeared to 
decrease in viability. siRNA, short interfering RNA. Magnification, x400.

Figure 2. Survival rates decrease and apoptotic rates increase in miR‑122 mimic‑transfected cells. Annexin V staining was utilized to assess survival and 
apoptotic rates of HepG2 cells. (A) Survival rate of the miR‑122 mimic‑transfected cells fell below the rates of all experimental controls. The apoptotic 
rates of the miR‑122 mimic‑transfected group were significantly higher than control levels (*P<0.01). No statistical significance was detected between the 
control groups, which included non‑transfected ʻblankʼ control cells, a transfection reagent positive control group and a non‑sequence specific transfected 
negative control group. Flow cytometry was used as a secondary assay of apoptosis. (B‑E) A1 quadrant, early apoptosis cells (FITC+/Pl-); A3 quadrant, living 
cells (FITC‑/PI‑); A2 quadrant, non‑living cells, which may also express necrotic cells (FITC+/PI+); A4 quadrant, apoptotic cells (FITC+/PI‑). All data are 
expressed as the mean ± standard deviation. miR, microRNA; FITC, fluorescein isothiocyanate; PI, propidium iodide.
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retrieved from the wells and fixed with ice‑cold acetone. 
The cells were next prepared for immunocytochemistry 
using a commercial streptavidin‑peroxidase kit according 
to the manufacturer's instructions (Fuzhou Maixin Biotech 
Co., Ltd., Fuzhou, China). Compatible primary antibodies 
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) 
included monoclonal mouse anti‑human Bax (1:200; 
cat. no. sc-20067), caspase‑9 (1:200; cat. no. sc-56073), and 
caspase‑3 (1:200; cat. no. sc-65497), and polyclonal rabbit 
anti-human Bcl-w (1:200; cat. no. sc-130701), were incubated 
at 37˚C for 1 h. The primary antibody of the immunocy-
tochemical negative control group was replaced with an 
equal amount of PBS buffer The secondary antibody used 
was horseradish peroxidase‑labeled goat anti‑mouse IgG 
(1:400; cat. no. sc-2004; Santa Cruz Biotechnology, Inc.), 
incubated at 37˚C for 2 h. Optical detection was achieved 
using the 3,3'‑diaminobenzidine without chromogen (Beijing 
Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, 
China). A total of two coverslips were collected from each of 

the experimental groups. The experiment was repeated three 
times for all groups. Finally, images (magnification, x400) 
were captured using a Leica Microscope (DM 2500B) and 
analyzed with Image‑ProPlus software version 6.0 (Media 
Cybernetics, Inc., Rockville, MD, USA).

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation for each group. One‑way analysis of variance 
was used to analyze the difference between groups and the 
least significant difference test was used for comparisons 
between two groups. Statistical analysis was performed using 
SPSS 18.0 (SPSS, Inc., Chicago, IL, USA). P<0.01 and P<0.05 
were considered to indicate a statistically significant differ-
ence.

Results

Required experimental transfection efficiency was met. 
AllStars Hs Cell Death Control siRNA was used to measure 

Figure 3. mRNA levels of cell survival‑associated genes are altered by miR‑122 mimic transfection. Reverse transcription PCR was used with gene‑specific 
probes, and the PCR product was analyzed with gel electrophoresis and grayscale scanning. (A) Gray level ratios depicting PCR products normalized to 
internal control (β‑actin) indicate that Bcl‑w mRNA is significantly decreased upon miR‑122 mimic transfection (*P<0.01). Bax mRNA appears unchanged 
by the transfection, while caspase‑3 and ‑9 undergo a significant increase following miR‑122 mimic transfection (*P<0.01). (B‑E) Gel electrophoresis results 
yielded the appropriate PCR product sizes expected for each PCR probe. Lane 4 brightness appeared (B) dimmer for the Bcl‑w band, (C) unchanged for the 
Bax band, and brighter for the (D) caspase‑9 and (E) caspase‑3 bands. The actin product band was unchanged in all runs. Lane 1 represents non‑transfected 
HepG2 cells, lane 2 indicates the AllStars Hs Cell Death control transfection group, lane 3 indicates the non‑sequence specific negative control transfection 
group and lane 4 depicts the miR‑122 mimic‑transfected experimental group. All data are expressed as the mean ± standard deviation. PCR, polymerase chain 
reaction; miR, microRNA; Bax, Bcl‑2‑associated X protein.
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the transfection efficiency. The majority of HepG2 cells 
underwent visible apoptosis 72 h after HiPerFect‑mediated 
transfection. The transfection efficiency was calculated at 80% 
(Fig. 1), which met the experimental requirements.

miR‑122 mimic transfection increases apoptotic rate of 
HepG2 cells. To investigate the role of miR‑122 in HCC cell 
death pathway regulation, HepG2 cells were transfected with 
an miR‑122 mimic. The apoptotic rate of cells transfected with 
the mimic was 28.68±2.48%. By contrast, the negative control, 
positive control, and non‑transfection control groups exhibited 
apoptotic rates of 2.48±1.58%, 2.20±1.53% and 1.77±0.731%, 
respectively. The apoptotic rate was significantly higher in the 
miR‑122 mimic group than in any of the control groups (Fig. 2; 
P<0.01), while the differences among the control groups were 
not statistically significant. Additionally, the apoptotic rate 

of HepG2 cells in the miR‑122 mimic group was higher at 
24 h post‑transfection than at 48 h and 72 h (P<0.05; data not 
shown).

Bcl‑w is downregulated, whereas caspase‑9 and caspase‑3 
are upregulated following miR‑122 mimic transfection. 
HepG2 cells may express Bcl‑w, Bax, caspase‑9 and caspase‑3 
mRNA under common medium culture conditions (37˚C, 
5% CO2, 95% O2, 100% humidity). To assess whether miR‑122 
mimic transfection affects the basal levels of transcription in 
these genes, mRNA was measured via RT‑PCR. It was identi-
fied that the expression of Bcl‑w mRNA was downregulated 
in the miR‑122 mimic group than in the negative, positive and 
non‑transfected control groups (Fig. 3; P<0.01). Conversely, 
caspase‑9 and caspase‑3 mRNA were upregulated in the 
miR‑122 mimic group compared with the controls (Fig. 3; 

Figure 4. Immunocytochemical analysis of cell survival proteins in HepG2 transfected cells. Following immunostaining, images were captured using common 
light microscopy (magnification, x400) and the optical density of each image was measured using Image‑ProPlus software. β‑actin served as an internal 
reference to obtain normalized values. (A) The expression level of Bcl‑w protein decreased in miR‑122 mimic‑transfected cells, while caspase‑9 and caspase‑3 
protein expression levels increased (*P<0.01). Bax protein expression remained unchanged. (B) The protein detected is indicated in each individual image. 
The first row depicts representative images from the non‑transfected ʻblankʼ control group. The second row represents the AllStars Hs Cell Death Control 
siRNA‑transfected cells, while the third and fourth rows indicate the negative control and miR‑122 mimic‑transfected cells, respectively. Bcl‑w immuno-
reactivity appears weaker in the miR‑122 mimic‑transfected group, while Bax immunoreactivity appears unchanged. Caspase‑3 and ‑9 appear marginally 
more intense in the mimic‑transfected group versus the three controls. Data are expressed as the mean ± standard deviation. siRNA, short interfering RNA; 
miR‑122, microRNA‑122; Bax, Bcl‑2‑associated X protein.
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P<0.01). The level of Bax mRNA did not significantly differ 
among the four groups.

To corroborate the mRNA trends, immunocytochemistry 
was performed on samples from each of the experimental 
groups. The immunopositive reaction of Bcl‑w and Bax was 
localized to the cytoplasm, while caspase‑9 and caspase‑3 
immunoreactivities were traced to the nucleus and (or) the 
cytoplasm. The positive staining of the cells was detected as 
either reddish-brown or dark claybank chromogenic color-
ation. Image‑ProPlus software allowed analysis of the images 
and revealed that the distribution of Bcl‑w, Bax, caspase‑9 
and caspase‑3 occurred at different degrees of intensity in 
each group. The regions of the highest cellular density were 
selected and the average optical density of these regions was 
calculated under 5X high‑power field magnification.

The Image‑ProPlus analysis revealed that Bcl‑w immuno-
reactivity was less intense in the miR‑122 mimic transfection 
group compared with the negative, positive, and the non‑trans-
fected control groups; however, the opposite was observed for 
caspase‑9 and caspase‑3 reactivity (Fig. 4; P<0.01). No differ-
ences were observed in the level of Bax immunoreactivity 
among the four groups (Fig. 4).

Discussion

To confirm whether miR‑122 is responsible for regulating 
human HCC cell apoptosis and to examine a possible thera-
peutic intervention for HCC, HepG2 cells transfected with an 
miR‑122 mimic were produced via cationic liposomes and the 
apoptotic rates of the cells were observed. Bcl‑w, an anti‑apop-
totic gene of the Bcl‑2 family (significant in the endogenous 
apoptotic pathway) and caspase‑3 and ‑9 were also analyzed 
for their role in miR‑122‑mediated HCC cell survival.

While numerous miRs are expressed in the liver, 
only miR‑122 is expressed specifically and abundantly. 
Landgraf et al (10) found that liver‑specific miR‑122 is expressed 
from the early implantation stages and reaches half of its peak 
levels on approximately the 17th embryonic day. Before birth, 
miR‑122 begins to approach peak levels (50,000 copies of 
miR‑122 per liver cell) although a marginal and steady rise 
continues even after birth, indicating that miR‑122 may be 
involved in the regulation of the differentiation and develop-
ment of the liver (10). miR‑122 expression decreases in all 
cells in HCC indicating that it may be closely‑associated with 
hepatic function and certain diseases. Chang et al (11) found 
that miR‑122 antisense oligonucleotides damage the liver and 
inhibit the synthesis of cholesterol, further supporting the 
importance of endogenous miR‑122 for normal hepatic func-
tion.

miR‑122 may inhibit the proliferation of HCC cells and 
induce apoptosis via two of its targets in HCC cells, cyclin G1 
and Bcl‑w (9,12). Bcl‑w is widely expressed in certain trans-
formed tumor cell lines of epithelial origin, such as colon, 
cervical and breast cancer (13). It has been suggested that Bcl‑w 
may suppress gastric cancer cell death by blocking stress-
activated protein kinase/c-Jun N-terminal kinase activation, and 
inducing the migratory and invasive potential of cancer cells via 
increased matrix metalloproteinase‑2 expression (14,15). Bcl‑w 
expression is also modulated by the Met/hepatocyte growth 
factor (c‑Met) receptor and inhibits apoptosis in colorectal 

tumors. Additionally, a binding site of miR‑122 may exist in the 
3'‑untranslated region (UTR) of Bcl‑w (16,17).

Previous studies have identified two promoters of the 
miR‑122 transcript in chromosome 18 of hepatocytes, however 
HepG2 cells are largely miR‑122‑deficient. Ma  et  al  (18) 
expressed functional miR‑122 via adenoviral vectors targeted 
to tumor cells originating from the liver (HepG2, Hep3B, Huh7 
and PLC/PRF/5), lung (NCI‑H460) and uterine cervix (HeLa) 
at high levels, and induce apoptosis and/or cell cycle arrest by 
decreasing the expression of Bcl‑W and cyclin G1. Wu et al (19) 
transfected Huh‑7 and HepG2 cells with miR‑122 and an 
miR‑122 antisense strand, respectively, and no significant differ-
ence was identified between the viabilities of the transfected 
HepG2 cells and the mock‑transfected HepG2 cells. However, 
the viability of Huh‑7 cells transfected with anti‑miR‑122 was 
significantly elevated 48 h after transfection. While this implies 
that the aberrant expression of miR‑122 may contribute to hepa-
tocarcinogenesis, whether the transfection of HCC cells with 
miR‑122 mimics alleviates HCC remains controversial (19). In 
the present study, the apoptotic rate was significantly increased 
in miR‑122 mimic‑transfected cells, demonstrating that miR‑122 
mimic transfection induces apoptosis in HCC cells.

Bcl‑w, an anti‑apoptotic Bcl‑2 family member, has been 
closely associated with cancer formation and progression, and 
identified as a target of miR‑122. Its expression is downregulated 
by the binding of miR‑122 to the 3'‑UTR of its transcript (9,20). 
It has been reported that activators of the liver‑specific 
microRNA in liver cancer cells are able to selectively induce 
apoptosis through caspase activation (21). Generally, there are 
three pathways of apoptosis: The death receptor pathway, the 
endoplasmic reticulum pathway and the mitochondrial pathway. 
During apoptosis, various pre‑apoptotic molecules, including 
reactive oxygen species (ROS) and cytochrome c, are released 
by the mitochondria into the cytosol via the mitochondrial (mt) 
permeability transition pore (PTP). The opening and closing 
of the mtPTP is regulated by proteins of the Bcl‑2 family (22). 
Among them, Bax is responsible for opening of the PTP, while 
Bcl‑w is hypothesized to inhibit the channel from opening. Bax 
is a gene homologous to Bcl‑w, however, they possess different 
3'‑UTRs. Bax is dynamic and able to form heterodimers with 
Bcl‑w to inhibit apoptosis, however, it can also homodimerize 
and induce apoptosis. When Bax is overexpressed, it is easier for 
Bax to form homodimers, which could antagonize the protective 
tendency of Bcl‑w to induce cell apoptosis. Therefore, the ratio 
of Bax/Bcl‑w is theorized to be the lynchpin of apoptotic regula-
tion. Activators of miR‑122 may downregulate the expression of 
Bcl‑w, thereby increasing the ratio of Bax/Bcl‑w and increasing 
the opening capacity of the mtPTP channel, consequently 
generating more ROS and less antioxidant enzymes. ROS, 
important apoptosis‑associated molecules, are able to further 
increase the rate of mtPTP opening and stimulate cytochrome c 
outflow leading to apoptosis through cytochrome c‑dependent 
caspase activation. The release of cytochrome c activates a 
cascade of caspases through complex formation with apoptotic 
protease activating factor 1. The complex activates procaspase‑9 
and subsequently caspase‑3, a critical and irreversible point in 
the progression of apoptosis.

In the present study, it is reported that Bcl‑w mRNA 
decreased as the levels of caspase‑9 and caspase‑3 mRNA 
increased markedly. Furthermore, the apoptotic rate of 
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miR‑122 mimic‑transfected cells is increased. miR‑122 may 
be downregulating Bcl‑w expression and contributing to the 
activation of caspase‑9/caspase‑3. It is likely that miR‑122 is 
inhibiting the translation of the anti‑apoptotic gene, Bcl‑w and 
inadvertently activating the caspase‑9/caspase‑3 mitochondrial 
pathway of apoptosis. The observation of these results in HepG2 
cells suggests that endogenous miR‑122 in HCC may be acting 
to inhibit the proliferation of HCC cells and promoting apop-
tosis. Further investigation into the ability of miR‑122 mimics 
to counter HepG2 growth and viability are warranted consid-
ering the results presented in the current study. Stabilizing the 
plasmid or viral vector target RNA fragments may optimize 
the gene silencing effect and thus improve the effectiveness 
of the gene interference. Additionally, Bai et al (23) validated 
A distintegrin and metalloprotease family 10, serum response 
factor and insulin‑like growth factor 1 receptor as tumorigenic 
targets of miR‑122, which require further investigation (23). 
Finally, the growth rate of HCC cells expressing miR‑122 
significantly decreased following exposure to a multikinase 
inhibitor. This suggests that there are various signaling path-
ways for the miR‑122 mimic‑associated downregulation of 
HCC, in addition to the Bcl‑w/caspase‑3 pathway described 
in the present study. While all these points require further 
investigation, the case for miR‑122 manipulation in the regula-
tion of liver cancer cell growth is apparent and promising as a 
novel therapeutic approach for HCC.
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