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Abstract. – OBJECTIVE: Hepatocellular carci-
noma (HCC) is a malignant cancer with a high fatal-
ity rate, and the expression of microRNA-145 (miR-
145) is significantly low in HCC tissue. Therefore, 
the effect of miR-145 on HCC was explored. 

PATIENTS AND METHODS: Primary hepato-
cellular carcinoma samples and correspond-
ing normal samples, and HepG2 cells were 
analyzed using flow cytometry, 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay, Real-time quantitative reverse tran-
scription- polymerase chain reaction, Western 
blotting, ad dual-luciferase reporter assay. 

RESULTS: miR-145 expression was signifi-
cantly downregulated in HCC tissue and HepG2 
cells as compared to normal liver tissue. Af-
ter HepG2 cells were transfected with miR-145 
mimics, miR-145 expression was recovered, ac-
companied by a significantly lower cell number, 
inhibition of the G1/S phase transition, and pro-
motion of the apoptosis of HepG2 cells, as well 
as changes in levels of G1/S-specific cyclin-E1 
(CCNE1) and activated caspase-3. Furthermore, 
the rho-associated protein kinase 1 (ROCK1) lev-
els were opposite the levels of miR-145 expres-
sion in vivo and in vitro, and additional exper-
iments with co-transfection of miR-145 mimics 
and pEGFP-N3-3’UTR provided the direct evi-
dence that the ROCK1 gene is a target of miR-
145. Moreover, a significant decrease or increase 
in the expression of ROCK1 was associated with 
nuclear factor-kB (NF-κB)(p65) activity, and li-
popolysaccharide (LPS) significantly increased 
NF-κB(p65) activity, accompanied by recovery 
of the reduction in the number of HepG2 cells 
for miR-145 mimics. The NF-κB activity and cell 
number were significantly (p < 0.05, p < 0.01) in-
creased in response to the overexpression of 
the ROCK1 gene in HepG2 cells. 

CONCLUSIONS: We showed that miR-145 can 
target and downregulate ROCK1 expression, 
and it controls HCC by inhibiting the cell cycle 
and activating apoptosis via the ROCK1/NF-κB 
signaling pathway. Our findings will provide a 
new perspective for the therapy of HCC.
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Introduction 

Hepatocellular carcinoma (HCC) is one of 
the most common malignant tumors, with a 
high fatality rate due to its capacity for prolif-
eration and invasion. MicroRNAs (miRNAs) 
extensively regulate gene expression by tar-
geting gene-3’UTR to participate in individual 
development, cell proliferation, cell apoptosis, 
cell differentiation, etc.1,2. It was reported that 
some miRNAs (such as miR-99b, -101, -155, 
-181b, and -370) play an important role in 
the occurrence and development of tumors3-7. 
Therefore, it is feasible to choose miRNA as a 
new target for cancer therapy. miR-145 (5q32-
33) is located near the important fragile site 
5q31 on chromosome 5. Fragile sites are usual-
ly stable in somatic cells, but are often absent 
or rearranged in many tumor cells. The low 
expression of miR-145 in various tumor tissues 
regulates tumor proliferation, apoptosis, and 
invasion ability by controlling the target pro-
tein, and inhibits tumor growth8-11. In addition, 
miR-145 has a significant inhibitory effect on 
tumor cell invasion and metastasis12-14. miR-145 
targets multiple genes, especially N-cadherin 
and vimentin, which can affect the epitheli-
al-mesenchymal transition so that invasion and 
metastasis are inhibited10,15. It was reported that 
the expression level of miR-145 is significant-
ly lower in HCC tissue than in normal liver 
tissue16, suggesting that miR-145 may play a 
negative role in the occurrence and develop-
ment of HCC. Using HCC tissue and HepG2 
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human liver carcinoma cells, the effects of 
miR-145 on cell proliferation and apoptosis in 
the occurrence and development of HCC were 
investigated in this study, which will enrich 
the theory and also provide a new perspective 
on HCC.

Materials and Methods 

Ethics
The present study was approved by the Ethics 

Committee of JiNing No. 1 People’s Hospital 
(NO. JNPH-HEC2018-01-015; JiNing, Shandong, 
China). Written informed consent was obtained 
from each patient. 

Tissue Specimen Collection
A total of 9 primary hepatocellular carcino-

ma samples and corresponding normal samples 
were collected from patients at the JiNing No. 
1 People’s Hospital. None of the patients had 
received blood transfusions, radiotherapy, or 
chemotherapy prior to surgery. All samples 
were immediately snap-frozen in liquid nitro-
gen following surgical removal and stored at 
-80°C until use.

HepG2 Cell Culture and Treatment
HepG2 cells (purchased from the National 

Infrastructure of Cell Line Resource of China) 
were cultured with Dulbecco’s modified Eagle’s 
medium (DMEM) (Gibco, Grand Island, NY, 
USA) containing 10% fetal bovine serum (FBS) 
(Gibco, Grand Island, NY, USA) in a 5% CO2 
incubator at 37°C. The medium was changed ev-
ery 3 days. After reaching 80% confluence, cells 
were passaged, and cells at passage 2-4 were used 
for further experiments.

HepG2 cells with 20% confluence were plated 
in 96-well or 100-mm dishes to use for trans-
fection of miR-145 mimics (RiboBio Co., Ltd, 
Guangzhou, China). After transfection for 48 
or 60 h, cells were collected for further exam-
ination. In addition, two groups of HepG2 cells 
were treated for 2 h with 5 μg/ml lipopolysac-
charides (LPS) (Solarbio, Beijing, China) or miR-
145 mimics. According to the sequences of the 
rho-associated protein kinase 1 (ROCK1) gene 
in the Ensembl database (ENSG00000067900), a 
pEGFP-N3 eukaryotic expression vector carrying 
the coding sequence (CDS) of ROCK1 gene was 
constructed, and would be subsequently trans-
fected into HepG2 cells.

3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphen-
yltetrazolium Bromide (MTT) Assay

After HepG2 cells were cultured in 96-well 
plates with different treatments for 60 h, the cell 
number was determined by the 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay. First, 20 μl of 5 mg/ml MTT (Solar-
bio, Beijing, China) was added to each well, and 
the plates were then incubated for 4 h at 37°C. 
After removing the supernatant, formazan crys-
tals were dissolved in 200 μl of DMSO (Solarbio, 
Beijing, China), and the absorbance was mea-
sured at 490 nm. There were eight replicate wells 
for each group to ensure experimental accuracy. 

Flow Cytometry (FCM) 
HepG2 cells that underwent different treat-

ments were collected to use for the analysis of 
cell cycle or cell apoptosis using a FACSCanto 
II flow cytometer (Becton, Dickinson and Com-
pany, Brea, CA, USA). For cell cycle, cells 
were mixed with 0.25 % Triton X-100 and 
5 μl propidium iodide (PI) (Solarbio, Beijing, 
China), and incubated for 30 min at room tem-
perature in the dark. Cells were resuspended 
in 0.5 ml of phosphate-buffered saline (PBS) 
and immediately analyzed. For cell apoptosis, 
cells were digested with trypsin, centrifuged 
at 300 × g for 5 min, and washed with ice-cold 
phosphate-buffered saline (PBS) (Gibco, Grand 
Island, NY, USA). The cell pellets were re-sus-
pended in 100 μl Annexin V-binding buffer, 
transferred to a 5-ml culture tube containing 5 
μl Annexin V-FITC (BioVision) (San Francisco, 
CA, USA), and mixed with 10 μl PI. The tube 
was gently vortexed and incubated for 15 min 
at room temperature in the dark. Subsequently, 
300 μl of binding buffer was added, and the cells 
were immediately analyzed.

Real-Time Quantitative Reverse Transcrip-
tion-Polymerase Chain Reaction (qPCR) 

Total RNA was extracted from the cells using 
TRIzol reagent (Invitrogen; Carlsbad, CA, USA) 
according to the manufacturer’s instructions. 
First strand cDNA was synthesized using Pri-
meScript RT Master kit (TaKaRa, Dalian, Chi-
na). Q-PCR was performed using SYBR Green 
reagents with a 7500 Real-Time PCR System 
(Applied Biosystems, Foster City, CA, USA). The 
specific primers of the ROCK1 gene (F:5’-GGT-
GGTCGGTTGGGGTATTT-3’; R:5’-AACT-
GGTGCTACAGTGTCTCG-3’) and miR-145 
(F:5’-GTCCAGTTTTCCCAGGAATC CCT-3’; 
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R:5’-GCT GTCAACATACGCTACGTAACG-3’) 
were used, and actin beta (β-actin) (F:5’-GCTC-
GTCGTCGACAACGGCTC-3’; R:5’-CAAA-
CATGATCTGGGTCATCTTCTC-3’) and U6 
(F:5’-CTC GCTTCGGCAGCACA-3’; R:5’-GC-
GAGCACAGAATTAATACGAC-3’) expression 
was used as the normalization control by the 
2−∆∆Ct method. A melting curve was construct-
ed to verify the single amplified PCR product. 
Samples were assayed in triplicate, with standard 
deviations of cycle threshold (CT) values that did 
not exceed 0.5 on a within-run basis.

Dual-Luciferase Reporter Assay
According to the sequences of the human 

ROCK1 gene in the GALGAL5.0 database (EN-
SG00000067900), the pEGFP-N3 eukaryotic ex-
pression vector carrying the 3’-untranslated re-
gion (UTR), and the mutant of the 3’-UTR region 
of human ROCK1 gene were constructed. Then, 
the pEGFP-N3, pEGFP-N3-ROCK1-3’UTR, or 
the pEGFP-N3-ROCK1-mutant-3’UTR plasmid 
was co-transfected with miR-145 mimics into 
293T cells in a dual-luciferase reporter system. 
After 36 h incubation, firefly and Renilla lucif-
erase activities were measured using the dual-lu-
ciferase reporter assay kit (Promega, Madison, 
WI, USA) according to the manufacturer’s in-
structions.

Western Blotting
The nuclear factor-kB (NF-κB) (p65) activity, 

and the levels of ROCK1, (NF-κB)(p65), and 
G1/S-specific cyclin-E1 (CCNE1) were detected 
in HepG2 cells that had been given different 
treatments. The total protein levels of all sam-
ples were assayed with a Bicinchoninic acid 
(BCA) Protein Assay Kit (Pierce) (Thermo Fish-
er, Waltham, MA, USA). The following mono-
clonal antibodies were purchased and used in 
this research: anti-β-tubulin, anti-NF-κB(p65), 
anti-pNF-κB(p65), anti-CCNE1, anti-ROCK1 
(Abcam, Cambridge, MA, USA), anti-Caspase-3 
(CASP3), and anti-Cleaved-CASP3 (Cell Signal-
ing Technology, Danvers, MA, USA). 

Statistical Analysis
All statistical analyses were performed using 

one-way ANOVA with post-hoc pairwise com-
parisons by the least significant difference (LSD) 
test using Statistical Analysis Systems software 
(Version 8.2, SAS Institute, Cary, NC, USA, 
2001) to determine significance (accepted at p < 
0.05). The data are expressed as the mean ± SEM.

Results

miR-145 Induces a Decrease in the 
Hepatocellular Carcinoma Cell Number 

As demonstrated in  Figure 1A, the qPCR re-
sults showed that the level of miR-145 expression 
was significantly downregulated (p < 0.01) in the 
hepatocellular carcinoma tissues as compared to 
normal liver tissues. Furthermore, the miR-145 
expression was found to be notably decreased (p 
< 0.01) in HepG2 cell lines as compared to normal 
liver tissue. Compared with the control HepG2 
cells without treatment, the level of miR-145 ex-
pression in HepG2 cells transfected with miR-145 
mimics for 60 h had been significantly upregulated 
(p < 0.01) (Figure 1A), but the cell number was sig-
nificantly lower (p < 0.05) (Figure 1B). According-
ly, these results indicate that miR-145 may inhibit 
the development of hepatocellular carcinoma.

miR-145 Inhibits the Proliferation and 
Promotes the Apoptosis of HepG2 Cells

To investigate the effect of miR-145 on the observed 
inhibition of HepG2 cell numbers, the cell cycle and 
apoptosis of HepG2 cells transfected with miR-145 
mimics were detected by flow cytometric (FCM) 
assay. As shown in Figure 1C, after transfection with 
the miR-145 mimics compared with no transfection, 
the percentage of HepG2 cells in the S and G1 phases 
was significantly lower and higher, respectively. Ad-
ditionally, miR-145 induced an obvious increase in 
PI-negative and Annexin V-positive cells (Figure 1D), 
with the cytotoxic agent etoposide being used as a 
positive control for apoptosis detection. Genetically, 
the CCNE1 (G1/S-specific cyclin E1) protein level was 
significantly downregulated, and CASP3 (a key fac-
tor in apoptosis) and activated C-CASP3 levels were 
markedly increased in HepG2 cells with transfection 
by miR-145 mimics (Figure 1E).

ROCK1 is the Target of miR-145 in 
HepG2 Cells

The expression of ROCK1 was detected ac-
cording to a previously published procedure17. 
The qPCR and Western blotting results showed 
that the mRNA (p < 0.01, p < 0.01) and protein 
levels of ROCK1 were significantly upregulated in 
the hepatocellular carcinoma tissues and HepG2 
cells as compared to normal liver tissues (Figure 
2A), which was the opposite change as compared 
to miR-145 expression. However, after the HepG2 
cells were transfected with the miR-145 mimics, 
then the mRNA (p < 0.01) and protein levels of 
ROCK1 were obviously downregulated (Figure 
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2B). Additional experiments by dual-luciferase 
reporter assay also were performed to explore 
the regulatory relationship between miR-145 and 
ROCK1, and the results revealed that the positive 
signal significantly (p < 0.01) increased in 293T 
cells after co-transfection with miR-145 mimics 
and the pEGFP-N3-3’UTR vector of ROCK1 
gene, providing the direct evidence that ROCK1 
is the target gene of miR-145 (Figure 2C). 

NF-κB Signaling Pathway Mediated the 
Effect of miR-145 in HepG2 Cells

The NF-κB(p65) activity, which is considered 
to be an important regulator of cell cycle and apop-

tosis, was analyzed. The results showed that the 
NF-κB(p65) levels and activities were obviously 
higher in hepatocellular carcinoma tissues and 
HepG2 cells as compared to normal liver tissues 
(Figure 3A). After a significant increase in the 
miR-145 level in HepG2 cells after transfection 
with miR-145 mimics, the NF-κB(p65) activity 
also exhibited the same significant decrease as that 
of the expression of ROCK1 (Figure 3B). Howev-
er, after the HepG2 cells were treated with LPS 
plus transfected with the miR-145 mimics, then 
the NF-κB (p65) activity significantly increased, 
accompanied by significant (p < 0.05) recovery 
of HepG2 cell numbers (Figure 3C). In addition, 

Figure 1. The effect of miR-145 on hepatocellular carcinoma. A, The comparison of miR-145 expression in hepatocellu-
lar carcinoma tissue, normal liver tissue, HepG2 cells, and HepG2 cells transfected with miR-145 mimics or not for 48 h by 
Q-PCR. B, The change in cell number of HepG2 cells transfected with miR-145 mimics or not for 60 h by MTT; C and D, The 
comparison by FCM of cell cycle or cell apoptosis between HepG2 cells after treatment by miR-145 mimics or not; E, The 
levels of CCNE1, CASP3, and C-CASP3 in HepG2 cells after treatment by miR-145 mimics or not. The data are expressed as 
the mean ± SEM; n=3 or 8. *p < 0.05, **p < 0.01.
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after transfecting the pEGFP-N3-CDS vector con-
taining the ROCK1 gene into HepG2 cells, the NF-
κB(p65) activity in HepG2 cells was significantly 
increased, accompanied by a significant increase 
in the ROCK1 protein level (Figure 3D).

Discussion

The changes in microRNA expression in var-
ious human tumors are closely related to the 

occurrence, development, diagnosis, treatment, 
and prognosis of the cancer18,19. HCC is a common 
malignant cancer with a high fatality rate, and mi-
croRNA-145 (miR-145) expression was significant-
ly downregulated in HCC tissue as compared to 
normal liver tissue16, which may play an important 
negative role in the occurrence and development 
of HCC. Therefore, the effects of miR-145 on the 
cell proliferation and apoptosis of liver cancer cells 
were detected in this study using HCC tissue and 

Figure 2. miR-145 directly downregulates the expression of target gene ROCK1 in HepG2 cells. A, The expression level of 
ROCK1 by Q-PCR and western blotting in hepatocellular carcinoma tissue, normal liver tissues, and HepG2 cells; B, The 
expression changes of ROCK1 by Q-PCR and western blotting in HepG2 cells transfected with miR-145 mimics or not for 48 
h; C, The relative luciferase activity as measured by the dual luciferase system between miR-145 and ROCK1. The data are 
expressed as the mean ± SEM; n=3. **p < 0.01.
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ed the G1/S phase transition of HepG2 cells. Addi-
tionally, the significant increase in PI-negative and 
Annexin V-positive cells revealed that miR-145 
promoted the apoptosis of HepG2 cells. Geneti-
cally, the CCNE1 protein level was significantly 
downregulated, and the activated C-CASP3 level 
was markedly increased in HepG2 cells treat-
ed with miR-145 mimics compared with control 
cells without treatment. Considering the import-
ant role of CCNE (G1/S-specific cyclin E1) in the 
cell cycle20, and the activated C-CASP3 in cell 
apoptosis21, it was detected that miR-145 inhibits 
proliferation and promotes apoptosis of HepG2 
cells. The microRNA combines with the 3’-UTR 
sequence of the target mRNA and regulates the 
expression level of the target mRNA22. As previ-
ously reported8-11, miR-145 plays a broad role in 
biological action by controlling the different levels 
of the target protein. The target gene of miR-145 

HepG2 cells. The qPCR results revealed that miR-
145 expression downregulated HCC tissue and 
HepG2 cells as compared to normal liver tissue. 
Further in vitro experiments showed that miR-145 
expression upregulated HepG2 cells inducted with 
miR-145 mimics, accompanied by a decrease in 
the number of HepG2 cells. All of these results 
showed that miR-145 inhibited the occurrence and 
development of HCC. It has been reported that 
microRNAs extensively regulate gene expression 
by targeting gene-3’UTR to participate in the indi-
vidual development, cell proliferation, cell apop-
tosis, cell differentiation, etc.1,2. Moreover, the 
inhibition in the number of HepG2 cells after the 
upregulation of the miR-145 level was analyzed by 
FCM to investigate the status of cell proliferation 
or apoptosis in HepG2 cells after treatment with 
miR-145 mimics. The percentages of HepG2 cells 
in S and G1 phases revealed that miR-145 inhibit-

Figure 3. The ROCK1/NF-κB(p65) signaling pathway involved in the regulation of miR-145 and subsequent control of he-
patocellular carcinoma. A, The changes in the NF-κB(p65) level and activity by Western blotting in hepatocellular carcinoma 
tissue, normal liver tissues, and HepG2 cells; B, A comparison of the NF-κB(p65) level and activity by Q-PCR and Western 
blotting in HepG2 cells transfected with miR-145 mimics or not for 48 h; C: The changes in the NF-κB(p65) level and activity, 
and cell number of HepG2 cells with additional LPS on the basis of miR-145 mimics for 2 h or 60 h. D: The changes in the 
NF-κB(p65) level and activity in HepG2 cells after effective overexpression treatment of ROCK1; the data are expressed as 
the mean ± SEM; n=3 or 8. *p < 0.05.
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was determined in order to explore how miR-145 
implements the regulation of cell proliferation 
and apoptosis of HepG2 cells. According to the 
known information on the relationship between 
miR-145 and ROCK123,24, ROCK1 was detected 
and verified. The results revealed that the ex-
pression levels of ROCK1 exhibited the opposite 
change as those of miR-145 with different status 
(hepatocellular carcinoma tissue vs. normal liver 
tissue, HepG2 cells vs. normal liver tissue, and 
HepG2 cells vs. HepG2 cells transfected with 
miR-145 mimics). Moreover, further results by 
dual-luciferase reporter assay provided the direct 
evidence that ROCK1 is the target gene of miR-
145, as previously reported25. It is well known 
that the NF-κB signaling pathway is an important 
regulator of cell proliferation and apoptosis26-29 in 
carcinogenesis, and therefore, the NF-κB activity 
in the liver cells also was analyzed. Here, the NF-
κB(p65) activities were significantly higher in 
the hepatocellular carcinoma tissues and HepG2 
cells as compared to the normal liver tissues, but 
significantly lower in HepG2 cells transfected 

with the miR-145 mimics for a significant increase 
in the miR-145 level, accompanied by the same 
expression of ROCK1. Based on the transfection 
with the miR-145 mimics, the NF-κB(p65) activ-
ity significantly increased after induction by LPS 
(as a specific activator of NF-κB30), accompanied 
by an increase in the HepG2 cell number. These 
results effectively indicated that the NF-κB sig-
naling pathway mediated the effect of miR-145 
on cell proliferation and apoptosis of liver cancer 
cells. In addition, the pEGFP-N3-CDS vector of 
the ROCK1 gene was used to investigate the rela-
tionship between ROCK1 and NF-κB(p65), which 
were regulated together by miR-145 in this study. 
After transfection, the ROCK1 expression and 
NF-κB activity were significantly increased, con-
firming that ROCK1 and NF-κB(p65) mediated 
the effect of miR-145 with the joint ROCK1/NF-
κB signaling pathway, which was in accordance 
with previous studies31,32. Given all the results 
together, we propose a molecular regulatory net-
work that inhibits hepatocellular carcinoma cells 
by miR-145, as presented in Figure 4.

Figure 4. The underlying regulatory mechanism that miR-145 uses to control hepatocellular carcinoma. miR-145 can di-
rectly downregulate the expression of the target ROCK1 gene in hepatocellular carcinoma cells. The increase in miR-145 
controls hepatocellular carcinoma by inducing cell cycle inhibition and activation of cell apoptosis through the ROCK1/
NF-κB signaling pathway.
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Conclusions

We showed for the first time that miR-145 
directly downregulates the expression of target 
gene ROCK1 to control hepatocellular carcinoma 
by inhibiting cell proliferation and activating cell 
apoptosis through the ROCK1/NF-κB signaling 
pathway. Our findings suggest a new regulatory 
mechanism underlying hepatocellular carcinoma, 
which will provide a perspective for the therapy 
of hepatocellular carcinoma.
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