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miRNA-101 affecting proliferation and invasion of liver
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Abstract: Objective: to find out changes in the expression of miRNA-101 (miR-101) in the liver cancer tissues and
cells and the effects on proliferation and invasion of the human liver cancer cells HepG2. Method: The expression
of miR-101 and COX-2 in liver cancer and para-cancer tissues, human liver cancer cells HepG2 and normal human hepatocytes HHL-5 was detected in 10 patients with florescent quantitative real-time PCR. The HepG2 cells
were transfected with miR-NC (Hep G2/NC) and miR-101 (HepG2/101) respectively, the expression of COX-2 in the
transfected cells was detected with Western blotting, and proliferation and invasion of the transfected cells was
detected using CCK-8 and clonogenic assays. A tumor model was created subcutaneously in BALB/C nude mice
with HepG2, HepG2/NC and HepG2/101 cells, to compare the growth of tumor in mice. Results: The expression
of miR-101 was obviously lower in liver cancer tissues than in the para-cancer tissues (t = 18.54, P = 0.005), and
it was markedly lower in the HepG2 cells than in the HHL-5 cells (t = 26.95, P = 0.001). In contrast, the expression of COX-2 was obviously higher in liver cancer tissues and cells than in the para-cancer tissues (t = 20.47, P
= 0.002) and normal human hepatocytes (t = 14.66, P = 0.010). After transfection with miR-101, the expression
of COX-2 in the HepG2/101 cells was significantly down-regulated compared with the HepG2 cells (t = 26.47, P =
0.000). Results of CCK-8 and clonogenic assays showed that over-expression of miR-101 could remarkably inhibit
proliferation (F = 5.756, P = 0.012) and invasion (Dunnett’s test I-J = -0.28, P = 0.035) of the HepG2 cells. Results
of tumor growth experiments in vivo revealed that after over-expression of miR-101, the growth of the HepG2/101
cells in subcutaneous tumor of mice was significantly slower than the HepG2 and HepG2/NC cells (F = 14.4, P =
0.003). Conclusion: There was down-expression of miR-101 and up-expression of COX-2 in liver cancer tissues and
cells. Over-expression of miR-101 may inhibit proliferation and invasion of liver cancer cells by down-regulating the
expression of COX-2 in HCC cells.
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Introduction
Liver cancer is one of the commonly seen
malignancies worldwide. Surgery is currently
the most effective approach in treating liver
cancer, but a quite few of patients are already
at the middle-advanced stage at diagnosis and
can not be cured with radical surgery [3].
Therefore, further clarification of the mechanism in development and progression of liver
cancer is of important significance for improving treatment and prognosis of patients with
liver cancer.
Cyclooxygenase-2 (COX-2) is an important ratelimiting enzyme in synthesis of prostaglandin
E2 (PGE2) [4]. It has been shown that the

expression of PGE2 increases in various tissues of malignant tumors; it inhibits immune
function of the body and is closely related to the
progression and prognosis of tumors [4-8].
MicroRNA (miRNA) is an endogenous small noncoding RNA molecule about 18~25 nt in length.
miRNA participates in the regulation of 30% of
the coding genes in human body. More and
more studies suggest that miRNA plays an
essential part in the development and progression of various malignant tumors.
In the present study, by comparing the expression of miR-101 in normal and liver cancer tissues and cells and by transfecting the HepG2
cells with miR-101, the effects of miR-101 overexpression on proliferation and invasion of the
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RNA extraction

Table 1. Reaction system of PCR experiment
Template RNA
3 µg
5 × MMLV RT Buffer
4 µl
10 mM dNTP
0.75 µl
1 µM miR-RT primers
1.2 µl
40 U/µl Rnasin
0.25 µl
200 Uµl MMLV Reverse Transcriptase
0.2 µl
RNase-free water
System complemented to 20 µl

HepG2 cells were observed to find out the
action of mechanism in the development and
progression of liver cancer.

The above tissue samples stored
in liquid nitrogen was ground and
added with 1 ml Trzol. The HepG2
and HHL-5 cells in passage culture were collected, washed with
PBS and centrifuged (1200 r/min
× 5 min), and then added with 1
ml Trzol. miRNA was extracted
following the steps provided by
the miRNA separation and extraction kit.
Concentration and purity of RNA extracted was
determined using the UV spectrophotometer.

Materials and methods

Reverse transcription of RNA

Cell culture

RNA extracted in the above experiment was
reversely transcribed into cDNA with a PCR
instrument. The reaction system was presented in the Table 1, and the reaction conditions
were: 25°C × 30 min, 42°C × 30 min, 85°C × 5
min.

The human liver cancer cell strain HepG2 and
the normal human embryonic liver fibroblast
HHL-5 were purchased from American Type
Culture Collection (ATCC) and stored in our
department. Passage culture of the cells was
performed in the DMEM medium containing
10% fetal bovine serum (GIBCO) at 37°C in a
5% CO2 incubator.
Clinical data
Surgical specimens of 10 patients diagnosed
pathologically with liver cancer and receiving
surgical treatment in our hospital between
September 2013 and November 2014 were
selected for the study. The patients were 48-62
years old, 7 males and 3 females. The liver cancer and para-cancer tissues (liver tissues in
situ 5 cm from the tumor border) were taken
from the surgical specimens of patients and
kept in liquid nitrogen within 10 min ex vivo, for
use in experiment later. Patients were informed
the objective and methods of the scientific
experiment and signed the informed consent
form before surgery.
Main reagents
The Total RNA Extraction Reagent (Trizol) was
purchased from Dakewe Biotech Co., Ltd., the
RNA Reverse Transcription Kit from Takara, the
primary and secondary antibodies for Western
blotting from Cell Signaling Technology, Inc. and
the Cell Counting Kit (CCK-8) from Beyotime
Institute of Biotechnology. Wright-Giemsa
stain was purchased from Beijing Leagene
Biotechnology Co., Ltd.
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Florescent quantitative real-time PCR
Using cDNA as the template, relevant reagents
and primers were added following the steps
provided by the RT-qPCR kit (Bi-Rad), and PCR
amplification was performed on an ABI-7300
real-time fluorescence quantitative instrument
with U6 as internal reference. Reaction conditions: 95°C × 3 min, (95°C × 12 s, 62°C × 40 s)
× 40 cycles. Relative quantitative analysis on
expression was performed with 2-ΔΔCt for the
experimental results.
Western blotting
With cells samples collected, protein samples
after disruption with cell lysis buffer was transferred to the nitrocellulose membrane
(Millipore) after 8% SDS-PAE electrophoretic
separation, and then incubated with the corresponding primary antibodies and horse radish
peroxidase (HRP)-labeled secondary antibodies, and coloration and luminescence of DAB
occurred.
Transfection with miRNA
Using the method provided by the Lipofectamine
2000 Transfection Kit (Invitrogen), the HepG2
cells in logarithmic growth phase were transfected with miR-NC and miR-101, and 24 hours
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Figure 1. Expression of miR-101 in tissues and cells detected with RT-qPCR. A. Expression of miR-101 in the liver
cancer and para-cancer tissues; B. Expression of miR-101 in the hepatoma cell line HepG2 cells and in the normal
human embryonic liver fibroblasts, HHL-5 cells.

later, cryopreservation culture of the cells was
carried out for subsequent use in experiment.
Determination of cell growth curve
The wild-type HepG2 cells and the HepG2 cells
transfected with empty vector (HepG2/NC) and
miR-101 (HepG2/101) were applied to a 48-well
plate, with initial density of 3000 cells/well, cell
vitality was determined following the steps provided by the CCK-8 kit on days 2, 3, 4 and 5,
and statistical analysis was performed.
Clonogenic assay
The HepG2, HepG2/NC and HepG2/101 cells
in logarithmic growth phase were collected and
applied to a 6-well plate after cell count, with
density of 100 cells/well. The cells were cultured as usual in an incubator, and 2 weeks
later when clone was visible to naked eye in the
cell culture plate, the culture was stopped, the
cells were washed twice with PBS, staining with
Wright-Giemsa stain was conducted for 30min
after the cells were fixed with 4% neutral methanol for 15 min, and then the cells were dried
with natural air after slow washing with running
water. The number for clones more than 50
cells was counted under a microscope and
cloning efficiency was calculated with the following formula:
Numbers of Clones
Cloning efficiency = Numbers of cellinoculated # 100%

[12]
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Determination of tumor growth rate in vivo
The BALB/C nude mice of 6-8 weeks old were
inoculated subcutaneously with 5 × 106 HepG2,
HepG2/NC and HepG2/miR-101 cells. The long
and short diameters of tumors in mice were
measured weekly to calculate the tumorigenicity and growth of subcutaneous tumors. The
volume of tumors in mice was calculated as
follows:
Volume of tumor = 1/2 long diameter × short
diameter2 [13]
The mice were sacrificed 6 weeks later by cervical vertebra dislocation, and weight of the
tumor tissues were measured, on which statistical analysis was performed.
Statistical analysis
Statistical analysis was performed with the
software SPSS 11.0, and the unpaired t test
was used for statistical analysis in comparison
of means between two groups; one-way
analysis of variance was used for statistical
analysis in comparison of means among 3 or
more groups, and Dunnett’s test was employed
for comparison between groups; repeated
measures analysis of variance was used for
statistical analysis on multiple measurement
results (cell vitality detected with CCK-8 and
growth curve of subcutaneous tumors in mice)
at different time points for one observation
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1.043 ± 0.181 relative to the
housekeeping gene U6, lower
than the relative expression of
miR-101 in the normal embryonic liver fibroblasts HHL-5
cells (4.650 ± 0.62), with statistically significant difference
(t = 26.95, P = 0.001).

Figure 2. Expression of COX-2 compared with Western blotting in the liver
cancer and para-cancer tissues, the HepG2 cells and the normal human
embryonic liver fibroblasts, HHL-5 cells.

Figure 3. Changes in the relative expression of COX2 in the HepG2 cells after miR-101 over-expression
detected with Western blotting.

indicator of the same study subject, with test
level α = 0.05.
Results
Expression of miR-101 in the liver cancer and
para-cancer tissues
Distribution relative to the housekeeping gene
U6 of the expression of miR-101 in the liver
cancer and para-cancer tissues in 10 patients
selected for this study was shown in Figure 1A.
It was indicated by statistical analysis results
that the expression of miR-101 in the liver cancer tissues was (1.241 ± 0.11) relative to the
housekeeping gene, lower than the relative
expression of miR-101 in the para-cancer tissues (5.603 ± 0.709), with statistically significant difference (t = 5.95, P = 0.001).
Expression of miR-101 in liver cancer cells and
normal human embryonic liver fibroblasts
As shown in Figure 1B, the expression of miR101 in the hepatoma cell line HepG2 cells was
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Expression of COX-2 in liver
cancer cells and normal human embryonic liver fibroblasts

After grayscale scanning for
the Western blotting image
(Figure 2) with Quality One, the ratio of COX-2 to
GAPDH in gray scale was used to represent the
relative expression and was used for statistical
analysis. The results showed that the relative
expression of COX-2 in the liver cancer tissues
was 0.917 ± 0.103, significantly higher than
that in the para-cancer tissues (0.204 ± 0.41)
(t = 20.47, P = 0.002); the relative expression of
COX-2 in the HepG2 cells was 0.616 ± 0.093,
significantly higher than that in the normal
human embryonic liver fibroblasts, HHL-5 cells
(0.305 ± 0.032) (t = 14.66, P = 0.010).
Effects of miR-101 over-expression on the expression of COX-2 in HepG2 cells
The Western blotting results indicated that
(Figure 3) after over-expression of miR-101, the
relative expression of COX-2 in the HepG2 cells
reduced significantly from 1.733 ± 0.214 to
0.919 ± 0.117, with statistically significant difference (t = 26.47, P = 0.000).
Effects of miR-101 over-expression on in vitro
proliferation and invasion of the Hep G2 cells
As shown in Figure 4A, after culture for 5 days,
vitality of the HepG2 cells and the HepG2/NC
cells was 682.53 ± 92.7% and 713.95 ±
86.33% respectively of that at inoculation, with
no statistical significant difference in between
(F = 1.41, P = 0.326). However, vitality of the
HepG2/101 cells over-expressing miR-101 was
327.01 ± 45.18% of that at inoculation, significantly lower compared to vitality of the HepG2
cells (F = 5.783, P = 0.017) and the HepG2/NC
cells (F = 5.756, p = 0.012). Results of the clonogenic assays (Figure 4B) revealed that the
clonogenic ability of the HepG2/101 cells
decreased obviously compared with the HepG2
Int J Clin Exp Pathol 2016;9(6):6039-6045
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Figure 4. Effects of miR-101 over-expression on in vitro proliferation and invasion of the HepG2 cells. A. Effects of
miR-101 over-expression on growth curve of the HepG2 cells. B. Effects of miR-101 over-expression on the in vitro
clonogenic ability of the HepG2 cells.

Figure 5. Effects of miR-101 over-expression on the in vivo tumor growth rate for the HepG2 cells. A. Growth of tumor
for the HepG2, HepG2/NC and HepG2/101 cells after subcutaneous inoculation in BALB/Cl nude mice. B. At 42
days after inoculation, the mice were sacrificed and dissected, with the weight of tumor measured. Weight of tumor
is expressed in mean ± SD (n = 4), **P < 0.01.

cells and the HepG2/NC cells (cloning efficiency: 75.32 ± 5.09% for the HepG2 cells, 71.48 ±
8.23% for the HepG2/NC cells and 27.55 ±
4.01% for the HepG2/101 cells; Dunnett’s test
I-J = -0.28, P = 0.035).
Effects of miR-101 over-expression on the in
vivo tumor growth rate for the HepG2 cells
To determine the effects of miR-101 overexpression on the in vivo tumor growth rate for
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the HepG2 cells, the present study established
a subcutaneous tumor model of the HepG2
cells with BALB/C nude mice, and tumorigenicity and tumor growth was observed in the tumor
model for the HepG2, HepG2/NC and
HepG2/101 cells. Results suggested (Figure
5A) that at about 14 days after subcutaneous
inoculation of the cells, obvious liver cancer
mass could be detected subcutaneously in the
nude mice. Then the tumor grew slowly, and at
42 days after inoculation, the volume of subcuInt J Clin Exp Pathol 2016;9(6):6039-6045
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taneous tumor in mice of the HepG2/101 group
was 742.3 ± 195.4 mm3, lower than that of the
HepG2 group (2009.5 ± 41.5 mm3) and the
HepG2/NC group (1989.4 ± 457.9 mm3). It was
indicated by the statistical analysis results that
there was no statistically significant difference
in the tumor growth rate between the HepG2
group and the HepG2/NC group (F = 1.57, P =
0.226), while the tumor growth rate in the Hep
G2/101 group was obviously lower than that in
the Hep G2 group (F = 14.8, P = 0.003) and the
Hep G2/NC group (F = 15.31, P = 0.002). After
sacrifice of the mice, the weight of tumor was
measured and results showed that the weight
of tumor in mice of the HepG2/101 group was
0.61 ± 0.17 g, significantly lower than that in
the HepG2 group (1.92 ± 0.35, Dunnett’s test
I-J = -0.47, P = 0.005) and the HepG2/NC group
(1.84 ± 0.41, Dunnett’s test I-J = -0.32, P =
0.007).
Discussions
miRNA plays an important part in the essential
life processes such as embryonic development,
cell cycle regulation, proliferation, differentiation and apoptosis [14]. miRNA controls the
expression of target genes by influencing mRNA
degradation and translation [15]. Bioinformatic
study has suggested that miRNA participates in
the regulation of approximately 30% of the coding genes in human body. One miRNA molecule
can control the expression of several coding
genes, and the expression of one coding gene
can be regulated by several miRNA molecules,
thereby forming a complex regulation network
[9, 10]. More and more evidence have shown
various abnormal expression of miRNA in
human tumors, indicating that miRNA plays an
important part in the development and progression of malignant tumors by regulating the
expression of oncogenes and anti-oncogenes,
which may be an effective approach for humans
to overcome tumors [16, 17].
The present study demonstrates with qRT-PCR
that the expression of miR-101 in the liver cancer tissues and cells of patients is significantly
lower than that in the para-cancer tissue and
the normal cells, whereas the expression of
COX-2 increases significantly. The study by
Chakrabarty A. et al. has suggested [16, 17]
that miR-101 inhibits the expression of COX-2
at a post-transcription level. Bioinformatic analysis has confirmed that miR-101 has binding
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sites for COX-2 [11, 18]. To establish the relationship between down-expression of miR-101
and up-expression of COX-2 in the liver cancer
tissues and cells, the present study has successfully transfected the HepG2 cells with miR101 using Lipofectamine 2000, and it is shown
that in the HepG2/101 cells over-expressing
miR-101, the expression of COX-2 is up-regulated remarkably compared with the wild-type
HepG2 cells.
Further experimental results have suggested
that in vitro proliferation and invasion of the
HepG2/101 cells over-expressing miR-101
decreases significantly compared with the wildtype HepG2 cells. In vivo experiments have further demonstrated that the HepG2/101 cells
are tumorigenic in BALB/C mice, but the rate of
tumor growth is obviously lower compared with
the wild-type HepG2 tumor model. It is revealed
in study that cyclooxygenase-2 (COX-2) is an
important rate-limiting enzyme in synthesis of
prostaglandin E2 (PGE2) [4], and the expression of PGE2 increases in various tissues of
malignant tumors, it inhibits immune function
of the body and is closely related to the development, invasion, metastasis and poor prognosis of tumors [4-8]. The study by Masferrer J.L.
et al. [19] has suggested that COX-2 plays an
important role in tumor microvessel formation
and resistance to apoptosis of tumor cells. The
present study has found out that there is a significant negative correlation between the
expression of miR-101 and that of COX-2 in the
liver cancer tissues and cells, and in vitro proliferation and invasion of liver cancer cells overexpressing miR-101 decreases significantly.
These results indicate that miR-101 is most
likely to play an important part in the development and progression of liver cancer by regulating the expression of COX-2 by target genes.
Therefore, up-expression of miR-101 in the liver
cancer tissues and cells may be an effective
approach to the treatment of liver cancer.
Disclosure of conflict of interest
None.
Address correspondence to: Jian-Guo Wang, Department of General Surgery, The First Affiliated
Hospital of Xinxiang Medical University, 453100.
Tel: +86 13803805777; Fax: +86 13803805777;
E-mail: wangjianguoxx@163.com

Int J Clin Exp Pathol 2016;9(6):6039-6045

miRNA-101 inhibit liver cancer by down-regulating COX-2
References
[1]

WHO. Latest world cancer statistics Global
cancer burden rises to 14.1 million new cases
in 2012: Marked increase in breast cancers
must be addressed 2013.
[2] Ridge CA, Mcerlean AM, Ginsberg MS.
Epidemiology of lung cancer. Semin Intervent
Radiol 2013; 30: 93-98.
[3] Zhan P, Qian Q, Yu LK. Prognostic value of COX2 expression in patients with non-small cell
lung cancer: a systematic review and metaanalysis. J Thorac Dis 2013; 5: 40-47.
[4] Saiki L, Fujii H, Yoneda J, Abe F, Nakajima M,
Tsuruo T, Azuma I. Role of aminopeptidase N
(CD13) in tumor-cell invasion and etracellular
matrix degradation. Int J Caneer 1993; 54:
137-143.
[5] Karavitis J, Zhang M. COX2 regulation of breast
cancer bone metastasis. Oncoimmunology
2013; 2: e23129.
[6] Tyagi A, Agarwal C, Dwyer-Nield LD, Singh RP,
Malkinson AM, Agarwal R. Silibinin modulates
TNF-alpha and IFN-gamma mediated signaling
to regulate COX2 and iNOS expression in tumorigenic mouse lung epithelial LM2 cells.
Mol Carcinog 2012; 51: 832-42.
[7] Dong X, An B, Salvucei KL, Storkus WJ,
Amoscato AA, Salter RD. Modification of the
amino terminus of a class epitope confers resistance to degradation by CD13 on dendritic
cells and enchances presentation to T cell. J
Immunol 2000; 164: 129-35.
[8] Ko WG, Kang TH, Lee SJ, Kim YC, Lee BH.
Effects of luteolin on the inhibition of proliferation and induction of apoptosis in human myeloid leukaemia cells. Phytother Res 2002; 16:
295-8.
[9] Seong HJ, Ryu YB, Curtis-Long MJ, Ryu HW,
Baek YS, Kang JE, Lee WS, Park KH. Tyrosinase
Inhibitory Polyphenols from Roots of Morus
lhou. J AgricFood Chem 2009; 57: 1195-203.
[10] Farh KK, Grimson A, Jan C, Lewis BP, Johnston
WK, Lim LP, Burge CB, Bartel DP. The widespread impact of mammalian MicroRNAs on
mRNA repression and evolution. Science
2005; 310: 1817-1821.

6045

[11] Qiu L, Chen QH, Zhang JX, Zhong X, Zhou JJ,
Guo YJ, et al. Inhibitory effects of α-cyano-4hydroxycinnamic acid on the activity of mushroom tyrosinase. Food Chem 2009; 112: 609613.
[12] Wu C, Li H, Zhao H, Zhang W, Chen Y, Yue Z, Lu
Q, Wan Y, Tian X, Deng A. Potentiating antilymphoma efficacy of chemotherapy using a liposome for integration of CD20 targeting, ultraviolet irradiation polymerizing, and controlled
drug delivery. Nanoscale Res Lett 2014; 9:
447.
[13] Ross PD, Subramanian S. Thermodynamics of
protein association reactions: forces contributing to stability. Biochemistry 1981; 20: 30963102.
[14] Bartel DP. MicroRNAs: genomics, biogenesis,
mechanism and function. Cell 2004; 116:
281-297.
[15] Mets E, Van der Meulen J, Van Peer G, Boice
M, Mestdagh P, Van de Walle I, Lammens T,
Goossens S, De Moerloose B, Benoit Y, Van
Roy N, Clappier E, Poppe B, Vandesompele J,
Wendel HG, Taghon T, Rondou P, Soulier J, Van
Vlierberghe P, Speleman F. MicroRNA-193b-3p
acts as a tumor suppressor by targeting the
MYB oncogene in T-cell acute lymphoblastic
leukemia. Leukemia 2015; 29: 798-806.
[16] Mueller M, Zhou J, Yang L, Gao Y, Wu F,
Schoeberlein A, Surbek D, Barnea ER, Paidas
M, Huang Y. Preimplantation factor promotes
neuroprotection by targeting microRNA let-7.
Proc Natl Acad Sci U S A 2014; 111: 13882-7.
[17] Chakrabarty A, Tranguch S, Daikoku T, Jensen
K, Furneaux H, Dey SK. MicroRNA regulation of
cyclooxygenase-2 during embryo implantation.
Proc Natl Acad Sci U S A 2007; 104: 1514415149.
[18] Chen L, Lin YL, Peng GQ, Li F. Structural basis
for multifunctional roles of mammalian aminopeptidase N. Proc Natl Acad Sci U S A 2012;
109: 17966-17971.
[19] Masferrer JL, Leahy KM, Koki AT, Zweifel BS,
Settle SL, Woerner BM, Edwards DA, Flickinger
AG, Moore RJ, Seibert K. Antiangiogenic and
antitumor activities of cyclooxygenase-2 inhibitors. Cancer Res 2000; 60: 1306-1311.

Int J Clin Exp Pathol 2016;9(6):6039-6045

