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Abstract
Background: microRNA 21 (miR-21) has been demonstrated to be significantly elevated in many types of cancers,
including the hepatocellular carcinoma (HCC). In the present study, we investigated the role of miR-21 in HCC by
identifying its novel targets, as well as its underlying molecular mechanism.
Methods: The expression of mitogen-activated protein kinase-kinase 3 (MAP2K3) in human HCC tumor tissues and
adjacent non-tumor tissues was determined by immunohistochemistry staining (IHC) analysis. The 3’-untranslated
region (3’-UTR) of MAP2K3 combined with miR-21 was experimentally verified by a miRNA luciferase reporter
approach. Moreover, the role of miR-21 in regulating HCC cell proliferation was analyzed by an MTT assay infected
with miR-21mimics/sponge inhibitor Adenoviral viral vectors.
Results: By immunohistochemistry staining analysis, we found that mitogen-activated protein kinase-kinase
3 (MAP2K3) was strikingly repressed in the human HCC tumor tissues, in comparison with the adjacent non-tumor
tissues in clinical settings. More importantly, the repression of MAP2K3 was inversely correlated with the expression
of miR-21 in HCC. Further study demonstrated that the MAP2K3 was a novel direct target of miR-21, which was
experimentally validated by a miRNA luciferase reporter approach. In HepG2 cells, inhibition of miR-21 expression
with an adenoviral miR-21 sponge vector profoundly suppressed cell proliferation by up-regulating MAP2K3
expression at both mRNA and protein levels.
Conclusions: These results provide a clinical evidence that MAP2K3 may be a tumor repressor gene, and it is a
direct target of miR-21 in HCC, indicating an underlying mechanism by which miR-21 is able to directly target
MAP2K3 and inhibit its expression during the carcinogenesis of HCC, at both transcriptional and post-translational
levels. This study also suggests that targeting miR-21-MAP2K3 pathway may be a promising strategy in the
prevention and treatment of HCC.
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Background
MicroRNAs (miRNAs) are evolutionarily conserved, endogenous, single-stranded, non-coding RNA molecules
with a fundamental role in the regulation of gene expression [1]. miRNA binds a target gene through imperfect basepairing to the complementary sequences in the
3’untranslated region (3’UTR) of a gene to transcriptionally
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or post-transcriptionally suppress its expression at the
mRNA or protein levels in many organisms, such as yeast,
fruit flies, worms, vertebrates, human and plants [2]. An
increasing number of studies has uncovered that the
expression of miRNAs is deregulated in many types of
cancers in comparison with matched non-neoplastic tissues, including the hepatocellular carcinoma (HCC) [3].
Among them, miR-21 is aberrantly expressed in almost all
epithelial cell-derived solid tumors including breast, pancreas, lung, stomach, prostate, colon, head and neck, liver,
and esophageal cancers [4], as well as in hematological
malignancies such as leukemia, lymphoma and multiple
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myeloma [5,6]. Further analysis of the tumors implicated a variety of signaling pathways in which the
miR-21 plays a pivotal role in the carcinogenesis of
many types of cancers [7-11], and some of the signaling molecules have been experimentally validated as
targets of miR-21, including phosphatase and tensin
homolog (PTEN) [10,12], programmed cell death 4
(PDCD4) [13], reversion-inducing -cysteine-rich protein with kazal motif (RECK) [14], and tropomyosin
alpha-1 chain (TPM1) [11].
Owing to the increase of hepatitis B virus (HBV) and
hepatitis C virus (HCV) infection, aflatoxin-contaminated food, and alcohol abuse, the incidence of hepatocellular carcinoma (HCC) is constantly rising in the last
two decades, particularly in China, where the HCC is
one of the most frequently occurring cancers [15]. Genetic and expression profiling studies of HCC have demonstrated the alterations of a variety of mutations and
expression of oncogenes and/or tumor-suppressor genes
in the carcinogenesis of liver cancer, which are often
concomitant with the deregulation of an important signaling pathway, such as p53, AP-1, and the mitogenactivated protein kinases (MAPKs) pathway [16,17].
The MAPKs generally expressed in all cell types functionally to transduce extracellular signals into various
intracellular responses [18]. In addition, dysregulation of
MAPK signaling pathway was often found in various
types of cancers, including the HCC, which was also
phenotypically validated in genetic mouse models with
impaired MAPK signaling [16,19]. Previous studies have
revealed that the expression of miR-21 was augmented
in malignant HCC tissues relative to the benign HCC
and normal liver tissues [20], however, its underlying
regulatory mechanism has not been fully elucidated yet.
Recently, Jia et al. found that mitogen-activated protein
kinase-kinase 3 (MAP2K3) was remarkably down-regulated in breast cancer epithelial cells [21], we therefore
hypothesize that miR-21 may play a role in regulation
of MAP2K3 in HCC pathogenesis. In this study, we
found that the mitogen-activated protein kinase-kinase 3
(MAP2K3) was markedly down-regulated in human
HCC tissue, compared with adjacent non-tumor tissues
for the first time. The MAP2K3 was further identified
and experimentally validated as a novel target for
miR-21. This study might provide a new avenue for
comprehensively understanding the regulatory mechanism of miR-21 in cancers in general, and the HCC
in particular.

Methods
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consent was obtained from every individual according to
the Ethic Committee for the Conduct of Human Research protocol. All participants were over 18 years of
age and provided written informed consent for the publication of the data. This study was approved by the
Ethic Committee for the Conduct of Human Research at
Ningxia Medical University.

Human liver tumor samples

Fourteen liver tumor samples with histologic evidence of
HCC, and matched adjacent non-tumor tissues without
histological evidence of HCC were archival samples from
department of Medical Pathology Department, General
Hospital of Ningxia Medical University from 2007 to
2009 (Table 1) [22].
Table 1 The expression of MAP2K3 in human HCC tissues
determined by IHC
Sample
ID

Age

Gender

Tumor
size (cm)

Tissues

IA value

Scores

1

56

Male

3.5

Tumor

295.26

-

Non-tumor

5324.96

+++

2

3

4

5

6

7

8

9

10

11

12

13

69

27

42

62

33

52

40

47

72

65

51

60

Male

Female

Male

Female

Female

Female

Male

Male

Male

Male

Female

Male

7.4

5.8

5.3

4.4

1.5

2.7

6.2

5.7

3.3

4.0

5.0

7.0

Ethics statement

Human liver tissue was collected with a protocol approved by the Ethic Committee for the Conduct of Human Research at Ningxia Medical University. Written

14

30

Male

2.2

IHC staining

Tumor

81.52

-

Non-tumor

868.44

+

Tumor

697.8

-

Non-tumor

1509.85

+

Tumor

237.82

-

Non-tumor

6341.06

+++

Tumor

387.59

-

Non-tumor

7880.92

+++

Tumor

145.52

-

Non-tumor

1554.87

+

Tumor

4456.78

++

Non-tumor

12345.41

+++

Tumor

750.19

+

Non-tumor

4249.48

++

Tumor

208.14

-

Non-tumor

1824.86

+

Tumor

234.06

-

Non-tumor

752.39

+

Tumor

117.6

-

Non-tumor

6744.49

+++

Tumor

519.31

-

Non-tumor

2628.37

+

Tumor

1552

+

Non-tumor

566.92

+

Tumor

1301.41

+

Non-tumor

15692.81

+++
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Cell culture and transfection

Cell lines of human embryonic kidney 293 and human
hepatoma cell HepG2 were purchased from American
Type Culture Collection (Mannasas, VA, USA). The cells
were cultured and maintained at 37°C in a humidified
atmosphere of 5% CO2 95% air in dulbecco’s modified
eagle medium (DMEM) supplemented with 10% Fetal
Bovine Serum (FBS) and 1% pen/strep. Plasmid DNA
transfection was performed using TransLipid Transfection Reagent (Beijing TransGen Biotech Co. Ltd, Beijing,
China) per manufacturer’s instruction.
Generation of recombinant adenoviral vectors

In order to generate adenoviral vectors overexpressing
miR-21, oligonucleotides of miR-21 forward (5’-TAG
GGGTACCCCTAAACCAACCAGCCAACC-3’) and reverse primer (5’- TATGCTCTA GAGCTCCGGCTT
TAACAGGTG -3’) were synthesized, and respective
restriction sites of Kpn I and Xba I were introduced
at 5’-ends, based on the sequence of human miR-21
(5’- uagcuuaucagacugauguuga-3’, MIMAT0000077) from
miRBase database. Similarly, in order to produce a miR21 sponge vector, annealed double strands containing 8×
tandem of binding sites that are perfectly complementary to miR-21 seeding sequence, was generated [23].
The sense sequence of miR-21 sponges with a Kpn I
and a Hind III sites at ends was listed below: 5’ATTCGGTACCTAGCTTATGTCCTGATGTTGATAG
CTTATGTCCTGATGTTGATAGCTTATGTCCTGAT
GTTGATAGCTTATGTCCTGATGTTGATAGCTTAT
GTCCTGATGTTGATAGCTTATGTCCTGATGTTGA
TAGCTTATGTCCTGATGTTGATAGCTTATGTCCT
GATGTTGATCTAGAAAGCTTGGCG-3’. The double
stranded oligonucleotides were further modified with
appropriate restricted endonucleases and cloned into an
adenoviral shuttle vector, pAdTrack-CMV (Department
of Biological Chemistry, School of Medicine, Fudan
University, Shanghai, China). The resulted proviral shuttle plasmids were used for generation adenoviral vector
expressing miR-21 and miR-21 sponge following a protocol described previously [24,25]. The adenoviral vectors were designated as Ad/pri-miR-21 for expressing
miR-21, and Ad/miR-21/inhibitor for expressing miR-21
sponge in this study. A control empty adenoviral vector,
Ad/con was also generated. The viral functional titration was essentially performed using Spearman-karber
method as described in the previous study [26].
Infection of HepG2 cells with the adenovirus

The HepG2 cells were seeded in 6-well tissue plate and
grown to 80–90% confluence prior to infection. Cells
were infected with Ad/pri-miR-21, Ad/miR-21/inhibitor
or Ad/con at a multiplicity of infection (MOI) of 10, and
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the cells were continued to culture for additional 24 h
before they were harvested for analysis.
Quantitative reverse transcription PCR (qRT-PCR)

Small RNAs of HepG2 cells were isolated using the
RNA purification kit following the manufacturer’s instruction (RNAiso for Small RNA, TaKaRa, Dalian, China).
The quality of RNA was assayed by calculation of the
RNA integrity number (RIN) [27]. High quality of RNA
(RIN value was greater than 8.0) was used for reverse
transcription of the first-strand cDNA synthesis by reverse
transcription using M-MLV reverse transcriptase (TakaRa,
Dalian, China). The sequences of the primers used for reverse transcription of mature miRNA with stem-loop
structure were listed in Table 2, which were designed
according to the corresponding sequence from miRBase
database. The quantitative real-time RT-PCR (qRT-PCR)
was used for accessing miR-21 expression profile [28,29],
which was performed on a Roche lightcycler (LightCycler
480) using TaKaRa SYBR Green I kit (Takara, Dalian,
China); the thermal cycling condition for PCR was 95°C
for 30 sec, 40 cycles of 95°C for 5 sec, 60°C for 20 sec and
72°C for 20 sec, followed by 40°C for 20 min. The primer
sets used for RT-PCR of U6 promoter and miR-21 were
listed in Table 2. The control was always included to
normalize each reaction with respect to RNA integrity,
sample loading and inter-PCR variations. The relative expression ratio was calculated from the real-time PCR efficiencies and the crossing point deviation of experimental
samples vs controls [30]. The specificity of PCR was determined by sequencing of the PCR products.
Experimental validation of miR-21 target

In order to validate the MAP2K3 mRNA was a target of
miR-21, a reporter plasmid containing luciferase with
the 3’UTR sequence of MAP2K3 mRNA was generated.
The following primers were designed based on GenBank
database (NM_ 002756.4), and were used for amplification of wild-type and mutated 3’UTR of MAP2K3
mRNA: the sequence of common forward primer was
5’-GGACTAGTGCGGTTCCCTTACGAGTC-3’, reverse
primer for the wild-type of MAP2K3 mRNA 3’UTR was
5’-CGACGCGTCCAAAGCCGGGATAGAGG-3’, and the
reverse primer for mutated MAP2K3 mRNA 3’UTR was
5’-CGACGCGTGATCTCAGGTGTGGGTGAGCACTG
C-3’; restriction sites of Spe I and Mlu I were also
introduced in the forward and reverse primers, respectively. The cDNA generated from HepG2 RNA was
used as templates for amplification of MAP2K3 3’UTR
fragment by a PCR assay. The wild-type and mutated
3’UTR fragment were then cloned into the downstream
of luciferase reporter gene of pMIR-Report vector
(Invitrogen, Grand Island, NY, USA), by which the respective MAP2K3 mRNA luciferase reporter vectors,
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Table 2 The sequences of primers used for reverse transcription and PCR
Application

Primer

Sequence (5’→3’)

Reverse transcription

miR-21 RT

CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTCAACATC

U6 RT

AACGCTTCACGAATTTGCGT

Common primer

CTCAACTGGTGTCGTGGA

miR-21 PCR

ACACTCCAGCTGGCTAGCTTATCAGACTGATG

U6 promoter forward

CTCGCTTCGGCAGCACA

U6 promoter reverse

AACGCTTCACGAATTTGCGT

qRT-PCR of miR-21

qRT-PCR of U6

pMIR-Report/MAP2K3 (harboring wild-type 3’UTR)
and pMIR-Report/Mut-MAP2K3 (containing a mutated
3’UTR) were generated. The specificity of miR-21 targeting MAP2K3 mRNA was ascertained by co-transfection plasmid DNA of pAd/pri-miR-21, pAd/miR-21/
inhibitor or pAd/con and pMIR-Report/MAP2K3 or
pMIR-Report/Mut-MAP2K3 into 293 T cells and determined by the relative activity of firefly luciferase unit
(RLU) at 48 h post-transfection using a dual-luciferase Reporter assay kit (Promega, Madison, WI, USA). A Renilla
luciferase expressing plasmid pRL-TK (Promega, Madison,
WI, USA) was always included in the transfection to
normalize the efficiency of each transfection [31].
Western blotting analysis

Whole cell lystaes (75 μg) were prepared in a lysis buffer
(50 mM Tris-HCl, pH 7.5, 5 mM EDTA, 150 mM NaCl,
0.5% NP-40), and were resolved by a 10% sodium
dodecyl sulfate (SDS)-polyacrylamide gel (SDS-PAGE),
followed by being transferred to a PVDF membrane
(Millipore, USA). The membranes were probed with
rabbit anti-MAP2K3 antibody and anti-GAPDH antibody (Boster, Wuhan, China) or (1:200, Boster, Wuhan,
China) were for the interested protein MAP2K3 and
endogenous GAPDH for loading control, respectively.
The blots were developed using the enhanced chemiluminescence (ECL) reagent (Amersham Biosciences,
Piscataway, NJ, USA) after they were incubated with
the appropriate peroxidase labeled secondary antibodies. The protein expression levels were quantified
by optical densitometry using ImageJ Software version
1.46 (http://imagej.nih.gov/ij/). Fold change was calculated as the ratio between the net intensity of each
sample divided by control GAPDH and the Ad/primiR-21, Ad/miR-21/inhibitor and Ad/con infected samples divided by the GAPDH [32].
MTT assay

Cell proliferation was determined by using the MTT cell
proliferation kit (Solarbio, Beijing, China). 5×103 of
HepG2 cells were seeded in each 96-well plate and
allowed to adhere overnight. The cells were then infected with adenovirus vector at MOI of 10 for the indicated times prior to they were used for MTT assay per

the manufacturer’s instruction (Bio-Rad Laboratories,
Inc., Irvine, CA, USA).

Immunohistochemistry staining

The expression of MAP2K3 in clinic human HCC and
matched adjacent non-tumor tissues was evaluated by
immunohistochemistry staining using rabbit antiMAP2K3 antibody (1:100, Boster, Wuhan, China). The
archival paraffin-embedded sections (5 μm) were deparaffinized and rehydrated through graded alcohol solution. Tissue sections were microwaved in 10 mM
sodium citrate pH 6.0 for 13 minutes and cooled down
to room temperature (RT) for antigen retrieval. Followed
by treating the sections with 0.3% hydrogen peroxide in
phosphate buffered saline (PBS) for 15 minutes to inactivate endogenous peroxidase before they were blocked
with blocking buffer (5% donkey serum in PBS) for 2 h
at RT. The rabbit anti- MAP2K3 antibody was then applied (1:100 in blocking buffer) on the section and incubated overnight at 4°C. Paralleled sections incubated
with normal rabbit IgG was used for negative controls.
After washing for 3 × 5 min in PBS, sections were incubated with peroxidase labeled donkey anti-rabbit IgG
(ZSGB-Bio ORIGENE, Beijing, China) (1:200 in blocking
buffer) for 30 minutes at RT. The MAP2K3 signal was
developed with 3, 3'-diaminobenzidine (DAB) peroxidase
substrate, followed by counterstaining with hematoxylin
if it was applicable. The stained sections were examined
and photographed on a Nikon Optiphot II microscope
equipped with a camera. The expression of MAP2K3
protein was arbitrarily scored from -, + to +++, based on
the intensity and number of positive cells, by a single experienced pathologist (Table 1). The non-counterstained
sections were also randomly imaged using a 10× objective lens for five fields of each section, and three sections for each sample were evaluated. The obtained
images were then for a semi-quantitative analysis of the
MAP2K3 expression by measuring the integrated absorbance (IA) using image analysis software Image-Pro
Plus 6.0 (IPP6.0, Media Cybernetics, Silver Spring, MD,
USA), and the average of the IA values of each sample
was used as an index of the expression of MAP2K3 expression (Table 1) [33].
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Statistical analysis

All data collected in this study was obtained from at
least three independent experiments for each condition.
SPSS15.0 analysis software was used for the statistic analysis. Statistical evaluation of the data was performed by
one-way ANOVA and t-test for comparison of differences between the two groups. A value p<0.05 set to
represent a statistical difference. Data was presented as
the mean ± standard deviations (SD).

A

B

C

-

+

D

Results
MAP2K3 is downregulated in human hepatocellular
carcinoma

To explore clinical relevance of MAP2K3 with the pathogenesis in human HCC, the expression of MAP2K3
was first evaluated in HCC tumor tissues and the adjacent non-tumor tissues by immunohistochemistry
staining against anti-MAP2K3 antibody. Immunohistochemistry staining showed predominantly cytoplasmic
localization of MAP2K3, with a subset of hematopoietic
cells exhibited perinuclear localization for this protein
(Figure 1A-1D). Surprisingly, the expression of MAP2K3
was strikingly suppressed in all malignant tumor cells
from the fourteen examined archival HCC samples,
relative to the adjacent non-tumor tissues, which was
supported by a semi-quantitative analysis using an
index of the integrated absorbance (IA) for the IHC
staining (Figure 1E, Table 1). This result implied that
MAP2K3 might be an important signaling molecule
that plays a tumor suppressor role in the carcinogenesis of HCC.
MAP2K3 mRNA is a target of miR-21

Since miR-21 has been demonstrated to be elevated in
many types of cancer, including the HCC. In order to experimentally validate whether MAP2K3 is a potential
target of miR-21 in HCC. Luciferase reporter vector
containing a 3’UTR of MAP2K3 mRNA (pMIR-Report/
MAP2K3 3’UTR), or a mutated 3’UTR (pMIR-Report/
Mut-MAP2K3 3’UTR) were first constructed (Figure 2A).
The HepG2 cells were co-transfected with pMIR-Report/
MAP2K3 3’UTR or pMIR-Report/Mut-MAP2K3 3’UTR,
and proviral plasmid pAd/con, pAd/pri-miR-21 or pAd/
miR-21/inhibitor. The results of relative luciferase activity
showed a 3.9-fold decrease and an 1.6-fold increase in the
cells transfected with pAd/pri-miR-21 and pAd/miR-21/
inhibitor, respectively, in comparison with the pAd/con
transfected cells (Figure 2B, 2C). There was no significant
change of luciferase activity in the cells transfected with
pAd/con or pMIR-Report/Mut-MAP2K3 3’UTR plasmid
DNA (Figure 2B, 2C). This data indicated that MAP2K3
might be a potential target for oncomir miR-21 in HepG2
cells.

++

+++

E

Figure 1 Immunohistochemistry (IHC) staining determined
MAP2K3 expression in human HCC tumor and matched
adjacent tissues. A-D: Representative images of MAP2K3 protein
expression determined by IHC staining. A: An image represented
a negative (-) expression of MAP2K3 expression; B: An image
represented a low level (+) expression of MAP2K3, which showed
a weak immunoreactive staining in cytoplasm; C: An image
represented a negative (++) expression of MAP2K3 expression; D: An
image represented a high level (+++) expression of MAP2K3, which
exhibited a strong IHC staining in cytoplasm and perinuclear
localization (arrowhead). E: Semi-quantitative analysis of MAP2K3
protein expression using integrated absorbance (IA) in human HCC
tissues. Value was expressed as the average values from each
individual sample of HCC tumor tissues or its matched adjacent
tissue. The total average value of IA in the HCC tumor tissues was
significantly greater as compared with the matched adjacent tissues
(p<0.05, n = 14). Data was expressed as mean ± SD for 14 sets
of samples.

miR-21 represses MAP2K3 expression in HepG2 cells

We next sought to explore whether miR-21 was capable
of regulating MAP2K3 in hepatoma cell, HepG2 cells
were infected with Ad/pri-miR-21 and Ad/miR-21/inhibitor adenoviral vectors. Although miR-21 has been
reported highly expressed in HCC HepG2 cells [13], an
18-fold augmentation and 3-fold inhibition of miR-21
expression were still observed in cells infected with Ad/
pri-miR-21 and Ad/miR-21/inhibitor as determined by a
qRT-PCR assay [28,29], in comparison with the cells
infected with Ad/con, respectively (Figure 3). The total
cell lysates were harvested for immunoblotting analysis
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A
human MAP2K3 3‘UTR

5’ …TGCTCACCCACACCATAAGCTA…3’

hsa-miR-21

3’… AGTTGTAGTCAGACTATTCGAT…5’

MAP2K3 3’UTR mutation:

5’…TGCTCACCCACACCTGAGATCA…3’

B
Luciferase /Renilla ratio
relative to control

p<0.001

pAd/pri-miR-21

p<0.001

+
pMIR-Report / MAP2K3
pMIR-Report / Mut-MAP2K3 -

+
+

+

-

-

-

pMIR-report

+

p<0.05
p<0.05

pAd/miR-21/inhibitor
pAd/con

+

-

+
pMIR-Report / MAP2K3
pMIR-Report / Mut-MAP2K3 pMIR-report

-

Luciferase /Renilla ratio
relative to control

C

-

-

-

+

+

-

pAd/con

-

-

+

-

+
+

-

-

+

-

-

+

Figure 2 Validation of MAP2K3 mRNA as a target of miR-21. (A): Sequence of potential binding site of miR-21 in the 3’UTR of MAP2K3
mRNA (top panel), mutations were introduced into the binding site for generation of mutated MAP2K3 3’TUR (bottom panel). (B and C):
Validation of miR-21 target using MAP2K3 3’UTR luciferase reporter. Cells co-transfected with pMIR-Report/MAP2K3 3’UTR (WT) or pMIR-Report/
Mut-MAP2K3 3’UTR (Mut) and pAd/pri-miR-21 (B), pAd/miR-21/inhibitor (C), and pAd/con plasmids showed a decreased luciferase activity in
pAd/pri-miR-21 cells (B). Luciferase activity after site directed mutagenesis of the 3’UTR of MAP2K3 mRNA in the miR-21 seed sequence
(pMIR-Report/Mut-MAP2K3) was significantly higher with respect to the pMIR-Report/MAP2K3 vector transfected cells (B and C). Results
represented the mean ± SD from three independent triplicated experiments (N=9).

against anti-MAP2K3 antibody at 24 h post infection. The
immunoblotting result demonstrated that the MAP2K3
protein expression was down-regulated by 0.6-fold in cells
infected with Ad/pri-miR-21, as compared with the

Ad/con (Figure 4); of note, the MAP2K3 expression was
augmented by 1.8-fold in cells infected with Ad/miR-21/
inhibitor virus (Figure 4). These results suggested that
miR-21 was able to down-regulate MAP2K3 expression in

miR-21 Relative transcripts
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90

Adenoviral vector infected HepG2 cells

80

*

70
60
50
40
30
20
10

*

0
Ad/con

Ad/pri-miR-21

Ad/miR-21/inhibitor

Figure 3 miR-21 expression in HepG2 cells. The expression of
miR-21 in HepG2 cells infected with Ad/pri-miR-21, Ad/miR-21/
inhibitor or Ad/con virus was determined by a qRT-PCR assay.
Significantly increased expression of miR-21 was detected in the
cells infected with adenovirus Ad/pri-miR-21 (p<0.05); in contrast, a
significantly decreased expression of miR-21 was observed in Ad/
miR-21/inhibitor infected cells (p<0.05). Compared with pAd/con
group, *: p<0.05. Results represented the mean ± SD from three
independent triplicated experiments (N=9).

HepG2 cells at both of transcriptional post-transcriptional
levels, indicative of an underlying mechanism of miR-21
in carcinogenesis of HCC.
Inhibition of miR-21 expression arrests the proliferation
of HepG2 cells

Abundant miR-21 expression was detected in HCC
HepG2 cells (Figure 3). In order to better characterize
the impact of miR-21 on cancer cell proliferation, the
endogenous expression of miR-21 expression was knock
down by transduction of miR-21 sponge into HepG2
cells using Ad/miR-21/inhibitor virus. The transduction

of miR-21 sponge showed a significant inhibition of cell
proliferation in HepG2 cells, in comparison with those
transduced with Ad/con, as determined by an MTT
assay (Figure 5). This study was consistent with other
findings on the contribution of miR-21 as an oncomir
in HCC and a potential target for HCC treatment
[13,34-36].

Discussion
Hepatocellular carcinoma (HCC) is one of the most
common cancers, which ranks as the third most cancerrelated death worldwide [37]. Deregulated expressions of
several miRNAs were found correlate with the pathologic and clinical characteristics of HCC [3]. miR-21,
one of the most prominent miRNAs involved in the development and progression of many types of cancers,
acts as an oncomir in the carcinogenesis of HCC
through a mechanism of targeting multiple targets involved in various signaling pathways [34]. miRNA
microarray analysis has revealed that miR-21 was dramatically elevated in HCC tumor cells, with significant
reductions of the expressions of several tumor suppressor genes, including PTEN, PDCD4, RECK and TPM1
(PTEN) [10-14]. Therefore, identification of novel target
of miR-21 will allow us to dissect the underlying signaling pathways regulating liver carcinogenesis, which is
crucial for developing novel agents for target therapies of
HCC. In the present study, we identified that MAP2K3
was a novel direct target of miR-21. The study of loss-offunction of miR-21 by transduction of miR-21 sponge in
HepG2 cells also indicated that miR-21 might regulate
cell proliferation, apoptosis and invasiveness partially
by targeting MAP2K3 [16,34].
miR-21 has been proposed to contribute to carcinogenesis by targeting several key signaling regulating involved in cell proliferation, apoptosis, invasion and

GAPDH
MAP2K3
Ad/pri-miR-21
Ad/con
Ad/miR-21/inhibitor

+

-

-

+

-

-

+

Figure 4 miR-21 targets MAP2K3 mRNA. The HepG2 cells were
infected with Ad/pri-miR-21, Ad/miR-21/inhibitor or Ad/con
adenoviral vector. The expression of MAP2K3 was detected by
immunoblotting analysis against anti-MAP2K3 antibody. Compared
with Ad/con group, *: p<0.05. Data in A represented the mean ± SD
from three independent triplicated experiments (N=9).

Proliferation index

1.4
1.2

Ad/con

Ad/miR-21/inhibitor

1.0
0.8
*

0.6

*

*

0.4
0.2
0.0

24 h

48 h

72 h

Figure 5 Impact of miR-21 on HepG2 cell proliferation. HCC
HepG2 cells were infected with Ad/miR-21/inhibitor (miR-21
sponges) or pAd/con virus at MOI 0f 10, the index of cell
proliferation was assessed by an MTT assay from 24 to 72 hours.
Compared with Ad/con group, *: p<0.05. Data in A represented the
mean ± SD from three independent triplicated experiments (N=9).
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chemoresistance of a variety of cancers [38]. For
instance, miR-21 enhanced the cell proliferation by targeting PDCD4 in cervical cancer HeLa cells [39] and
gastric cancer [9]. Other instances of miR-21 targeted
signaling pathways included TPM1 in breast cancer
MCF-7 cells [11], and Matrix Metalloproteinase regulators in glioma cells [14]. The roles of miR-21 in carcinogenesis were also demonstrated by approaches of
gain-and/or loss-off-function using transgenic mouse
models [40,41]. Using a transgenic mouse model able to
conditional overexpressing miR-21 in a tissue-specific
manner, in which the expression of miR-21 was under
the control of a tissue-specific Nestin promoter, and the
transgenic cassette could be conditional knockout by
doxycycline-induced Cre-LoxP system, Medina et al.
found that over-expression of miR-21 was able to led to
a pre-B malignant lymphoid-like phenotype in these
mice. In contrast, turning-off transgenic miR-21 expression in the animals led to a complete tumor regression
in few days [40]. Similarly, loss-of-function study using a
non-small cell lung cancer (NSCLC) transgenic mouse
model also suggested that genetic deletion of miR-21
allele was capable of partially protecting the mice from
tumor formation [41]. These supportive in vivo data
strongly suggest that miR-21 is a novel therapeutic target
for cancer prevention and treatment.
The emerging of miRNA “sponge” provides a valuable
tool for miRNA loss-of function studies in cell lines and
transgenic organisms, with several advantages including
the a broad range of specificity, applicability and flexibility over chemically modified antisense oligonucleotide
inhibitors [23]. A number of studies have demonstrated
the application of miRNA sponges with respect to cell
type, deliver vector, and type of miRNA targeted, to
dominantly negative inhibit the activity of targeted
miRNA in cell lines and transgenic organisms [23]. In
the this study, an adenoviral vector of miR-21 sponge
that containing a tandem of eight binding sites of miR21 was generated and tested in HCC HepG2 cells, the
HepG2 cells transduced with the sponges showed a
significant inhibition of miR-21 expression, and as a
consequence, the expression of new identified miR-21
targeted gene, MAP2K3 was augmented.
The MAPKs generally expressed in all cell types functionally to transduce extracellular signals into various
intracellular responses, and at least four subfamilies
of MAPKs have been discovered: extracellular signalregulated kinase 1 and 2 (ERK1/2), Jun N-terminal kinases (JNKs), P38 MAPKs and ERK5. These distinct
MAPK pathways share several common upstream kinases and various downstream targets, suggesting they
may crosstalk with one another in various contexts
[18]. The mitogen-activated protein kinase-kinase 3
(MAP2K3) belongs to a dual specificity MAPK kinase
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group (MKK-) and is activated by MKK kinase (MKKK)
proteins (MEKK1–4) through Ser-189 and Thr-193 phosphorylation. MAP2K3 is an upstream activator of the p38
MAPK protein [42]. Recent studies found that MAP2K3
was down-regulated in immortal human breast epithelial
cells and that up-regulation of MAP2K3 expression promoted cell senescence [21]. Zhu et al. found that miR-21
was up-regulated in HCC cells and tissues, which was associated with the capacity of cancer cell migration and
invasion in HCC, where the miR-21 expression was
inversely correlated with the protein expression of its
targeted gene, programmed cell death 4 (PDCD4) and signaling molecules of its downstream pathway [13]. Consistent with this finding, the result present in this study for
the first time demonstrated that MAP2K3 was a novel target for miR-21 in HCC, in which MAP2K3 expression
was inversely correlated with the miR-21, suggesting an
underlying mechanism by which the elevated miR-21
post-transcriptionally down-regulates MAP2K3 signaling
in HCC development.

Conclusions
These results provide a clinical evidence that MAP2K3
may be a tumor repressor gene, and it is a direct target
of miR-21 in HCC, indicating an underlying mechanism
by which miR-21 is able to directly target MAP2K3 and
inhibit its expression during the carcinogenesis of HCC,
at both transcriptional and post-translational levels. We
also suggest that targeting miR-21-MAP2K3 pathway
may be a promising strategy in the prevention and treatment of HCC.
Competing interests
The authors declare no competing interests.

Authors’ contributions
GX designed research and analyzed data. YZ performed the experiments.
GX and XL analyzed the data and prepared the manuscript. All authors have
read and approved the contents of final manuscript.

Acknowledgments
This work was supported by grants from Natural Science Foundation of
China (Nos: 30960275, 31160494), the program for New Century Excellent
Talents in University (No: NCET 11-11023), Postdoctoral Science Foundation
of China (No: 20110491554), Postdoctoral Special Science Foundation of
China (No: 2012T50834), Scientific Research project of Ningxia College and
University (2011), and “Doctorate construction disciplines” open project of
Ningxia Medical University (No: KF2010-41).
Author details
1
General Hospital of Ningxia Medical University, Yinchuan 750004, China.
2
School of Laboratory Medicine, Ningxia Medical University, Yinchuan
750004, China. 3Huashan Hospital of Fudan Medical University, Shanghai
20040, China. 4College of Life Science, Ningxia University, Yinchuan 750021,
China.
Received: 16 May 2013 Accepted: 17 September 2013
Published: 10 October 2013

Xu et al. BMC Cancer 2013, 13:469
http://www.biomedcentral.com/1471-2407/13/469

References
1. Chen K, Song F, Calin GA, Wei Q, Hao X, Zhang W: Polymorphisms in
microRNA targets: a gold mine for molecular epidemiology.
Carcinogenesis 2008, 29(7):1306–1311.
2. Sen CK, Roy S: miRNA: licensed to kill the messenger. DNA Cell Biol 2007,
26(4):193–194.
3. Gramantieri L, Fornari F, Callegari E, Sabbioni S, Lanza G, Croce CM, Bolondi
L, Negrini M: MicroRNA involvement in hepatocellular carcinoma. J Cell
Mol Med 2008, 12(6A):2189–2204.
4. Liu M, Jiang S, Lu Z, Young K, Li Y: Physiological and pathological
functions of mammalian microRNAs. Comprehensive Toxicology 2010,
2:427–446.
5. Tagawa H, Ikeda S, Sawada K: Role of microRNA in the pathogenesis of
malignant lymphoma. Cancer Sci 2013, 104:801–809.
6. Feng Y, Chen X, Gao L: Knockdown of miR-21 as a novel approach for
leukemia therapy. J Formos Med Assoc 2010, 109(9):621–623.
7. Dey N, Das F, Ghosh-Choudhury N, Mandal CC, Parekh DJ, Block K, Kasinath
BS, Abboud HE, Choudhury CG: microRNA-21 governs TORC1 activation in
renal cancer cell proliferation and invasion. PLoS One 2012, 7(6):e37366.
8. Liu CZ, Liu W, Zheng Y, Su JM, Li JJ, Yu L, He XD, Chen SS: PTEN and
PDCD4 are bona fide targets of microRNA-21 in human
cholangiocarcinoma. Chin Med Sci J 2012, 27(2):65–72.
9. Motoyama K, Inoue H, Mimori K, Tanaka F, Kojima K, Uetake H, Sugihara K,
Mori M: Clinicopathological and prognostic significance of PDCD4 and
microRNA-21 in human gastric cancer. Int J Oncol 2010, 36(5):1089–1095.
10. Zhang BG, Li JF, Yu BQ, Zhu ZG, Liu BY, Yan M: microRNA-21 promotes
tumor proliferation and invasion in gastric cancer by targeting PTEN.
Oncol Rep 2012, 27(4):1019–1026.
11. Zhu S, Si ML, Wu H, Mo YY: MicroRNA-21 targets the tumor suppressor
gene tropomyosin 1 (TPM1). J Biol Chem 2007, 282(19):14328–14336.
12. Meng F, Henson R, Wehbe-Janek H, Ghoshal K, Jacob ST, Patel T: MicroRNA21 regulates expression of the PTEN tumor suppressor gene in human
hepatocellular cancer. Gastroenterology 2007, 133(2):647–658.
13. Zhu Q, Wang Z, Hu Y, Li J, Li X, Zhou L, Huang Y: miR-21 promotes
migration and invasion by the miR-21-PDCD4-AP-1 feedback loop in
human hepatocellular carcinoma. Oncol Rep 2012, 27(5):1660–1668.
14. Gabriely G, Wurdinger T, Kesari S, Esau CC, Burchard J, Linsley PS, Krichevsky
AM: MicroRNA 21 promotes glioma invasion by targeting matrix
metalloproteinase regulators. Mol Cell Biol 2008, 28(17):5369–5380.
15. Tanaka M, Katayama F, Kato H, Tanaka H, Wang J, Qiao YL, Inoue M:
Hepatitis B and C virus infection and hepatocellular carcinoma in China:
a review of epidemiology and control measures. J Epidemiol 2011,
21(6):401–416.
16. Min L, He B, Hui L: Mitogen-activated protein kinases in hepatocellular
carcinoma development. Semin Cancer Biol 2011, 21(1):10–20.
17. Farazi PA, DePinho RA: Hepatocellular carcinoma pathogenesis: from
genes to environment. Nat Rev Canc 2006, 6(9):674–687.
18. Pearson G, Robinson F, Beers Gibson T, Xu BE, Karandikar M, Berman K,
Cobb MH: Mitogen-activated protein (MAP) kinase pathways: regulation
and physiological functions. Endocr Rev 2001, 22(2):153–183.
19. Wagner EF, Nebreda AR: Signal integration by JNK and p38 MAPK
pathways in cancer development. Nat Rev Canc 2009, 9(8):537–549.
20. Ladeiro Y, Couchy G, Balabaud C, Bioulac-Sage P, Pelletier L, Rebouissou S,
Zucman-Rossi J: MicroRNA profiling in hepatocellular tumors is
associated with clinical features and oncogene/tumor suppressor gene
mutations. Hepatology 2008, 47(6):1955–1963.
21. Jia M, Souchelnytskyi N, Hellman U, O'Hare M, Jat PS, Souchelnytskyi S:
Proteome profiling of immortalization-to-senescence transition of
human breast epithelial cells identified MAP2K3 as a senescencepromoting protein which is downregulated in human breast cancer.
Proteomics Clin Appl 2010, 4(10–11):816–828.
22. Sirivatanauksorn Y, Tovikkai C: Comparison of staging systems of
hepatocellular carcinoma. HPB Surg 2011, 2011:818217.
23. Ebert MS, Sharp PA: Emerging roles for natural microRNA sponges.
Curr Biol 2010, 20(19):R858–R861.
24. He TC, Zhou S, da Costa LT, Yu J, Kinzler KW, Vogelstein B: A simplified
system for generating recombinant adenoviruses. Proc Natl Acad Sci USA
1998, 95(5):2509–2514.
25. Luo J, Deng ZL, Luo X, Tang N, Song WX, Chen J, Sharff KA, Luu HH,
Haydon RC, Kinzler KW, et al: A protocol for rapid generation of

Page 9 of 9

26.

27.

28.
29.

30.
31.

32.

33.

34.

35.

36.

37.
38.

39.

40.
41.

42.

recombinant adenoviruses using the AdEasy system. Nat Protoc 2007,
2(5):1236–1247.
Armendariz-Borunda J, Bastidas-Ramirez BE, Sandoval-Rodriguez A,
Gonzalez-Cuevas J, Gomez-Meda B, Garcia-Banuelos J: Production of first
generation adenoviral vectors for preclinical protocols: amplification,
purification and functional titration. J Biosci Bioeng 2011, 112(5):415–421.
Schroeder A, Mueller O, Stocker S, Salowsky R, Leiber M, Gassmann M,
Lightfoot S, Menzel W, Granzow M, Ragg T: The RIN: an RNA integrity
number for assigning integrity values to RNA measurements. BMC Mol
Biol 2006, 7:3.
Balcells I, Cirera S, Busk PK: Specific and sensitive quantitative RT-PCR of
miRNAs with DNA primers. BMC Biotechnol 2011, 11:70.
Chen Y, Gelfond JA, McManus LM, Shireman PK: Reproducibility of
quantitative RT-PCR array in miRNA expression profiling and comparison
with microarray analysis. BMC Genomics 2009, 10:407.
Pfaffl MW: A new mathematical model for relative quantification in
real-time RT-PCR. Nucleic Acids Res 2001, 29(9):e45.
Wei J, Huang X, Zhang Z, Jia W, Zhao Z, Zhang Y, Liu X, Xu G: MyD88 as a
target of microRNA-203 in regulation of lipopolysaccharide or Bacille
Calmette-Guerin induced inflammatory response of macrophage
RAW264.7 cells. Mol Immunol 2013, 55:303–309.
Zaman MS, Thamminana S, Shahryari V, Chiyomaru T, Deng G, Saini S, Majid
S, Fukuhara S, Chang I, Arora S, et al: Inhibition of PTEN gene expression
by oncogenic miR-23b-3p in renal cancer. PLoS One 2012, 7(11):e50203.
Li H, Li C, Dai R, Shi X, Xu J, Zhang J, Zhou X, Li Z, Luo X: Expression of
acetylated histone 3 in the spinal cord and the effect of morphine on
inflammatory pain in rats. Neural Regen Res 2012, 7(7):517–522.
Liu C, Yu J, Yu S, Lavker RM, Cai L, Liu W, Yang K, He X, Chen S: MicroRNA21 acts as an oncomir through multiple targets in human hepatocellular
carcinoma. J Hepatol 2010, 53(1):98–107.
Meng F, Henson R, Lang M, Wehbe H, Maheshwari S, Mendell JT, Jiang J,
Schmittgen TD, Patel T: Involvement of human micro-RNA in growth and
response to chemotherapy in human cholangiocarcinoma cell lines.
Gastroenterology 2006, 130(7):2113–2129.
Zhu M, Wang N, Tsao SW, Yuen MF, Feng Y, Wan TS, Man K, Feng Y:
Up-regulation of microRNAs, miR21 and miR23a in human liver cancer
cells treated with Coptidis rhizoma aqueous extract. Exp Ther Med 2011,
2(1):27–32.
Parkin DM, Bray F, Ferlay J, Pisani P: Global cancer statistics, 2002.
CA Cancer J Clin 2005, 55(2):74–108.
Li Y, Li W, Yang Y, Lu Y, He C, Hu G, Liu H, Chen J, He J, Yu H: MicroRNA-21
targets LRRFIP1 and contributes to VM-26 resistance in glioblastoma
multiforme. Brain Res 2009, 1286:13–18.
Yao Q, Xu H, Zhang QQ, Zhou H, Qu LH: MicroRNA-21 promotes cell
proliferation and down-regulates the expression of programmed cell
death 4 (PDCD4) in HeLa cervical carcinoma cells. Biochem Biophys Res
Commun 2009, 388(3):539–542.
Medina PP, Nolde M, Slack FJ: OncomiR addiction in an in vivo model of
microRNA-21-induced pre-B-cell lymphoma. Nature 2010, 467(7311):86–90.
Hatley ME, Patrick DM, Garcia MR, Richardson JA, Bassel-Duby R, van Rooij E,
Olson EN: Modulation of K-Ras-dependent lung tumorigenesis by
MicroRNA-21. Cancer Cell 2010, 18(3):282–293.
Gurtner A, Starace G, Norelli G, Piaggio G, Sacchi A, Bossi G: Mutant
p53-induced up-regulation of mitogen-activated protein kinase kinase 3
contributes to gain of function. J Biol Chem 2010, 285(19):14160–14169.

doi:10.1186/1471-2407-13-469
Cite this article as: Xu et al.: MicroRNA-21 promotes hepatocellular
carcinoma HepG2 cell proliferation through repression of mitogenactivated protein kinase-kinase 3. BMC Cancer 2013 13:469.

