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Abstract: MicroRNAs (miRNAs) are small, non-coding RNAs that can act as oncogenes or tumor suppressor genes in
human cancer. Increasing evidences indicate that deregulation of miRNAs contributes to the hepatocarcinogenesis.
In this study, we demonstrated that the levels of miR-543 were dramatically increased in clinical hepatocellular
carcinoma (HCC) tissues and cell lines. Moreover, forced expression of miR-543 promoted the proliferative and invasive potential of HepG2. We also identified PAQR3 as a direct target gene for miR-543 using a fluorescent reporter
assay and western blot. The levels of PAQR3 were dramatically decreased in clinical hepatocellular carcinoma (HCC)
tissues and cell lines. The mRNA levels of PAQR3 were inversely correlated with the miR-543 expression level.Thus,
our finding provides a new insight into the mechanism of hepatocarcinogenesis, indicating a therapeutic potential
of miR-543 in the treatment of HCC.
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Introduction
Cancer accounts for the highest mortality in
developed countries and the second highest in
developing countries, making it a worldwide
health problem [1, 2]. Hepatocellular carcinoma (HCC) is the fifth most prevalent malignancy
and the third leading cause of death from cancer worldwide [3, 4]. Nearly 600,000 people
die of HCC each year [5]. Despite the clinical
implementation of numerous therapeutic strategies, the 5-year survival rate of HCC patients
is only approximately 5% [6]. The bad outcome
is mainly due to late presentation at advanced
stages, frequent tumour metastasis and
tumour recurrence after surgical intervention
[7]. Metastasis is the major cause of tumour
recurrence and effective therapies for HCC
metastasis are not available [8]. Thus, an
understanding of the causes and mechanisms
behind the progression and metastasis of HCC
is crucial to more effective therapeutic approaches.

MicroRNAs (miRNAs) are endogenous small,
evolutionarily conserved, non-coding RNAs
which act as negative regulators for mRNA
expression [9]. As a result, miRNAs have been
shown to be profoundly involved in pathogenesis of many human diseases such as cancer
and cardiovascular diseases [10, 11]. MiRNAs
play an important role in cell proliferation, apoptosis, gene regulation and the maintenance of
cell differentiation [12-14]. Researchers have
aslo found that deregulation expression of
some miRNAs may be involved in tumor initiation, progression, and invasion [15-17]. Indeed,
some miRNAs havebeen shown to act as oncogenes or tumour suppressor genes [18-20].
However, there still remains a lot to understand
as regards to the involvement of miRNAs in
hepatocarcinogenesis and progression of HCC.
In the present study, we demonstrated that the
levels of miR-543 were dramatically increased
in clinical hepatocellular carcinoma (HCC) tissues and cell lines. Moreover, we found that
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Table 1. Clinicopathologic characteristics of patients with HCC
Parameter

Total
samples

Age (years)
≥ 50
< 50
Gender
Male
Female
AFP (ug/L)
≥ 400
< 400
Metastasis
Present
Absent
With cirrhosis
Present
Absent

miR-543 expression
High (n%) Low (n%)

P
0.76

35
25

29
22

6
3

48
12

41
10

7
2

28
32

22
29

6
3

0.61

0.76

0.01
13
47

13
38

0
9
0.85

31
29

26
25

5
4

forced expression of miR-543 promoted the
proliferative and invasive potential of HCC cell
line HepG2. We also identified PAQR3 as a
direct target gene for miR-543.
Material and methods
Ethics statement
All patients agreed to participate in the study
and gave written informed consent. This study
was approved by the ethical board of the institute of The Fourth Hospital of Harbin Medical
University and complied with Declaration of
Helsinki.
Samples and cases
HCC and their morphologically normal tissues
(located > 3 cm away from the tumor) were
obtained between 2009 and 2012 from 60
HCC patients undergoing surgery at The Fourth
Hospital of Harbin Medical University. Tissue
samples were cut into two parts, one was fixed
with 10% formalin for histopathological diagnosis, and the other was immediately snap-frozen
in liquid nitrogen, and stored in liquid nitrogen
until RNA extraction. None of the patients
received radiotherapy or chemotherapy before
surgery. The characteristics of patients are
described in Table 1.
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Cell lines and cell culture
The following human cell lines were used in this
study: HepG2, Hep3B, Bel7402, SMMC-7721
and HL-7702. All of these cell lines were purchased from American Type Culture Collection
(ATCC, Mannasas, VA, USA). These cells were
culture and maintained at RPMI 1640 medium
(PAA) supplemented with 10% FBS (GIBCO, NY,
USA). Cells were maintained at 37°C in a
humidified chamber with 95% air and 5% CO2.
Cell transfection
Oligonucleotides were synthesized by GenePharma (Shanghai, China) and transfected into
the cells to a final oligonucleotide concentration of 20 nmol/L. Transfection was performed
with Lipofectamine 2000 Reagent (Invitrogen,
Carlsbad, CA, USA) following the manufacturer’s protocol. Briefly, cells were trypsinized,
counted and seeded in plates on the day before
transfection to ensure suitable cell confluency
on the day of transfection.
Quantitative RT-PCR
Total RNA was extracted from the cells or tumor
tissues using Trizol (Invitrogen) according to the
manufacturer’s protocol. cDNA synthesis was
carried out from 1 μg of total RNA in 12 μl of
final volume containing 2 M stem-loop primer,
10 mM dNTP Mix (Invitrogen, USA). MicroRNAs
were quantitated by real-time PCR using
TaqMan MicroRNA assay (Invitrogen, USA)
according to the protocol provided by the company. Small nuclear RNA U6 was used for normalisation. For the analysis of CADM1 expression, GAPDH was used for normalization. All of
the reactions were run in triplicate. The ∆∆Ct
method was used for relative quantification of
gene expression to determinemiR-543 and
PAQR3 mRNA expression levels. The primers
are listed in Table 2.
Cell proliferation assay
Cells were incubated in 10% CCK-8 (Dojindo;
Kumamoto, Japan) diluted in normal cultured
medium at 37°C until visual color conversion
occurred. Proliferation rates were determined
at 0, 24, 48 and 72 hours after transfection.
Cell migration and invasion assays
Cell migration and invasion ability were determined by the ability of cells passing through
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Table 2. Primer sequences
Name
miRNA reverse transcription prime
miRNA-543
U6 snRNA
Real-time PCR primer sequence
miRNA-543
U6 snRNA
GAPDH
PAQR3

Sequence (5’-3’)
CAGACAGGAAACCGGTGCTAGTTTTGCCCTATTCCT
AAAATATGGAACGCTTCACGAATTTG
CCAGCTACACTGGGCAGCAGCAATTCATGTTT
CTCAACTGGTGTCGTGGA
CTCGCTTCGGCAGCACATATACT
ACGCTTCACGAATTTGCGTGTC
AATGGGCAGCCGTTAGGAAA
TGAAGGGGTCATTGATGGCA
TTTGGTCCCCTTCAACC
GTGCAGGGTCCGAGGT

Matrigel-coated membrane matrix (BD Biosciences). Cells were harvested and resuspended in serum-free medium after transfection.
About 3 × 104 (migration assay) or 1 × 105
(invasion assay) prepared cells were added into
the chamber and incubated for 24 h at 37°C.
Cells that had migrated or invaded through the
membrane were fixed with 20% methanol and
stained with 0.1% crystal violet (Sigma), imaged
and counted. The migration assay is the same
with invasion assay excepting no matrigel was
used.
Luciferase assays
About 2 × 105 HEK293T cells per well were
seeded in 24-well plates for 24 h before transfection. About 100 ng of wild-type or mutant
PAQR3 3’-UTR psiCHECK-2 plasmid (Promega)
was transiently cotransfected with miR-543
mimic or NC into 293T cells using 1.44 μl
Lipofectamine reagent (Invitrogen). Cell lysates
were harvested 24 h after transfection and
then firefly and Renilla luciferase activities were
measured by the Dual-Luciferase Reporter
Assay System (Promega) on aBerthold AutoLumat LB9507 rack luminometer. Renilla luciferase activities were normalized to firefly luciferase activities to control for transfection
efficiency.
Western blotting analysis
For the protein expression analyses, standard
western blotting was carried out. Whole cell
protein lysates were electrophoresed on 10%
sodium dodecylsulfate-polyacrylamide gels
and transferred onto polyvinylidene difluoride
899

membranes (Millipore).
The membranes were
incubated with primary
antibodies overnight at
4°C and then with the
appropriate horseradish peroxidase-conjugated secondary antibody. The following antibodies wereused: anti-PAQR3 antibody (Abcam, England); antiGAPDH antibody (Proteintech, Chicago, USA).
Statistical analysis

Each experiment was repeated at least three
times. Statistical analysis was performed using
SPSS 15.0. Data are presented as the mean ±
standard deviation. Statistical analyses were
done by analysis of variance (ANOVA) or
Student’s t test and statistical significance
level was set at α = 0.05 (two-side).
Result
MiR-543 is highly expressed in HCC
Real-time quantitative PCR demonstrated that
miR-543 was significantly upregulated in the
HCC tissues in comparison to the adjacent tissues (Figure 1A and 1B, p < 0.01). We also
observed that the higher level of miR-543 were
associated with pM stage (p ≤ 0.01, metastasis
vs. no metastasis) in HCC patients (Figure 1C).
We also determined the expression levels of
miR-543 in normal hepatocytes cell lines (HL7792) and HCC cells lines (HepG2, Hep3B,
Bel7402, SMMC-7721). MiR-543 was significantly upregulated in HCC cells lines (HepG2,
Hep3B, Bel7402, SMMC-7721) when compared
with normal hepatocytes cell lines (HL-7792)
(Figure 1D).
MiR-543 promotes HCC cell growth and invasion
To determine the function of miR-543 in the
progression of HCC, we sought to determine
whether miR-543 affect the proliferation of
HCC cells. HepG2 cells were transfected with
control oligo or miR-543 mimics and inhibitors,
which exhibited high transfection efficiency
Am J Cancer Res 2014;4(6):897-906
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Figure 1. MiR-543 is over-expressed in hepatocellular carcinoma tissues. A. qRT-PCR analysis of miR-543 expression in 60 pairs HCC tissues and their corresponding adjacent nontumorous livers. The expression of miR-543 was
normalized to U6 snRNA. B. Relative miR-543 expression levels in HCC tissues and adjacent normal regions; C.
Statistical analysis of the association between miRNA level, pM stage (No metastasis and Metastasis, respectively).
D. qRT-PCR analysis of miR-543 expression in HCC cells (HepG2, Hep3B, Bel7402, SMMC-7721) and normal hepatocytes (HL-7792 cells).

(Figure 2A and 2B). The proliferation rates of
HepG2 cells with forced expression of miR-543
were significantly increased compared with
those of control miRNA transfected or no treated cells (Figure 2C). Conversely, miR-543 inhibitor significantly decreased the cell proliferation
of HepG2 (Figure 2D). Matrigel invasion assays
demonstrated that overexpression of miR-543
significantly induced the invasion capacity of
the HepG2 cells; conversely, miR-543 inhibitor
significantly decreased the cell invasion of the
HepG2 cells (Figure 2E).
PAQR3 was direct target of miR-543
To identify effectors of miR-543, we used two
algorithms that predict the mRNA targets of a
miRNA-PicTar and TargetScan. PAQR was one of
the multiple putative target genes that were
predicted by both of the algorithms. Using
TargetScan, we located potential binding sites
for miR-543 at the 3’UTR of PAQR3 mRNAs
(Figure 3A). Overexpression of miR-543 significantly decreased the luciferase activity of wildtype PAQR3 3’UTR but not binding site mutants
PAQR3 3’UTR (Figure 3B). The mRNA level of
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PAQR3 was significantly decreased in the
HepG2 cells with forced expression of miR-543
using real-time quantitative PCR. In addition,
forced expression of miR-543 significantly
reduced PAQR3 protein levels in the HepG2
cells, using western blot analyses (Figure 3D).
MiR-543 expression inversely correlated with
PAQR3 mRNA in HCC samples
Real-time quantitative PCR demonstrated that
PAQR3 was significantly downregulated in the
HCC tissues in comparison to in the adjacent
tissues (Figure 4A and 4B, p < 0.01). We also
observed that the lower level of PAQR3 were
also associated with pM stage (p ≤ 0.01, metastasis vs. no metastasis) in HCC patients (Figure
4C). A markedly inversed correlation between
PAQR3 mRNA expression and miR-543 levels
was also detected in patient samples (Figure
4D). PAQR3 was significantly downregulated in
HCC cells lines (HepG2, Hep3B, Bel7402, and
SMMC-7721) when compared with normal
hepatocytes cell lines (HL-7792) (Figure 4D).
Western blot analysis demonstrated that the
protein of PAQR3 was also downregulated in
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Figure 2. MiR-543 promotes hepatocellular carcinoma cell growth and invasion. A. qRT-PCR analysis of miR-543
expression after the transfection of miR-543 mimic, or control or no transfection. The expression of miR-543 was
normalized to U6 snRNA. B. qRT-PCR analysis of miR-543 expression after the transfection of miR-543 inhibitor,
or control or no transfection. The expression of miR-543 was normalized to U6 snRNA. C. The CCK8 assay analysis
was used to evaluate the proliferation of HepG2 cells after transfection with the miR-543 mimic, or scramble or no
transfection. D. The CCK8 assay analysis was used to evaluate the proliferation of HepG2 cells after transfection
with the miR-543 inhibitor, or scramble or no transfection. E. Transwell analysis of the HepG2 cells after treatment
with miR-543 mimics, inhibitors or control or no transfection; the invasive cells per field is shown below, *p < 0.05,
**p < 0.01, and ***p < 0.001.
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Figure 3. PAQR3 was direct target of miR‑543. A. The sequences of miR-543 binding sites within the human PAQR3
3’UTRs and schematic reporter constructs, in this panel, PAQR3-WT represent the reporter constructs containing
the entire 3’UTR sequences of PAQR3. PAQR3-MUT represent the reporter constructs containing mutated nucleotides. B. The analysis of the relative luciferase activities of PAQR3-WT, PAQR3-MUT in 293T cells. The error bars are
derived from triplicate experiments. C. qRT-PCR analysis of PAQR3 mRNA expression in HepG2 cells after treatment
with miRNA mimics or scramble or no transfection. The expression of PAQR3 was normalized to GAPDH. D, E. Western blot analysis of PAQR3 expression in HepG2 cells transfected with miR-543 mimics or scramble or no transfection. GAPDH was also detected as a loading control.

HCC cells lines when compared with normal
hepatocytes cell lines (Figure 4E). We also
found that PAQR3 levels were significantly
decreased in HCC tissue compared with normal
tissues in three samples (Figure 4E).
Discussion
MicroRNA expression correlates with various
cancers [21-24]. Many microRNAs contribute to
tumor initiation and progression, functioning as
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tumour suppressors or oncogenes [25, 26].
The current work showed that miR-543 expression is significantly increased in human HCC
compared with matching adjacent nontumoral
tissue. PAQR3 is negatively regulated by miR543 at the posttranscriptional level, via a specific target site within the 3’UTR. Moreover, we
showed that miR-543 promoted HCC cell proliferation, invasion and migration in vitro. Furthermore, the expression level of PAQR3 was
significantly decreased in HCC samples in com-
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Figure 4. MiR‑543 expression inversely correlated with PAQR3 mRNA in HCC samples. A. qRT-PCR analysis of PAQR3
expression in 60 pairs HCC tissues and their corresponding adjacent nontumorous livers. The expression of PAQR3
was normalized to GAPDH mRNA. B. Relative PAQR3 expression levels in HCC tissues and adjacent normal regions;
C. Statistical analysis of the association between PAQR3 level, pM stage (No metastasis and Metastasis, respectively). D. The mRNA expression of PAQR3 was inversed correlation the expression of miR-543 levels in patient
samples. E. qRT-PCR analysis of PAQR3 expression in HCC cells (HepG2, Hep3B, Bel7402, SMMC-7721) and normal hepatopcytes (HL-7792 cells). F. Western blot analysis of PAQR3 expression in the HCC cells (HepG2, Hep3B,
Bel7402, SMMC-7721) and normal hepatopcytes (HL-7792 cells); and 3 pairs NSCLC tissues and their corresponding adjacent normal lung tissues.

parison with adjacent normal tissues and the
expression level of PAQR3 was inversely associated with the expression of miR-543. The identification of miR-543 as an important regulator
of HCC cell migration and invasion emphasizes
an essential role of this miRNA in mediating
hepatic oncogenesis.
Previous studies have showed that miR-543
could inhibit cell proliferation, migration and
invasion, which might due to its ability to regulate genes involved in diverse aspects of prolif-
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eration and metastasis [27, 28]. Moreover,
recent findings have showed that miR-543
inhibited epithelial to mesenchymal transition
(EMT) through reducing TWIST1 signaling in the
colorectal cancer [27]. Furthermore, miR-543
expression was proved to be decreased in
endometrial cancer and serves as a tumor suppressor by targeting FAK and TWIST1 expression [27]. However, the expression and the biological function of miR-543 in HCC are still
unclear. Our results have showed that the
expression of miR-543 in HCC tissues was sig-
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nificantly higher than that in adjacent tissues.
Moreover, overexpression of miR-543 significantly promoted cell proliferation, migration
and invasion and down-regulation of miR-543
significantly inhibited cell proliferation, migration and invasion. In summary, our results suggested that miR-543 contributed to the progression and metastasis of HCC, acting as
potential oncogene.
In this study, PAQR3 was identified as a direct
target of miR-543 in HepG2 cells, and this conclusion is supported by the following reasons:
complementary sequence of miR-543 is identified in the 3’UTR of PAQR3 mRNA; overexpression of miR-543 led to a significant reduction in
PAQR3 at both mRNA and protein level; miR543 overexpression suppressed PAQR3 3’UTR
luciferase report activity and this effect was
abolished by mutation of the miR-543 seed
binding site. These results indicated that miR543 may function as a tumor suppressor in
HCC partly mediated by repressing PAQR3
expression.
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