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Purpose: Hepatocellular carcinoma (HCC) is the most common primary liver tumor and the
third greatest cause of cancer-related death worldwide. Programmed cell death 4 (PDCD4)
was reported as a potential tumor-suppressor in hepatocarcinogenesis. However, relatively
little is known about mechanisms that regulate PDCD4 expression in HCC. The aim of the
present study is to investigate the expression of PDCD4 and miR-182 in human HCC cell
lines and clinical HCC specimens and determine whether PDCD4 is a direct target of miR-
182 in HCC cell lines.

Materials: The expression of miR-182 and PDCD4 in human HCC cell lines and HCC
tissues were examined using qRT-PCR and Western blot method. Transwell and wound
healing assays were carried out to explore the influence of miR-182 on hepatoma cells
migration. A luciferase reporter assay was conducted to confirm target association.
Results: In our research, we found that PDCD4 was downregulated, whereas miR-182 was
upregulated in liver cancer cell lines and HCC tissues. Transwell and wound healing assays
illustrated that miR-182 contributed to migration activities of liver cancer cell lines. Loss or
increase of miR-182 can lead to a negative expression of PDCD4 protein level. The
luciferase reporter assay showed that PDCD4 is a direct target of miR-182.

Conclusion: All these findings suggest that miR-182 may act as an oncogenic role in liver
cancer cells by directly and negatively regulating expression of PDCD4.

Keywords: miR-182, migration, PDCD4, hepatocellular carcinoma

Introduction
Hepatocellular carcinoma (HCC), the major form of the primary liver cancer, is one of
the most common health problems worldwide, accounting for approximately 600
thousand deaths every year.' To a large extend, HCC is associated with chronic viral
infections of hepatitis type B or C and liver cirrhosis in China.> It is the second leading
cause of cancer-related deaths.* So far, surgery and liver transplantation remain the best
treatments for HCC patients; however, the overall 5-year survival rate is less than 15%
for advanced HCC is dismal.’ Despite the increasing wealth of knowledge on the
biology of HCC, the possible mechanism of hepatocarcinogenesis, the regulation of
candidate oncogenes or antioncogenes, identification of novel diagnostic biomarkers
and progression of effective therapies for HCC are still pressingly needed.
Programmed cell death 4 (PDCD4), a 64-kDa protein, was found to be localized
on chromosome 10q24.° It was originally identified as the neoplasmic transforma-
tion inhibitor in the JB6 mouse epidermal cell line model.” Studies showed that
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PDCDA4 interacts with elFs, eIF4A, and eIF4G®? and thus
subsequently inhibiting helicase activity of elF4A and
hence inhibiting translation. PDCD4 was assumed and
then confirmed to act as a functional gene, which was
inhibit 1011

apoptosis.'? The loss or reduction of PDCD4 expression

suggested to proliferation and induces
has been discovered in a variety of human cancer cells,
such as primary pancreatic cancer,® colon carcinoma'*
and pregnancy-associated breast cancer.”> Furthermore,
PDCD4 was reported as a potential tumor-suppressor in
hepatocarcinogenesis.'®!'”

MicroRNAs (miRNAs) are a class of small non-coding
regulatory RNAs with approximately 18-25 nucleotides in
length.'"® miRNAs negatively regulate gene expression and
can trigger cleavage of target mRNAs or inhibit protein
translation.'® Recent studies indicated that miRNAs can
function as tumor suppressors by targeting endogenous

onco geneszo’z !

or act as tumor promoters by inhibiting cel-
lular antioncogenes.”> What’s more, miRNAs have been
linked to the development and progression of cancers.”
Several studies have shown that specific miRNAs are aber-
rantly expressed in malignant HCC cells or tissues compared
to non-malignant hepatocytes or tissue.>**

MiR-21 has been found to negatively regulate PDCD4
expression in breast cancer,”® colorectal cancer,”’ malig-
nant glioblastoma tumors.”® HBx repressed PDCD4
expression via the induction of miR-21 in HCC.* Also,
it was reported that miR-182 is a negative regulator of
PDCD4 in lung adenocarcinoma cells and ovarian
carcinomas.’’*! However, relatively little is known about
mechanisms that regulate PDCD4 expression in hepatocel-
lular carcinoma. The interaction of miR-182 and PTCD4
in HCC was never reported. Thus, the aim of this study is
to explore the expression of PDCD4 and miR-182 in
human HCC cell lines and clinical HCC specimens and
determine whether PDCD4 is a direct target of miR-182 in
HCC cell lines.

Materials and Methods

Cell Lines and Cell Culture

The three liver cancer cell lines HepG2, LM3, MHCC97-
H, and the normal hepatic cell line LO2 were cultured in
Dulbecco’s modified Eagle’s medium (DMEM)
(Invitrogen Grand Island, NY, USA) containing 10%
fetal bovine serum (FBS) (PAA, Australia) with 100 pg/

mL penicillin/streptomycin and were incubated at 37°C in

a 5%CO, humidified incubator. 293T cells were cultured
in DMEM supplemented with 10% FBS.

Clinical HCC Specimens

Three HCC tissue specimens were obtained from HCC
patients who received surgery resection in Shanghai
East Hospital, School of Medicine, Tongji University,
Shanghai, China. None of the patient received any pre-
operative anticancer treatment. We also collected one
normal liver tissue from liver traumatic rupture patient.
All the tissues were immediately stored at —80°C until
protein extraction. The study was approved by the
Shanghai East Hospital Research Ethics Committee.
All patients signed informed consent according to the
committee’s regulation before surgery resection. The
basic characteristics of patients were shown in supple
mental Table S1.

RNA Extraction and qRT-PCR for
miRNAs

Total RNA was extracted from the cultured cells using the
TRIzol reagent (Invitrogen, Grand Island, NY, USA). The
reverse transcription for miR-182 was performed using the
TagMan® MicroRNA RT Kit (Invitrogen, CA, USA). The
primer for its cDNA synthesis was GTCGTATCCAGT
GCAGGGTCCGAGGTATTCGCACTGGATACGACAGT-
GTG. To quantify the levels of miR-182, the forward pri-
mer 5-GGCGGTTTTGGCAATGGTAG-3' and the reverse
primer 5-GTGCAGGGTCCGAGGT-3' were used. The
PCR was performed on the real-time PCR system (ABI
7500 Fast, CA, USA) according to the manufacture’s pro-
tocol. RNU48 miRNA was chosen as the internal control.

All reactions were performed in triplicate.

Western Blot Assay

Total protein was extracted from cultured cells or clinical
tissues using RIPA buffer containing PMSF (1:1000).
Protein concentration was detected by using a BCA pro-
tein assay kit (Ding Guo Biotechnology, Shanghai, China).
Proteins were separated by SDS-PAGE and electroblotted
to nitrocellulose membranes. After blocking at room tem-
perature for one hour, the membrane was separately incu-
bated at 4°C overnight with diluted primary antibody
against PDCD4 (Epitomics, CA, USA). An antibody
against fB-actin (Santa Cruz, Biotechnology, CA, USA)
was served as an endogenous reference.
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Luciferase Reporter Assay

The full length PDCD4 3" UTR c¢cDNA fragments contain-
ing the putative miR-182 binding site was amplified and
subcloned into pmir-GLO luciferase reporter vector
(Applied Biosystems) Site-directed mutagenesis was per-
formed to generate a mutant PDCD4 3’ UTR that con-
tained mutations in the conserved miR-182 binding site. In
the mutant 3' UTR of the PDCDA4, the nucleotide sequence
complementary to nt 2-5 of the miR-182 binding site
(TGCCAAA) was mutated to the sequence found in
miR-182 (TCCGATA). For the luciferase reporter assay,
cultured cells were seeded in 12-well plates at a density of
2x10° cells/well and were co-transfected with 0.2ug of
pmirGLO-PDCD4 (wide type or mutant) and 3ug of the
miR-182 mimics using the Lipofectamine 2000 reagent
(Invitrogen, Grand Island, NY, USA) according to the
manufacturer’s protocol. After 48 hours of incubation,
the relative luciferase activity was measured using the
Dual-luciferase reporter assay system (Promega, Beijing,
China). Experiments were repeated in triplicate.

Wound Healing Assay

The groups of LM3 and MHCC97-H were transfected with
inhibitors or mimics and cultured to confluence or near
(>90%) in 6-well plates. A sterile 200ul pipette tip was
used to scratch a straight line through the cell layer. Then
the medium was removed and replaced with fresh med-
ium. The cells were cultured and the images were taken
24h after scratching. Assays were repeated in triplicate.

Transwell Assay

Migration of cells through 8-uM pores was assessed using the
Transwell cell culture chamber (6.5-mm diameter; Corning
Costar, Tokyo, Japan). The transfected cells were then trypsi-
nized, washed once using serum-free medium and resus-
pended. An amount of 1x10* cells within 100ul suspensions
was added to the upper chamber of transwell. The lower
chamber of the Transwell was filled with 600pl medium con-
taining 10%FBS. After seeding, the cells were allowed to
migrate at 37°C, 5% CO, for 24h. Then, the cells on the
upper surface were removed using a cotton bud. The remain-
ing invaded cells were fixed with 95% ethanol and stained
with 0.1% crystal violet for 30min at room temperature. The
cell that had migrated to the lower surface of the filter mem-
brane was counted in five random fields of under view at
100magnificationa light microscope. Experiments were
repeated in triplicate.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism
5.0. Differences between results obtained under different
experimental conditions were determined by Student’s
t-test. All data are given as mean =+ standard deviation
(SD). All experiments were repeated in triplicate. P <
0.05 was considered statistically significant.

Results
PDCD4 Protein is Down-Regulated,
Whereas miR-182 is Up-Regulated in

Liver Cancer

To explore whether PDCD4 is aberrantly expressed in liver
cancers, we first detected the expression level of PDCD4 in
4 tissue samples, including 1 normal liver tissue and 3 HCC
tissues. Western blot analysis showed that PDCD4 level was
significantly lower in liver cancer samples compared to
normal liver tissue (Figure 1A) (¥P<0.05). Then we detected
PDCD4 level in three liver cancer cell lines (HepG2, LM3,
MHCC97-H) and one normal hepatic cell line LO2.
According to the Western blot analysis, PDCD4 showed
notably lower expression in liver cancer cell lines than in
normal cells, especially in LM3 and MHCC97-H cell lines
(Figure 1B) (*P<0.05, **P<0.01), and this is absolutely
consistent with above result. We then analyzed miR-182
level in these four cell lines by real-time PCR, results
demonstrated that miR-182 level was higher in LM3 and
MHCC97-H cell lines than in normal cells (Figure 1C)
(*P<0.05, **P<0.01). But the difference between normal
hepatic cell line and HepG2 was insignificant. We chose
LM3 and MHCC97-H cell lines for further analysis. Thus,
above data indicated that PDCD4 expression is downregu-
lated, whereas miR-182 is upregulated in human HCC cell
lines and clinical HCC specimens.

miR-182 Negatively Regulated PDCD4
Expression by Targeting the PDCD4 3'UTR

By using the TargetScan (http://www.targetscan.org) and
miRnada bioinformatics analysis, it indicated that PDCD4
3'UTR contains a predicted binding site for miR-182 (Figure
2A). To determine whether PDCD4 is regulated by miR-
182, we conducted the luciferase reporter assays. A dual-

luciferase reporter system with luciferase reporter vectors
containing either the PDCD4 wide-type 3'UTR or mutant-
type 3'UTR. Vectors confection with miR182 mimics sig-
nificantly decreased the relative luciferase activity of the
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Figure | (A) The protein level of PDCD4, measured using Western blot, in one normal liver tissue and 3 hepatocellular carcinoma tissues. (B) The PDCD4 level in three
liver cancer cell lines (LM3, HepG2, MHCC97-H) and in normal liver cell line LO2, detected using Western blot. (C) Relative miR-182 level in above four cell lines was

measured by qRT-PCR. (*P<0.05; **P<0.01).

Abbreviations: PDCD4, programmed cell death 4; qRT-PCR, quantitative Real-time polymerase chain reaction.

reporter containing wide-type 3'UTR, whereas it did not
affect that of the mutant-type 3'UTR (Figure 2B) (*P<0.05).

Then, Western blot was applied to further validate the
negative correlation between miR-182 and PDCD4. The
results showed that PDCD4 expression decreased after
cells transfected with miR-182 mimics in LM3 and
MHCC97-H cell lines. Whereas PDCD4 expression upre-
gulated after transfection with miR-182 inhibitor in these
two cell lines (Figure 2C and D) (*P<0.05). Taken
together, these data strongly demonstrated that miR-182
negatively regulates PDCD4 expression level by directly
binding to its putative binding site in the 3'UTR.

Down-Regulation of miR-182 Restricts
Cell Migration Abilities of Liver Cancer
Cells

A wound healing assay was conducted to explore the role
of miR-182 in regulating the migration activity of liver
cancer cells. As shown in Figure 3A, inhibitor-NC group
had reached a higher cell density at 24h postwounding
compared to the miR-182 inhibitor group of LM3 cells.
What” more, cells transfected with mimic-NC showed
a lower cell density than cultured cells transfected with
mimic-miR-182 in MHCC-97H cell lines (Figure 3B).
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Figure 2 miR-182 negatively regulated PDCD4 expression by targeting the PDCD4 3'UTR. (A) The prediction of a putative miR- 182 binding site which PDCD4 wide type
(wt) 3'UTR bears. Also the mutant (mut) PDCD4 3'UTR is shown. (B) PDCD4 wt 3'UTR and mut 3'UTR fragments were amplified and subcloned into pmir-GLO vector,
the constructed vectors were co-transfected into cultured cells with miR-182 inhibitor or mimics. PDCD4 wt 3'UTR, mut 3'UTR, wt/mut co-transfected with PGIPZ were
chosen as normalizers. The histograms indicate the normalized relative luciferase activity. (C and D) Western blot analysis of PDCD4 expression in LM3 and MHC97-H cells

treated with miR-182 inhibitor/mimics and inhibitor/mimics NC. (*P<0.05).

Abbreviations: PDCD4, programmed cell death 4; UTR, untranslated regions; NC, negative control.

Then, we also performed a transwell assay to further
confirm the importance of miR-182 in enhancing migra-
tion activity. Panels C and D of Figure 3 showed the
average numbers of cells penetrating the Transwell mem-
brane in the three groups of LM3 and MHCC-97H cells,
respectively. The average number of cells penetrating the
Transwell membrane was lower in the inhibitor miR-182
group when compared with inhibitor-NC groups in LM3
cell lines (**P<0.01); additionally, the number of cells was
notably higher in cells transfected with mimic-miR182

than mimic-NC of MHCC-97H cell. All these data demon-
strated that inhibiting miR-182 restricts the migration
capacity of liver cancer cells (*P<0.05).

Discussion

Despite the fact that great efforts have been made to over-
come the difficulty in curing liver cancers, the death rate
of this disease is still high." Thus, newly findings about
molecular biology of liver cancer are urgently needed to be
discovered.
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Figure 3 Down-regulation of miR-182 restricts cell migration abilities of liver cancer cells. (A and B) The cell migration activity in LM3 and MHC97-H cells transfected with
inhibitor/mimics and miR-182 inhibitor/mimics NC, detected using wound healing assay. The graphs demonstrate the wound at 0 and 24h after scratching. (C and D) The cell
numbers of transfected cells treated as in Figure 3A and B, measured by transwell assay. The histograms show the average migrated cells per field of view. (*P<0.05;

#P<0.01).

PDCD4 was originally isolated from a human glioma
cell. Emerging studies from various kind of human tumor
confirmed that PDCD4 is a novel tumor suppressor gene and
play a key role in antitumor therapies.>* Reduction of
PDCD4 expression has been obtained in many cancers,
such as gliomas, human salivary adenoid cystic
carcinoma.>***  Over-expression of PDCD4 suppresses
tumor invasion and intravasation in many types of cancer
cells such as breast, colon, liver, gastric, and ovarian
cancer.”> Our research proved that PDCD4 was downregu-
lated expression in liver cancer cell lines and liver cancer
tissues, which was consistent with past researches.>® In the
HepG2 cell line, the downregulation of PDCD4 was not
obvious. Considering the researches reporting expression of
PDCDA4 relation with tumor metastasis,>’ the reason account

for insignificant downregulation of PDCD4 may lies in low

metastatic ability of HepG2, compared with high metastatic
cell lines (LM3 and MHCC97-H).*® But the detailed
mechanism need to be further explored.

MiRNAs were reported to regulate expression of many
human genes and to play crucial roles in a variety of
processes.’® ' In the past several decades, the importance
of miRNAs in liver cancer has also been gradually

recognized.*>*

What’s more, increasing evidences indicate
the key role of miR-182 in cancers. Previous research demon-
strated that miR-182 is frequently over-expressed in numer-
ous tumors.**** Increase of miR-182 was also suggested to
be observed in liver cancer tissues.***” In our research,
results also showed that the upregulation of miR-182 is
a frequent event in human HCC tissues and cancer cell lines.

Above results indicated that there is a negative rela-

tion between PDCD4 and miR-182. The interaction may
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exist in PDCD4 and miR-182 in HCC. The luciferase
reporter assay data supported our hypothesis that
PDCD4 is a direct target of miR-182. And Western blot
also indicated that loss of miR-182 positively upregulate
the expression of PDCD4, on the contrary, overexpression
PDCD4 expression.
Transwell and wound healing assays results illustrated

of miR-182 downregulate the

that miR-182 contributed to migration activities of LM3
and MHCC-97H liver cancer cells. Past reports have
showed that miR-182 is a negative regulator of PDCD4
in lung adenocarcinoma cells and ovarian
carcinomas.’®*! Other researches indicated that miR-182
contributes to cell adhesion-mediated drug resistance via
targeting PDCD4 in multiple myeloma.*® MicroRNA-182
modulates chemosensitivity by targeting PDCD4 in non-
small cell lung cancer.*” Our research has proved that
miR-182 may act as an oncogenic role in liver cancer
cells by directly and negatively regulating expression of
PDCD4. However, the deeper mechanism of miR-182
regulating the expression of PDCD4 needs further
research.

In conclusion, our study found that miR-182 directly and
negatively regulates PDCD4 and downregulation of miR-
182 inhibits migration in HCC. Our findings offer a new
regulatory mechanism of PDCD4 expression in HCC. This
knowledge may give a new sight on the mechanism of
miRNA in regulating liver cancer cells and be meaningful

for the expanding of new strategies for HCC treatment.
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