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Abstract. Due to invasion and intrahepatic metastasis, the 
prognosis for patients with hepatocellular carcinoma (HCC) 
is poor. However, the mechanisms underlying these processes 
of HCC remain unclear. Cancer stem cells may be involved 
in early systemic dissemination and metastasis formation and 
side population (SP) cells isolated from diverse cancer cells 
possess stem cell-like properties. However, the mechanisms 
involved in migration and invasion of cancer stem cells are 
not well understood. In this study, we identified and isolated 
populations of SP cells from HCC cell lines using flow cyto­
metry. SP cells showed higher levels of migration and invasion 
capability. Higher expression of miR-21 was observed in SP 
cells. Silencing of miR-21 led to a reduction in the migration 
and invasion of these cells and overexpression of miR-21 
can increase in cell migration and invasion. Overexpression 
of miR-21 did not cause degradation of PTEN or RECK or 
PDCD4 mRNA but drastically inhibited its protein expression. 
Consistent with these results, silencing miR-21 increased the 
levels of PTEN, RECK and PDCD4 protein, respectively. The 
role of silencing miR-21 was partially attenuated by silencing 
of PTEN or RECK or PDCD4 mRNA. The results of this 
study revealed the aberrant expression of miR-21 in SP cells 
and showed that miR-21 regulates the expression of multiple 
target proteins that are associated with tumor dissemination. 
MiR-21 is a pro-metastatic miRNA in SP cells and raises the 
possibility that therapy of HCC may be improved by pharma-
ceutical strategies directed towards miR-21.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common 
malignancies. Despite advances in the detection and treatment 
of HCC, the mortality rate remains high because the majority 
of HCC patients with local invasion and intrahepatic metas-
tasis for which most potentially curative therapies have limited 
efficacy (1). However, it may be an important therapeutic target 
for inhibition of invasion and metastasis in HCC.

During recent years, various studies have described cancer 
stem cell (CSC) hypothesis and these cells have heterogeneous 
tumorigenic potential. Based on this hypothesis, only a frac-
tion of cells within a tumor is endowed with stem cell-like 
features, including unlimited proliferative potential and asym-
metric cell division. This cellular subset, varying in size in 
different tumors, can initiate and sustain tumor growth and is 
believed to drive relapse (2). According to the CSC hypothesis 
solely the CSC population is responsible for early systemic 
dissemination and metastasis formation (3). So it is important 
to explore the potential mechanism of invasion and metastasis 
in CSC for therapy of HCC. Prior reports have suggested 
that side population (SP) cells separated from diverse cancer 
cells possess stem cell-like properties (4-6). SP cells refer to 
a unique cell population, first identified in bone marrow cells 
by Goodell et al, which could efflux the DNA-binding dye 
Hoechst 33342 (7). Thereafter, SP cells have been defined in 
multiple species and tissues and SP cells could be characterized 
as CSC in primary tissues of cancer. SP cells were also shown 
in established tumor cell lines with different origins, such as 
glioma (8), breast (9) and thyroid cancer monoclonal cell lines 
(10). In a previous study, we reported the identification and 
isolation of SP cell phenotype in human HCC cell lines that 
demonstrate specific characteristics of CSC when compared 
with MP cells, such as quiescence, elevated chemoresistance, 
increased tumorigenicity, higher actin polymerization ability 
and increased migration capacity towards the chemokine 
CXCL12 (11). However, it is unknown why SP cells have more 
migration and invasion capabilities.

A recently identified class of non-coding small RNAs, 
microRNAs (miRNAs), is a group of RNAs of 14-24 nucleotides 
that can negatively regulate protein expression at the post-
transcriptional level by translational inhibition and/or mRNA 
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degradation (12). Dysregulated expression of microRNAs 
has been identified in a variety of human malignancies and 
is suggested to have a significant role in the development or 
progression of tumors by inhibiting tumor suppressor genes or 
activating oncogenes. Among them, microRNA-21 (miR-21) 
has been widely suggested to be oncogenic in many tumors. 
It had demonstrated that miR-21 can increase tumor cells 
migration and invasion by directly targeting PTEN, RECK 
and PDCD4 (13-16). Although miR-21 and its target have 
been widely explored as a cancer-related target for tumors 
including HCC, there is no information available concerning 
the relevance of the genes for metastasis in CSC. The aims of 
this study were to examine miR-21 in SP cells of HCC and to 
investigate the potential mechanism that miR-21 participated 
in the migration and invasion of SP cells.

Materials and methods

Cell culture and reagents. The human liver non-tumor cell 
line (HL-7702) and human HCC cell lines (SMMC-7721, 
MHCC97L and MHCC97H) were cultivated in DMEM medium 
supplemented with 10% fetal calf serum (Sigma Chemical 
Co., St. Louis, MO, USA). Primary antibodies against PTEN, 
RECK, PDCD4 and GAPDH were purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA). All secondary antibodies 
were obtained from Pierce (Rockford, IL, USA). PTEN, RECK 
and PDCD4 small interfering RNA (siRNA) and siRNA controls 
were obtained from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA). Lipofectamine 2000 was purchased from Invitrogen 
(Carlsbad, CA, USA). All other chemicals and solutions were 
purchased from Sigma-Aldrich unless otherwise indicated.

Flow cytometry analysis. To identify and isolate the SP and MP 
fractions, we used flow cytometry analysis described before (11).

Real-time PCR. Total RNA, including miRNAs, was isolated 
from prepared liver samples or cells with TRIzol reagent 
(Invitrogen) according to the manufacturer's instructions. 
Expression of hsa-miR-21 was analyzed with the miScript 
system (Qiagen, USA), which consists of the miScript Reverse 
Transcription kit, miScript Primer assays and miScript SYBR 
Green PCR kit, according to the protocol provided by the 
company. Small nuclear RNA U6 was used for normalization. 
For the analysis of BCRP1, AFP, CK19, PTEN, RECK and 
PDCD4 expression, cDNA was synthesized using Moloney 
murine leukaemia virus reverse transcriptase (Epicentre, Paris, 
France) as described by the manufacturer. The housekeeping 
gene, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 
was used for normalization. Primers used are shown in Table I. 
Real-time PCR was run on the ABI PRISM 7700 Sequence 
Detector (Applied Biosystems, USA). All of the reactions were 
run in triplicate. The ∆∆Ct method was used for relative quantifi-
cation of gene expression to determine miR-21 and BCRP1, AFP, 
CK19, PTEN, RECK and PDCD4 mRNA expression levels.

Chemo-resistance assay. Sorted SP or MP cells were cultured 
with the chemotherapeutic agent doxorubicin (DOX, 50 nM) 
or methotrexate (MTX, 100 nM). After 72-h exposure, cell 
viability was examined by an MTS-based Cell Titer  96 
Aqueous One Solution Cell Proliferation Assay (Promega).

Migration and invasion assays. The cell migration was 
analyzed with non-Matrigel-coated Transwell cell culture 
chambers (8-µm pore size) (Millipore, Billerica, MA, USA). 
The cell invasion was analyzed with Matrigel-coated Transwell 
cell culture chambers (8-µm pore size) (Millipore). Briefly, 
cells (5x104 cells/well) were serum starved for 24 h and plated in 
the upper insert of a 24-well chamber in a serum-free medium. 
A medium containing 10% serum or the chemokine CXCL12 
(PeproTech) was added to the well. The cells were incubated 
for 24 h. Cells on the upper side of the filters were mechani-
cally removed by scrubbing with a cotton swab, after which 
the membrane was fixed with 4% formaldehyde for 10 min 
at room temperature and stained with 0.5% crystal violet for 
10 min. Finally, invasive or migrated cells were counted at 
magnification x200 from 10 different fields of each filter.

Actin polymerization. Sorted SP or MP cells were resuspended 
and kept at 37˚C. Human CXCL12 (PeproTech) or PBS were 
added to cell suspensions and aliquots were taken at the indi-
cated times and immediately fixed in 4% paraformaldehyde 
for 10 min. After washing, samples were stained with FITC-
Phalloidin (Molecular Probes) stain F-actin and analyzed by 
flow cytometry. The relative F-actin index was determined as 
the ratio of the F-actin level of SP or MP cells treated with 
CXCL12 to SP or MP cells treated with PBS.

Cell transfection. MiR-21 mimics, inhibitors (miR-21-AS) 
and their respective negative controls (NC) were obtained 
from GenePharma Co. (Shanghai, China). The day before 
transfection, SP cells were seeded in antibiotic-free medium. 
Transfections were carried out using Lipofectamine 2000 
(Invitrogen) in accordance with the manufacturer's instructions. 
To monitor transfection efficiency, fluorescein (FAM) siRNA 
(GenePharma) was used as control. Successfully transfected 
cells were observed with a fluorescence microscope. According 

Table I. The primers used in the PCR reaction.

Gene	 Primer sequences 

BCRP1	 F: 5'-CAACCATTGCATCTTGGCTG-3'
	 R: 5'-CAAGGCCACGTGATTCTTCC-3'
AFP	 F:  5'-CAGGAGGAAGAAAGGACAAAAAA-3'
	 R: 5'-ATTCCTAAGGCATAGAAATCCCA-3'
CK-19	 F: 5'-ATGGCCGAGCAGAACCGGAA-3'
	 R: 5'-CCATGAGCCGCTGGTACTCC-3'
PTEN	 F: 5'-GCGTGCAGATAATGACAAGG-3'
	 R: 5'-GGATTTGACGGCTCCTCTAC-3'
RECK	 F: 5'-TGCAAGCAGGCATCTTCAAA-3'
	 R: 5'-ACCGAGCCCATTTCATTTCTG-3'
PDCD4	 F: 5'-AGTGACGCCCTTAGAAGTGG-3'
	 R: 5'-TCATATCCACCTCCTCCACA-3'
GAPDH	 F: 5'-CAAGGTCATCCATGACAACTTTG-3'
	 R: 5'-GTCCACCACCCTGTTGCTGTAG-3'

F, forward. R, reverse.
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to the protocol supplied with the Lipofectamine 2000, SP cells 
were transfected with either siRNA or control siRNA. siRNA-
transfected cells were seeded into 6-well cell culture plates at a 
density of 1x105 cells/well. The cells were allowed to grow for 
an additional 24 h and were then harvested for further analysis.

Plasmid construction and luciferase reporter assay. The 
3'-UTR of PTEN or RECK or PDCD4 containing the PTEN 
or RECK or PDCD4-miR-21 response element was cloned into 
the pIS0 control luciferase vector (Promega). A mutant 3'-UTR 
of PTEN or RECK or PDCD4 was synthesised by PCR. SP 
cells were seeded in a 24-well plate (1x105 per well) and tran-
siently transfected with PTEN or RECK or PDCD4-UTR-pIS0/
Mu-PTEN or RECK or PDCD4-UTR-pIS0, Renilla luciferase 
control vector (20 ng) and miR-21/NC. Luciferase activity 
was measured 48 h later using a dual luciferase reporter assay 
system according to the manufacturer's protocol (Promega).

Protein extraction and western blotting. The cells were lysed 
in lysis buffer [50 mmol/l Tris (pH 7.5), 100 mmol/l NaCl, 
1 mmol/l EDTA, 0.5% NP40, 0.5% Triton X-100, 2.5 mmol/l 
sodium orthovanadate, 10 µl/ml protease inhibitor cocktail 
and 1 mmol/l PMSF] by incubating for 20 min at 4˚C. The 
protein concentration was determined using the Bio-Rad assay 
system (Bio-Rad, Hercules, CA, USA). Total proteins were 

fractionated using SDS-PAGE and transferred onto nitrocel-
lulose membranes. The membranes were blocked with 5% 
non-fat dried milk or bovine serum albumin in 1X TBS buffer 
containing 0.1% Tween-20 and then incubated with the appro-
priate primary antibodies. Horseradish peroxidase-conjugated 
anti-rabbit or anti-mouse IgG was used as the secondary anti-
body and the protein bands were detected using the enhanced 
chemiluminescence detection system (Amersham Pharmacia 
Biotech). Quantification of the western blots was performed 
using laser densitometry and relative protein expression was 
then normalized to GAPDH levels.

Statistical analysis. Each experiment was repeated at least 
three times. All data are summarized and presented as means 
± SDs. The differences among means were statistically 
analyzed using a t-test. All statistical analyses were performed 
using SPSS 13.0 software (Chicago, IL, USA). P<0.05 was 
considered as statistically significant.

Results

SP cells are an enriched source of stem-like cells in HCC 
cell lines. Using flow cytometry, we were able to identify 
and successfully isolate populations of SP and MP cells 
from the three human HCC cell lines (Fig.  1A). The SP 

Figure 1. SP cells are an enriched source of stem-like cells in HCC cell lines. (A) Identification of SP and MP cells in the HCC cell lines SMCC-7721, MHCC97L 
and MHCC97H. (B) The isolated SP cells had high purity and can efflux the DNA-binding dye Hoechst 33342 in MHCC97H. (C) Relative mRNA expression of 
BCRP1, AFP and CK19 in SP and MP cells was determined using real-time PCR analysis. (D) Chemo-resistance of SP and MP cells to anticancer drugs. Cells 
were incubated with DOX (50 nM), or MTX (100 nM) for 72 h. Cell viability was then determined using the MTS assay. *P<0.05 compared with MP cells.
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gate was defined as the region where cells were absent 
in the presence of verapamil, an agent which blocks the 
efflux of Hoechst 33342. The three cell lines, SMCC-7721, 
MHCC97L and MHCC97H, contained 0.19±0.02, 1.34±0.06 
and 2.95±0.24% SP cells, respectively. Since MHCC97H 
contained the highest percentage of SP cells further experi-
ments were performed using these cells. The isolated SP 
cells had high purity and can efflux the DNA-binding dye 
Hoechst 33342 in MHCC97H (Fig. 1B). It showed similar 
results in MHCC97L and SMMC-7721 cells (data not shown). 
Expression of the hepatocyte-specific marker AFP and the 
cholangiocyte-specific marker CK19 has been associated 
with subpopulations showing bipotential stem/progenitor 
properties in HCC. BCRP1 has the capacity to efflux a broad 
range of cytotoxic substances and is characteristic of the SP 
phenotype. These genes were expressed in both SP and MP 
cells but upregulated in SP cells relative to MP cells (Fig. 1C). 
The chemo-resistance ability of SP cells has been reported 
to depend mainly on ABC transporters (17). To determine 
whether SP cells are able to resist ABC transporter-indepen-
dent anticancer drugs more than MP cells we tested DOX and 
MTX which are used for the treatment of HCC (Fig. 1D). SP 

cells were more resistant than MP cells, especially to DOX. 
Cells were then stained with Hoechst 33342 and reanalyzed. 
A higher percentage of SP cells were seen after 72 h of DOX 
or MTX treatment. This suggested that SP cells might be 
more resistant to anticancer drugs than MP cells. We also 
evaluated other data such as repopulation capability and cell 
cycle analysis described before (11). It showed similar results 
to our previous study (11). From these data, we can propose 
SP cells exhibit stem-like characteristics.

SP cells show more migration and invasion capabilities than 
MP cells. CSC in a tumor is proposed to mediate invasion and 
metastasis and SP cells from tumor cells possess the prop-
erties ascribed to CSC. Fig. 2A shows SP cells with higher 
levels of penetration through Transwell cell culture cham-
bers versus the MP cells. Cell polarization requires actin 
polymerization (18). As shown in Fig. 2B, CXCL12 treatment 
increased the extent of actin polymerization in SP cells more 
than MP cells at the studied time-points. Following treatment 
with CXCL12, the relative migrating index of SP cells was 
higher than MP cells (Fig. 2C), suggested SP cells show more 
potentiality of migration and invasion than MP cells.

Figure 2. SP cells show more migration and invasion capability than MP cells. (A) The invasion and migration of SP and MP cells were measured by Transwell 
cell culture chambers. (B) The effect of CXCL12 on actin polarization. F-actin levels were examined at the indicated time-points after CXCL12 stimulation. 
Phalloidin staining was then analyzed by flow cytometry. The relative F-actin index was determined as the ratio of the F-actin levels of cells treated with 
CXCL12 to cells treated with PBS. (C) The effect of CXCL12 on cell migration. A transwell system was used to examine cell migration. The relative migration 
index was determined as the ratio of the number of migrated cells in each group to that of total cell group. *P<0.05 compared with MP cells. #P<0.05 compared 
with MP cells + CXCL12.
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MiR-21 promotes SP cell migration and invasion by targeting 
PTEN, RECK and PDCD4. Increasing number of reports 
implicate miR-21 overexpression in carcinogenesis and 
metastasis. To assess the relevance of miR-21 in SP cells, we 
first determined its expression level comparing MP cells and 
liver non-tumor HL-7702 cells. Interestingly, compared with 
HL-7702 cells, miR-21 expression was found to be upregu-
lated in SP and MP cells. These results indicated miR-21 may 
be important in HCC. Furthermore, the higher expression of 
miR-21 was observed in SP cells than MP cells (Fig. 3A). 
As a previous study described, miR-21 can regulate HCC 
cells migration and invasion by targeting PTEN, RECK and 
PDCD4 (13). We also determined the protein level of PTEN, 
RECK and PDCD4 in HL-7702, MP and SP cells. The lower 
expression of PTEN, RECK and PDCD4, respectively, was 

observed in SP cells than MP and HL-7702 cells (Fig. 3B). 
There was an inverse correlation between miR-21 and its 
target gene. These results also indicated as in the cancer 
cells, miR-21 may play a similar role in CSC.

An important component of the invasive profile of a 
cancer cell is its ability to be motile. High levels of miR-21 
have been associated with cell motility and metastasis of 
different cancers. Having this background in mind, we first 
performed in vitro loss-of-function analyses by silencing 
miR-21 with miR-21-AS in SP cells. Silencing of miR-21 led 
to a more than 60% reduction in the migration and invasion 
of these cells (Fig. 4A and B). Next, synthetic miR-21 mimics 
or NC were transfected into SP cells and overexpression of 
miR-21 caused a 2-fold increase in cell migration and inva-
sion (Fig. 4C and D). These results confirmed the involvement 

Figure 3. The expression of miR-21, PTEN, RECK and PDCD4. (A) The expression of miR-21 was measured by RT-PCR. (B) The protein expressions of 
PTEN, RECK and PDCD4 were measured by western blotting. *P<0.05 compared with HL-7702 cells. #P<0.05 compared with MP cells.

Figure 4. MiR-21 promotes SP cells migration and invasion. (A and B) Transwell migration assay and Matrigel invasion assay of SP cells transfected with miR-
10b-AS or NC. (C and D) Transwell migration assay and Matrigel invasion assay of SP cells transfected with miR-10b mimics or NC. *P<0.05 compared with NC.
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of miR-21 in the regulation of SP cell motility and suggested 
a biological role for miR-21 in controlling SP cell ability for 
migration and invasion.

MiR-21 simultaneously regulates multiple programs that 
enhance tumor invasiveness by targeting PTEN, PDCD4 
and RECK in HCC cells (13). As shown in Fig. 5A-C, 
miR-21 overexpression remarkably repressed the expression 
of luciferase containing a wild-type miR-21 binding site 
(PTEN or RECK or PDCD4-UTR) compared with NC. This 
suppression was restored by mutations in the seed comple-
mentary sites of the 3'-UTR of PTEN or RECK or PDCD4 
(Fig.  5A-C). To determine whether miR-21 expression 

represses endogenous PTEN or RECK or PDCD4 expression 
through translational repression, synthetic miR-21 mimics 
and NC were transfected into SP cells. RT-PCR and western 
blot analyses revealed that miR-21 overexpression did not 
cause degradation of PTEN or RECK or PDCD4 mRNA 
(Fig. 5D) but did drastically inhibit its protein expression 
(Fig. 5E). Consistent with these results, silencing miR-21 
with miR-10b-AS, respectively, increased the level of 
PTEN, RECK or PDCD4 protein (Fig.  5E) but did not 
alter PTEN, RECK or PDCD4 mRNA levels (Fig. 5D). We 
examined whether a reduction in the expression of PTEN 
or RECK or PDCD4 might mediate the induction of cell 

Figure 5. PTEN, RECK and PDCD4 are targets of miR-21. (A-C) Luciferase activity of SP cells co-transfected with PTEN, RECK or PDCD4-UTR-pIS0/
Mu-PTEN or RECK or PDCD4-UTR-pIS0 and miR-21 mimics or NC. The pIS0 control vector was used as a control (*P<0.05). (D) SP cells were transfected 
with miR-21 mimics or miR-21-AS or NC. The mRNA levels of PTEN, RECK and PDCD4 protein were analyzed by RT-PCR. (E) SP cells were transfected 
with miR-21 mimics or miR-21-AS or NC. The protein levels of PTEN, RECK and PDCD4 protein were analyzed by western blotting.

Figure 6. The effect of miR-21 on migration and invasion of SP cells was partly mediated through regulation of PTEN, RECK or PDCD4 expression. (A-C) The 
levels of PTEN, RECK or PDCD4 protein, respectively, in SP cells transfected with siRNA were analyzed by western blotting. (D and E) The effect of 
miR-21-AS was partially attenuated by silencing of PTEN or RECK or PDCD4 mRNA. *P<0.05 compared with non-treated SP cells. #P<0.05 compared with 
SP cells only transfected with miR-21-AS.
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migration and invasion observed following miR-21 overex-
pression. Silencing of PTEN, RECK or PDCD4 with siRNA in 
SP cells led to increased cell migration and invasion (Fig. 6D 
and E), demonstrating a negative role for PTEN, RECK or 
PDCD4 in the migration and invasion of SP cells. The knock-
down efficiency of PTEN, RECK or PDCD4 was verified by 
western blot analysis (Fig. 6A-C). Further, we co-transfected 
SP cells with siRNA for PTEN, RECK and PDCD4 mRNA, 
respectively, and miR-21-AS and found that the effect of miR-
21-AS was partially attenuated by silencing of PTEN, RECK 
or PDCD4 mRNA (Fig. 6D and E). These results indicated that 
the prometastatic effect of miR-21 is partly mediated through 
regulation of PTEN, RECK or PDCD4 expression.

Discussion

Hepatocellular carcinoma (HCC) is the most common malig-
nancy of the liver and surgical resection remains the major 
treatment. However, long-term results after resection of HCC 
are still unsatisfactory. The main cause for the poor prognosis 
is the high recurrence rate and a risk of vascular invasion, and 
metastasis even after curative resection of HCC. Therefore, 
further improvement of long-term survival after hepatic resec-
tion may depend on prevention and treatment of the recurrent 
tumor, which has attracted attention of researchers in recent 
years. Although studies have focused on HCC invasion and 
metastasis, the underlying mechanisms are still not fully 
understood (19).

There is increasing evidence indicating that the mainte-
nance and spreading of a variety of tumors is sustained by a 
small subset of cancer cells, termed CSC. These cells possess 
the ability for self-renewal, unlimited proliferation potential 
and capacity to generate differentiated cells which constitute 
the major tumor population (20). Currently, human CSC have 
been identified in a variety of tumor types (5,21-23). It has been 
reported that CSCs are resistant to chemotherapy and targeted 
therapy, which resulted in cancer relapse and metastasis. An 
important criterion is that tumors with high percentages of 
cancer stem cells will be more aggressive (17). On the other 
hand, in the analysis of hematopoietic stem cells, a sub-popu-
lation that effluxes the DNA-binding dye Hoechst 33342 out 
of the cell membrane through an ATP-binding cassette (ABC) 
transporter was recognised as a stem cell population (7). This 
cell population expressing the ABC transporter was defined 
as side population (SP) cells, which were distinguished from 
cells of the other population (main population; MP). Moreover, 
recent work has led to the detection of the SP cells in a variety 
of tumor types (8,10,24). SP cells from tumor cells possess 
the properties ascribed to cancer stem cells and have been 
proposed to play a critical role in metastasis progression (20). 
Our present results showed that SP cells had more migration 
and invasion capabilities than MP cells, therefore, this may 
be one of the potential mechanisms of HCC cell invasion and 
metastasis.

MiRNAs have a broad impact on gene expression through 
translational repression or post-transcriptional suppression 
(25). MiRNAs play important roles in multiple biological 
processes such as development, differentiation and cellular 
stress response. Previous studies have linked deregulation 
of miRNAs to various diseases including cancer (26,27). A 

single miRNA can potentially bind to hundreds of mRNA 
targets, thereby having an important role in various biolog-
ical processes (28). Furthermore, it has been demonstrated 
that miRNAs can induce tumorigenesis, for example, by 
downregulating tumor suppressor genes. Among such onco-
genic miRNAs, miR-21 has been shown to be overexpressed 
in a variety of malignancies (29-31). Therefore, miR-21 has 
been recognized as an oncomir. Elevated miR-21 expression 
has been causally linked to cell metastasis (32,33). In our 
data, expression of miR-21 was more significantly increased 
in SP cells compared to MP cells and changes of miR-21 
can regulate migration and invasion of SP cells. The link 
between miR-21 and SP cell metastasis suggests the presence 
of metastatic pathways and raised the question regarding 
the mechanisms of how miR-21 may impact the metastatic 
potential of SP cells.

The metastatic process is complex and often associated 
with alterations in the different metastasis-related protein 
of the tumor cells. PTEN is a phosphoinositide phosphatase 
which was originally identified as a multifunctional tumor 
suppressor frequently lost in various human cancers (34,35). 
PTEN expression is associated with tumor invasion and 
tumor-node-metastasis (TNM) stage (36,37). As a tumor 
suppressor in multiple cancers including HCC, PTEN can 
affects the Akt and ERK signaling pathways (38). These 
pathways are linked to cell survival, proliferation, differ-
entiation, cell migration and invasion. Previous studies 
showed the modulation of expression of PTEN in HCC can 
impact on the activity of critical downstream mediators of 
tumor progression and metastases (14). RECK, a membrane-
anchored glycoprotein, is able to suppress tumor invasion 
and metastasis and is known to inhibit both catalytic and 
processing steps of pro-MMP-2 activity and associated with 
the suppression of MMP-2, MMP-9 and MMP-14 secre-
tion (39,40). In tumors, RECK is absent or diminished and 
MMPs are highly active, facilitating tumor promotion and 
progression. The expression of RECK is often decreased 
during cancer progression (41,42) and is a molecular marker 
for cancer prognosis and controller of cellular metastatic 
capacity (40). RECK expression levels are predictive in 
determining prognoses in a number of common cancers and 
low levels of RECK are often associated with increased inva-
siveness and poor prognosis (43,44). Programmed cell death 
4 (PDCD4) is a tumor suppressor gene that inhibits metas-
tasis in human cancer cells (45). PDCD4 is a downstream 
component of the Akt pathway and PDCD4 has been shown 
to inhibit neoplastic transformation, tumor development and 
malignant progression (46,47). Studies investigating cellular 
functions of PDCD4 demonstrated that it suppresses the 
expression and/or activity of the invasion-related proteins 
such as AKT (48), MAP4K1 (49) and increases the release of 
metastasis suppressor proteins such as E-cadherin (50) and 
TIMP2 (51). In hepatocellular carcinoma cells, PDCD4 has 
recently been shown to correlate inversely with metastatic 
capacity (52). Thus, change of these proteins can be involved 
in migrating and invading of tumor cells. Our studies showed 
that the protein of PTEN, RECK or PCCD4 decreased in SP 
cells. The results indicated these proteins may participate in 
migration and invasion of SP cells. A few targets of miR-21 
have been experimentally validated, including some metas-
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tasis-related protein such as PTEN (14), PDCD4 (15), RECK 
(16). Recent studies had showed that miR-21 simultaneously 
regulates multiple programs that enhance tumor invasiveness 
by targeting PTEN, PDCD4 and RECK in HCC cells (13). 
We hypothesized that miR-21 may play an important role in 
regulating migration and invasion of cancer stem-like cells by 
targeting PTEN, PDCD4 and RECK.

Although PTEN, PDCD4 and RECK are direct targets of 
miR-21 and their expression is inhibited by miR-21 in HCC 
cells, we still question whether miR-21 could regulate these 
proteins in cancer stem-like cells. One of the best ways to 
understand miRNA function is via the elucidation of func-
tional targets, which usually involves analysis of changes in 
target proteins following either a gain- or loss-of function of 
the specific miRNA. In our present study, we also found that 
miR-21 overexpression drastically inhibits PTEN, RECK or 
PDCD4 protein expression and silencing miR-21 increased 
the level of PTEN, RECK or PDCD4 protein. On the other 
hand, we also observed that SP cell migration and invasive-
ness weakened by anti-miR-21 was ‘rescued’ by knockdown 
of PTEN, PDCD4 or RECK. Taken together the biological 
effects of miR-21 on SP cell invasion are probably due to the 
simultaneous repression of migration suppressive proteins 
such as PTEN, RECK or PDCD4.

In conclusion, the results of this study revealed the 
aberrant expression of miR-21 in SP cells and showed that 
miR-21 regulates the expression of multiple target proteins 
that are associated with tumor dissemination, many of which 
are implicated in SP cell biology. Importantly, repression 
of miR-21 inhibited SP cell migration and invasion in vitro, 
possibly due to downregulation of the tumor suppressor 
PTEN, RECK or PDCD4. These compelling data provide 
preliminary evidence that miR-21 is a pro-metastatic miRNA 
in SP cells and raise the possibility that therapy of HCC may 
be improved by pharmaceutical strategies directed towards 
miR-21.
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