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miR-125a inhibits the migration and invasion of liver cancer cells
via suppression of the PI3K/AKT/mTOR signaling pathway
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Abstract. In order to explore the regulation of the inva-
sive ability of hepatocellular carcinoma cells and the
underlying mechanism, mimics sequences of microRNA
(miR)-125a (miR-125a-3p/5p) and scramble sequences
(miR-125a-3p-s/5p-s) were transfected into human hepato-
cellular carcinoma cell lines, HCC-LM3 and HepG2, and the
non-malignant epithelioid hepatic cell line QZG. To inhibit
and upregulate the expression of miR-125a individually.
Protein expression was detected by western blotting, and
the cell proliferation and migration abilities were evaluated
by soft agar colony formation and Transwell assay, respec-
tively. It was revealed that the expression of miR-125a was
downregulated in HepG2 and HCC-LM3 cells compared
with that of QZG cells, and expression was markedly lower
in HCC-LM3 cells than that in HepG2 cells (P<0.01). The
colony formation and migration rates of the cells trans-
fected with miR-125a-3p/5p were decreased compared
with negative controls, but were increased in cells trans-
fected with miR-125a-3p-3/5p-s (P<0.01). The protein and
messenger RNA expression of phosphoinositide 3-kinase
(PI3K)/AKT/mammalian target of rapamycin (mTOR)
was decreased following transfection with miR-125a-5p,
whereas expression was increased compared with nega-
tive controls following transfection with miR-125a-5p-s
(P<0.01). Furthermore, the proliferation and migration
abilities of cells were attenuated following inhibition of the
PI3K/AKT/mTOR pathway by LY294002. The results of the
present study indicated that miR-125a inhibits the invasive
ability of hepatocellular carcinoma cells via regulation of the
PI3K/AKT/mTOR pathway.
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Introduction

Hepatocellular carcinoma (HCC) is common malignant form
of cancer associated with high incidence (28.71 per 100,000 in
China) and mortality (26.04 per 100,000 in China) (1), which
represents a critical threat to public health. To date, there is
no effective treatment for HCC, and the lack of effective diag-
nostic techniques available, due to the undefined etiology and
pathogenesis and high-grade malignancy, contributes to poor
patient prognosis (2). Ascertaining the origin and development
of liver cancer and identification of novel targets for therapy
have been the focus of recent studies regarding HCC (3-7).
MicroRNAs (miRs) are single-stranded noncoding RNAs,
containing 17-19 nucleotides, which are associated with the
development and progression of tumors (8-12) such as oropha-
ryngeal squamous cell carcinoma (8), non-small cell lung
cancer (9), thyroid cancer (10). miR-125a has previously been
reported to block the proliferation, invasion and migration of
breast cancer cells (13), and was also found to be effective in
preventing the invasion of ovarian cancer (14), glioma (15),
lung cancer (16-18) and gastric cancer (19). miR-125a has been
demonstrated to be implicated in hepatitis B virus duplication
and the progression of hepatitis B (20,21). Bi er al (22) observed
that miR-125a inhibited the proliferation and migration of liver
cancer cells by targeting matrix metalloproteinase (MMP)11
and vascular endothelial growth factor (VEGF). The phos-
phoinositide 3-kinase (PI3K)/AKT pathway enhances not only
cell proliferation, but also cell invasion and migration (23). It
has been demonstrated that another miRNA, miR-21, is able
to control the proliferation of liver cancer cells by regulating
the PI3K/AKT pathway (24). To further determine the effect
of miR-125a in regulating the invasion of liver cancer cells and
elucidate the underlying mechanism, the present study aimed
to characterize the association between miR-125a expression
and the migration of human liver cancer cell lines HepG2 and
HCC-LM3 or non-malignant human epithelioid hepatic cell
line QZG and its role in modulating the PI3K/AKT pathway.

Materials and methods
Cell lines and antibodies. Human liver cancer cell lines

(HepG2 and HCC-LM3) and non-malignant human epithe-
lioid hepatic cell line QZG were purchased from the cell
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bank of the Chinese Academy of Sciences (Beijing, China)
and kept in liquid nitrogen in the central laboratory of the
187th Hospital of Chinese PLA (Haikou, China). Cells were
grown in modified RPMI-1640 supplemented with 10%
FBS (Hyclone; GE Healthcare Life Sciences, Logan, UT,
USA). Rat anti-human PI3K, AKT and mammalian target of
rapamycin (mTOR) polyclonal antibodies were obtained from
Santa Cruz Biotechnology, Inc. (Dallas, TX, USA).

miR-125a gene transfection. Using the methods described by
Jiang et al (16), 2'-O-methyl (2'-O-Me) oligonucleotides
containing miR-125a were synthesized by Shanghai Gene
Pharma Co., Ltd (Shanghai, China) as follows: 2'-O-Me-3p
sense, 5'-ACAGGUGAGGUUCUUGGGAGCC-3' and
2'-0-Me-3p antisense, 5'-GGCUCCCAAGAACCUCACC
UGU-3'"; 2'-O-Me-scramble-3p, 5'-GGUCGGUGCUCG
AUGCAGGUAA-3';2'-O-Me-5psense,5'-UCCCUGAGACCC
UUUAACCUGUGA-3' and 2'-O-Me-5p antisense, 5'-UCA
CAGGUUAAAGGGUCUCAGGGA-3
2'-0O-Me-scramble-5p, 5'-GGACGGCGAUCAGAU-
AAGAGUUCU-3'. In addition, the fluorochrome FAM
(Apeptide Co., Ltd., Shanghai, China) was used as a fluores-
cent tracer for the oligonucleotides. HepG2, HCC-LM3 and
QZG cells (at a concentration of 1x10°/ml) were transfected
with the aforementioned sequences using Lipo-
fectamine® 2000 transfection reagent (Invitrogen Life
Technologies, Carlsbad, CA, USA). The protocol used was as
follows: On the day prior to transfection, 1-3x10* cells were
seeded on a 24-well plate containing 500 pxl modified
RPMI-1640 medium supplemented with 10% FBS and main-
tained at 37°C in 5% CO, until 70-90% confluence was
reached. Oligonucleotides (100 pmol) were added to 50 ul of
Opti-MEM serum-free medium (Hyclone) and mixed gently.
Subsequently, 1 ul Lipofectamine 2000 was diluted in thor-
oughly mixed Opti-MEM serum-free medium (50 ul), mixed
gently and maintained at room temperature for 5 min. The
diluted oligonucleotides and 1 ul Lipofectamine 2000 were
combined and this mixture was added to each well containing
cells and medium and mixed gently by rocking the plate back
and forth. The cells were then incubated at 37°C in a CO,
incubator for 24 h prior to observation under a fluorescence
microscope (CX41-32RFL, Olympus Corporation, Tokyo,
Japan). The medium was replaced with 500 pl fresh modified
RPMI-1640 medium following 5 h of incubation. In addition,
a blank control group transfected with isometric phos-
phate-buffered saline (PBS; Beyotime Institute of
Biotechnology, Jiangsu, China) and Lipofectamine 2000
using an identical protocol was set up. In order to block the
PI3K/AKT/mTOR signaling pathway, PI3K inhibitor
LY294002 (Sigma-Aldrich, St. Louis, MO, USA) was added
into the culture medium at a concentration of 10 nmol/l.

Quantitative polymerase chain reaction (qPCR) analysis.
Total RNA was extracted with TRIzol (Life Technologies,
Grand Island, NY, USA). First-strand complementary (c)
DNA was generated using RevertAid First Strand cDNA
Synthesis kit (Invitrogen Life Technologies). Specifically, 2 ul
RNA was mixed with 1 gl oligo (dT) and 10 ul RNase-free
deionized water, incubated in the PCR machine at 70°C for
5 min and chilled immediately on ice. cDNA synthesis was
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Table I. Quantitative polymerase chain reaction primers.

Gene Primer, 5'—3'

miR-125a  Sense: CTATGTTTGAATGAGGCTTCAG
Antisense: CGCGTCGCCGCGTGTTTAAACG

PI3K Sense: GCCCAGGCTTACTACAGAG
Antisense: AAGTAGGGAGGCATCTCG

AKT Sense: CTCATTCCAGACCCACGAC
Antisense: ACAGCCCCGAAGTCCGTTA

mTOR Sense: ATGACGAGACCCAGGCTAA
Antisense: GCCAGTCCTCTACAATACGC

[-actin Sense: ATCATGTTTGAGACCTTCAACA

Antisense: CATCTCTTGGTCGAAGTCCA

induced by adding 4 ul 5X buffer, 2 1 10 mM deoxyribose
nucleotide triphosphates, 1 ¢l RNA inhibitor and 1 pl reverse
transcriptase, prior to incubation in a PCR machine at 42°C
for 1 h. The reaction was terminated by incubation at 70°C for
5 min. Quantitative measurements were performed using the
THUNDERBIRD SYBR® qPCR Mix kit (Toyobo Co., Ltd,
Tokyo, Japan). For PCR, 12.5 ul 2X qPCR Mix, 2.0 ul each
primer (2.5 uM), 2.0 ul cDNA and 8.5 pl double distilled H,O
were added to a 0.2 ml PCR tube. Amplification conditions
were comprised of 40 cycles at 95°C for 15 min, 95°C for
15 sec, and 55°C for 30 sec, followed by 72°C for 25 sec. The
gPCR primers are listed in Table I.

Western blot analysis. Cells were collected by centrifugation
at 4,000 x g at 37°C for 5 min and 1x10° cells were lysed
in 250 ul radioimmunoprecipitation assay buffer (Beyotime
Institute of Biotechnology). Subsequently, 50 pg cellular
protein was separated by 10% SDS-PAGE (Sigma-Aldrich, St.
Louis, MO, USA) and transferred to a 0.45 ym polyvinylidene
difluoride membrane (Sigma-Aldrich), which was incubated
overnight at 4°C with rat anti-human monoclonal antibodies
against PI3K, AKT and mTOR (1:3,000 dilution). Following
three washes with PBS, horseradish peroxidase-conjugated
goat anti-rat secondary antibody (Boster Bio, Pleasanton,
CA, USA) at 1:3,000 dilution was added for 30 min at room
temperature, and any non-conjugated antibodies were washed
away. Proteins were visualized with enhanced chemilumines-
cence detection reagents (Pierce Biotechnology, Co., Thermo
Fisher Scientific, Rockford, IL, USA) and were exposed to
X-ray film (Beyotime Institute of Biotechnology). Developed
films were processed with BandScan software version 5.0
(Glyko, Novato, CA, USA) to determine optical densities.

Colony formation assay. Exponentially growing cells were
diluted to 1x10° cells/ml. Soft agar (5%; Beyotime Institute
of Biotechnology) was mixed thoroughly with the medium
at a ratio of 1:9, added to the plates, and set aside at room
temperature to allow agar to solidify prior to seeding a
mixture of cell suspension (1.5 ml) with an equal volume
of 0.5% soft agar. The plates were placed in an incubator at
37°C under 5% CO, and following two weeks of incubation,
colonies (defined as containing >50 cells) were counted using
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Figure 1. Transfection with various microRNA-125a sequences alters endog-
enous messengerRNA expression in HepG2, HCC-LM3 and QZG cells.

Values are expressed as the mean + standard deviation. “P<0.01 vs. NC;
“P<0.01 vs. QZG. NC, normal control.
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Figure 2. miR-125a suppresses liver cancer cell proliferation. (A) Colony
formation test demonstrated that transfection of miR-125a-5p inhibited the
colony formation rate of HCC-LM3 and HepG2 cells. Inverse results were
observed following transfection of miR-125a-5p-s (P<0.01; magnification,
x100). (B) Transfection of miR-125a-3p/5p inhibited colony formation rate
of HCC-LM3, HepG2 and QZG cells, but transfection of miR-125a-3p-s/5p-s
increased colony formation rate when compared with the NC group.
Values are expressed as the mean + standard deviation. “P<0.01 vs. NC;
“P<0.01 vs. QZG. miR-125a, microRNA-125a; NC, normal control.

the following formula: Colony formation rate (%)=(number of
colonies/number of cells incubated) x100%.

In vitro invasion assay. Cell invasion was measured using
a Transwell chamber model (Chemicon International,
Temecula, CA, USA). Cells were suspended at a concentration
of 1x10° cells/ml and 50 ul of the suspension was seeded into
the upper chamber. The lower chamber contained RPMI-1640
medium with 10% FBS. Following incubation for 24 h, cells
attached to the lower chamber were fixed with 10% formalin
(Nanjing Chemical Technology Co., Ltd., Nanjing, China) and
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stained with Giemsa (Solarbio Science and Technology Co.,
Ltd., Beijing, China) to quantify cell migration.

Statistical analysis. Data are expressed as the mean + stan-
dard deviation and were analyzed with paired Student's t-test
using the SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA).
P<0.05 was considered to indicate a statistically significant
difference.

Results

miR-125a expression is downregulated in HCC cells. qPCR
analysis was used to measure miR-125a mRNA expression
in HepG2, HCC-LM3 and QZG cells. miR-125a expression
was found to be downregulated in HepG2 and HCC-LM3
cells when compared with that of the immortal cell line QZG
(P<0.01). Furthermore, the lowest expression was observed in
HCC-LM3 cells, which are associated with a high metastatic
ability (25). miR-125a mRNA expression was significantly
upregulated in HepG2, HCC-LM3 and QZG cells transfected
with miR-125a-3p or -5p when compared with that of the
negative control group (P<0.01), whereas transfection with
miR-125a-3p-scramble (3p-s) or 5p-s resulted in significantly
lower expression of miR-125a mRNA (P<0.01). Given that
the non-malignant QZG cells exhibited the highest miR-125a
expression, whilst the malignant cell line HCC-LM3 exhibited
the lowest expression, the results indicated that miR-125a
may be associated with the migration of HCC cells and that
the expression of miR-125a may be regulated in liver cancer
cells via transfection with miR mimics/scrambled sequences

(Fig. 1).

miR-125a suppresses liver cancer cell proliferation.
Following transfection of HepG2, HCC-LM3 and QZG cells
with miR-125a-3p, -5p, -3p-s and -5p-s, respectively, a colony
formation assay was performed on exponentially growing
cells to evaluate cell proliferation ability. The results indicated
that the colony formation rate was reduced following transfec-
tion with miR-125a-3p or -5p (P<0.01), but increased following
transfection of miR-125a-3p-s or -5p-s (P<0.01; Fig. 2).

miR-125a inhibits liver cancer cell migration. QZG, HepG2
and HCC-LM3 cells were transfected with the various
miR-125a sequences and a Transwell assay was performed
at 48 h post transfection to study cell migration ability. The
results indicated that HepG2 and HCC-LM3 cells exhibited a
significantly greater rate of migration than that of QZG cells
(P<0.05). Transfection with miR-125a-3p or -5p significantly
inhibited migration in comparison with that of the negative
controls, while miR-125a-3p-s or -5p-s exerted the opposite
effect (P<0.01; Fig. 3).

miR-125a modulates the expression of PI3K/AKT/mTOR.
Western blot analysis identified the levels of PI3K/AKT/mTOR
in HCC-LM3 cells to be 0.12+0.25/0.11+0.23/0.10+0.24,
respectively, following transfection of miR-125a-5p, signifi-
cantly lower than the 0.43+8.68/0.36+0.72/0.26+0.55 in
the negative control group (P<0.01). However, expression
levels were significantly increased following transfection of
miR-125a-5p-s (0.68+0.13/0.63+0.12/0.72+0.14), significantly
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Figure 3. miR-125a suppresses the migration of liver cancer cells. (A) miR-125a-5p attenuated cell migration, while the reverse effect was detected following
transfection of miR-125a-5p-s (magnification, x100). (B) Quantification of the Transwell migration assay results. Values are expressed as the mean + standard
deviation. "P<0.01 vs. NC; "P<0.01 vs. QZG. NC, normal control; -s, scramble.
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Figure 4. miR-125a inhibits the expression of PI3K/AKT/mTOR. (A) Western
blot analysis revealed that expression of PI3K/AKT/mTOR protein in
HCC-LM3 cells was reduced following transfection of miR-125a-5p, but
increased following transfection of miR-125a-5p-s (P<0.01). (B) Quantitative
polymerase chain reaction analysis revealed analogous results regarding
the expression of PI3K/AKT/mTOR mRNA in HCC-LM3 cells. Values are
expressed as the mean + standard deviation. "P<0.01 vs. NC. PI3K, phos-
phoinositide 3-kinase; mTOR, mammalian target of rapamycin; miR-125a,
microRNA-125a; mRNA, messenger RNA; -s, scramble.
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Figure 5. LY294002 inhibits colony formation and migration of
HCC-LM3 cells (magnification, x100). (A) LY294002 inhibited the rate of
colony formation in the colony formation test. (B) LY294002 inhibited cell
migration, as indicated by the result of the Transwell assay.

higher than those of the negative control group (P<0.01).
gqPCR analysis identified downregulated PI3K/AKT/mTOR
mRNA expression in HCC-LM3 cells following transfec-
tion of miR-125a-5p, while the opposite effect was observed
following the transfection of miR-125a-5p-s (P<0.01; Fig. 4).

PI3K/AKT knockdown suppresses the proliferation and migra-
tion of liver cancer cells. In order to elucidate the correlation
between the PI3K/AKT pathway and the proliferation and
migration of liver cancer cells, LY294002 was used to block
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the PI3K/AKT pathway. The results revealed that LY294002
inhibited HCC-LM3 cell colony formation (Fig. 5A), which
further attenuated cell migration ability (Fig. 5B).

Discussion

HepG2 and HCC-LM3 are two liver cancer cell lines with
differing metastatic potentials. HCC-LM3 cells have a rela-
tively greater migration and invasion ability. The present study
identified that the expression of miR-125a was significantly
reduced in HCC-LM3 cells, when compared with that in
HepG2 cells. QZG are hepatocyte-specific cells, which are
not malignant. miR-125a was expressed at significantly higher
levels in QZG cells than those of the other two hepatic cell
lines evaluated. These findings suggested that miR-125a may
be associated with conferring the invasion and migration
ability of liver cancer cells. Bi ef al (22) reported expression
of miR-125a in liver cancer cell lines with varying invasive
ability via immnunohistochemical, western blot and qPCR
analyses. miR-125a was demonstrated to be significantly
downregulated in liver cancer tissues, particularly in cells with
high invasive ability, which indicated that the expression of
miR-125a was associated with the invasion and migration of
liver cancer cells, and that miR-125a may be used as a marker
for predicting the prognosis of liver cancer patients. To further
validate the function of miR-125a in modulating the invasion
and migration of liver cancer cells, miR-125a was altered
by transfection of miR-125a-3p/5p and miR-125a-3p-s/5p-s.
Transfection with miR-125a-3p/5p upregulated miR-125a
expression, while miR-125a-3p-s/5p-s inhibited its expression
in liver cancer cells.

In the present study, soft agar and Transwell assays
were used to validate the role of miR-125a in regulating
the proliferation and migration of liver cancer cells. A soft
agar colony formation assay may be used to monitor tumor
anchorage-independence growth and tumor malignancy,
where a stronger invasion ability of tumor cells is associ-
ated with a greater number of cell colonies (24,26,27).
Tumor migration and invasion ability is dependent on the
microenvironment for growth and the extracellular matrix
(ECM), therefore a Transwell chamber model that imitates
the ECM represents a reliable method for assaying cell
invasion ability (28). A marked decrease in liver cancer cell
colony formation was detected following miR-125a overex-
pression in the present study, while a significant increase
was observed following miR-125a silencing. Furthermore,
overexpression of miR-125a resulted in reduced migration
of liver cancer cells, while the opposite effect was observed
following miR-125a silencing. These findings suggested that
overexpression of miR-125a may suppress the proliferation
and invasion of liver cancer cells.

miR-125a was demonstrated to regulate the invasion and
migration of liver cancer cells; however, the underlying mech-
anism remained to be elucidated. Bi er al (22) reported that
miR-125a mediated the expression of MMP11 and VEGF in
liver cancer cells. The PI3K/AKT/mTOR pathway is involved
in the occurrence of liver cancer and the subsequent invasion
and migration, and has therefore been a major therapeutic
target in the treatment of liver cancer (28-30). The present study
demonstrated reduced levels of PI3BK/AKT/mTOR mRNA and
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protein following miR-125a overexpression, but upregulated
levels following miR-125a knockdown. Therefore, miR-125a
may suppress the proliferation and migration of liver cancer
cells through inhibition of PI3K/AKT/mTOR pathway. In order
to verify the regulatory role of the PI3K/AKT/mTOR pathway
in the proliferation and migration of liver cancer cells, cells
were treated with inhibitor LY294002. The results confirmed
that the proliferation and migration of hepatic cancer cells
were reduced following LY294002-mediated inhibition of the
PIBK/AKT/mTOR pathway.

In conclusion, miR-125a is involved in the proliferation and
migration of liver cancer cells, and the underlying mechanism
is associated with interference with the PI3K/AKT/mTOR
pathway. miR-125a may therefore represent a novel therapeutic
target for the treatment of hepatic cancer.
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