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MicroRNA-296-5p downregulated AKT2 to inhibit hepatocellular
carcinoma cell proliferation, migration and invasion
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Abstract. Hepatocellular carcinoma (HCC) is the fifth most
common malignancy in men, and the seventh in women
worldwide. Despite development in the therapy of HCC, the
prognosis of HCC patients remains poor. Therefore, it is of
great significance to explore the molecular mechanism under-
lying HCC progression, and investigate novel therapeutic
strategies for the treatments of HCC. MicroRNAs (miRs)
are known to be involved in the pathogenesis of HCC. The
present study aimed to investigate the expression patterns and
potential roles of miR-296-5p in HCC. Results revealed that
miR-296-5p was frequently downregulated in HCC tissue
samples and cell lines. Additionally, reduced miR-296-5p
expression levels were correlated with tumor size, TNM
stage and metastasis in HCC. Gain-of-function demonstrated
that miR-296-5p inhibited HCC cell proliferation, migration
and invasion in vitro. Furthermore, AKT2 was identified as
a novel direct and functional target of miR-296-5p in HCC.
These findings indicated that miR-296-5p/AKT2 axis serves
important roles in HCC carcinogenesis and progression, and
miR-296-5p/AKT?2 based target therapy hampers HCC tumor
growth and metastasis.

Introduction

Hepatocellular carcinoma (HCC), the predominant subtype
primary liver cancer, is the fifth most common malignancy
in men and the seventh in women worldwide (1). Every year,
there are ~750,000 new cases and 700,000 deaths due to HCC
around the world (2). Research in epidemiology has indicated
that many risk factors contribute to the HCC occurrence and
development, including hepatitis B virus or hepatitis C virus
infection, dietary aflatoxin B1 contamination, chronic alcohol
abuse and tobacco consumption, lack of dietary antioxidants,
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arsenic exposure, obesity and non-alcoholic fatty liver
disease (3). Other risks for HCC include geographic region,
socio-economic status, gender, ethnicity and environmental
exposures (4). Despite development in the therapy of HCC,
the prognosis of HCC patients remains unsatisfactory (5).
This is primarily due to the fact that only a small number
of patients can receive surgery due to the limitations such as
the stage of the HCC, the number and the size of the nodules,
and the liver function (6). Additionally, the high rate of
recurrence and metastasis after surgery also results in poor
prognosis (7). Therefore, it is of great significance to explore
the molecular mechanism underlying HCC progression, and
investigate novel therapeutic strategies for the treatments of
HCC.

MicroRNAs (miRs) are a large family of single strand,
non-coding, and small RNAs consisting of 19-25 nucleo-
tides (8). As a new type of gene expression regulators,
miRNAs may regulate gene expression through base pairing
with the 3' untranslated regions (3'UTRs) of their target genes
and thus participate in a variety of biological and pathological
processes, including cell proliferation, cycle, apoptosis, differ-
entiation, metabolism, invasion and metastasis (9-11). Since
the initial observation, >1,000 miRNAs have been validated,
and are estimated to modulate the expression of >60% of
protein-coding genes (12). Accumulated studies have demon-
strated that a larger number of miRNAs were dysregulated in
human cancers with differential regulation (‘up’ or ‘down’)
observed in neoplastic compared with normal cells (13).
For example, miR-200b (14) and miR-379-5p (15) were
downregulated, whereas miR-155 (16) and miR-130b (17)
were upregulated in HCC. The involvement of miRNAs in
cancer carcinogenesis and progression is well identified, as
miRNAs can function as oncogenes or tumor suppressor genes
depending on the roles of their target genes (18). Therefore,
further exploration of the abnormal expressed miRNAs and
their direct target genes would provide efficacious therapeutic
targets for patients with HCC.

In the present study, the authors focused on the expression
and roles of miR-296-5p in HCC. Results demonstrated that
miR-296-5p was significantly downregulated in HCC, and
reduced miR-296-5p expression levels were correlated with
tumor size, TNM stage and metastasis. miR-296-5p overex-
pression suppressed cell proliferation, migration and invasion
of HCC cells. Moreover, AKT2 was validated as the direct
downstream and functional target gene of miR-296-5p in
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HCC. miR-296-5p acted as a tumor suppressor in HCC via
direct targeting AKT2.

Materials and methods

Ethics statement and HCC samples. The current study was
approved by the ethics committee of Weifang Medical
University (Weifang, China). Written informed consent
approving the use of their tissue samples for research purposes
was also obtained from all the HCC patients. A total of 79 HCC
tissues and adjacent non-tumor liver tissues were obtained
from patients underwent surgical resection of primary HCC
at the Associated Hospital of Weifang Medical University
(Weifang, China). All the tissue samples were histopathologi-
cally confirmed and stored in liquid nitrogen until use.

Cell lines, cell culture and transfection. Human HCC cell
lines (HepG2, BEL-7402, SNU-182, SMMC-7721, Huh7), the
human normal liver cell line LO2 and HEK293T cell line were
obtained from American Type Culture Collection (ATCC;
Manassas, VA, USA). All cell lines were cultured according to
ATCC's recommendations.

miR-296-5p mimics, miRNA negative control (NC), and
the small interfering (si)RNAs targeted for AKT2 (AKT2
siRNA) and NC (NC siRNA) were synthesized by Guangzhou
RiboBio Co., Ltd. (Guangzhou, China). For transfection, cells
were seeded in six-well plates at a density of 8x10° cells per
well and cultured overnight. miRNA or siRNA was transfected
into cells by using Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), according to
manufacturer's instructions. At 48 h following transfection, the
transfection efficiency of miRNA and siRNA was determined
by reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR).

RNA isolation and RT-qPCR. Total RNA was isolated from the
cell lines or tissue samples using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), following to the manufacturer's
protocol. Total RNA was reversed transcription into cDNA
by using M-MLV Reverse Transcription system (Promega
Corporation, Madison, WI, USA). Expression levels of
miR-296-5p were determined by SYBR premix Ex Taq™ Kkit
(Takara Biotechnology Co., Ltd., Dalian, China) and internal
control of U6 RNA. AKT2 mRNA expression was quantified
using SYBR Green PCR Master Mix (Applied Biosystems;
Thermo Fisher Scientific, Inc.) with GADPH as an internal
control. All RT-qPCR was performed on an ABI PRISM®
7700 Sequence Detection System (Applied Biosystems;
Thermo Fisher Scientific, Inc.). Relative expression of miRNA
and mRNA was evaluated as folder changes using 2444
method (19).

Cell Counting Kit 8 (CCKS8) assay. Cell proliferation was
determined with CCK8 (Dojindo Molecular Technologies,
Inc., Kumamoto, Japan) assay. In briefly, transfected cells were
harvested at 24 h post-transfection, and seeded at a density
of 3,000 cells/well in 96-well plates. Cells were incubated for
different periods (0, 24,48, 72 and 96 h) in a humidified atmo-
sphere containing 5% CO, at 37°C. Subsequently, 10 ul CCK8
solution was added in each well and incubated for additional
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2 h. The absorbance was detected at 450 nm using a microplate
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Each
experiment was repeated at least three times.

Transwell migration and invasion assay. Transwell migration
and invasion assays were performed by using 24-well Transwell
chambers (EMD Millipore, Billerica, MA, USA) with an 8§ mm
polycarbonate membrane. For the Transwell invasion assay,
the polycarbonate membranes were coated with Matrigel (BD
Biosciences, Franklin Lakes, NJ, USA). Briefly, 5x10* trans-
fected cells in 200 pl fetal bovine serum (FBS; Gibco; Thermo
Fisher Scientific, Inc.)-free culture medium were placed into
the upper chamber, and the lower chamber was filled with
500 ul culture medium containing 20% FBS. After incuba-
tion for 48 h in a humidified atmosphere containing 5% CO,
at 37°C, the cells on the upper chamber of the polycarbonate
membranes were wiped off by cotton bud. The migrated and
invaded cells were fixed in 4% paraformaldehyde (Beyotime
Institute of Biotechnology, Haimen, China), stained with
0.5% crystal violet (Beyotime Institute of Biotechnology),
and washed three times with phosphate-buffered saline (PBS;
Gibco; Thermo Fisher Scientific, Inc.). Finally, cells in five
microscopic fields were counted and photographed with a light
microscope (Olympus Corporation, Tokyo, Japan).

Western blot analysis. Cellular proteins were isolated by using
radioimmunoprecipitation assay buffer (Beyotime Institute of
Biotechnology). Proteins were resolved on 10% SDS-PAGE
and then transferred onto polyvinylidene fluoride (EMD
Millipore) membranes. Subsequently, the membranes were
blocked with 5% skim milk in TBS containing 0.1% Tween
20 (TBST) at room temperature for 1 h, and incubated with
primary antibodies, mouse anti-human monoclonal AKT?2
antibody (1:1,000 dilution; cat. no. sc-5270; Santa Cruz
Biotechnology Inc., Dallas, TX, USA) and anti-human mono-
clonal GADPH antibody (1:1,000 dilution; cat. no. sc-365062;
Santa Cruz Biotechnology, Inc.), at 4°C overnight. On the
following day, the membranes were washed in TBST three
times, and treated with corresponding goat anti-mouse horse-
radish peroxidase-conjugated secondary antibody (1:1,000
dilution; cat. no. sc-2005; Santa Cruz Biotechnology, Inc.)
diluted in TBST at room temperature for 1 h. After washing
in TBST, the signals were detected with enhanced chemilu-
minescence system Western Blotting Detection Reagents (GE
Healthcare Life Sciences, Chalfont, UK) and photographed by
FluorChem imaging system (version 4.1.0; Alpha Innotech,
San Leandro, CA, USA).

Luciferase reporter assay. For the luciferase reporter assay,
luciferase reporter vectors (pMIR-AKT2-3'UTR Wt 1,
pMIR-AKT2-3'UTR Wt 2, pMIR-AKT2-3'UTR Mut 1 and
pMIR-AKT2-3'UTR Mut 2) were synthesized by Shanghai
GenePharma Co., Ltd. (Shanghai, China). HEK293T cells
were seeded in 24-well plates at a density of 1.5x10° cells per
well and cotransfected with pMIR-AKT2-3'UTR Wt (1 and 2)
or pMIR-AKT2-3'UTR Mut (1 and 2) and miR-296-5p mimics
or NC using Lipofectamine 2000. At 48 h post-transfection,
cells were harvested and luciferase activities were measured
by using Dual-Luciferase Reporter Assay System (Promega
Corporation), following to the manufacturer's protocol. Firefly
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Table I. Correlations between miR-296-5p expression and
clinicopathological characteristics in hepatocellular carcinoma.

miR-296-5p
expression
Clinical Case
features number Low High P-value
Age 0.666
<50 years 44 23 21
=50 years 35 20 15
Gender 0.849
Male 54 29 25
Female 25 14 11
Tumor size 0.005
<5 cm 39 15 24
>5cm 40 28 12
Tumor number 0.789
Single 47 25 22
Multiple 32 18 14
TNM Stage 0.013
I-1I 30 11 19
II-1vV 49 32 17
Metastasis 0.033
No 59 28 31
Yes 20 15 5
Differentiated 0.975
High 55 30 25
Low 24 13 11

miR, microRNA.

luciferase activities were normalized to Renilla luciferase
activities. Each sample was performed in triplicate.

Statistical analysis. Data were presented as mean + standard
deviation, and compared using Student's t-test in SPSS 16.0
statistical software (SPSS, Inc., Chicago, IL, USA). P<0.05
was considered to indicate a statistically significant difference.

Results

miR-296-5p was downregulated in HCC tissues and cell
lines. To explore the roles of miR-296-5p in HCC, its expres-
sion in HCC tissues and adjacent non-tumor liver tissues
was measured by using RT-qPCR. The results demonstrated
that miR-296-5p was obvious downregulated in HCC tissues
compared with that in adjacent non-tumor liver tissues
(Fig. 1A; P<0.05).

To validate whether the abnormal expression of miR-296-5p
was also the case in HCC cell lines, its expression in five HCC
cell lines was then detected (HepG2, BEL-7402, SNU-182,
SMMC-7721 and Huh7), as well as the human normal liver
cell line LO2. The results confirmed that miR-296-5p expres-
sion levels were reduced in each HCC cell lines than in L02
(Fig. 1B; P<0.05).
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Figure 1. miR-296-5p expression levels in HCC. (A) Measurement of
miR-296-5p levels in HCC tissues and adjacent non-tumor liver tissues by
using RT-qPCR. (B) RT-qPCR analysis of miR-296-5p expression in five
HCC cell lines, HepG2, BEL-7402, SNU-182, SMMC-7721 and Huh7,
against the human normal liver cell line L02. "P<0.05 vs. respective control.
miR, microRNA; HCC, hepatocellular carcinoma; RT-qPCR, reverse tran-
scription-quantitative polymerase chain reaction.

The relationship between miR-296-5p expression and clinico-
pathological characteristics in HCC. The clinicopathological
characteristics of miR-296-5p expression in patients with
HCC was investigated. As presented in Table I, miR-296-5p
expression levels were significantly correlated with tumor size
(P=0.005), TNM stage (P=0.013) and metastasis (P=0.033),
but not with other clinicopathological characteristics, including
age (P>0.05), gender (P>0.05), tumor number (P>0.05) and
differentiation (P>0.05), in patients with HCC.

miR-296-5p inhibited the proliferation, migration and
invasion of HCC cells in vitro. To determine the functions
of miR-296-5p on HCC progression, the authors transfected
HepG2 and SMMC-7721 cells with miR-296-5p mimics
or NC. Following transfection, RT-qPCR reported that
miR-296-5p was remarkably increased in both HepG2 and
SMMC-7721 cells transfected with miR-296-5p mimics
(Fig. 2A; P<0.05).

Considering that miR-296-5p expression was correlated
with tumor size, the authors explored the effect of miR-296-5p
on HCC proliferation using CCKS8 assay. As demonstrated
in Fig. 2B, restoration of miR-296-5p expression resulted
in the inhibition of HepG2 and SMMC-7721 cells prolif-
eration (P<0.05). Furthermore, given the association between
miR-296-5p expression and HCC metastasis, Transwell migra-
tion and invasion assays were performed to evaluate the effects
of miR-296-5p on HCC cells metastasis. It was observed that
enforced miR-296-5p expression decreased the migration and
invasion abilities in HepG2 and SMMC-7721 cells (Fig. 2C;
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Figure 2. miR-296-5p overexpression inhibited HCC cells proliferation, migration and invasion. (A) Reverse transcription-quantitative polymerase chain
reaction was performed to determine the expression of miR-296-5p in HepG2 and SMMC-7721 cells transfected with miR-296-5p mimics or NC. (B) The Cell
Counting Kit-8 assay presented cell proliferation inhibition in miR-296-5p mimics compared with the NC from HepG2 and SMMC-7721 cells. (C) Transwell
migration and invasion assay revealed cell migration and invasion inhibition in miR-296-5p mimics trasfected-HepG2 and SMMC-7721 cells. "P<0.05 vs.
respective control. miR, microRNA; HCC, hepatocellular carcinoma; NC, negative control.

P<0.05). These results demonstrated that miR-296-5p acted as
a tumor suppressor in HCC, through inhibiting cellular growth
and metastasis in vitro.

AKT?2 was a direct target gene of miR-296-5p. To further
explore the molecular mechanism of miR-296-5p mediated
suppressive roles in HCC, the authors analyzed the direct
target genes of miR-296-5p. Firstly, TargetScan (http:/www.
targetscan.org) and miRanda (http://www.microrna.org) were
used to predicate the potential target genes of miR-296-5p.
The analyses suggested that 3'UTR of AKT2 contained
the highly conserved putative miR-296-5p binding sites
(Fig. 3A). Subsequently, RT-qPCR and western blot analysis
were performed. The results indicated that upregulation of
miR-296-5p suppressed AKT2 expression in HepG2 and
SMMC-7721 cells at both mRNA (Fig. 3B; P<0.05) and protein
(Fig. 3C; P<0.05) levels. Finally, luciferase reporter assay was
adopted to validate direct targeting of AKT2 by miR-296-5p.

As demonstrated in Fig. 3D and E, the luciferase activities
were significantly reduced in HEK293T cells co-transfected
with pMIR-AKT2-3'UTR Wt (1 and 2) and miR-296-5p
mimics. However, miR-296-5p did not significantly alleviate
the luciferase activities in HEK293T cells transfected with
pMIR-AKT2-3'UTR Mut (1 and 2). Taken together, these
results strongly demonstrated that AKT2 was a direct down-
stream target of miR-296-5p in HCC.

AKT?2 was a downstream mediator of the biological roles of
miR-296-5p in HCC. To investigate whether AKT2 mediated
the biological roles of miR-296-5p in HCC, AKT2 siRNA
was adopted to knockdown AKT2 expression in HepG2
and SMMC-7721 cells. Following transfection, RT-qPCR
and western blot analysis revealed that AKT2 siRNA could
reduced AKT2 mRNA (Fig. 4A; P<0.05) and protein (Fig. 4B;
P<0.05) expression levels in HepG2 and SMMC-7721 cells
compared with NC siRNA groups.
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Figure 3. miR-296-5p directly targeted AKT2 in HCC. (A) The binding sites of miR-296-5p on 3' UTR of AKT2 was presented. The mutated binding sequence
of AKT2 3'UTR was also shown. (B) After transfection with miR-296-5p mimics or NC, AKT2 mRNA expression levels in HepG2 and SMMC-7721 cells
were measured by reverse transcription-quantitative polymerase chain reaction. (C) AKT2 protein expression was also detected in miR-296-5p overexpressed
HepG2 and SMMC-7721 cells. (D and E) HEK293T cells were co-transfected with miR-296-5p mimics or NC, and pMIR-AKT2-3'UTR Wt (1 and 2) or
pMIR-AKT2-3'UTR Mut (1 and 2). At 48 h following transfection, the relative luciferase activities were measured using the Dual-Luciferase Reporter Assay
System. “P<0.05 vs. respective control. miR, microRNA; HCC, hepatocellular carcinoma; UTR, untranslated region; NC, negative control.

The CCKS assay presented that the proliferation ability
of the HepG2 and SMMC-7721 cells transfected with AKT2
siRNA was markedly lower than that of the NC siRNA groups
(Fig. 4C; P<0.05). Moreover, Transwell migration and invasion
assays indicated that silencing of AKT2 led to a significant
reduction of migration and invasion capacities in HepG2
and SMMC-7721 cells (Fig. 4D; P<0.05). These results were
consistent with the findings that miR-296-5p overexpression
can inhibit HCC cells proliferation, migration and invasion
in vitro, which provided further evidences that AKT2 was a
downstream mediator of the biological roles of miR-296-5p
in HCC.

Discussion

Increasing studies demonstrated that the abnormal expres-
sion of miRNAs may be involved in HCC occurrence and
development, and some of these miRNAs may act as tumor
suppressors or oncogenes (20-22). Therefore, a better under-
standing of the specific molecular events involved by miRNAs
correlated with carcinogenesis and progression of HCC is
significant in exploring new therapeutic strategies to improve
the prognosis of patients with this disease. In the present
study, for the first time, the authors revealed the expression
and roles of miR-296-5p in HCC. miR-296-5p was obvious



1570 MA et al: microRNA-296-5p IN HEPATOCELLULAR CARCINOMA
A i5- B NCSiRNA  AKT2SiRNA NGCSIRNA  AKT2 SIRNA
g croer (R A S —
5 g _ 15 7mmNC siRNA
z s [ AKT2 siRNA
£ ]
o B
o 1.0-
5 0.5 ]
o
=
: | .
gl IS ISHEE
Il -
0.0 - = < . I_'l‘_l
o
ESEDY RN 0.0 1
C 2 © 2 : T T
w NS HepG2 SMMC-7721
HepG2 SMMC-7721
C
20 7= AKT2 siRNA 2.0 -m~ AKT2 siRNA
. — NC siRNA - — NC siRNA
c = 154
[=] o
wn w
=t =
® ™
g 8 1.0
c [ =
m ]
£ £
2 20.5-
£ 2
T T 0.0 T T T T 4
oh 24h 48h 72h 96 h 0h 24 h 48h 72h 9% h
HepG2 SMMC-7721
D
o o™
Q Q
o [=%
c e 5
s |t 5T
T | o |k
2 R : MR
=R N
[&] Q
=5 =
= =
® ®
(gl (gl
Q& o
g g
\\\G \6'2»

Figure 4. AKT2 siRNA inhibited HCC cells proliferation, migration and invasion. (A) AKT2 mRNA was examined by reverse transcription-quantitative
polymerase chain reaction in HepG2 and SMMC-7721 cells treated with AKT2 siRNA or NC siRNA. (B) AKT2 protein levels were measured by western
blotting in HepG2 and SMMC-7721 cells treated with AKT2 siRNA or NC siRNA. (C) CCK8 assay was performed on HepG2 and SMMC-7721 cells treated
with AKT?2 siRNA or NC siRNA. (D) Transwell migration and invasion assays were conducted in HepG2 and SMMC-7721 cells treated with AKT2 siRNA or
NC siRNA. "P<0.05 vs. respective control. siRNA, small interfering RNA; HCC, hepatocellular carcinoma; NC, negative control.

downregulated in HCC tissues and cell lines compared with
adjacent non-tumor liver tissues and human normal liver cell
line, respectively. Reduced miR-296-5p levels were correlated
with tumor size, TNM stage and metastasis in HCC. The
gain-of-function demonstrated that miR-296-5p suppressed cell
proliferation, migration and invasion of HCC. Mechanistically,
AKT?2 was identified as a direct target gene of miR-296-5p via
bioinformatics analysis, RT-qPCR, western blotting and lucif-
erase reporter assay. Furthermore, the knockdown of AKT2
may phenocopy the suppressive roles of miR-296-5p overex-
pression in HCC. These results indicated that miR-296-5p may
be a novel therapeutic target for preventing HCC from rapidly
growth and metastasis.

It has been reported that miR-296-5p was dysregulated
in diverse cancer types. For example, in breast cancer,
miR-296-5p was downregulated in tumor tissues, and low
expression levels of miR-296-5p predicted shorter disease-free
survival independently of classic clinicopathological param-
eters. In addition, reduced miR-296-5p was associated with
an earlier spread of breast cancer in the overall series and
with distant metastases in the subset (23). The downregula-
tion of miR-296-5p was also identified in non-small cell lung
cancer (24) and prostate cancer (25). However, miR-296-5p
expression was upregulated in esophageal cancer tissues,
and low expression of miR-296-5p was able to distinguish
long-term survivors with node-positive disease from those
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dying within 20 months by predicting survival (26). Gastric
cancer also expressed high levels of miR-296-5p (27). The
present study indicated that miR-296-5p was downregulated
in HCC, and correlated with pathological factors in HCC.
Altogether, miR-296-5p expression has tissue specificity, and
may be a prognostic marker for HCC.

The functions of miR-296-5p were mainly reported
in human cancer research. In non-small cell lung caner,
miR-296-5p targeted PLKI1 to inhibit cell viability (24).
In prostate cancer, miR-296-5p overexpression decreased
cell growth and invasion capacity by negative regulation
of HMGALI (28). Lee et al (25) also reported that upregu-
lation of miR-296-5p suppressed cell proliferation and
anchorage-independent growth of prostate cancer cell lines
through targeting Pinl. Savi et al (23) revealed that restoration
of miR-296-5p into tumors of a breast cancer xenograft model
significantly decreased tumor growth via directly targeting
SCRIB. These findings verified that miR-296-5p may act as
a tumor suppressor in tumorigenesis and tumor development.
Oppositely, it was demonstrated to act as an oncogene (26,27).
In esophageal cancer, miR-296-5p underexpression repressed
cell proliferation in vitro and in vivo via targeting cyclin
D1 and p27. Furthermore, downregulation of miR-296-5p
could confer sensitivity of both P-glycoprotein-related and
P-glycoprotein-nonrelated drugs on esophageal cancer cells,
and may promote ADR-induced apoptosis, accompanied by
increased accumulation and decreased releasing amount of
ADR (26). Li and his colleagues (27) reported that enforced
miR-296-5p expression promoted cell proliferation in gastric
cancer through downregulation of CDX1. These conflicting
findings revealed that the roles of miR-296-5p have tissue
specificity, and could be explained by the ‘imperfect comple-
mentarity’ of the interactions between miR-296-5p and their
direct target genes.

miRs serve significant roles in carcinogenesis and progres-
sion of cancer by targeting key regulator. In addition, miRs
can act as either oncogenes or tumor suppressors, primarily
depending on the functions of their target genes in cancer.
Therefore, in the present work, the mechanism by which
miR-296-5p inhibited HCC cells proliferation, migration
and invasion was explored. In the current study, AKT2 was
identified as a novel direct downstream and functional target
of miR-296-5p in HCC. AKT is a key element in PI3K/AKT
pathway. The PI3K/AKT pathway is associated with aggressive
phenotypes and poor outcomes in many human cancers (29).
In addition, the PI3K/AKT pathway involves in a great deal
of cellular processes such as cell proliferation, apoptosis,
migration, invasion and metabolism (30,31). A previous study
verified that AKT2 was upregulated in HCC tissues, and
expression levels of AKT2 were associated with histopatho-
logical differentiation, portal invasion and number of tumor
nodules in HCC (32). Multivariate analysis also revealed that
AKT?2 was an independent prognostic marker for patients
with HCC (32). A recent studies also indicated that AKT2
may be regulated by multiple miRs in HCC. For example,
miR-302b targeted AKT2 to inhibit HCC cells invasion and
metastasis (33). miR-137 suppressed HCC cells growth and
metastasis through downregulation of AKT2 (34). Taken
together, these data provided solid evidence to support that the
miRs/AKT?2 axis is a potential therapeutic target in HCC.
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In conclusion, the current study indicated that miR-296-5p
acted as a tumor suppressor in HCC, through inhibiting cell
proliferation, migration and invasion.

The miR-296-5p/AKT?2 axis serves important roles in HCC
carcinogenesis and progression, and miR-296-5p/AKT?2 based
targeted therapy hampers HCC tumor growth and metastasis.
Restoration of miR-296-5p may represent a new therapeutic
strategy for patients with HCC. However, the molecular
mechanism of low expression of miR-296-5p in HCC requires
further research.
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