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MicroRNA-296 targets AKT2 in pancreatic cancer
and functions as a potential tumor suppressor
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Abstract. Although microRNA-296 (miR-296) has been
studied in various types of human cancer, its expression,
biological role and mechanism of action in pancreatic cancer
remains to be elucidated. The aim of the current study was to
investigate the expression level, possible roles and underlying
molecular mechanisms of miR-296 in pancreatic cancer. The
present study revealed that miR-296 is significantly down-
regulated in tissue from patients with pancreatic cancer and
in human pancreatic carcinoma cell lines, when compared
with matched healthy tissue and normal human pancreatic cell
lines, respectively. In addition, restoration of miR-296 expres-
sion was revealed to inhibit the proliferation, migration and
invasive activity of pancreatic cancer cells. Furthermore, bioin-
formatics analysis and a luciferase reporter assay validated
the AKT2 gene as a direct target of miR-296 in pancreatic
cancer. Reverse transcription-quantitative polymerase chain
reaction and western blot analysis revealed that miR-296 was
able to decrease AKT2 expression at the post-transcriptional
level. Notably, the effects of AKT2 knockdown were similar
to miR-296 overexpression in pancreatic cancer. In conclusion,
the present findings indicate a role for miR-296 as a tumor
suppressor in pancreatic cancer through directly targeting
AKT?2, thus suggesting that miR-296 may serve as a potential
therapeutic target for the treatment of pancreatic cancer.

Introduction

Pancreatic cancer, which is one of the most invasive types of
malignant tumor, is the sixth leading cause of mortality in
China, the fourth leading cause of cancer-associated mortality
in the United States, and has the worst prognosis among all
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solid cancers (1-3). It was previously estimated that 53,070 new
cases of pancreatic cancer and 41,780 cases of mortality caused
by pancreatic cancer would occur in the United States in
2016 (4). Several risk factors contributing to pancreatic carci-
nogenesis have been identified, including age, smoking, obesity
and chronic pancreatitis (5-7). In the past few decades, great
progress in cancer research has led to the discovery of novel
diagnostic and surgical techniques. However, although these
have served to improve morbidity and postoperative mortality,
they have had no significant impact on survival (8). The overall
S5-year survival rate for all stages of pancreatic cancer is only
5%, and the median survival time is ~6 months (9). The poor
prognosis for patients with pancreatic cancer is mainly attrib-
uted to non-specific symptoms, aggressive growth, early and
aggressive local invasion, metastatic potential, and resistance
to chemotherapy and radiotherapy (10-12). Therefore, eluci-
dation of the underlying mechanisms involved in pancreatic
cancer pathogenesis, as well as the development of novel thera-
peutic treatments, is critical for improving the prognosis and
therapeutic efficacy in patients with pancreatic cancer.

Recently, microRNAs (miRNAs), a novel group of endog-
enous, single-stranded, small, non-coding regulatory RNA
molecules with a length of 18-24 nucleotides, have garnered
attention (13). miRNAs decrease gene expression through
targeting partial complementary elements in the 3' untrans-
lated regions (3'UTR) of their target genes, and function via
two mechanisms: Degrading the expression of target genes
and/or suppressing their translation (14). A single specific
miRNA may regulate a large number of target genes, often
targeting numerous components of complex intracellular
networks (15). Key roles for miRNAs have been established
in various biological processes, including cell proliferation,
differentiation, metabolism and apoptosis, which contribute to
the pathogenesis of several diseases, including cancer. Previous
studies have demonstrated that the abnormal expression of
miRNAs and their target genes is correlated with carcino-
genesis and cancer progression (16-18). Numerous miRNAs
have been reported to be up- or downregulated in pancreatic
cancer, whereas the expression of specific miRNAs has been
correlated with poor disease prognosis, thus demonstrating the
potential of these molecules as novel therapeutic targets for
cancer therapy (19-21).
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The present study aimed to investigate the pattern of expres-
sion, biological role and mechanism of action of a specific
miRNA molecule, miR-296, in pancreatic cancer. In addition,
it was revealed that AKT?2 is a direct target gene of miR-296 in
pancreatic cancer, indicating that miR-296 may hold potential
as a molecular target in the treatment of pancreatic cancer.

Materials and methods

Clinical specimens. Human pancreatic cancer tissue samples
from patients with pancreatic cancer (7 male and 5 female; age
range, 39-68 years), and matched control normal tissue (7 male
and 5 female; age range, 39-68 years) samples were obtained at
Weifang People's Hospital (Weifang, China). These specimens
were immediately snap-frozen and stored in liquid nitrogen
until further processing. The present study was approved by
the Ethics Committee of Weifang People's Hospital. Written
informed consent was also obtained from all patients partici-
pating in the present study.

Cell lines, culture conditions and oligonucleotide transfec-
tion. Human pancreatic carcinoma cell lines PANC-1, BxPC-3,
Capan-2, SW-1990 and AsPC-1, and the human normal pancre-
atic cell line HPDE6c7 were purchased from American Type
Culture Collection (Manassas, VA, USA). HEK293T cells
were obtained from the Shanghai Institute of Biochemistry
and Cell Biology (Shanghai, China). All cells were cultured in
Dulbecco's modified Eagle's medium (DMEM; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with 10%
fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.), and
maintained at 37°C in a 5% CO, atmosphere.

miR-296 mimics and negative controls (NC) were
purchased from Shanghai GenePharma Co., Ltd. (Shanghai,
China). AKT2 (5'-AGTGACCATGAATGACTTC-3'") and
NC (5'-TCTACGAGTCGCGGCATTC-3") small interfering
RNA (siRNA) were obtained from Guangzhou RiboBio Co.,
Ltd. (Guangzhou, China). PANC-1 and Capan-2 cells were
transfected with these oligonucleotides using Lipofectamine
2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) as
the delivery agent, following to the manufacturer's protocol.

RNA isolation and reverse transcription quantitative-poly-
merase chain reaction (RT-gPCR). Total RNA was isolated
from clinical specimens and cells using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to
the manufacturer's protocol. Total RNA was reverse tran-
scribed into cDNA using PrimeScript RT reagent kit (Takara
Biotechnology Co., Ltd, Dalian, China), following to the manu-
facturer's protocol. qPCR analyses were performed on cDNA
using SYBR Green Premix Ex Taq (Takara Biotechnology Co.,
Ltd.) as the fluorescent reporter probe. miR-296 expression
was detected with Hairpin-it miRNA qPCR Quantitation kit
(Shanghai GenePharma Co., Ltd.). The 20 pl reaction system
for qPCR contained 10 ul SYBR Green I mix, 2 ul forward
primer, 2 ul reverse primer and 4 1 double distilled water. The
thermocycling conditions for qRCR were as follows: 95°C for
30 sec; 40 cycles of 95°C for 5 sec; and 60°C for 30 sec. The
following primers were used: miR-296 forward, 5"-TGCCTA
ATTCAGAGGGTTGG-3' and reverse, 5S'-CTCCACTCCTGG
CACACAG-3'; U6 forward, 5'-CTCGCTTCGGCAGCACA-3'
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and reverse, 5S'-"AACGCTTCACGAATTTGCGT-3"; AKT2
forward, 5'"TCCAGA ACACCAGGCACCC-3' and reverse,
5-ATTGTCCTCCAGCACCTCA-3"; and GAPDH forward,
5'-GCACCGTCAAGGCTGAGAAC-3' and reverse, 5'-TGG
TGAAGACGCCAGTGGA-3". RT-qPCR was performed in
an ABI Prism 7700 Sequence Detector (Applied Biosystems;
Thermo Fisher Scientific, Inc.). Relative expression levels of
miR-296 and AKT2 mRNA were calculated using the the
2-44C method (22) and the results were normalized to U6
expression for miR-296 and GAPDH expression for mRNA.

Cell Counting Kit 8 (CCKS8) assay. Cell proliferation was
evaluated with CCK8 (Dojindo Molecular Technologies, Inc.,
Kumamoto, Japan). Transfected cells were harvested and
re-suspended into a single cell suspension. A total of 4x10°
cells in 150 ul culture medium were seeded per well in 96-well
plates. At various time-points after seeding (1, 2 and 3 days),
cell proliferation was measured as follows: 10 1l CCKS8 assay
solution was added to each well, and incubated at 37°C for
4 h. The absorbance of the sample at 450 nm was measured
using a multiwell spectrophotometer (BioTek Instruments,
Inc., Winooski, VT, USA).

Transwell migration and invasion assays. The migratory and
invasive capabilities of pancreatic cancer cells were assessed
using Costar Transwell inserts (pore size, 8 ym; Corning
Incorporated, Corning, NY, USA). The membranes were
pre-coated with 40 ug/well Matrigel (BD Biosciences, San Jose,
CA, USA) for the invasion assay. A total of 48 h post-transfec-
tion, the cells were harvested and re-suspended into a single
cell suspension in serum-free DMEM. Cells were seeded into
the upper chambers of the plate at a density of 5x10*cells in
250 pl serum-free medium; culture medium supplemented with
20% FBS was added to the lower chambers. After incubation
for 48 h at 37°C, the cells on the top of the membrane were
removed carefully with cotton swabs. The cells on the lower
membrane were fixed with methanol, stained with crystal violet
and then counted under a light microscope (x200; Olympus
Corporation, Tokyo, Japan) to calculate their relative numbers.

Western blot analysis. A total of 72 h post-transfection, the
cells were collected and lysed in radioimmunoprecipitation
assay lysis buffer supplemented with protease inhibitors
(Roche Diagnostics, Basel, Switzerland) and phosphatase
inhibitors (Merck KGaA, Darmstadt, Germany). The concen-
tration of total protein was determined using a bicinchoninic
acid protein assay kit (Pierce; Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. Equal amounts of
extracted protein samples (20 ug) were separated by 10%
SDS-PAGE and transferred onto a polyvinylidene difluo-
ride membrane (EMD Millipore, Billerica, MA, USA). The
membrane was blocked with 5% fat-free milk, followed
by an overnight incubation at 4°C with the following primary
antibodies: Mouse anti-human monoclonal AKT2 antibody
(1:1,000 dilution; cat. no. sc-5270; Santa Cruz Biotechnology,
Inc., Dallas, TX, USA) and anti-human monoclonal GAPDH
antibody (1:1,000 dilution; cat. no. sc-69778; Santa Cruz
Biotechnology, Inc.). After three washes with TBS containing
0.5% Tween, the membranes were probed with horseradish
peroxidase-conjugated goat anti-mouse immunoglobulin G
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(1:5,000 dilution; cat. no. sc-2005; Santa Cruz Biotechnology,
Inc.) for 2 h at room temperature. The bands were visualized
with enhanced chemiluminescence Western Blotting Detection
Reagent (GE Healthcare Bio-Sciences, Pittsburgh, PA, USA)
according to the manufacturer's protocol. GAPDH was used as
a loading control for AKT2. Band intensities were quantified
using the FluorChem imaging system (Alpha Innotec, GmbH,
Kasendorf, Germany).

Bioinformatics analysis. In order to predict the putative
targets of miR-296, a bioinformatics analysis was performed
using TargetScan (http:/www.targetscan.org/) and miRanda
(http://www. microrna.org/microrna/).

Luciferase reporter assay. The wild-type (Wtl and
Wt2) pMIR-AKT2-3'UTR and mutant (Mutl and Mut2)
pMIR-AKT2-3'UTR were synthesized by Shanghai
GenePharma Co., Ltd. HEK293T cells were seeded in 24-well
plates at a density of 1.0x10° cells/well and transfected with
miR-296 mimics or NC, and pMIR-AKT2-3'UTR Wt (1,2)
or pMIR-AKT2-3'UTR Mut (1,2) using Lipofectamine 2000,
according to the manufacturer's protocol. A total of 48 h
post-transfection, the cells were collected and luciferase reporter
assay was performed using the Dual-Luciferase Reporter Assay
system (Promega Corporation, Madison, WI, USA) according
to the manufacturer's protocol. Renilla luciferase activity was
employed as an endogenous control for firefly luciferase activity.
The assay was performed in triplicate.

Statistical analysis. Statistical analysis was performed using
SPSS software version 17.0 (SPSS, Inc., Chicago, IL, USA).
Data were expressed as the mean + standard deviation. Data
were compared using Student's #-test or analysis of variance
followed by Tukey's post-hoc test. P<0.05 was considered to
indicate a statistically significant difference.

Results

miR-296 expression in pancreatic cancer tissue and cell lines.
RT-gPCR was used to measure miR-296 expression in human
pancreatic cancer tissue samples and matched normal tissue
samples (Fig. 1A). miR-296 expression in pancreatic cancer
tissue was reduced compared with matched control tissue
(P<0.05). The expression levels of miR-296 were also assessed
in human pancreatic carcinoma cell lines and in the human
normal pancreatic cell line HPDE6c7 (Fig. 1B). RT-qPCR
revealed that miR-296 expression was significantly down-
regulated in all pancreatic cancer cell lines compared with
HPDEG6c7 cells (P<0.05).

Overexpression of miR-296 inhibits growth of PANC-1 and
Capan-2 cells. In order to investigate the biological roles of
miR-296 in pancreatic cancer, miR-296 mimics were used
to upregulate miR-296 expression in pancreatic cancer cells.
PANC-1 and Capan-2 cells, which exhibited the lowest miR-296
expression, were transfected with miR-296 mimics or NC. A
total of 48 h post-transfection, the efficiency of transfection was
confirmed via RT-qPCR (Fig. 2A). The results revealed that in
PANC-1 and Capan-2 cell lines miR-296 levels were signifi-
cantly increased post-transfection (P<0.05). A CCKS assay was
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Figure 1. miR-296 was downregulated in pancreatic cancer tissues and cell
lines. (A) miR-296 expression levels in 12 paired pancreatic cancer tissues
and matched normal tissues were quantified by reverse transcription-quanti-
tative polymerase chain reaction. "P<0.05 compared with the normal tissues.
(B) miR-296 expression levels in 5 pancreatic cancer cell lines and the human
normal pancreatic cell line HPDE6¢7 were also assessed. ‘P<0.05 compared
with the HPDEG6c7 cells. miR-296, microRNA-296.

performed to investigate the effects of miR-296 on pancreatic
cancer cell proliferation (Fig. 2B). The assay revealed that cell
growth was significantly inhibited by miR-296 overexpression
in PANC-1 and Capan-2 cells (P<0.05).

Overexpression of miR-296 inhibits migration and invasion of
PANC-1 and Capan-2 cells. Transwell migration and invasion
assays were performed to explore the effects of miR-296 over-
expression on the migratory and invasive abilities of pancreatic
cancer cells, which are pivotal for malignant metastasis (Fig. 3A
and B). PANC-1 and Capan-2 cells transfected with miR-296
mimics exhibited significantly compromised migratory and
invasive capabilities compared with NC-transfected cells
(P<0.05). These findings suggested that miR-296 expression
is downregulated in pancreatic cancer, and its overexpression
may have tumor-suppressive properties through inhibiting the
growth and metastasis of pancreatic tumors.

miR-296 directly targets AKT2 in pancreatic cancer. In
order to explore the mechanism of action of miR-296 in
pancreatic cancer, bioinformatics analysis was employed
to identify potential target genes. Results suggested that the
gene coding for AKT?2 contains two possible miR-296 binding
sites in its 3'UTR (Fig. 4A). A luciferase reporter assay was
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Figure 2. miR-296 inhibited growth of PANC-1 and Capan-2 cells. (A) Expression levels of miR-296 in PANC-1 and Capan-2 cells post-transfection with
miR-296 mimics or NC were measured by reverse transcription-quantitative polymerase chain reaction. (B) CCK8 assay was performed to evaluate the effect
of miR-296 on pancreatic cancer cell growth. In PANC-1 and Capan-2 cells, growth was significantly inhibited following transfection with miR-296 mimics.
"P<0.05 compared with the NC group. miR-296, microRNA-296; NC, negative control.
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Figure 3. miR-296 inhibited the migratory and invasive abilities of PANC-1
and Capan-2 cells. (A) Transwell migration and invasion assays were
performed to evaluate the effects of miR-296 on pancreatic cancer cell
migration and invasion. (B) The numbers of migrated and invaded cells were
significantly lower in PANC-1 and Capan-2 cells transfected with miR-296
mimics. "P<0.05 compared with the NC group. miR-296, microRNA-296;
NC, negative control.

performed to investigate whether miR-296 directly targeted
AKT?2 (Fig. 4B). The results revealed that miR-296 overex-
pression resulted in significantly reduced luciferase activity
in the AKT2-3'UTR Wt 1 and AKT2-3'UTR Wt 2 groups
(P<0.05), whereas mutation of the potential binding sites
abolished the inhibitory effect of miR-296 overexpression.
Furthermore, western blot analysis (Fig. 4C) demonstrated
that miR-296 overexpression induced a significant decrease

in AKT2 expression in PANC-1 and Capan-2 cells (P<0.05).
However, miR-296 overexpression had no effect on AKT2
mRNA expression in PANC-1 and Capan-2 cells (Fig. 4D),
indicating that miR-296 inhibits AKT2 expression at the
post-transcriptional level. These results suggested that
miR-296 may directly target AKT2 in pancreatic cancer
cells.

RNA interference was used to silence the expression of
AKT?2 in PANC-1 and Capan-2 cells. The transfection effi-
ciency was assessed by western blot analysis (Fig. 5A), which
revealed that in both cell lines, transfection with AKT2 siRNA
significantly decreased AKT2 expression levels (P<0.05).
Post-transfection with AKT2 siRNA or NC siRNA, CCK8 and
transwell migration assays were performed to investigate the
effects of AKT2 on pancreatic cancer cell growth, migration
and invasion (Fig. 5B-D). The results indicated that silencing
the expression of AKT2 had similar inhibitory effects to
miR-296 overexpression on the growth, migration and invasion
of PANC-1 and Capan-2 cells (P<0.05). These results suggested
that AKT2 may act as a direct target of miR-296 in pancreatic
tumor cells.

Discussion

Elucidating the molecular mechanisms underlying pancreatic
carcinogenesis and progression is crucial for developing novel
therapeutic strategies (23). Pancreatic cancer is an aggressive
cancer type, characterized by an accumulation of genetic
mutations in various genes, including oncogenes and tumor
suppressor genes (24,25). miRNAs can negatively modulate
gene expression via directly targeting specific mRNAs and
inducing suppression of translation or cleavage (14). They are
implicated in the development of human cancers, including
pancreatic tumors (26,27). Therefore, miRNAs hold great
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Figure 4. miR-296 directly targeted AKT?2 in pancreatic cancer. (A) Predicted
binding sites of miR-296 on the 3'UTR of AKT2. (B) miR-296 overexpression
resulted in a significant reduction in luciferase activity in the AKT2-3'UTR Wt
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that AKT2 mRNA levels remained unaltered post-transfection with miR-296
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3'UTR, 3' untranslated region; Wt, wild-type; NC, negative control.
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potential as a novel therapeutic strategy for the treatment of
pancreatic cancer.

The present study demonstrated that miR-296 is down-
regulated in pancreatic cancer tissue and cell lines. In addition,
miR-296 overexpression can significantly inhibit the prolif-
eration, migration and invasion of pancreatic cancer cells.
Furthermore, AKT?2 was revealed to be a direct target gene of
miR-296 in pancreatic cancer. To the best of our knowledge,
this is the first study to investigate the expression, biological
role and mechanism of action of miR-296 in pancreatic cancer.

Recent studies suggested that miR-296 acts as a tumor
suppressor in humans. miR-296 appeared to be downregulated
in non-small-cell lung cancer, whereas miR-296 overexpression
reduced cell viability by directly targeting Polo-like kinase
1 (28). Prostate cancer is characterized by low intratumoral
miR-296 levels, whereas restoration of miR-296 expression was
demonstrated to inhibit growth and invasion of prostate cancer
cells through the downregulation of high mobility group protein
HMGATI (29). In addition, potentiated miR-296 expression
decreased the proliferation and anchorage-independent growth
of prostate cancer cell lines, through downregulation of Pinl,
an isomerase whose upregulation may be implicated in carci-
nogenesis (30). In human breast cancer tissue, miR-296 levels
appeared to be reduced, with low miR-296 expression being
associated with reduced disease-free survival. Additionally,
reduced miR-296 expression levels were significantly associated
with an earlier spread of cancer in the overall series and with
distant metastases. Furthermore, miR-296 has been demon-
strated to decrease tumor growth in vivo via blockade of SCRIB,
a protein possibly implicated in cancer progression (31). These
findings suggested a fundamental role for miR-296 in human
carcinogenesis and the progression of malignant tumors, and
illustrate its potential as a therapeutic target for various types
of cancer.

Conflicting studies suggested that miR-296 may function
as an oncogene. In gastric cancer, miR-296 is upregulated in
tumor tissue, whereas ectopic miR-296 expression can enhance
cell growth by inhibiting cell cycle arrest and apoptosis,
through suppression of the intestine-specific transcription factor
Caudal-related homeobox 1 (32). The expression of miR-296
also appeared to be upregulated in esophageal squamous cell
carcinoma, whereas miR-296 downregulation suppressed the
proliferation of esophageal squamous cell carcinoma cells
in vitro and in vivo by inhibiting the cell cycle regulators
cyclin D1 and p27 (33). These conflicting findings may arise
from fundamental differences between various cell types, and
demonstrate the complexity of the mechanisms underlying
tumorigenesis. The present study demonstrated that miR-296
was downregulated in pancreatic cancer, and overexpression of
miR-296 inhibited growth, migration and invasion of pancreatic
cancer cells.

In view of the key role miR-296 appears to serve in carci-
nogenesis, the present study further investigated the gene
targets of miR-296 in an attempt to explore the mechanisms
underlying pancreatic carcinogenesis. Bioinformatics analysis
was employed to predict possible target genes for miR-296, and
revealed that AKT?2 contains two possible miR-296 binding
sites in its 3'UTR. A luciferase reporter assay confirmed that
AKT?2 is a direct target gene of miR-296 in pancreatic cancer
cells, whereas RT-qPCR and western blot analysis revealed
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Figure 5. (A) AKT?2 protein levels were measured post-transfection with AKT2 siRNA or NC siRNA by western blotting. (B) CCKS8 assay was performed to
evaluate the effect of AKT2 on pancreatic cancer cell growth. In PANC-1 and Capan-2 cells, growth was significantly inhibited following transfection with
AKT2 siRNA. (C) Transwell migration and invasion assays were performed to evaluate the effects of AKT2 on pancreatic cancer cell migration and invasion.
(D) The number of migrated and invaded cells was significantly lower in PANC-1 and Capan-2 cells transfected with AKT2 siRNA. "P<0.05 compared with
the NC group. 3'UTR, 3' untranslated region; Wt, wild-type; NC, negative control; siRNA, small interfering RNA.

that miR-296 negatively regulates AKT2 expression at the
post-transcriptional level. Finally, AKT?2 silencing produced
similar effects to miR-296 overexpression in pancreatic tumor
cells. These results indicated that miR-296 may act as a tumor
suppressor in pancreatic cancer through directly targeting and
inhibiting AKT?2 expression.

AKT is a conserved Ser/Thr kinase that participates in
the phosphoinositide-3 kinase/AKT pathway, which regulates

various cellular processes, such as proliferation, migration,
invasion, metabolism and apoptosis (34,35). Abnormalities in
the AKT signaling pathway have been associated with several
types of human cancer, including breast, prostate, lung and
liver cancer, and glioblastoma (36,37). AKT comprises three
isoforms: AKT1, AKT2 and AKT3.In pancreatic cancer, AKT2
has been reported to be upregulated at the mRNA and protein
level, whereas its catalytic activity is also potentiated (38,39).
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These findings indicated a central role for AKT?2 in pancreatic
cancer pathogenesis. The findings of the present study identi-
fied AKT2 as a direct gene target of miR-296, indicating that
the miR-296/AKT?2 pathway may be a promising therapeutic
target for the treatment of patients with pancreatic cancer.

In conclusion, the present study reported that miR-296 is

downregulated in tissue from patients with pancreatic cancer
and pancreatic carcinoma cell lines. These findings suggested
that it may function as a tumor suppressor via inhibiting the
growth, migration and invasion of pancreatic cancer cells. In
addition, AKT2 was validated as a direct target of miR-296
in pancreatic cancer cells, suggesting a role for miR-296 as a
novel therapeutic target for the treatment of pancreatic cancer.
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