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MicroRNA-217 inhibits cell proliferation, invasion and migration
by targeting TpdS5212 in human pancreatic adenocarcinoma
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Abstract. MicroRNAs (miRNAs) play important roles in the
regulation of various tumor biological processes including
proliferation and apoptosis. miR-217 has been implicated in
many types of cancer, whereas its expression and potential
biological function in human pancreatic adenocarcinoma
(HPAC) remain unclear. We aimed to investigate the clinical
significance of miR-217 in patients with pancreatic carcinoma
and its role and underlying molecular mechanism in HPAC. We
collected 15 pairs of pancreatic cancer and normal pancreas
tissues to evaluate the expression of miR-217 and tumor
protein D52-like 2 (Tpd5212). Then, we transfected AsPC-1
cells with miR-217 mimics or Tpd5212 siRNA to detect the
effect on cell proliferation, apoptosis, invasion, migration
and the cell cycle. In addition, miR-217 mimics and Tpd5212
expression plasmids were co-transfected into AsPC-1 cells to
further investigate the mechanism of miR-217 and Tpd5212 in
HPAC tumorigenesis. Finally, exploration of related signaling
pathways was carried out. Herein, we found that the expres-
sion of miR-217 was significantly downregulated in HPAC
tissues as compared with that observed in adjacent normal
tissues. Further functional assays showed that restoration
of the expression of miR-217 inhibited cell proliferation,
invasion and migration, induced apoptosis, and caused cell
cycle arrest of HPAC cells. Notably, Tpd5212 was identified
as a functional target of miR-217 in HPAC. Furthermore, an
inverse correlation between miR-217 and Tpd5212 expres-
sion was observed in the HPAC tissues. Downregulation of
Tpd5212 had an effect similar to that following overexpression
of miR-217, and upregulation of Tpd5212 reversed the effects
of the overexpression of miR-217. Finally, we found that over-
expression of miR-217 or knockdown of Tpd5212 suppressed
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the PIK3CA/AKT signaling pathways. In addition, this may
explain the effect of miR-217/Tpd5212 on HPAC development.
Taken together, these results suggest a critical role of miR-217
in suppressing proliferation, migration and invasion of HPAC
cells by targeting Tpd5212. Targeting the miR-217/Tpd5212
axis may be a new therapeutic application with which to treat
patients with HPAC in the future.

Introduction

Human pancreatic adenocarcinoma (HPAC) is recognized
as one of the most fatal malignant neoplasms. Although
therapeutic management has been improved using a variety
of treatment approaches, the 5-year survival rate of patients
with HPAC remains 7.7%, making HPAC a cancer with one
of the worst prognoses of any major malignancy (1,2). Thus,
it is quite urgent to understand the molecular mechanisms
by which HPAC initiates, progresses, invades, and recurs to
develop novel and effective therapeutic strategies for HPAC.

MicroRNAs (miRNAs) are 18-25 nucleotide-long, single-
stranded, non-coding RNA molecules that negatively regulate
gene expression by binding to the regions of sequence comple-
mentarity to the 3' untranslated region (3'UTR) of mRNAs,
leading to either the degradation or translational inhibition of
mRNAs (3). Previous research has found that miRNAs are
involved in various cellular processes, including cell prolifera-
tion, apoptosis, migration and invasion, the cell cycle and stem
cell renewal (4,5). In addition, evidence suggests that miRNAs
are aberrantly expressed in various cancers, and they play
oncogenic or tumor-suppressive roles in these cancers (6-8).
Differentially expressed miRNAs may also offer novel
therapeutic approaches for the more successful treatment of
HPAC (9,10).

As a member of the miRNA family, microRNA-217
(miR-217) has been shown to be involved in the initiation and
development of many human types of cancers, and functions as
a tumor suppressor in the majority of cancers, such as ovarian
cancer, osteosarcoma, esophageal squamous cell carcinoma,
hepatocellular carcinoma, pancreatic ductal adenocarcinoma
and lung and colorectal cancer (11-17). However, the clinical
significance of miR-217 in pancreatic carcinoma and its under-
lying molecular pathways involved in pancreatic carcinoma
have not been investigated.
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Tumor protein D52-like 2, known as hD54 in previous
studies (Tpd5212), is a member of the TPD52 family which has
been implicated in multiple human cancers (18-20). Further
research has demonstrated that the TPD52 gene encodes regu-
lators of cancer cell proliferation, indicating that TPD52 may
be important for maintaining tumorigenesis and metastasis
of cancer cells (21). However, its direct effect and molecular
mechanism involved in HPAC development have not yet been
elucidated.

In the present study, we investigated the expression and
role of miR-217 in human HPAC. The results indicated that
miR-217 functions as a tumor suppressor in HPAC. In addition,
overexpression of Tpd5212 reversed the effects of miR-217
restoration in AsPC-1 cells. All these results suggest that
miR-217 exerts a tumor-suppressor role in HPAC, at least in
part, by repressing Tpd5212 expression. The miR-217/Tpd5212
axis may be a new therapeutic strategy with which to treat
patients with HPAC in the future.

Materials and methods

Tissues and cell lines. Thirty samples of pancreatic carci-
noma and para-carcinoma tissues were collected from The
First Affiliated Hospital of Nanjing Medical University. The
pancreatic carcinoma and normal tissues were snap-frozen in
liquid nitrogen immediately after resection and stored at -80°C
until use. The present study was approved by the Research
Ethics Committee of The First Affiliated Hospital of Nanjing
Medical University.

The AsPC-1 cell line used in the present study was
purchased from the American Type Culture Collection (ATCC;
Manassas, VA, USA). Cells were cultured according to ATCC
recommendations: RPMI-1640 medium with 10% fetal bovine
serum (FBS) (Gibco, Grand Island, NY, USA) and penicillin/
streptomycin (Sigma, St. Louis, MO, USA) supplement in a
37°C humidified incubator supplied with 95% air and 5% CO,.

Antibodies. Commercially available antibodies were used
for all immunoblotting and immunofluorescence studies.
Anti-Tpd5212, anti-PIK3CA, anti-p-PIK3CA, anti-AKT1/2 and
anti-p-AKT1/2 were obtained from Abcam Co. (Cambridge,
UK). Anti-GAPDH was obtained from Kangchen KangChen
Bio-Tech (Shanghai, China). All secondary antibodies used
were obtained from Boster (Beijing, China).

Cell transfection. miR-217 mimic (miR-217) and the corre-
sponding negative control, the siRNAs targeting human
Tpd5212¢ (si-Tpd5212) and the corresponding negative control
were obtained form GenePharma Co., Ltd. (Shanghai, China).
Tpd5212 overexpressing plasmids were construct using
PCDNA3.1 (4) basic vectors in our laboratory. These molecular
productions were transfected into AsPC-1 cells when cells
were grown to 80-90% confluence, using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer's instructions.

Quantitative real-time PCR. Tumor specimens and cells
were subjected to total RNA extraction using TRIzol reagent
(Takara, Tokyo, Japan). To detect RNA expression,complemen-
tary DNA (cDNA) was synthesized using a Bestar gPCR RT
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kit (DBI Bioscience, Ludwigshafen, Germany) according to
the manufacturer's instructions. Amplification and detection
of RNA were performed using a Bestar qPCR RT kit under
the ABI 9700 PCR amplifier system (Applied Biosystems,
Foster City, CA, USA). In detail, the primer sequences are as
follows: for miR-150 detection, forward primer, ACA CTC
CAG CTG GGT CTC CCA ACC CTT GTA CC and reverse
primer, CTC AAC TGG TGT CGT GGA GTC GGC AAT
TCA GTT GAG CAC TGG T; for miR-138 detection, forward
primer, CTC AAC TGG TGT CGT GGA GTC GGC AAT
TCA GTT GAG TCC AAT C and reverse primer, CTC AAC
TGG TGT CGT GGA GTC GGC AAT TCA GTT GAG CGG
CCT G; for miR-217 detection, forward primer, ACA CTC
CAG CTG GGT ACT GCA TCA GGA ACT GA and reverse
primer, CTC AAC TGG TGT CGT GGA GTC GGC AAT
TCA GTT GAG TCC AAT C; for miR-205 detection, forward
primer, ACA CTC CAG CTG GGT CCT TCA TTC CAC CGG
AG and reverse primer, CTC AAC TGG TGT CGT GGA GTC
GGC AAT TCA GTT GAG CAG ACT C; for miR-31 detec-
tion, forward primer, ACA CTC CAG CTG GGA GGC AAG
ATG CTG GCA TA and reverse primer, CTC AAC TGG TGT
CGT GGA GTC GGC AAT TCA GTT GAG AGC TAT G;
for miR-34 detection, forward primer, ACA CTC CAG CTG
GGT GGC AGT GTC TTA GCT GG and reverse primer,
CTC AAC TGG TGT CGT GGA GTC GGC AAT TCA GTT
GAG ACA ACC A; for Tpd5212 detection, forward primer,
CATGACGTGCAGGTCTCTAGC and reverse primer,
CATGACGTGCAGGTCTCTAGC. The miRNA and mRNA
expression levels were normalized to those of GAPDH and U6,
respectively, using the 222" method.

Western blotting. Monolayer cells were grown to 80% conflu-
ence and then washed in ice-cold phosphate-buffered saline
(PBS). Cells were lysed in Universal protein extraction buffer
(Beyotime, Shanghai, China) applied with protease inhibitor
phenylmethanesulfonyl fluoride (PMSF) (Genebase Gen-Tech
Co., Ltd., Shanghai, China) 48 h after transfection. For western
blotting, proteins were mixed with 5X SDS loading buffer
[250 mM Tris-HCI (pH 6.8), 10% SDS, 0.5% bromophenol
blue, 50% glycerol, 5% (-mercaptoethanol] and heated to 95°C
for 8 min before separating with 4-12% SDS-PAGE. Proteins
were then transferred to polyvinylidene difluoride membranes
(Millipore, Billerica, MA, USA), and detected with appropriate
primary antibodies and horseradish peroxidase-conjugated
secondary antibodies. Finally, the membranes were visual-
ized using chemiluminescent HRP substrate (Millipore).
For Tpd5212 detection, anti-Tpd5212 antibody was at 1:2,000
dilution, and the Tpd52I12 transfer membrane at a constant
current 300 mA for 100 min. For PIK3CA detection, the anti-
PIK3CA antibody was at 1:2,500 dilution, and the PIK3CA
transfer membrane at a constant current 300 mA for 100 min.
For p-PIK3CA detection, the anti-P-PIK3CA antibody was
at 1:800 dilution, and the p-PIK3CA transfer membrane at a
constant current 300 mA for 100 min. For AKT1/2 detection,
the anti-AKT1/2 antibody was at 1:1,000 dilution, and the
AKT1/2 transfer membrane at a constant current 300 mA for
50 min. For p-AKT1/2 detection, the anti-P-AKT1/2 antibody
was at 1:1,500 dilution, and the p-AKT1/2 transfer membrane
at a constant current 300 mA for 45 min. For GAPDH detec-
tion, the anti-GAPDH antibody was at 1:10,000 dilution, and
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the GAPDH transfer membrane at a constant current 300 mA
for 40 min.

Luciferase reporter assay. The target genes of miR-217
were predicted using miRTarBase (http://mirtarbase.mbc.
nctu.edu.tw/) and TargetScan (http://www.Targetscan.org/).
The wild-type 3'UTR segment of the Tpd5212 mRNA (not the
full length of Tpd5212 3'UTR) containing miR-217 binding
sites was amplified and cloned into the Dual-luciferase
reporter vector pGL3 (Promega, Madison, WI, USA) termed
as: Wt-Tpd5212-3'UTR. A mutant construct in the miR-217
binding sites of the Tpd5212 3'UTR region also was generated
by synthesis, and subcloned into the pGL3-control vector
(Ambion, Foster City, CA, USA), and termed as Mut-Tpd5212-
3'UTR. For the Dual-luciferase reporter assay, AsPC-1 cells
were transfected with miR-217 or normal control for 24 h,
and then the cells were transfected with the Wt/Mut-Tpd5212-
3'UTR reporter plasmid using Lipofectamine 2000.
Forty-eight hours later, luciferase activity was measured using
the Dual-Luciferase Reporter Assay kit (Promega) according
to the manufacturer's instructions. Renilla luciferase was used
for normalization.

Transwell invasion assay. Serum-starved AsPC-1 cells (2x10%)
were transferred to 8-um pore size cell culture inserts coated
with 0.1% (w/v) collagen. The cells were incubated in serum-
free medium with or without thrombin/APC (both 10 nM),
and the inserts were incubated at 37°C for 10 h in serum-free
medium with MCP-1 (50 ng/ml) as a chemoattractant. For
microscopic analysis, cells on the upper side of the Transwell
membrane were removed with a cotton swab after which the
inserts were fixed and stained in a crystal violet solution as
previously described (22). The membranes were subsequently
mounted on a glass slide, and migrated cells were counted by
light microscopy. Cells were counted in 5 different fields using
a magnification of x20.

Cell viability assay. Cell viability was determined using a
Cell Counting Kit-8 (CCK-8; Beyotime) based on WST-8.
WST-8 existing in CCK-8 solution reacts with mitochondrial
dehydrogenase, and results in orange formazan deposition. A
linear relationship between cell number and shade was used
to evaluate cell proliferation. Briefly, AsPC-1 cells (2x10%)
were seeded into 96-well plates in RPMI-1640 medium
(100 pl) containing 10% FBS, and cultured overnight. After
transfection for 4 h, medium was renewed with fresh medium,
and continuously cultured for 72 h. CCK-8 solution (10 ul)
was added to each of the 96-well plates, and cultures were
incubated for 90 min at 37°C. Absorbance at 450 nm was
measured using an automatic microplate reader (BioTeke,
Beijing, China). A standard curve was constructed to deduce
cell number. Experiments were performed in sextuplicate
and repeated 3 times. Results were further analyzed using
SPSS 20.0 software (SPSS, Inc., Chicago, IL, USA).

Cell cycle assay. Cell cycle distribution was examined
using a Cell Cycle Analysis kit (MultiSciences, Susteren,
The Netherlands). Cells were fixed with 70% ethanol at 4°C
overnight, and treated with RNase A (0.02 mg/ml) in the dark
at RT for 30 min, and then stained with propidium iodide
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(PI) and analyzed using a FACSCalibur flow cytometer
(BD Biosciences, Franklin Lakes, NJ, USA) according to the
manufacturer's instructions.

Wound scratch assay. Scratch assays were essentially
performed as previously described (23). In detail, cells were
seeded into 6-well plates in RPMI-1640 medium supplemented
with 10% FBS. After the cells formed a confluent monolayer,
a scratch was created in the center of the monolayer with a
sterile p200 pipette tip. Next, the medium was removed and
cells were washed with serum-free medium to remove floating
debris. The cells were subsequently incubated for 18 h with
serum-free medium with plasmids or control transfection. The
ability of cells to close the wound was assessed by comparing
the 0 and 24 h phase-contrast micrographs of 6 marked points
along the wounded area. The percentage of non-recovered
wound area was calculated by dividing the non-recovered area
after 24 h by the initial area at O h.

Statistical analysis. Data were analyzed using SPSS 20.0
software package (SPSS, Inc.) with independent samples
t-test between two groups. All values were represented as
mean + standard deviation (SD). Statistical significance was
defined as P<0.05.

Results

miR-217 expression is downregulated in HPAC tissues. First,
we examined various miRNAs, including the difference in
expression of miR-150, miR-138, miR-217, miR-205, miR-31
and miR-34, in HPAC and normal pancreas tissues. As shown
in Fig. 1A, the expression of miR-150, miR-138 and miR-217
were downregulated in HPAC tissues and miR-217 showed
the largest decrease when compared with the other miRNAs,
while the expression of miR-205, miR-31 and miR-34 were
increased. Thus, miR-217 was selected for subsequent study.
Furthermore, to investigate the potential biological role of
miR-217 expression in human HPAC progression, we evalu-
ated miR-217 expression in 15 HPAC tissues and 15 normal
pancreatic tissues by quantitative RT-PCR (qQRT-PCR). As
shown in Fig. 1B, the expression of miR-217 was significantly
decreased in the HPAC tissues compared with that noted in the
normal tissues.

Tpd5212 is a target of miR-217 in HPAC cells. The target of
miR-217 in HPAC cells was identified used bioinformatics
software (miRTarBase and TargetScan). It was found that
Tpd5212 3'UTR has a binding sequences for miR-217 at
position 581-587 (Fig. 2A, upper panel). To further verify
Tpd5212 as a direct target of miR-217, luciferase activity
assay was performed. We found that miR-217 significantly
inhibited the luciferase activity of 3'UTR of Tpd52I2 in
AsPC-1 cells (Fig. 2A, lower panel). Further experiments
were performed to investigate the expression of Tpd5212
in 4 paired HPAC tissues and normal pancreas tissues. The
results showed that Tpd5212 expression was upregulated
in the HPAC tissues (Fig. 2C). The relationship between
miR-217 and Tpd5212 expression in patients with HPAC
was also investigated. Spearman's correlation analysis
showed an inverse correlation between miR-217 expression
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Figure 1. miR-217 expression is downregulated in pancreatic carcinoma samples. (A) Quantitative real-time polymerase chain reaction (QRT-PCR) analysis
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Figure 2. Tpd5212 is a target of miR-217 in HPAC cells. (A) Tpd5212 contains a binding sequence for miR-217 at position 581-587 (upper panel). The luciferase
activity of AsPC-1 cells was determined after co-transfection with the miR-217 mimics or control and wild- or mutant-type report plasmid (lower panel);
"P<0.05 vs. related group; NS, no statistically significant difference. (B) Inverse relationship between Tpd5212 and miR-217 expression was demonstrated by
Spearman's correlation in HPAC tissues. (C) Tpd52I2 protein level was determined in 4 HPAC and normal tissues using western blotting. GAPDH was used

as an internal control.

and Tpa5212 mRNA level in the HPAC tissues (r=-0.7769;
P<0.001) (Fig. 2B). These data suggest that Tpd5212 is a
direct target of miR-217.

Downregulation of Tpd5212 exhibits an effect similar to that
of miR-217 overexpression in HPAC cells. To investigate the
biological functions of Tpd5212 in HPAC cells, endogenous
Tpd5212 was knocked down in AsPC-1 cells with specific
siRNAs against Tpd5212 (si-Tpd5212). In addition, miR-217
mimics were transfected into AsPC-1 cells. We found that the
mRNA level of miR-217 was increased by miR-217 mimic
transfection, and Tpd5212 was significantly inhibited in AsPC-1
cells by si-Tpd5212 (Fig. 3A). Overexpression of miR-217 in
AsPC-1 cells significantly inhibited cell proliferation (Fig. 3B),
invasion and migration (Fig. 3D), induced apoptosis (Fig. 3E)
and caused cell cycle arrest at the GO/G1 phase (Fig. 3F).
Similarly, downregulation of Tpd5212 in AsPC-1 cells

significantly inhibited cell proliferation (Fig. 3C), invasion
and migration (Fig. 3D), induced apoptosis (Fig. 3E) and cell
cycle arrest (Fig. 3F). These results suggest that silencing of
Tpd>5212 had a similar effect as miR-217 overexpression in the
HPAC cells.

Overexpression of Tpd5212 reverses the effects of miR-217
in HPAC cells. To investigate the functional relevance of
the targeting of Tpd5212 by miR-217, we assessed whether
Tpd5212 overexpression reverses the inhibitory effects of
miR-217 restoration on AsPC-1 cell proliferation, migration,
invasion, apoptosis and cell cycle distribution. AsPC-1 cells
were co-transfected with miR-217 or control mimics and
Tpd5212 overexpression plasmids. gqRT-PCR analysis was used
to validate the Tpd5212 mRNA level in the rescue experiment
(Fig. 4A). In addition, our results also showed that the exog-
enous expression of Tpd5212 reversed the effects of miR-217
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overexpression on cell proliferation, migration, invasion,
apoptosis and cell cycle distribution (Fig. 4B-E).

Overexpression of miR-217 or knockdown of Tpd5212 inhibits
the PIK3CA/AKT signaling pathways. To further explain
the effect of miR-217/Tpd5212 on HPAC cells, we detected
the PIK3CA/AKT signaling pathways in miR-217 mimic,
si-Tpb5212 or Tpd5212 overexpression plasmid transfected
cells (Fig. 5). The results showed that overexpression of
miR-217 or knockdown of Tpd5212 suppressed the PIK3CA/p-
PIK3CA and AKT1/2/p-AKT1/2 protein levels. In addition,
following co-transfection of miR-217 and the Tpd5212 plasmid,
the inhibitory effect of miR-217 was reversed. All these data
indicated that upregulation of miR-217 exerts an inhibitory
effect on HPAC growth and metastasis partially by suppressing
Tpd5212 expression.

Discussion

Evidence shows that miRNAs are involved in tumorigenesis
and metastasis of various types of human cancers, including
HPAC (15,24,25). Aberrant expression of miR-217 has been
found in various human cancers (11-17). Frequently, miR-217
expression is downregulated and acts as a tumor suppressor,
while it is overexpressed and functions as an oncogene in
breast cancer (17) and B cell lymphoma (26). However, the
function and relevant mechanisms of miR-217 in HPAC have
not been comprehensively identified.

In the present study, we found that the expression of
miR-217 was significantly downregulated in HPAC tissues
and cells. We also demonstrated that restoration of miR-217
expression in HPAC cells inhibited proliferation, migration,
and invasion, induced apoptosis and caused cell cycle arrest.
These results suggested that miR-217 functions as a tumor
suppressor in HPAC.

To further investigate the molecular mechanism of the
tumor-suppressor role of miR-217 in HPAC, we used bioin-
formatics software to identify the target of miR-217 in HPAC
cells. Tpd5212 3'UTR was found to have a binding sequence
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for miR-217 at position 581-587. Luciferase activity assay,
gRT-PCR and western blot assay further confirmed that
Tpd5212 is a target gene of miR-217. Tpd5212 is a member
of the TPD52 family which has been implicated in multiple
human cancers (18-20). Studies have demonstrated that TPD52
may be important for maintaining tumorigenesis and metas-
tasis of cancer cells (21). In the present study, we found that
Tpd5212 expression was upregulated and inversely correlated
with miR-217 expression in HPAC tissues. In addition, we also
found that downregulation of Tpd5212 had a similar effect
as the restoration of miR-217 expression in HPAC cells, and
overexpression of Tpd52I2 reversed the effects of miR-217
in AsPC-1 cells. These results suggest that miR-217 exerts a
tumor-suppressor role in HPAC, at least in part, by suppressing
Tpd>5212 expression.

In summary, the present study demonstrated that miR-217
expression is downregulated in HPAC cells and tissues, and
that restoration of miR-217 expression inhibited proliferation,
migration and invasion, induced apoptosis and cell cycle
arrest of HPAC cells by suppressing Tpd5212. PIK3CA/
AKT signaling pathways generally act to promote survival
through inhibition of pro-apoptotic factors and activation of
anti-apoptotic factors (27). Activation of the PIK3CA/AKT
pathway signals through mTOR to promote protein translation
and cell cycling, and other effectors participate in regulation
of transcription, apoptosis and cellular metabolism (28-30).
In addition, PIK3A, at the top of the pathway, is an upstream
catalytic enzyme that, when active, leads to cell growth and
proliferation and in particular inhibition of cell death (31).
Finally, we found that overexpression of miR-217 or knock-
down of Tpd5212 inhibited the PIK3CA/AKT signaling
pathways. In addition, this may explain the effect of miR-217/
Tpd5212 on HPAC development. Taken together, targeting of
the miR-217/Tpd5212 axis may be a new therapeutic strategy
by which to treat patients with HPAC.
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