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NEAT1 regulates pancreatic cancer cell growth, invasion
and migration though mircroRNA-335-5p/c-met axis
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Abstract: NEAT1 has been reported to affect cancer progression, which was subsequently confirmed in multiple
cancers. Hsa-miRNA-335-5p (miR-335-5p) has recently been identified as an anticancer agent in various organs.
However, the relationship between NEAT1 and miR-335-5p remains poorly understood. In this study, we investigated
the effects of NEAT1 and miR-335-5p on development of pancreatic cancer. The ectopic expression of miR-335-5p
in pancreatic cancer cell lines significantly suppressed cell growth by inhibiting c-met. In addition, downregulating
NEAT1 upregulates miR-335-5p. Taken together, our results demonstrate that the NEAT1/miR-335-5p/c-met axis
plays a pivotal role in pancreatic cancer by regulating the proliferation, metastasis, and apoptosis of pancreatic

cancer cells in vivo and in vitro.
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Introduction

Pancreatic cancer ranks among the most malig-
nant of human cancers [1]. Its prognosis is
extremely poor, with a 5-year relative survival
rate of 5% [2] and a median survival of 3.5
months for non-resectable tumors [3]. Surgical
resection is the only potentially curative thera-
py [4], but relapses are common even in these
cases [5]. Therefore, the pathological mecha-
nisms of pancreatic cancer urgently need to be
understood to facilitate early diagnosis and
advance therapeutic modalities and agents.

Recent evidence has suggested a relation-
ship between several long non-coding RNAs
(IncRNAs) and metastasis, drug resistance
and other clinical outcomes in several types
of cancers [6-10]. NEAT1, a nuclear-restricted
long non-coding RNA, is known as a transcrip-
tional regulator for numerous genes. NEAT1
was first transcribed from the multiple endo-
crine neoplasia locus [11], suggesting that
this IncRNA affects cancer progression, which
was subsequently confirmed in multiple can-
cers and various studies [12-18]. However,
the emerging potential role of NEAT1 in pancre-
atic cancer remains unclear.

MicroRNAs (miRNAs) are a class of small non-
coding regulatory RNAs, which can broadly reg-
ulate target genes by binding to a complemen-
tary sequence in their 3’UTR [19, 20]. miRNAs
play important roles in tumor development by
regulating the expression of various oncogenes
and tumor suppressor genes [21]. For example,
miR-199a suppresses the tumorigenicity and
multidrug resistance of ovarian cancer-initiat-
ing cells [22], whereas miR-27a reverses the
multidrug resistance phenotype by regulating
the expression of MDR1 and B-catenin [23].
Furthermore, miR-146b-5p suppresses the
translation of EGFR, binds to the EGFR 3'UTR,
and inhibits the migration of glioma cells [24].
Similarly, miR-335 activates the p53 tumor sup-
pressor pathway to limit cell proliferation and
neoplastic cell transformation [25]. miR-335
also targets Bcl-w and negatively regulates the
invasiveness of ovarian cancer cells [26]. In
addition, miR-335 inhibits the proliferation and
migration of human mesenchymal stem cells by
targeting RUNX2 [27] and is involved in regulat-
ing target genes in several oncogenic signal-
pathways, such as p53, MAPK, TGF-3, Wnt,
ERbB, mTOR, Toll-like receptor and FAK (focal
adhesion kinase) [28]. However, the mecha-
nism and the role of miR-335 in regulation of
pancreatic cancer remain unknown.
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The molecular targeting of oncogenes as a ther-
apeutic approach is currently being intensively
investigated. Specifically, the identification of
deregulated oncogenic pathways in pancreatic
cancer will lead to new therapeutic options. To
this end, c-Met, a tyrosine kinase receptor, is
overexpressed in a subset of human epithelial
malignancies [29] including colorectal [30, 31],
gastric [32, 33], ovarian [34, 35], endometrial
[36], breast [37, 38], prostate [39] and hepato-
cellular [40] carcinomas. This overexpression
may be the result of c-Met amplification [31].

In this study, we showed for the first time that
miR-335-5p directly targets and regulates
human c-met gene. Collectively, we discovered
that NEAT1 promotes pancreatic cancer cell
growth, migration and invasion while inhibiting
cell apoptosis. Moreover, miR-335-5p also
inhibits pancreatic cancer cell growth, migra-
tion and invasion and promotes cell apoptosis
by targeting the 3-UTR of c-Met. Thus, we
uncovered a pathway that is established by
NEAT1/miRNAs/c-met axis, which promotes
pancreatic cancer malignancy.

Materials and methods
Cell culture

Human pancreatic cancer cell lines (PANC-1,
SW1990, CAPAN-1, JF305 and PC-3) and the
nonmalignant HPC-Y5 cell line were obtained
from the American Type Culture Collection
(ATCC, Manassas, VA, USA) and cultured in
Dulbecco’s modified Eagle’s medium (DMEM;
Sigma-Aldrich, St. Louis, MO, USA) supplement-
ed with 10% fetal bovine serum (FBS; Sijiging
biochemical, Hangzhou, China) at 37°C in a
humidified 5% CO, atmosphere. The cells were
transfected using Lipofectamine 2000 reagent
(Invitrogen, USA) following the manufacturer’s
instructions.

Clinical samples and RNA isolation

Fifteen paired human pancreatic cancer and
matched adjacent normal tissue samples from
the same patient were collected with patient
consent at the time of surgery. The tumors were
graded according to the WHO criteria (World
Health Organization, 2008). The tissue speci-
mens and clinical information were obtained as
part of a study approved by the Institutional
Review Board at Xinhua Hospital of Shanghai
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Jiaotong University, China. Total RNA was
extracted from pancreatic cancer cells using
TRIzol Reagent according to the manufacturer’s
instructions (Invitrogen, Carlsbad, CA, USA).

Real-time quantitative PCR analysis

Total RNA (5 pg) was reverse transcribed into
cDNA using M-MLV reverse transcriptase
(Promega, USA) with specific primers. The
cDNA was used as template to amplify either
mature miR-335-5p or an endogenous control
U6 snRNA by PCR. NEAT1 or an endogenous
control, GAPDH, were also amplified. This PCR
was followed by SYBR-Green real-time PCR
(Qiagen, Hilden, Germany). The PCR procedure
was as follows: 94°C for 3 min, followed by 40
cycles of 94°Cfor 30 s, 50°Cfor 30 sand 72°C
for 30 s. The relative gene expression levels
were calculated using the 224 method using
U6 snRNA or GAPDH mRNA as an internal
control.

Plasmid construction and cell transfection

We commercially synthesized the 2’-O-methyl-
modified antisense oligonucleotides of miR-
335-5p (ASO-miR-335-5p) to inhibit miR-335-
5p. The 3'UTRs of c-met and NEAT1, which
contain the miR-335-5p binding site, and the
mutant 3’UTR fragment, which contains the
mutant binding site of miR-335-5p, were
obtained by annealing double-strand DNA
and inserted into the pmirGLO vector at the
BamHI and EcoRI sites.

The pSilencer/shR-NEAT1 plasmid, which ex-
presses a siRNA that targets NEAT1 transcrip-
tion, was constructed by annealing single-
strand hairpin cDNA and inserting it into a
pSilencer2.1-U6 neo vector (Ambion, Austin,
TX, USA) at the BamHI and Hindlll sites. The
full-length sequences of human NEAT1 and
c-met cDNA deposited in Genbank were clon-
ed into the EcoRI/Xhol restriction sites of
pcDNA3. The resultant plasmids were named
pcDNA3/NEAT1 and pcDNA3/c-met. The pro-
moter of miR-101 was amplified from genomic
DNA and cloned into the Kpnl/EcoRlI restriction
sites of pGL3-Basic (Promega) upstream of the
firefly luciferase gene. At 60% confluency, the
cells were transfected with plasmids using
Lipofectamine 2000 Transfection Reagent
(Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions.
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Cell proliferation assay

Cell proliferation was measured using an MTT
assay. Transiently transfected cells were seed-
ed in a 96-well plate at a cell density of 1.0 x
104 cells/well and then cultured for 12 h inter-
vals for a total of 2 days. Subsequently, MTT
solution (0.2 mg/ml, Sigma-Aldrich, St Louis,
MO, USA) was added to each well, and the cells
were incubated for an additional 4 h. The solu-
tion was then carefully aspirated, and 150 uL
DMSO was added to each well to dissolve the
crystal. The absorbance was determined at
570 nm using a microplate reader (Bio-Tek
Instruments, Winooski, VT, USA).

Cell apoptosis assay

The fraction of apoptotic cells was determined
with the Annexin V-7-ADD apoptosis detection
kit (Roche, Switzerland). Briefly, 48 hours (h)
after transfection, the cells were collected and
washed twice with cold PBS buffer, resuspend-
ed in 200 pl of binding buffer, and incubated
with 20 ul of Annexin-V-R-PE for 20 minutes in
a dark ice bath. Subsequently, 10 ul of 7-AAD
was added, and the cells were then analyzed by
flow cytometry. Cells treated with DMSO were
used as the negative control.

Cell migration and invasion assays

For the migration assay, 1.0 x 10° cells were
suspended in serum-free medium and plated in
Transwell chambers chambers (Corning Costar,
NY, USA). Briefly, medium containing 10% FBS
was added to the lower chamber as a chemoat-
tractant. After incubating the cells for 24 h at
37°Cin 5% CO,, they were fixed in methanol for
15 min and stained with 0.05% crystal violet in
PBS for 15 min before being counted under a
microscope (Olympus, Tokyo, Japan). Cells that
had not invaded upper chamber were removed
by wiping the surface with a cotton swab, and
invasive cells were fixed with 4% formaldehyde
in PBS and subsequently stained with 1% crys-
tal violet in 2% ethanol. The cells on the lower
surface of the filter were photographed under a
light microscope (100 x magnification).

These procedures were also followed for the
invasion assay, but the filters were pre-coated
with 100 pl of Matrigel (BD Biosciences, CA,
USA) at a 1:4 dilution in DMEM to mimic a base-
ment membrane.
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DNA hybridizations

DNA fragments were transferred from agarose
gels to nylon membranes (Amersham) by
vacuum blotting. The probes were labeled by
nick translation and hybridizations with [o-
32P] dCTP (Amersham) according to the ma-
nufacturer’'s instructions (Promega, Madison,
Wisconsin, USA). The partial nucleotide frag-
ments internal to the 16S rDNA (Accession No.
AY509240.1) and cat gene (GenBank acces-
sion AJ132968.1) were used as probes in this
work. The sequences were analyzed with the
MEGALIGN program (DNA Star, Madison, WI).

Western blot analysis

Total cellular extracts were obtained using
RIPA buffer on ice. Equal amounts of protein
(30 pg protein per lane) were separated by
SDS-PAGE and transferred to PVDF membranes
(Millipore, Boston, MA, USA). The immunoblots
were blocked with 5% skim milk in TBS/Tween
20 (0.05%, v/v) at room temperature for 1 h.
The membrane was then probed primary
antibodies overnight at 4°C. The following pri-
mary antibodies were used: anti-c-met, anti-
actin and HRP-conjugated anti-rabbit (Santa
Cruz Biotechnology, Santa Cruz, CA, USA).
Subsequently, the membranes were incubated
with horseradish peroxidase-conjugated sec-
ondary antibody for 1 h at room temperature.
The blots were then developed using an
enhanced chemiluminescence western blotting
detection system (Amersham Bioscience, UK).

Target prediction and dual luciferase reporter
assay

Based on bioinformatic predictions (Target-
Scan (http://www.targetscan.org/mamm_31/),
miRDB  (http://www.mirdb.org/miRDB/) and
PicTar (http://www.pictar.org/)), c-met was
selected as candidate target of miR-335-5p.
The 3'UTR segments of c-met containing
putative binding sites for miR-335-5p were
obtained by annealing and inserted into the
pmirGLO vector. The wild-type reporter con-
struct pmirGLO/c-met-3’UTR and the mutant
reporter construct pmirGLO/c-met-3’UTR mut,
in which a site that perfectly complements miR-
335-5p was mutated by annealing, were used
for miRNA functional analysis. The wild-type
and mutant insertions were confirmed by DNA
sequencing. All primer information is available
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Figure 1. NEAT1 is up-regulated in pancreatic cancer. A. Endogenous NEAT1 level in pancreatic cancer samples
and pancreatic tissues as measured by real-time gRT-PCR. The expression of NEAT1 is normalized to GAPDH (*p <
0.05). B. The relative abundance of NEAT1 in the pancreatic cancer cell lines PANC-1, SW1990, CAPAN-1, JF305,
and PC-3, and the normal prostate cell line HPC-Y5 (*p < 0.05).

in Table 2. For the luciferase reporter experi-
ments, PANC-1 and SW990 cells were co-trans-
fected with the miR-335-5p in a 48-well plate
followed by the pmirGLO/c-met-3’'UTR reporter
vector or the pmirGLO/c-met-3’'UTR mut. The
firefly luciferase and Renilla luciferase levels
were measured 48 h after transfection. Each
experiment was repeated at least three times.

In vivo metastatic assay and bioluminescent
imaging

The animal procedures were performed in
accordance with the Institutional Animal Care
and Use Committee guidelines of the Ex-
periment Animal center of the Fourth Military
Medical University. Athymic 4-week-old female
nude mice were obtained from the Shanghai
Laboratory Animal Center of China and housed
under standard conditions. Each mouse was
injected via the tail vein with 2 x 10° cells
suspended in 100 ul of phosphate-buffered
saline. To track cells in vivo, the cells were sta-
bly transfected with firefly luciferase. Pancreas
metastases was quantitated in vivo by imaging
based on bioluminescence. Mice to be imaged
were injected with 150 mg/kg of D-luciferin
(Xenogen, Hopkinton, MA) intraperitoneally in
100 pl of phosphate-buffered saline and then
anesthetized with a continuous flow of pento-
barbital. Ten minutes later, bioluminescence
images of the mice were obtained with the IVIS
Imaging System (Xenogen) and then analyzed
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using the IVIS Living Image software (Xenogen)
software.

Statistical analysis

Each experiment was repeated at least three
times. The quantitative data between groups
were compared and analyzed by Student’s
t-test (two tailed) or a one-way analysis of vari-
ance. The data are expressed as the means *
standard deviation (SD), and P<0.05 was con-
sidered to indicate a significant difference
using the Students-Newman-Keuls test.

Results
NEAT1 is up-regulated in pancreatic cancer

We used quantitative real time RT-PCR to deter-
mine the expression of NEAT1 in 15 human
pancreatic cancer tissues and adjacent normal
tissues (Figure 1A). Moreover, real-time PCR
showed that NEAT1 expression was significant-
ly overexpression in the pancreatic cancer cell
lines PANC-1, SW1990, CAPAN-1, JF305 and
PC-3 relative to the prostate cell line HPC-Y5
(Figure 1B). In general, NEAT1 expression was
significantly upregulated in pancreatic cancer.

NEAT1 promotes the long-term proliferation
and inhibits the apoptosis of pancreatic can-
cer cell lines

To research the function of NEAT1 in pancreatic
cancer, we constructed si-NEAT1 to knock
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Figure 2. NEAT1 promotes long-term proliferation and inhibits the apoptosis of the pancreatic cancer cell lines.
A. NEAT1 expression levels measured by real-time RT-PCR. Total RNA was extracted from PANC-1 and SW1990
cells transfected with si-NEAT1 or si-NC, and GAPDH served as an endogenous control. The relative NEAT1 expres-
sion level (mean £ SD) is shown (*P < 0.05). B. Cell proliferation was assessed with an MTT assay. After PANC-1
and SW1990 cells were transfected with the si-NEAT1 or si-NC, the MTT assay was used to determine relative
cell growth 0, 12, 24 and 48 h after transfection. The relative cell growth was normalized to the growth activity of
PANC-1 and SW1990 cells in the control groups (*P < 0.05). C. Transwell migration and Matrigel invasion assays
were used to evaluate the migration and invasion of PANC-1 and SW1990 cells transfected with si-NEAT1 or si-NC.
Representative fields of migrating or invasive cells on the membrane. The data represent three independent experi-
ments (*P < 0.05). D. The incidence of apoptosis was studied by flow cytometry. The cells were stained with annexin
V-fluorescein isothiocyanate and counterstained with 7-ADD. The data represent three independent experiments

(*P < 0.05).

down its expression in pancreatic cancer cell
lines. First, we measured the NEAT1 mRNA
levels in PANC-1 and SW1990 cells transfect-
ed with si-NEAT1 or si-NC by real time RT-PCR.
The expression of NEAT1 was significantly
decreased in PANC-1 and SW1990 cells trans-
fected with si-NEAT1 compared with NC cells
(Figure 2A). The viability of pancreatic cancer
cells transfected with si-NEAT1 was evaluated
with the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyl- tetrazolium bromide (MTT) assay; si-NEAT1
reduced cell viability 12, 24 or 72 h after trans-
fection (Figure 2B). In parallel, we analyzed the
migration and invasiveness of the pancreatic
cancer cell lines PANC-1 and SW1990. We
examined the migration and invasiveness of
pancreatic cancer cells transfected with si-
NEAT1 and found that cells transfected with si-
NEAT1 migrated less and were less invasive
than control cells (Figure 2C). These data dem-
onstrated that NEAT1 might promote migration
and invasion in pancreatic cancer. The fluores-
cence-activated cell sorting (FACS) analysis
showed that reduced NEAT1 expression result-
ed in pancreatic cancer cell apoptosis. NEAT1
suppression significantly decreased the per-
centage of total apoptotic cells (early apoptotic
+ late apoptotic) compared with si-NC in PANC-
1 and SW1990 cells (Figure 2D). These results
indicated that NEAT1 promoted proliferation
and decreased apoptosis in pancreatic cancer
cells.

NEAT1 decreases the expression of miR-335-
5p in the pancreatic cancer cell lines PANC-1
and SW1990

To study the mechanisms by which NEAT1 pro-
motes the proliferation and inhibits apoptosis
of the pancreatic cancer cells, we selected
miR-335-5p as the research target. The expres-
sion level of miR-335-5p in PANC-1 or SW1990
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cells transfected with pcDNA3/NEAT1 or con-
trol was measured in a validation experiment by
qRT-PCR, which indicated a clear decrease in
the level of miR-335-5p in transfected PANC-1
and SW1990 cells (Figure 3D). The RT-PCR rel-
ative quantification procedure and the miR-
335-5p and ncRNA sequences are shown
(Figure 3A and 3B). Moreover, the miR-335-5p
expression level in PANC-1 and SW1990 cells
transfected with si-NEAT1 or si-NC was mea-
sured, and this experiment showed that a
decrease in NEAT1 expression resulted in to
the upregulation of the NEAT1-targeting miRNA
miR-335-5p (Figure 3C). Thus, we investigated
the effect on miR-335-5p on NEAT1 expres-
sion. To this end, we transfected PANC-1 cells
with the wild-type (WT) or mutated (Mut) ver-
sion of the luciferase-NEAT1 3'-UTR reporter
vector as well as the miR-335-5p or scramble.
This experiment showed that miR-335-5p, but
not the mutant, reduced the intensity of the
luciferase-NEAT1 WT (Figure 3E). A Southern
blot hybridizations assay was employed to fur-
ther verify the relationship between NEAT1 and
miR-335-5p, which indicated that NEAT1 was
enriched more than 20-fold in miR-335-5p in
PANC-1 or SW1990 cells (Figure 3F). These
results show that miR-335-5p is suppressed by
NEAT1 overexpression due to combination and
interaction.

miR-335-5p inhibitor counteracts NEAT1 sup-
pression

First, we detected the miR-335-5p expression
level in PANC-1 and SW1990 cells transfected
with either pSilencer NC, pSilencer/si-NEAT1,
or pSilencer/si-NEAT1 together with miR-335-
5p inhibitor by qRT-PCR. Transfecting cells with
pSilencer/si-NEAT1 increased the expression
of miR-335-5p compared with NC cells; miR-
335-5p inhibitor reversed this effect (Figure

Am J Cancer Res 2016;6(10):2361-2374
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Figure 3. NEAT1 decreases the expression level of miR-335-5p in the pancreatic cancer cell lines PANC-1 and
SW1990. A. gRT-PCR relative quantification procedure. B. miR-335-5p and ncRNA sequences. C. Measurement of
the miR-335-5p expression levels by Real-time quantitative PCR analysis. Small RNA was extracted from PANC-1
and SW1990 cells transfected with si-NEAT1 or si-NC, and U6 small nuclear RNA served as an endogenous control.
The relative miR-335-5p expression level (mean + SD) is shown (*P < 0.05). D. The relative abundance of miR-335-
5p in the pancreatic cancer cell lines PANC-1 and SW1990 transfected with NEAT1 or NC (*p < 0.05). E. PANC-1
cells were transfected with the wild-type (WT) or mutant (Mut) luciferase-NEAT1 3’-UTR reporter vector as well as
miR-335-5p or scramble siRNA. miR-335-5p reduced the intensity the luciferase-NEAT1 3’-UTR reporter signal,
whereas the mutant luciferase-NEAT1 3’-UTR failed to alter the luciferase intensity (*P < 0.05). F. Southern blot
hybridizations of miR-335-5p digested total DNA from different recombinant strains with a 500-bp probe internal to
the cat gene. The relative fold enrichment of miR-335-5p (mean + SD) is shown (*P < 0.05).

4A). An MTT assay was then used to character-
ize the effects of NEAT1 on tumor cell viability.
The results of this assay indicated that knock-
ing down NEAT1 inhibited the viability of PANC-
1 and SW1990 cells, and this effect was coun-
teracted by miR-335-5p inhibitor (Figure 4B
and 4C). In parallel, cell invasion and migration
assays were performed using Transwell cham-
bers with or without Matrigel. Specifically,
PANC-1 and SW1990 cells co-transfected with
miR-335-5p inhibitor and pSilencer NC, pSi-
lencer/si-NEAT1, or pSilencer/si-NEAT1 were
seeded in Transwell chambers, and images
were taken to count the number of cells. The
data demonstrate that pSilencer/si-NEAT1 can
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suppress the migration and invasiveness of
cells relative to the control, but this su-
ppression is rescued by miR-335-5p inhibitor
(Figure 4D and 4E). Next, we studied the
effect of NEAT1 on apoptosis. The fluores-
cence-activated cell sorting (FACS) analysis
showed that reduced NEAT1 expression result-
ed in pancreatic cancer cell apoptosis.
Furthermore, miR-335-5p inhibitor counteract-
ed the effect of si-NEAT1 (Figure 4F). Taken
together, these data show that NEAT1 suppres-
sion inhibits the long-term proliferation and
increases apoptosis of pancreatic cancer cell
lines, and these effects are rescued by an miR-
335-5p inhibitor.

Am J Cancer Res 2016;6(10):2361-2374
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independent experiments (*P < 0.05).

c-met is a direct target of miR-335-5p

Based on the above discussion, NEAT1 sup-
pression upregulates the expression of miR-
335-5p and simultaneously regulates long-
term proliferation and increases apoptosis in
pancreatic cancer cell lines. To determine the
mechanism of miR-335-5p-mediated cell dys-
regulation in pancreatic cells, we next identified
target genes that could be responsible for the
effect of miR-335-5p. Potential target genes of
miR-335-5p were predicted using miRanda,
TargetScan and PicTar, which suggested that
miR-335-5p targets c-met (Figure 5A). We per-
formed luciferase reporter assays to examine
whether miR-335-5p interacts directly with its
target c-met. We constructed a series of 3'UTR
fragments, including the wild-type c-Met 3'UTR
and a binding site mutant (Figure 5A). These
fragments were then inserted into the pmirGLO
luciferase reporter plasmid. Co-transfecting
miR-335-5p and the wild-type c-met 3’UTR
into PANC-1 and SW1990 cells significantly
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decreased the luciferase signal compared
with the controls. However, co-transfecting
mutant c-met 3'UTR and miR-335-5p mimics
failed to alter the luciferase intensity (Figure
5B and 5C). Furthermore, the overexpression
of miR-335-5p reduced c-met mRNA and pro-
tein expression in PANC-1 and SW1990 cells,
whereas miR-335-5p inhibitor increased the
level of c-met (Figure 5D-F). Taken together,
these results suggest that miR-335-5p binds
directly to the 3'UTR of c-met, thereby repress-
ing gene expression.

NEAT1 and miR-335-5p regulates pancreatic
cancer cell growth, invasion and migration via
c-met

Next, we explored the relationship between
NEAT1, miR-335-5p and c-met. The activation
of c-Met promotes tumor cell proliferation,
migration, invasion. Therefore, we transfected
PANC-1 and SW1990 cells with pSilencer/shR-
NEAT1, pSilencer/shR-NEAT1 and c-met, miR-

Am J Cancer Res 2016;6(10):2361-2374
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Figure 5. c-met is a direct target of miR-335-5p. A. The predicted miR- miR-335-5p binding site on the c-met mMRNA
3’-UTR and the missense mutation at the miR-378 “seed region” binding site on the c-met mRNA 3’-UTR are shown.
B and C. PANC-1 and SW1990 cells were transfected with the wild-type (WT) or mutant (Mut) luciferase-c-met 3’-UTR
reporter vector as well as the miR-335-5p mimic or mimic-NC. miR-335-5p reduced the intensity of the luciferase-c-
met 3’-UTR reporter signal, whereas the mutant luciferase- c-met 3’-UTR failed to alter the luciferase intensity (*P <
0.05). D. PANC-1 and SW1990 cells were transfected with the mimic NC, miR-335-5p mimic, inhibitor-NC or inhibitor
miR-335-5p. The mRNA expression level of c-met was measured by real-time RT-PCR and normalized to GAPDH (*P
< 0.05). E and F. c-met expression levels measured with a Western blot. Protein was extracted from PANC-1 and
SW1990 cells transfected with the mimic NC, miR-335-5p mimic, inhibitor-NC or inhibitor miR-335-5p. The endog-
enous expression levels of actin were used for normalization.

335-5p mimic or miR-335-5p mimic and pSilencer/shR-NEAT1 or miR-335-5p mimics
c-met. An MTT assay was used to assess cell group (Figure 6A and 6B). In addition, Colony
growth at 0, 24 and 48 h after transfection. formation assays were performed to confirm
C-met increased cell proliferation relative to the this tendency (Eigure S1). Next, we studied the
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Figure 6. NEAT1 and miR-335-5p regulates pancreatic cancer cell growth, invasion and migration via c-met. Aand B.
Cell proliferation was detected with an MTT assay. After PANC-1 and SW1990 cells were transfected with si-NEAT1,
si-NEAT1 and c-met, miR-335-5p mimic or miR-335-5p mimics and c-met, an MTT assay was used to assess relative
cell growth 0, 24 h and 48 h after transfection (*P < 0.05). The relative cell growth was normalized to the growth of
PANC-1 and SW1990 cells in the control groups. C. The incidence of apoptotic cells was studied by flow cytometry.
The cells were stained with annexin V-fluorescein isothiocyanate and counterstained with 7-ADD. D and E. Transwell
migration and Matrigel invasion assays were used to evaluate the migration and invasion of PANC-1 and SW1990
transfected with the si-NEAT1, si-NEAT1 and c-met, miR-335-5p mimic or miR-335-5p mimic and c-met. The data
represent three independent experiments (*P < 0.05). F. Model of NEAT1-induced miR-335-5p regulates pancreatic
cancer malignancy. The downregulation of miR-335-5p induces c-met expression and inhibits pancreatic cancer
malignancy. Conversely, NEAT1 suppresses miR-335-5p transcription, which increases c-met translation and results
in the activation of pancreatic cancer malignancy.

effect of c-met on apoptosis. The fluorescence pression increased the number of migrating
activated cell sorting (FACS) analysis showed cells (Figure 6D and 6E). Thus, the downregula-
that the forced expression of c-met inhibited tion of miR-335-5p induces c-met expression
pancreatic cancer cell apoptosis (Figure 6C). to inhibit pancreatic cancer malignancy. Fur-
Moreover, Transwell migration and Matrigel thermore, NEAT1 suppresses miR-335-5p tran-
invasion assays revealed that c-met overex- scription, which increases c-met translation
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Figure 7. NEAT1 and miR-335-5p regulate pancreatic cancer cell tumor growth via c-met in vivo. (B and D) PANC-1
and SW1990 cells were stably transfected with si-NEAT1, si-NEAT1 and ¢c-met, miR-335-5p mimic or miR-335-5p
mimic and c-met; different groups of cells were stably transfected with firefly luciferase to permit the biolumines-

cence imaging of mice (A and C) (*P < 0.05).

and consequently promotes pancreatic carci-
nogenesis (Figure 6F). The data demonstrate
that NEAT1 and miR-335-5p regulate pancre-
atic cancer cell growth, invasion and migration
via c-met in vitro.

NEAT1 and miR-335-5p regulate pancreatic
cancer cell tumor growth via c-met in vivo

To further confirm the above assumptions, we
treated PANC-1 and SW1990 xenograft tumor-
bearing nude mice stably transfected with
Firefly luciferase with pSilencer/shR-NEAT1,
pSilencer/shR-NEAT1 and c-met, miR-335-5p
mimic or miR-335-5p mimic and c-met. Ten
minutes later, bioluminescence images of the
mice were obtained using the IVIS Imaging
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System (Xenogen) 10 min later and then ana-
lyzed the images using the IVIS Living Image
(Xenogen) software. Compared with the con-
trols, high-density signals were captured in the
c-met group (Figure 7A-D). These data reveal
that NEAT1 and miR-335-5p regulate pancre-
atic cancer cell tumor growth via c-met in vivo.

Discussion

Here, we identified a NEAT1/miR-335-5p/c-met
axis that is involved in pancreatic cancer devel-
opment and progression. We found that knock-
ing down NEAT1 IncRNA significantly impaired
the growth and migration of pancreatic cancer
cells in vitro. These findings corroborated previ-
ous findings in NSCLC [14] and HCC [41], which
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showed that knocking down NEAT1 expression
in vitro inhibited the migration and invasive-
ness of cancer cells. Moreover, we found that
the expression of NEAT1 increased the level
miR-335-5p. Conversely, aberrant miR-335-5p
expression suppressed the intensity of the
luciferase signal of NEAT1. Thus, the expres-
sion warrants further investigation with a dual
luciferase reporter assay. The biological mech-
anisms of NEAT1 regulation in pancreatic can-
cer currently remain poorly understood.

To further investigate the mechanisms of
NEAT1 in pancreatic cancer, we studied miR-
335-5p and its target mRNA. First, we predict-
ed putative targets of miR-335-5p using the
prediction programs TargetScan, PicTar, and
miRanda. Subsequently, the luciferase reporter
assay identified c-met as the target because
transfection with miR-335-5p reduced the
luciferase activity of constructs carrying the
target c-met fragment. Furthermore, the ecto-
pic expression of miR-335-5p simultaneously
reduced the mRNA and protein levels of c-met.
Gao et al. also found that the oncogene c-met
is a target gene of miR-335 in breast cancer
cells [42]. MET can act as an oncogene, and its
signaling plays essential roles in regulating
tumorigenesis in various cancers, such as lung
cancer [43], including NSCLC [44].

Next, we explored the relationship between
NEAT1, miR-335-5p and ¢c-met. By co-transfect-
ing shR-NEAT1 and c-met or miR-335-5p mimic
and c-met into PANC-1 and SW1990 cells, we
found that c-met increased cell proliferation
and inhibited pancreatic cancer cell apoptosis.
Thus, miR-335-5p reduced c-met expression,
and NEAT1 overexpression suppressed miR-
335-5p transcription, leading to an increase in
c-met translation, which promoted pancreatic
cancer malignancy. Moreover, the xenograft
tumor-bearing nude mice experiment revealed
that NEAT1 and miR-335-5p regulate pancre-
atic cancer cell tumor growth via c-met in vivo.

In conclusion (Figure 6F), our findings suggest
that NEAT1 regulates pancreatic cancer pro-
gression via the microRNA-335-5p/c-met axis.
This axis can be triggered by other extrinsic sig-
naling from the tumor microenvironment or
cancer cell intrinsic signaling. Although many
factors contribute to the development of pan-
creatic cancer, our study provides a new
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approach to delay the development of pancre-
atic cancer.
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Figure S1. NEAT1 and miR-335-5p regulate pancreatic cancer cell proliferation via c-met. Effect of NEAT1 and miR-
335-5p on cell proliferation as evaluated by a colony formation assay. PANC-1 (upper panel) and SW1990 (lower
panel) cells transfected with si-NEAT1, si-NEAT1 and c-met, miR-335-5p mimic or miR-335-5p mimics and c-met
were seeded in 12-well plates (left to right). The figure shows cells 10 days after seeding; the cells were stained
with crystal violet.




