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ABSTRACT. Pancreatic cancer (PC) is one of the leading causes of cancer deaths, associated with a high risk of
metastasis and mortality. The long non-coding RNA (IncRNA) metastasis-associated lung adenocarcinoma tran-
script 1 (MALATT) is highly expressed in multiple types of tumour tissues and may be associated with the growth
of PC cells. In this study, we aimed to assess the role and possible mechanisms of MALATI in PC progression.
Methods: Expression of MALATI was studied by quantitative real-time polymerase chain reaction (qQRT-PCR)
in PC tissues. The dual-luciferase assay was performed to validate binding between MALAT1 and miR-141-5p in
HEK293 cells. Western blot analysis was performed to examine the expression of transforming growth factor beta
(TGF-B) and its receptors, TGFBR1 and TGFBR2. Invasiveness and migration of cultured PANC-1 cells were
studied using transwell invasion and migration assays, respectively. Results: A high level of miR-141-5p and low
level of MALAT1 were detected in PC tissues, and the level of MALAT1 was shown to significantly correlate with
tumour growth and metastasis. In HEK293 cells, miR-141-5p overexpression inhibited the expression of TGFBR 1
and TGFBR2, and this inhibition was reversed by overexpression of MALATI1. In PANC-1 cells, MALAT1 was
shown to act as a competing endogenous RNA, as the direct target of miR-141-5p. Furthermore, in PANC-1 cells,
miR-141-5p overexpression suppressed TGF-induced epithelial-mesenchymal transition (EMT), cell migration, and
cell invasion through direct binding to the 3’UTR of TGFBRI and TGFBR?2. Conclusions: Our results indicate that,
in PC cells, miR-141-5p suppresses TGFBRI and TGFBR2 expression and further inhibits TGF-B-induced EMT,
cell migration, and cell invasion, which are reversed by overexpression of MALAT1, demonstrating that MALAT1
and miR-141-5p may be important regulators in the initiation and metastasis of PC.
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s the fourth leading cause of cancer death in
the United States, pancreatic cancer (PC) is a

A deadly disease with a very low five-year sur-
vival rate due to difficulties in early diagnosis, resistance
to drug therapy, and high propensity for metastasis [1-4].
In the past two decades, the number of PC diagnoses
has doubled [5]. Furthermore, the incidence and mor-
tality rates of patients with PC have only decreased
slightly over the past 30 years due to late diagnosis,
resistance to therapies, and insufficient effective treat-
ments [6]. Despite significant advances in the under-
standing of PC genetics, biology, physiology, and
pharmacology, the treatments for PC are far from sat-
isfactory since neither chemotherapy nor radiotherapy
provide significant effects in PC patients, and no effec-
tive therapies are feasible at the time of diagnosis in
most cases [7, 8]. This is in line with clinical statistics
showing that only 24% and 5% of all patients with PC

will survive for one year and five years after diagnosis,
respectively [9, 10].

Epithelial-mesenchymal transition (EMT), originally
identified in embryogenesis, is a process through which
epithelial cells undergo remarkable morphological
changes characterized by a transition from an epithelial
cobblestone phenotype to an elongated fibroblastic
phenotype [9]. Recent studies have shown that
EMT-type cells share similar characteristics to cancer
stem cells, and play critical roles in cancer metastasis
and drug resistance in a variety of cancers including PC.
Indeed, previous studies have reported the EMT
phenomenon in several PC cell lines and surgically
resected PCs, and L3.6pl, Colo357, BxPC-3, and HPAC
cell lines have been shown to exhibit strong expression
of epithelial marker, E-cadherin, while another group
of PC cells (MiaPaCa-2, Panc-1, and Aspc-1 cells) has
been shown to exhibit strong expression of mesen-
chymal markers, including vimentin and zinc finger
E-box-binding homeobox 1 (ZEB-1), at the mRNA and
protein level. The existence of these EMT cells in PC,
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to some extent, is responsible for the progressive char-
acteristics of PC [11, 12]. Various bone mesenchymal
stem cell (BMSC) populations (mainly VSELs and
MSCs) occur in the peripheral blood (PB) of PC
patients, indicating that the involvement of MSCs and
other types of stem cells is of significance in the clinical
setting of PC [13, 14].

Transforming growth factor-beta (TGF-B) is a group
of multifunctional polypeptides with four different
isoforms (B1, B2, B3, and B4, with Bl being the most
abundant), and plays an important role in regulating
cell differentiation, migration, invasion, and metastasis
[15, 16]. TGF-p has received substantial attention as a
major inducer of EMT during cancer progression
through binding to its receptors, TGFBR1 and
TGFBR2 [17]. In normal epithelium cells and early-
stage human carcinoma cells, TGF-B demonstrates
tumour-suppression effects. However, in the later stage
of tumour development, it promotes cell proliferation
and metastasis [18]. EMT is the transition during which
epithelial cells lose cell-to-cell adhesion and start to
become MSCs, and this is a crucial step for cell invasion
during tumourigenesis [19]. This process is known to be
initiated by TGF-B by binding to the transmembrane
protein, TGFBR [20]. Binding of TGF-f and TGFBR1
activates TGFBR2 to trigger autophosphorylation of
receptor-regulated Smad2 and Smad3 (R-Smads) [21,
22]. The phosphorylated R-Smads further form a
complex with Smad4 and translocate into the nucleus.
This complex then promotes the activation of transcrip-
tion factors that induce EMT, such as Snaill, Snail2,
and Snail3, as well as Smad-related proteins, ZEB2,
Twist-related protein 1 (Twistl), and Twist2 [19].
TGFBR1 and TGFBR2 were found to be overexpressed
in PC cells and may be associated with disease progres-
sion [23].

The long non-coding RNAs (IncRNAs) are RNA mole-
cules longer than 200 nucleotides that play important
roles in regulating gene expression. One of the common
functions of IncRNAs is to attenuate the expression of
micro-ribonucleic acids (miRNAs) by acting as an
endogenous sponge [24]. Metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1) is one of the
most well-known IncRNA members, which is found to
be abundantly expressed in multiple types of tumour
tissues [25, 26] and highly associated with the growth
of cancer cells [27, 28]. In addition, overexpression of
MALATI in PC cells is considered to positively corre-
late with the stage of tumour growth and metastasis
[29].

In this study, we hypothesized that the metastatic effect
of MALAT1 in PC may be related to the process of
EMT involving related signal mediators. As one of the
most studied pathways, the role of TGF-TGFBR1/
TGFBR2 in inducing EMT was investigated.
Furthermore, the underlying mechanisms in PC metas-
tasis were examined by investigating the regulatory role
of IncRNA in metastasis-related gene expression.
Advances in our knowledge of the underlying mecha-
nisms of PC metastasis and drug resistance relating to
EMT, that are believed to be critical, will likely shed
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light on the discovery of novel drugs and aid in the
design of therapeutic strategies for the treatment of PC.
We present the following article in accordance with the
MDAR reporting checklist.

MATERIALS AND METHODS

Tumour tissue collection

A total of 22 individuals were diagnosed with PC using
computed tomography (CT) and enrolled in this study.
PC tissues and adjacent non-cancerous pancreas tissues
were obtained from patients in West China Hospital
between 2015 and 2017. Patients diagnosed with PC
were selected from all age groups and genders, excluding
patients who were diagnosed with other malignant or
benign pancreatic tumours. Diagnoses were performed
following the conventional diagnostic criteria of the
World Health Organization. All tissue samples were
obtained from untreated patients during surgery, frozen
immediately with liquid nitrogen, and stored at —80°C
before use for further experiments. General character-
istics of the individuals enrolled in this study are
presented in table 1.

Table 1. General characteristics of patients enrolled in the study.

Characteristic Value

Age (years) 57.8+6.26 (40-81)
Sex, n (%)

Male 12 (54.55)

Female 10 (45.45)
BMI (kg/m?) 26.46 £4.12
RBC (x10'? cells/l) 5.47+0.77
Neutrophil leukocytes (x10° cells/L) 12.3
Hb (g/L) 182.8
Platelet count (x10° cells/L) 114.3
WBC count (x10° cells/L) 10.12 £ 3.26
CRP (mg/L) 9.45+1.62
Location of tumour, n (%)

Head 18 (81.82)

Body 4 (18.18)
Stage, n (%)

Stage I and II 13 (59.05)

Stage Il and IV 9 (40.95)
Tumour size, n (%)

<3cm 3(13.64)

3-5cm 17 (77.27)

> 5cm 2(9.09)
Alcohol consumption, n (%)

No 16 (72.73)

Yes 6(27.27)
History of smoking, n (%)

No 14 (63.64)

Yes 8(26.36)
Family history of pancreatic cancer, n (%)

No 21 (95.45)

Yes 1(4.55)

BMI: body mass index; RBC: red blood cells; Hb: haemoglobin;
WBC: white blood cells; CRP: C-reactive protein.
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Cell lines

Human embryonic kidney cells 293 (HEK293) and
PANC-1 were purchased from Shanghai Institutes for
Biological Science (Shanghai, China). Both HEK293
and PANC-1 cell lines were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM) with 10% foetal
bovine serum (FBS) (Thermo Fisher Scientific Inc.,
Waltham, MA, USA). Both cell lines were incubated in
5% CO, at 37°C with saturated moisture.

Quantitative real-time polymerase chain reaction
(qRT-PCR)

The expression of MALAT1 and miR-141-5p in PC tissues
and cell lines was examined using qRT-PCR. Briefly, cryo-
genic grinding was performed on tissue samples, followed
by total RNA extraction by adding 1 mL of Trizol
(Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer’s instructions. RNA purity of the extracts was
examined by measuring the optical density (OD) value.
Sample extracts with OD 260/280 ratio between 1.8 and
2.0 were selected for use in the experiments. Reverse tran-
scription was carried out using a High Capacity RNA-
to-cDNA kit (Takara Bio Inc. Kusatsu, Japan), with no
more than 500 ng RNA per 10 uLL PCR mix as the template.
For the measurement of the expression of MALAT1 and
miR-141-5p, real-time PCR was performed according to
the standard SYBR Green protocol. cDNA was tran-
scribed from total RNA using random primers. qPCR was
performed at 95°C for 10seconds, then 60°C for
60 seconds for 40 cycles, in 10 pL of reaction mix containing
3 uL of the cDNA, 2 uL of primers and 5 pL of SYBR
Green master mix (Applied Biosystems, Foster City, CA,
USA), using an ABI 7900 thermocycler. The expression of
miR-141-5p was normalized to that of U6. Expression of
MATALT]1 was normalized to that of GAPDH.
Quantification of each gene was performed using the ““Ct
method. Primers for miR-141-5p (MIRAP00173-
250RXN) were purchased from Sigma (Sigma-Aldrich, St.
Louis, MO, USA). Other primers were the following.
MALATI1: 5-AAAGCAAGGTCTCCCCACAAG-3
(forward), 5’-GGTCTGTGCAGATCAAAAGGCA-3
(reverse); U6: 5-CTCGCTTCGGCAGCACA-3’ (forward),
5-AACGCTTCACGAATTTGCGT-3’ (reverse); GAPDH:
5-TTGGCCAGGGGTGCTAAG-3’ (forward), GAPDH:
5-AGCCAAAAGGGTCATCATCTC-3’ (reverse).

RNA oligoribonucleotides and cell transfection

The MALAT1 sequence was designed and subcloned
into the pcDNA3.1 vector (pcDNA3.1- MALAT]I) to
overexpress MALATI. The small interfering RNA
(siRNA) targeting human MALATI1 (si-MALATI,
5-CACACGGAAGGCGAGUGGGUGGUC-3), the
negative control (siControl), miR-141-5p mimic (sense:
5’-CAUCUACCAGUAGAGUGUUCGA-3’, antisense
5-CACCACGUUAUCGGAUGAUGCU-3’), miRNA
negative control (miRNA-NC, 5-UUCUCCGA-
ACGUGUCACGU-3’), and miR-141-5p inhibitor
(5-UAACAUCCGGCUGGUGAACAUGG-3’) were
purchased from RiboBio (Guangzhou, China). The
negative control for the miRNA mimic or siRNA was
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not homologous to any human genome sequences.
Transfection of the RNA oligoribonucleotides
(100 nmol/L) and plasmids was performed using
Lipofectamine 2000 (Life Technologies, Carlsbad, CA,
USA) following the manufacturer’s instructions. Cells
were evaluated at 48 hours after transfection under an
inverted fluorescence microscope to assess transfection
efficiency and then harvested for the subsequent
experiments.

Dual-luciferase reporter assay

The interactions between miR-141-5p and MALATI,
and miR-141-5p and TGFBRI and TGFBR?2 were inves-
tigated using the dual-luciferase reporter assay. The
psiCHECK2 dual-luciferase vector (Promega, Madison,
WI, USA) was used to generate a series of constructs.
A fragment of MALAT1 consisting of the predicted
target sites for miR-141-5p (WT) or a mutant variant
(MUT) was directly synthesized (Shenggong, Shanghai,
China) and then subcloned into the psiCHECK-2 vector
to create the constructs. Each construct was then
co-transfected with the miR-141-5p mimic or the nega-
tive control into HEK293 cells. In a separate experi-
ment, the wild-type and mutant MALAT1 constructs
were each co-transfected with a miR-141-5p inhibitor
or the negative control into HEK293 cells for compar-
ison. To analyse the binding of miR-141-5p on TGFBRI
and TGFBR?2, the 3’-UTRs of TGFBRI and TGFBR2
containing the putative binding sites for miR-141-5p
(WT) or the mutant variants (mut) were each synthe-
sized and subcloned into the psiCHECK-2 vector. Each
construct was co-transfected with either the miR-141-5p
mimic or the miRNA NC into HEK293 cells. All tran-
sient transfections were carried out using Lipofectamine
2000 (Life Technologies, Carlsbad, CA, USA) following
the manufacturer’s instructions. After 48 hours of trans-
fection, cells were harvested and luciferase activities
were determined using the Dual-Luciferase Reporter
assay kit (Promega, Madison, WI, USA). Each exper-
iment was performed in triplicate. Results are presented
as relative renilla luciferase activity, normalized to
firefly luciferase activity.

Western blot

Cell samples were lysed, and total proteins were
extracted. Total protein concentration was determined
using the BCA protein assay kit (Beyotime, Shanghai,
China), following the manufacturer’s instructions. A
total of 30 uL of each protein sample was loaded for
separation via sodium decyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE). The gel was then
transferred onto a Poly vinylidene fluoride (PVDF)
transfer membrane. The membrane was blocked with
5% fat-free dry milk for 2 hours, followed by overnight
incubation at 4°C with the primary antibodies, anti-
TGFBR1, TGFBR2, N-cadherin, vimentin, E-cadherin,
and GAPDH (1:1000 dilution; Cell Signaling
Technology, Danvers, MA, USA). The membranes
were then washed, followed by a one-hour incubation
with the secondary antibody, HRP-conjugated goat
anti-rabbit IgG (Santa Cruz Biotechnology, Dallas, TX,
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USA). The membranes were then washed again and
evaluated by enhanced chemiluminescence (ECL) using
test kits (KeyGEN BioTech, Jiangsu, China).

Transwell migration and invasion assay

The invasive and migrated features of cultured cells
were studied using transwell migration and invasion
assays. Cell samples were suspended in FBS-free
DMEM and density adjusted to 5x10° cells/mL. For
testing the effect of miR-141-5p on TGF-B-mediated
EMT, PANC-1 cells were transfected with miR-141-5p
mimic, miRNA NC, or a mock vector, followed by
treatment with 5 ng/mL TGF-B or blank solvent for
24 hours. To analyse the effect of MALAT] together
with the effect of miR-141-5p, PANC-1 cells were
co-transfected with either pcDNA3.1-MALATI or a
mock vector, each with or without miR-141-5p mimic,
followed by treatment with 5 ng/mL TGF-$ or blank
solvent for 24 hours. The cell migration test was
performed by adding 200 pL of the suspended cells to
the upper chamber and adding 500 uL of DMEM with
%10 FBS to the lower chamber. For cell invasion assays,
Matrigel was first thawed overnight at 2-8 °C and
diluted at a 1:4 ratio with pre-chilled FBS-free DMEM.
Prior to adding the suspended cells, 50 uL of the diluted
Matrigel was first added from the upper chamber to
cover the membrane. Next, the chamber was incubated
overnight at 37 °C, followed by the addition of 500 uL.
DMEM with %10 FBS to the lower chamber. For both
the migration assay and invasion assay, the suspended
cells were incubated for 48 hours. Medium from the
upper chamber was discarded. A swab was used to
remove excess cells on the upper surface of the
membrane, and 4% paraformaldehyde was then added
to the chamber to fix cells for 10 minutes, followed by
washing three times with phosphate-buffered saline
(PBS). The membrane was then washed after being
stained for 20 minutes using crystal violet staining
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solution. For each membrane, five randomized views
under an inverted microscope (Olympus, Tokyo, Japan)
were chosen for cell counting to evaluate migration and
invasion.

Statistical analysis

All statistical data in this study are presented as mean
+ standard deviation (SD) using Statistical Product and
Service Solutions (SPSS) version 19.0 statistics software
(SPSS Inc., Chicago, 1L, UA). Comparison between
multiple groups was analysed by two-way analysis of
variance (ANOVA). The student’s ¢-test was used for
comparison of MALAT1 and miR-141-5p expression
between tumour tissue samples and adjacent non-can-
cerous pancreas tissues, and for comparison of TGF-B1-
induced EMT, cell migration, and cell invasion between
miR-141-5p mimic or miR-NC groups. All pairwise
multiple comparison procedures were performed using
Holm-Sidak method. p<0.05 was considered statisti-
cally significant.

RESULTS

Negative correlation of MALATI and miR-141-5p
expression in PC tissue

To assess the role of MALATI in PC, MALAT-1
expression in tumour tissue samples and adjacent
non-cancerous pancreas tissues was first investigated.
The results showed that MALAT-1 was highly expressed
in various types of tumours, and was associated with
the expression of miR-141-5p. A putative binding site
between MALAT1 and miR-141-5p was identified using
Blast sequence analysis (figure 1 A), indicating that these
genes might correlate with each other in terms of expres-
sion, signalling, and/or functionality. Therefore, their
expression in both PC and pericarcinomatous tissues
was analysed. Results showed a lower level of
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Figure 1.

Expression of MALAT1 and miR-141-5p in pancreatic cancer tissue. A) Blast analysis of the putative binding site between MALAT1
and miR-141-5p. B) Expression of MALATT in pancreatic tissue and pericarcinomatous tissue. C) Expression of miR-141-5p in
pancreatic tissue and pericarcinomatous tissue. D) Correlation between the expression of MALAT1 and miR-141-5p in pancreatic
tissue. Each experiment was performed in triplicate, p<0.01.



32

miR-141-5p (figure 1B) but higher level of MALATI1
(figure 1C) in PC tissues, compared to normal pancre-
atic tissues (p<0.05). Further correlation analysis
showed that the expression levels of miR-141-5p and
MALATI negatively correlated with each other in PC
tissues (p<0.05) (figure 1D).

MiR-141-5p directly binds to MALATI in PANC-1
cells

Using HEK 293 cells, we performed the dual luciferase
assay to investigate whether MALAT]1 interacts with
miR-141-5p in vitro. The fragment containing the wild-
type (WT) putative binding sequence of MALAT]1 and
the mutant (mut), as well as the sequence of miR-141-5p,
subcloned into the psiCHECK-2 luciferase vector, are
shown in figure 2 A. The results showed that miR-141-5p
significantly reduced luciferase activity when co-trans-
fected with wild-type MALAT1 (p<0.05) (figure 2B). In
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addition, co-transfecting wild-type MALATI1 with
miR-141-5p inhibitor into HEK293 cells showed
increased luciferase activity compared to transfection
with the miRNA negative control (p<0.05). These
results indicate that miR-141-5p directly binds to
MALATI. To further investigate the interaction
between miR-141-5p and MALATI1 in PC cells,
miR-141-5p mimic were transfected into PANC-1 cells
and the change in MALAT1 expression was monitored.
Results indicated that transfection with miR-141-5p
mimic increased the expression of miR-141-5p
(figure 2C) and suppressed the expression of MALATI
(p<0.05) (figure 2D). On the other hand, knockdown of
MALATI in PANC-1 cells using siRNA (figure 2E)
significantly increased the expression of miR-141-5p
(p<0.05) (figure 2F). The above results suggest that
IncRNA MALATI acts as a competing endogenous
RNA (ceRNA) and a target for miR-141-5p in PC cells.
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Figure 2.

Direct sequence-specific binding between MALAT1 and miR-141-5p and their effect on each other. A) The fragment containing the
wild-type (wt) putative binding sequence of MALAT]1 and the mutant (mut), as well as the sequence of miR-141-5p, were subcloned
into the psiCHECK-2 luciferase vector. B) Luciferase activity in HEK293 cells co-transfected with the wild-type or mutant MALAT],
with miR-141-5p mimic or inhibitor. Cells co-transfected with mutant MALAT1 and miRNA NC were used as control. C, D)
qRT-PCR showing the relative expression of miR-114-5p and MALAT1 in PANC-1 cells transfected with miR-141-5p mimic or
miRNA-NC. E, F) qRT-PCR showing the relative expression of miR-114-5p and MALAT1 in PANC-1 cells transfected with
siMALAT!] or siControl. Each experiment was performed in triplicate, ~ p<0.01.



MALAT1 promotes EMT through miR-141-5p

miR-141-5p directly binds to the 3>-UTR of TGFBRI
and TGFBR?2 and suppresses their expression

TargetScan analysis revealed possible binding sites of
miR-141-5p in the 3’-UTR of the TGF-f receptor genes,
TGFBRI and TGFBR?2 (figure 3A). Therefore, a dual-lu-
ciferase experiment was further performed to determine
whether miR-141-5p interacts with TGFBRI and/or
TGFBR2 in HEK293. Overexpression of miR-141-5p
was shown to significantly suppress luciferase activity
with wild-type TGFBRI (figure 3B) or TGFBR2
(figure 3C) in HEK293 cells (p<0.05). Moreover,
western blot analysis revealed that miR-141-5p mimic
significantly reduced the expression of both TGFBR1
and TGFBR2 (figure 3D). These results therefore
suggest that miR-141-5p binds directly to the 3’UTR of
TGFBRI and TGFBR2 to suppress their gene
expression.

Overexpression of miR-141-5p inhibits TGF-f-induced
EMT in PANC-I cells

We further investigated whether miR-141-5p and
MALATI play important roles in TGF-B-induced EMT
and cell migration and invasion. After PANC-1 cells
were transfected with either miR-141-5p mimic or
miR-NC, and further induced with TGF-B1, the expres-
sion of a series of EMT-related markers was measured
and analysed, including mesenchymal markers,
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N-cadherin and vimentin, and the epithelial marker,
E-cadherin. When cells were transfected with miR-NC,
TGF-B1 significantly downregulated E-cadherin but
upregulated N-cadherin and vimentin expression. In
contrast, these effects were inhibited by transfecting
with  miR-141-5p mimic (p<0.05) (figure 4A4).
Furthermore, overexpression of miR-141-5p signifi-
cantly reduced TGF-Bl-induced cell migration
(figure 4B) and invasion (figure 4C) compared to those
cells transfected with miR-NC (all p<0.05).

Overexpression of MALATI suppresses the inhibitory
effect of miR-141-5p on TGF-f-induced EMT, cell
migration, and cell invasion in PANC-1 cells

To investigate whether MALATT1 affects the inhibitory
role of miR-141-5p in PC cell migration and invasion,
either pcDNA3.1-MALAT1 or a mock vector was
co-transfected with miR-141-5p mimic in PANC-1 cells,
and the cells were then treated with TGF-B1 or blank
solvent. Western blot results revealed that, compared
to the mock vector, overexpression of MALAT1 signif-
icantly upregulated N-cadherin and vimentin expres-
sion, but downregulated E-cadherin expression (p<0.05)
(figure 54). These changes indicated that MALATI
suppressed the inhibitory effect of miR-141-5p on
TGF-B-induced EMT. Experiments on cell migration
and invasion demonstrated that miR-141-5p reduced
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Figure 3.

Direct binding of miR-141-5p to the 3’-UTR of TGFBRI and TGFBR?2 inhibits protein expression in HEK293 cells. A) Fragments
containing the wild-type (wt) putative binding site of TGFBRI and TGFBR?2 and their mutant (mt) variant, as well as the sequence
for miR-141-5p mimic, were subcloned into the luciferase vector. B) Luciferase activity in cells co-transfected with miRNA-NC or the
miR-141-5p mimic, with wild-type or mutant 7GFBRI. C) Luciferase activity in cells co-transfected with miRNA-NC or miR-141-5p
mimic, with wild-type or mutant 7GFBR2. D) Western blot of TGFBR1 and TGFBR2. Each experiment was performed in triplicate,

p<0 01.
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Figure 4.
Overexpression of miR-141-5p inhibits TGF-B-induced EMT, cell migration, and cell invasion in PANC-1 cells. A) Western blot
analysis showing the expression of EMT-related proteins, after transfecting with miR-141-5p mimic, miRNA-NC, or the mock,
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miRNA-NC, or mock, followed by treatment with TGF-B1 or blank soivent. Each experiment was performed in triplicate,  p<0.01.

cell migration (figure 5B) and invasion (figure 5C)
induced by TGF-, while MALAT] reversed metastatic
effects of TGF-p (all p<0.05). It should be noted that
there was a significant difference in the effects of
miR-141-5p between vehicle and TGF-B-1treated
groups (p<0.05).

DISCUSSION

The role of IncRNA in gene regulation has been a
popular topic in disease-related research, particularly
oncology. Numerous researchers have found that
IncRNAs play important roles and are crucial in PC
initiation and progression [26-28]. The IncRNA,

MALAT]I, acts as a molecular scaffold for various ribo-
protein complexes and functions as a transcriptional
and epigenetic regulator [29]. There are studies indi-
cating that overexpression of MALAT1 in PC is asso-
ciated with poor prognosis [30-34]. It was found that
MALATI binds with the RNA-binding protein, HuR,
and promotes autophagy via the HuR-TIA-1 pathway
[33]. Moreover, MALAT1 is known to regulate the
expression of Kras via competitive binding to miR-217,
which promotes tumourigenesis [34].

The present study focused on analysing the sequence-spe-
cific binding between MALATI] and miR-141-5p,
providing the hypothesis that MALATI plays a role in
miRNA expression via endogenous sponging. We
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Figure 5.
MALATT1 suppresses the inhibitory effect of miR-141-5p on EMT, cell migration, and cell invasion induced by TGF-f in PANC-1
cells. A) Western blot showing the expression of EMT-related proteins in cells co-transfected with either pcDNA3.1-MALATI1 or a
mock vector, with or without miR-141-5p mimic, followed by treatment with TGF-B1 or blank solvent. B) Transwell migration assay

in cells transfected with either pcDNA3.1-MALAT1 or mock vector,

with or without miR-141-5p mimic, followed by treatment with

TGF-B1 or blank solvent. C) Invasion assay with Matrigel in cells transfected with either pcDNA3.1-MALAT1 or mock vector, with
or without miR-141-5p mimic, followed by treatment with TGF-B1 or blank solvent. Each experiment was performed in triplicate.
»<0.01.

initially revealed a correlation between MALAT]1 and
miR-141-5p in clinical tissue samples, followed by
further confirmation of their binding in HEK293 cells,
and finally we validated the negative correlation in
terms of their expression within PANC-1 cells.

EMT is one of the crucial steps in metastasis of tumour
cells. A few studies have provided evidence of increased
expression of EMT markers (N-cadherin) and tran-
scription factors (Snail, Slug and Twist, fibronectin, and
vimentin) in surgically resected PC specimens [35-37].
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Additionally, the presence of EMT in PC is often asso-
ciated with an undifferentiated phenotype and overall
poor survival compared to tumours without EMT [38§].
TGF-p is needed to balance interactions between cells
and the extracelluar matrix [39]. In recent years, TGF-§3
signalling has been found to play central roles in PC
through EMT [40]. In order to initiate EMT, TGF-f
must activate downstream signalling, including the
Smad signalling pathway, through the tetramer unit
formed by its two receptor proteins, TGFBR1 and
TGFBR2 [21, 22]. Based on our experiments, we have
shown that miR-141-5p can directly target TGFBRI
and TGFBR2 genes, and inhibit their expression. By
suppressing the TGF-f pathway, miR-141-5p also regu-
lates EMT-related protein expression, and inhibits
TGF-B-induced cell migration and invasion in PANC-1
cells.

LncRNA is known to bind miRNAs and attenuate their
activity by preventing their binding to target mRNAs,
which indirectly promotes the expression of mRNA
during the progression of PC [41, 42]. Studies have
explored the use of miR-141-5p to treat a range of
diseases [43, 44]. Our study reveals that overexpression
of MALAT!I reduces free miR-141-5p via endogenous
sponging, which in turn activates the TGF-B pathway
through upregulation of TGFBRI and TGFBR2. The
overall effects promote TGF-B-induced EMT and
increase cell migration and invasion.

CONCLUSIONS

In this study, miR-141-5p inhibits TGF-B-induced PC
cell migration, invasion, and metastasis by suppressing
the expression of TGFBRI and TGFBR?2, and this inhib-
itory effect is reversed by MALAT1. Overexpression of
MALATI in PC cells may be responsible for the initi-
ation of metastasis during PC progression. Down-
regulation of MALATI1 and/or upregulation of
miR-141-5p may be a potential therapeutic strategy for
PC treatment. Overall, our study may shed light on the
discovery of novel drugs and aid the design of new ther-
apeutic strategies for the treatment of PC.
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