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Abstract
Background: Pancreatic cancer is one of the leading causes of cancer deaths, with high chance of
metastasis associated with high mortality rates. Epithelial-to-mesenchymal transition (EMT) is one of the
crucial steps in the initiation of metastasis, when cells begin to lose adhesion and gain invasive
properties. Transforming growth factor beta (TGF-β) is known to promote EMT via binding to its
receptors, TGFBR1 and TGFBR2, which are overexpressed in pancreatic cancer cells.

Methods: The expression of MALAT1 was detected in pancreatic cancer tissues. The  dual-luciferase
assay was performed to validate the binding between MALAT1 and miR-141-5p. The western blot was
performed to detect the expression of both TGFBR1 and TGFBR2.

Results: The long noncoding RNA (lncRNA) MALAT1 is highly expressed in cancer cells and positively
correlated with tumor growth and metastasis. Our study revealed that MALAT1 suppresses the expression
of miR-141-5p by acting as a “miRNA sponge”. We validated the sequence-speci�c binding between
MALAT1 and miR-141-5p by dual-luciferase experiment, and found that their expressions are negatively
correlated in pancreatic cancer cells. Furthermore, miR-141-5p downregulates TGFBR1 and TGFBR2, and
reduces cell migration and invasion that are caused by TGF-β-induced EMT. However, the overexpression
of MALAT1 in pancreatic cancer cells suppresses the expression of miR-141-5p. Underexpression of miR-
141-5p promotes the expression of TGFBR1 and TGFBR2, inducing EMT through the TGF-β pathway.

Conclusions: The overexpression of MALAT1 is a key component in initiating metastasis in pancreatic
cancer, by inhibiting the effect of miR-141-5p and promoting TGF-β-induced EMT.

Background
Pancreatic cancer is one of the most lethal cancers across the world. Exocrine pancreatic cancer, also
known as pancreatic adenocarcinoma, is a type of pancreatic cancer which originates from the
pancreatic ductal epithelium within the pancreas for excreting secretions, and accounts for the majority
of the cases [1–4]. Diagnosis of pancreatic cancer in the early stage is often di�cult, due to the lack of
obvious symptoms as well as its high tendency of metastasis. Neither chemotherapy nor radiotherapy
provides signi�cant effects on patients with pancreatic cancer. Moreover, curable treatments were no
longer feasible at the time of diagnosis in most cases. Furthermore, prognosis of the disease is poor, with
a �ve-year survival rate of only 5 percent and the mortality rate is almost the same as the incident rate
[5–8]. In fact, there has been no signi�cant improvement in either the incident rate or mortality rate for
pancreatic cancer at the global level over the past decades. Therefore, it is important to further investigate
the underlying mechanism of metastasis in pancreatic cancer, in order to discover effective treatments
and prognosis for the disease.

TGF-β is a group of multifunctional polypeptides with four different isoforms (β1, β2, β3, and β4, with β1
being the most abundant), and is known to regulate cell differentiation [9–11]. In normal epithelium cells
and early-stage human carcinoma cells, TGF-β demonstrates tumor-suppression effects; while in later
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stage of tumor development, it promotes cell proliferation and metastasis. EMT is the transition when
epithelial cell loses cell-to-cell adhesion and starts to become mesenchymal stem cells, and is a crucial
step for cell invasion during tumorigenesis. This process is known to be initiated by TGF-β by binding to
the transmembrane protein TGF-β receptor (TGFBR) [12–14]. Upon binding of TGF-β, TGFBR1 activates
TGFBR2, which triggers autophosphorylation of Smad2 and Smad3 (R-Smads) [15, 16]. The
phosphorylated R-Smads further form a complex with Smad4 and translocate into the nucleus. This
complex then promotes the activation of transcription factors that induce EMT, such as Snail1, Snail2,
and Snail3, as well as Smad-related proteins ZEB2, Twist1, and Twist [13]. TGFBR1 and TGFBR2 are
found to be overexpressed in pancreatic cancer cells, and may be associated with disease progression
[17].

LncRNAs are RNA molecules longer than 200 nucleotides that do not code for any proteins, and are
known to play important roles in regulating gene expression. One of the common functions of lncRNA is
to attenuate the expression of miRNAs by acting as an endogenous sponge, which binds with miRNAs
and interferes with their interaction with their target mRNAs [18]. Metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1), also known as noncoding nuclear-enriched abundant transcript
2 (NEAT2), is one of the most well-known lncRNA members [19]. MALAT1 is found to be highly expressed
in multiple types of tumor tissues [19–21]. In addition, MALAT1 is also highly associated with the growth
of pancreatic cancer cells [22–24]. Studies have indicated overexpression of MALAT1 in pancreatic
cancer cells, whereas the expression level is positively correlated with the stage of tumor growth and
metastasis.

The goal of this study is to understand the effect of MALAT1 on EMT in human pancreatic cancer cell
line PANC-1. We aimed to investigate the “miRNA-sponging” effect of MALAT1 on TGF-β-induced EMT,
and uncover the association between MALAT1 and TGF-β receptors. The purpose of this research is to
discover unknown mechanisms in metastasis of pancreatic cancer, by understanding the regulatory role
of lncRNA in gene expression, in order to provide new insights for therapeutic drug discovery for the
disease.

Methods

Tumor tissues
Pancreatic cancer tissues were obtained from patients from West China Hospital between 2015 and
2017. Patients diagnosed with pancreatic cancer were selected from all age groups and genders,
excluding patients that were diagnosed with other malignant tumors or benign tumors in the pancreas.
Diagnoses were performed following the conventional diagnostic criteria of the World Health
Organization (WHO). All tissue samples were obtained from untreated patients during surgery, froze
immediately with liquid nitrogen, and stored at − 80 °C before use for the experiment. This study was
approved by the ethical committee of West China Hospital after receiving consents from all participated
patients.
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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
Modi�ed Eagle’s Medium (DMEM) with 10% fetal bovine serum (FBS) (Gibco, Thermo Fisher Scienti�c
Inc., Waltham, MA, USA). Both cell lines were incubated in 5% CO2 and at 37 °C with saturated moisture.

RNA extraction
Cryogenic grinding was performed on tissue samples, followed by total RNA extraction by adding 1 ml of
Trizol (Invitrogen, Carlsbad, CA, USA) according to manufacturer instructions. RNA purity of the extracts
were examined by measuring their optical density (OD) value. Sample extracts with OD260/280 ratio
between 1.8 and 2.0 were selected for use in experiments.

Quantitative real-time PCR (qRT-PCR)
Reverse transcription was carried out using High Capacity RNA-to-cDNA kit (Takara Bio Inc. Kusatsu,
Japan), with no more than 500 ng RNA per 10 µL PCR system 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 transcribed from total RNA using 9 random primers. Primers for miR-
141-5p were purchased from Sigma (MIRAP00173-250RXN) (Sigma-Aldrich, St. Louis, MO, USA), and
primers for others are as follows:

MALAT1 forward: 5’-AAAGCAAGGTCTCCCCACAAG-3’

MALAT1 reverse: 5’-GGTCT GTGCAGATCAAAAGGCA-3’

U6 forward: 5’-CTCGCTTCGGCAGCACA-3’

U6 reverse 5’-AACGCTTCACGAATTTGCGT-3’

GAPDH forward: 5’-TTGGCCAGGGGTGCTAAG-3’

GAPDH reverse: 5’-AGCCAAAAGGGTCATCATCTC-3’

qPCR was performed at 95 ℃ for 10 seconds, then 60℃ for 60 seconds, for 40 cycles, in 10 µl of
reaction mix containing 3 µl of the cDNA, 2 µl of primers and 5 µl 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 MATALT1 was normalized to that of GAPDH. Quanti�cation of
each gene was performed using the △△Ct method.

RNA oligoribonucleotides and cell transfection
The MALAT1 nucleotide was designed and subcloned into the pcDNA3.1 vector (pcDNA3.1- MALAT-1) to
overexpress MALAT1. The small interfering RNA (siRNA) targeting human MALAT1 (si-MALAT1), the
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negative control (siControl), miR-141-5p, and the miRNA negative control (miRNA-NC), were purchased
from RiboBio (Guangzhou, China). The negative control for the miRNA mimic or siRNA were 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 manufacturer instructions. Cells were evaluated 48 hours after transfection under an
inverted �uorescence microscope to assess transfection e�ciency. Cells were then harvested for the
subsequent experiments.

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 variants (mut) were 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 negative control into HEK293 cells. In a separate experiment, the wild-type and mutant
MALAT1 construct was each co-transfected with a miR-141-5p inhibitor or the negative control into
HEK293 cells for comparison. To analyze the binding of miR-141-5p on TGFBR1 and TGFBR2, the 3’-UTR
of TGFBR1 and TGFBR2 containing the putative binding sites for miR-141-5p (wt) or the mutant variants
(mut) were each synthesized 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 transient
transfections were carried out using Lipofectamine 2000 (Life Technologies, Carlsbad, CA, USA) following
manufacturer instructions. After 48 hours, cells were harvested and luciferase activities were determined
using the Dual-Luciferase Reporter Assay Kit (Promega, Madison, WI, USA). Each experiment was done in
triplicates. Results are presented as the relative Renilla luciferase activities, which were normalized to
Fire�y luciferase activities.

Western blot
Cell samples were lysed, and total proteins were extracted. Total protein concentration was determined
using BCA Protein Assay kit (Beyotime, Shanghai, China), following manufacturer instructions. 30 µl of
each protein sample was loaded for separation via SDS-PAGE. The gel was then transferred onto a PVDF
transfer membrane. After that, the membrane was blocked with 5% fat-free dry milk for 2 hours, followed
by overnight incubation at 4 ℃ with the primary antibody anti-TGFBR1, TGFBR2, N-cadherin, vimentin, E-
Cadherin, and GAPDH (Cell Signaling Technology, Danvers, MA, USA). The membrane was then washed,
followed by one hour of incubation with the secondary antibody, HRP-conjugated goat anti-rabbit IgG
(Santa Cruz Biotechnology, Dallas, TX, USA). The gel was then washed and evaluated by enhanced
chemiluminescence (ECL) using test kits (KeyGEN BioTech, Jiangsu, China).

Transwell migration and invasion assay
Cell samples were suspended in FBS-free DMEM and adjusted density to 5 × 105 cells/ ml. For testing the
effect of miR-141-5p on TGF-β-mediated EMT, PANC-1 cells were transfected with miR-141-5p mimic,
miRNA NC, or a mock vector, followed by a treatment with 5 ng/mL TGF-β or blank solvent for 24 hours.
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To analyze the effect of MALAT1 together with the effect of miR-141-5p, PANC-1 cells were co-transfected
with either pcDNA3.1-MALAT1 or a mock vector, each with or without miR-141-5p mimic, followed by a
treatment with 5 ng/ml TGF-β or blank solvent for 24 hours. Cell migration test was performed by adding
200 µl of the suspended cells to the upper chamber and adding 500 µl of DMEM with 10% FBS to the
lower chamber. For cell invasion assay, Matrigel was �rst thawed overnight at 2–8 ℃ and diluted in 1:4
ratio with pre-chilled FBS-free DMEM. Prior to adding the suspended cells, 50 µl of the diluted Matrigel
was �rst added from the upper chamber to cover the membrane. Next, the chamber was incubated
overnight at 37 ℃, followed by addition of 500 µl DMEM with 10% FBS to the lower chamber. For both
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. 4% paraformaldehyde was then added to the chamber to �x for 10 min, followed by washing
three times with phosphate buffered saline (PBS). Then, the membrane was stained for 20 min using
crystal violet staining solution and then washed. For each membrane, 5 randomized views under the
inverted microscope were used for cell counting to evaluate the migration and invasion.

Statistical analysis
All statistical data in this study are presented as mean ± standard deviation, using SPSS 19.0 statistics
software (SPSS Inc., Chicago, IL, UA). T-test was used for comparisons between two groups. Two Way
ANOVA was used for comparisons between multiple groups. All pairwise multiple comparison procedures
performed using Holm-Sidak method. p < 0.05 was considered statistically signi�cant, whereas p < 0.01
indicated exceptional signi�cance.

Results

Expression of MALAT1 and miR-141-5p are negatively
correlated in pancreatic cancer tissues
MALAT1 is found to be overexpressed in various types of tumors, and is associated with the expression
of miRNAs. MiR-141 is a member of the miR-200 family, and is underexpressed in pancreatic cancer [25].
We identi�ed a putative binding site between MALAT1 and miR-141-5p using Blast sequence analysis
(Fig. 1A), and it was worthwhile to further investigate whether there is association between the two. We
�rst measured the expression of MALAT1 and miR-141-5p in both pancreatic cancer (PC) tissues and
pericarcinomatous tissues, and analyzed the relationship between them. Results showed that expression
of miR-141-5p was lower in PC tissue (Fig. 1B), while expression of MALAT1 was higher in PC tissue
(Fig. 1C), compared to those expressed in pericarcinomatous tissue (p < 0.05). The different patterns in
the expression of miR-141-5p and MALAT1 indicated negative correlation between the two in tumor
tissues (Fig. 1D) (p < 0.001).

MiR-141-5p directly binds to MALAT1 in pancreatic cancer
cells
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To �nd out whether there is direct biological activity between MALAT1 and miR-141-5p, we performed the
dual-luciferase assay to validate their binding within HEK293 cells. MiR-141-5p signi�cantly reduced
luciferase activity when co-transfected with the wild type MALAT1 (p < 0.05) (Fig. 2B). In addition, co-
transfecting the wild type MALAT1 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 direct binding of miR-141-5p on MALAT1. For further con�rmation of the relationship between
miR-11-5p and MALAT1, we transfected miR-141-5p mimic to PANC-1 cells and monitored the change in
expression of MALAT1. Results indicated that transfection with miR-141-5p mimic increased the
expression of miR-141-5p (Fig. 2C) and suppressed the expression of MALAT1 (p < 0.05) (Fig. 2D). On the
other hand, knockdown of MALAT1 in PANC-1 cells using siRNA (Fig. 2E) signi�cantly increased the
expression of miR-141-5p (p < 0.05) (Fig. 2F). The above results suggested that the lncRNA MALAT1 acts
as a competing endogenous RNA (ceRNA) in pancreatic cancer cells, and is a direct target of miR-141-5p.

miR-141-5p directly binds to the 3’-UTR of TGFBR1 and
TGFBR2 and suppresses their expressions
TargetScan analysis revealed possible binding sites of miR-141-5p in the 3’-UTR of the TGF-β receptors
TGFBR1 and TGFBR2 (Fig. 3A). Dual-luciferase experiment further con�rmed binding between miR-141-
5p and TGFBR1 or between miR-141-5p and TGFBR2. Results showed that miR-141-5p mimic
signi�cantly suppressed luciferase activity with the wild type TGFBR1 or TGFBR2 in HEK293 cells (p < 
0.05) (Fig. 3B-3C). Also, western blot result revealed that miR-141-5p mimics signi�cantly reduced the
expression of both TGFBR1 and TGFBR2 (Fig. 3D). These results suggested that miR-141-5p suppressed
the expression of TGFBR1 and TGFBR2 via binding to their 3’UTR.

Overexpression of miR-141-5p inhibits TGF-β-induced EMT
Both TGFBR1 and TGFBR2 are important mediators for TGF-β, in order to induce EMT and other
biological functions. Results from our experiments have con�rmed that the expression of TGFBR1 and
TGFBR2 are suppressed by miR-141-5p. We further investigated whether miR-141-5p is associated with
cell migration and invasion during TGF-β-induced EMT. We �rst treated TGF-β1 on cell samples
transfected with either miR-141-5p mimic or miR-NC. Then, expressions of a series of EMT-related
markers, including mesenchymal markers N-cadherin and vimentin, and epithelial marker E-cadherin, were
analyzed and detected for changes. When transfected with miR-NC, TGF-β1 signi�cantly downregulated
E-cadherin and upregulated N-cadherin and vimentin; contrary, these effects were inhibited by
transfecting with miR-141-5p mimic (p < 0.05) (Fig. 4A). Furthermore, we analyzed the effect of miR-141-
5p on cell migration and invasion induced by TGF-β1. In cells transfected with miR-NC, we found that
TGF-β1 signi�cantly promoted cell migration and invasion, while overexpression of miR-141-5p
signi�cantly reduced these effect (p < 0.05) (Fig. 4B-4C).

Overexpression of MALAT1 reduces inhibitory effect of
miR-141-5p on TGF-β-induced EMT, cell migration, and cell
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invasion
Our experiment has con�rmed that overexpression of miR-141-5p inhibits TGF-β-induced EMT, cell
migration, and cell invasion. Since MALAT1 acts as a molecular sponge for miR-141-5p, it was
worthwhile to investigate whether MALAT1 further inhibits this effect. We co-transfected either the
pcDNA3.1-MALAT1 or a mock vector with miR-141-5p mimics on PANC-1 cells, then treated cells with
TGF-β1 or blank solvent. Western blot results revealed that, compared to the mock vector, overexpression
of MALAT1 signi�cantly upregulated N-cadherin and vimentin, while E-cadherin was downregulated (p < 
0.05) (Fig. 5A). These changes inferred that MALAT1 suppresses the inhibitory effect of miR-141-5p on
TGF-β-induced EMT. Experiments on cell migration and invasion both also showed that miR-141-5p
reduced cell migration and invasion caused by TGF-β, while MALAT1 reduced these anti-tumorigenic
effects (p < 0.05) (Fig. 5B-5C). Besides, there are signi�cant difference for the effect of 141-5p between
Vehicle and TGF-β1 treated groups (p < 0.05).

Discussion
The role of lncRNA in gene regulation has been a popular topic in disease-related research, especially in
oncology. Numerous researches have found that lncRNAs have important roles and are crucial in the
development of pancreatic cancer [22–24]. There are studies indicating that overexpression of MALAT1
in pancreatic cancer is associated with its poor prognosis. It was found that MALAT1 binds with the RNA-
binding protein HuR, and promotes autophagy via the HuR-TIA-1 pathway [22]. Moreover, MALAT1 is
known to regulate the expression of Kras via competitive binding with miR-217, which promotes
tumorigenesis. The present study focused on analyzing the sequence-speci�c binding between MALAT1
and miR-141-5p, based on the hypothesis that MALAT1 plays regulatory role in miRNA expressions via
endogenous sponging. We initially revealed the correlation between MALAT1 and miR-141-5p in clinical
tissue samples (Fig. 1B-1D), followed by further con�rmation for binding between the two in HEK293 cells
(Fig. 2B), and �nally validated their negative correlation in expressions within PANC-1 cells (Fig. 2C-2D).

EMT is one of the crucial steps in metastasis of tumor cells. In order to initiate EMT, TGF-β must induces
downstream signaling through the tetramer unit formed by its two receptor proteins TGFBR1 and
TGFBR2, and activates the Smad signaling pathway [15, 16]. Through our experiments, we showed that
miR-141-5p is able to target the TGFBR1 and TGFBR2 gene, and inhibits their expressions (Fig. 3D). By
suppressing the TGF-β pathway, miR-141-5p also demonstrated signi�cant effects in regulating the
expressions of EMT-related proteins (Fig. 4A), and suppressed TGF-β-induced cell migration (Fig. 4B) and
invasion (Fig. 4C) in PANC-1 cells.

LncRNA is known to bind with miRNA and attenuate the activity of the miRNA, by preventing it from
binding to its target mRNA, which indirectly promotes the expression of the mRNA. Our results have
shown that overexpression of MALAT1 reduces free miR-141-5p via endogenous sponging, which in turn
upregulates TGFBR1 and TGFBR2 for the TGF-β pathway. The overall effect promotes TGF-β-induced
EMT, and increases cell migration and invasion (Fig. 5).
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Conclusions
In summary, our study revealed that the lncRNA MALAT1 downregulates miR-141-5p and promotes the
TGF-β pathway that induces EMT. Thus, we suggest that overexpression of MALAT1 in pancreatic cancer
cells is responsible for the initiation of metastasis during development of the disease. These �ndings
may provide useful insights in the discovery of potential therapeutic treatments for pancreatic cancer.
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Figures

Figure 1

Expressions of MALAT1 and miR-141-5p in pancreatic cancer tissues and their correlation. A. Blast
analysis of the putative binding site between MALAT1 and miR-141-5p; B. Expression of MALAT1 in
pancreatic tissues, compared to that in pericarcinomatous tissues; C. Expression of miR-141-5p in
pancreatic tissues, compared to that in pericarcinomatous tissues; D. Correlation between the expression
of MALAT1 and miR-141-5p in pancreatic tissues.
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Figure 2

Direct sequence-speci�c binding between MALAT1 and miR-141-5p, and their effects on each other’s
expression. A. The fragment containing the wild type (wt) putative binding sequence of MALAT1 and the
mutant (mut), and the sequence for miR-141-5p, for subcloning into the psiCHECK-2 luciferase vector; B.
Luciferase by co-transfecting the wild type or mutant MALAT1 with miR-141-5p mimics or inhibitor,
compared with co-transfecting with the miRNA NC, to the HEK293 cells; C-D. qTR-PCR results showing the
relative expression of miR-114-5p and MALAT1 when transfected with miR-141-5p mimic or miRNA-NC to
PANC-1 cells; E-F. qTR-PCR results showing the relative expression of miR-114-5p and MALAT1 when
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transfected with siMALAT1 or siControl to PANC-1 cells. Each experiment was performed in triplicates,
**p<0.01.

Figure 3

Direct binding of miR-141-5p on the 3’-UTR of TGFBR1 and TGFBR2 inhibits their protein expression. A.
Fragments containing the wild type (wt) putative binding site of TGFBR1 and TGFBR2 and their mutant
(mt) variant, as well as the sequence for miR-141-5p mimic, for subcloning to the luciferase vector; B.
Luciferase activity by co-transfecting the miRNA-NC or the miR-141-5p mimic, with the wild type or
mutant TGFBR1; C. Luciferase activity by co-transfecting the miRNA-NC or the miR-141-5p mimic, with
the wild type or mutant TGFBR2; D. western blot result of both TGFBR1 and TGFBR2. Each experiment
was performed in triplicates, **p<0.001.
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Figure 4

Overexpression of miR-141-5p inhibited TGF-β-induced EMT, cell migration, and cell invasion. A. Western
blot analysis showing the expressions of EMT-related proteins in PANC-1 cells, after transfecting with
miR-141-5p mimic, miRNA-NC, or the mock, followed by TGF-β1 treatment; B. Results from Transwell
migration assay using PANC-1 cells transfected with miR-141-5p mimic, miRNA-NC, or the mock, followed
by treatment with TGF-β1 or solvent blank for; C. Results from invasion assay with Matrigel, using PANC-
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1 cells transfected with miR-141-5p mimic, miRNA-NC, or the mock, followed by treatment with TGF-β1 or
solvent. Each experiment was performed in triplicates, **p<0.01.

Figure 5

MALAT1 suppressed the inhibitory effect of miR-141-5p on EMT, cell migration, and cell invasion induced
by TGF-β. A. Western blot results showing the expression of EMT-related proteins in PANC-1 cells, which
are co-transfected with either pcDNA3.1-MALAT1 or a mock vector, with or without miR-141-5p mimic,
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followed by treatment with TGF-β1 or solvent blank; B. Results from Transwell migration assay using
PANC-1 cells transfected with either pcDNA3.1-MALAT1 or a mock vector, with or without miR-141-5p
mimic, followed by treatment with TGF-β1 or solvent blank; C. Results from invasion assay with Matrigel,
using PANC-1 cells transfected with either pcDNA3.1-MALAT1 or a mock vector, with or without miR-141-
5p mimic, followed by treatment with TGF-β1 or solvent blank. Each experiment was performed in
triplicates.


