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ARTICLE INFO ABSTRACT

Keywords: The dysregulation of microRNA (miRNA) expression has been highlighted in a variety of human malignant
Pancreatic cancer conditions with reports implicating a critical role in the process of tumor growth. The role of miR-539 in
miR-539 pancreatic cancer (PC) is yet to be fully elucidated, hence the aim of the current study was to investigate the
TWIST1

effect of miR-539 expression in relation to a cohort of 52 PC specimens. The application of a real-time quan-
titative polymerase chain reaction (QRT-PCR) revealed a significantly down-regulated miR-539 level, which was
accompanied by an increased TWIST1 expression in PC when compared with the controls. The in vitro ex-
periment results demonstrated that the endogenic mimic of miR-539 significantly suppressed the growth of the
xenograft tumors in PANC-1 cells, when compared to the delivery of the control miRNA and blank control.
Meanwhile, the key epithelial-mesenchymal transition (EMT) inducer, TWIST1 was verified as a direct target
gene of miR-539 through the application of a luciferase reporter assay. In conclusion, the results of the current
study present evidence emphasizing the significance of the interactions between miR-539 and TWIST1 in the
development of and progression of PC, highlighting its potential as a therapeutic target in the treatment of PC
patients.

Epithelial-mesenchymal transition

are 21-23 nucleotides lengthy (in mammals) (Qin et al., 2015). Binding
to the 3’ untranslated region (3’-UTR) of target mRNAs has been re-

1. Introduction

Pancreatic cancer (PC) represents one of the most aggressive forms
of cancer accompanied by a poor prognosis as well as a high mortality
rate worldwide (Bray et al., 2018; Puleo et al., 2018; Wang et al., 2017).
Although considerable advances in the arena of PC therapeutic methods
have been made, the 5-year survival rate is still < 5% highlighting the
need for further investigation into the potential molecular mechanisms
associated with the condition (Canto et al., 2018; Li et al., 2011;
Riquelme et al., 2018). Dysregulated microRNA (miRNA) profiles have
been widely linked with the development of PC, suggesting the po-
tential role of miRNAs as biomarkers and therapeutic targets in PC
(Abreu et al., 2017; Frampton et al., 2015; Gibori et al., 2018; Karmakar
et al., 2019; Ottaviani et al., 2018).

MiRNAs are a category of conservative noncoding short RNAs that

ported to suppress translation or have a destabilizing effect on mRNAs
along with the negative regulation of protein-coding genes (Yang et al.,
2012). In regard to PC, many miRNAs have been implicated in the
process of tumorigenesis, by influencing various cellular processes in-
cluding proliferation, migration, and invasion. For instance, the over-
expression of miR-221-3p has been reported to augment cell pro-
liferation, while acting to inhibit apoptosis, whereas miR-1247
functions as a tumor suppressor in PC (Li et al., 2018; Yi et al., 2017).
Recent discoveries demonstrated the pathogenesis of PC is associated
with epithelial-mesenchymal transition (EMT) in a non-traditional
manner, this perspective has provided major insight into the me-
chanism by which distant metastasis of various cancers occur high-
lighting the importance of identifying EMT-related miRNAs as

* Correspondence to: B. Pan, Department of Surgery, Wenzhou Central Hospital, The Dingli Clinical Institute of Wenzhou Medical University, No. 32, Dajian Lane,

Wenzhou 325000, Zhejiang Province, PR China.

** Correspondence to: W. Ji, Research Institute of General Surgery, Nanjing School of Clinical Medicine, Southern Medical University (Nanjing General Hospital of
Nanjing Military Region), No.1023,South Shatai Road, Baiyun District, Guangzhou 510515, Guangdong, China.

E-mail addresses: Jiwuvip@163.com (W. Ji), panbujianwz@163.com (B. Pan).

https://doi.org/10.1016/j.yexmp.2019.04.012

Received 24 September 2018; Received in revised form 25 March 2019; Accepted 19 April 2019

Available online 22 April 2019
0014-4800/ © 2019 Elsevier Inc. All rights reserved.


http://www.sciencedirect.com/science/journal/00144800
https://www.elsevier.com/locate/yexmp
https://doi.org/10.1016/j.yexmp.2019.04.012
https://doi.org/10.1016/j.yexmp.2019.04.012
mailto:Jiwuvip@163.com
mailto:panbujianwz@163.com
https://doi.org/10.1016/j.yexmp.2019.04.012
http://crossmark.crossref.org/dialog/?doi=10.1016/j.yexmp.2019.04.012&domain=pdf

H. Yu, et al.

biomarkers or therapeutic targets (Guo, 2017).

Several studies reported a diminished expression of miR-539 in
hepatocellular carcinoma (Zhu et al., 2016), osteosarcoma (Jin and
Wang, 2015) as well as prostate cancer (Zhang et al., 2016), demon-
strating its tumor suppressive capabilities. In 2015, Lv et al. asserted
that miR-539 induces cell cycle arrest by aiming at cyclin-dependent
kinase 4 in nasopharyngeal carcinoma (Lv et al., 2015). Gu et al. like-
wise recently concluded that miR-539 suppresses invasion and cell
migration in thyroid cancer by aiming at CARMA1 directly (Gu and
Sun, 2015). Additionally, further study has revealed that the over-
expression of miR-539 could potentially at the very least inhibit PC cell
invasion and EMT by targeting TWIST1, which is key EMT inducer.
Nevertheless, the role and clinical significance of miR-539 in PC re-
mains poorly understood. Thus, the central objective of the current
study was to investigate the expression of miR-539 in clinical specimens
and PC cell lines.

2. Materials and methods
2.1. Ethics statement

This study was conducted with the approval of the Ethical
Committee of Wenzhou Central Hospital, The Dingli Clinical Institute of
Wenzhou Medical University. All experiments were conducted in strict
compliance with the Declaration of Helsinki. All participants signed
informed consent documents. All animal experiments were approved by
National Institutes of Health Animal Care and the Use Committee
guidelines of the Wenzhou Medical University (Wenzhou, China).

2.2. Tissue samples and cell lines

A cohort of 52 PC samples and 52 corresponding adjacent normal
pancreas tissues were collected from Wenzhou Central Hospital and
Shanghai fengxian district central hospital between June 2011 and
November 2016. The relevant basic clinical data is depicted in the
Table 1. The samples from 52 patients with PC didn't were yet to un-
dergo any form of radiotherapy or chemotherapy prior to surgery and
stored at —80 °C. Three PC cell lines (PANC-1, CFPAC-1 and BXPC-3)
and normal human pancreatic duct epithelial line (HPDE6-C7) were
obtained from American Type Culture Collection (ATCC, VA, USA) and
cultured in DMEM (Gibco, Grand Island, NY, USA) medium supple-
mented with fetal bovine serum (10%) (FBS; Invitrogen, Carlsbad, CA,
USA) in 5% CO, cell culture incubator.

Table 1
Clinicopathological variables in 52 PC patients of this study.

Variable Sample number (n)
Age

= 60 37

< 60 15
Gender

Male 33

Female 19
Lymphatic metastasis

Yes 10

No 42
Differentiation level

Low 12

High 40
Clinical stage

I-1I stage 39

-1V stage 13

144
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2.3. RNA isolation and real-time quantitative polymerase chain reaction
(qRT-PCR)

RNAs were extracted using Trizol reagent (Invitrogen, Carlsbad, CA,
USA). The TWIST1 mRNA expression levels were determined through
the application of a gene-specific PCR primer synthesized by Shanghai
GenePharma Company (Shanghai, China). Following primer confirma-
tion, the expression of B-actin was regarded as an internal control in
relation to the mRNA expression of TWIST1. The sequences of gene
specific PCR primers were showed as follows (He et al., 2016): TWIST1,
5-AGA AGT CTG CGG GCT GTG GCG-3’ (forward), 5-GAG GGC AGC
GTG GGG ATG ATC-3’ (reverse); E-cadherin: 5’-ACA ACG CCC CCA TAC
CAG A-3’ (forward) and 5-CAC TCG CCC CGT GTG TTA GT-3’ (re-
verse); N-cadherin: 5-CTG AGC CTC ACC TGT GCG C-3’ (forward) and
5’-CAC TCG CCC CGT GTG TTA GT-3’ (reverse); Vimentin: 5-AGCAT
CTCCTCCTGCAATTT-3’ (forward) and 5-AGGTGGACCAGCTAACC
AAC-3’ (reverse); B-actin, 5-AGT GTG ACG TGG ACA TCC GCA AAG-3’
(forward) and 5-ATC CAC ATC TGC TGG AAG GTG GAC-3’ (reverse).
U6 was regarded as a normalization reference in the process of miR-539
expression determination using TagMan miRNA assays. The cells
transfected with the delivery solutions served as the control group.

2.4. TWIST1 RNA interference

In order to knockdown TWIST1, the siRNAs (si-TWIST1, forward: 5’-
GGU ACA UCG ACU UCC UCU AUU-3’; reverse: 5-UAG AGG AAG UCG
AUG UAC CUU-3’) and negative control (si-NC, forward: 5’-UUC GAC
UGU ACU CGA CAU CTT-3’; reverse: 5'-GAU GUC GAG UAC AGU CGA
ATT-3’) were purchased from GenePharma Company (Shanghai,
China). PANC-1 and BXPC-3 cells were transfected with si-TWIST1 or
si-NC using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) ac-
cording to the manufacturer's protocol. Cells transfected with the de-
livery solutions were served as the control group.

2.5. Plasmid construction

The TWIST1 coding sequence (forward primer: 5-GAG ATG ATG
CAG GAC GTG TC-3’; reverse primer: 5-GTG GGA CGC GGA CAT GGA
CCA-3") was inserted into pcDNA3.1 vector with an empty vector
PCDNAS3.1 as the control. The pre-miR-539 sequence (forward primer:
5’-CGT GAA TGA TAG TGA GGA AC-3’ reverse primer: 5-GTG AAC
GAT TTG CCA CAC ACA-3") was cloned into the PLKO.3G vector.
Approximately 70% confluence cells were incubated and then a con-
centration of 2.0 X 10° TU lentiviruses was added into every well,
which contained pre-miR-539 or a NC (GeneChem Company, Shanghai,
China), and the expression levels of miR-539 were determined using
gRT-PCR after infection for 7 days. Cells transfected with empty lenti-
viruses were served as the control group.

2.6. Cell proliferation, migration, and invasion assays

Proliferation ability was determined by the 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide (MTT, Sigma, St Louis, MO,
USA) assays as well as a clone formation assay. In brief, the cell lines
were initially plated in 96-well plates (3000 per plate), following the
addition of MTT solution (10 mg/mL) to each well which was subse-
quently assessed using a microplate reader at 570 nm. Meanwhile, a
transwell invasion chamber coated with matrigel (Corning Glass Works,
Corning, New York, USA) was used to determine the cell invasion
ability, after which clone formation was utilized. The cells (5 X 10%/
well) were plated in a 24-well plate. After 24 h had elapsed, the cells
collected and seeded (1000-1500/well) in a fresh 6-well plate for a
period of 14 days. Surviving colonies comprised of a minimum of 50
cells were record after being fixed with methanol/acetone (1:1) and
stained with 5% crystal violet. According to the manufacturer's in-
structions, transwell invasion was measured with coated Matrigel. After
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Fig. 1. miR-539 is significantly downregulated in PC tissues and cell lines and associated with an increased TWIST1 expression in the tissue specimen. The dis-
tribution of relative expression levels of miR-539 (A) and TWIST1 (B) in PC tumors (Tumor) and paired adjacent normal mucosa (Normal). (C) The relative expression
level of miR-539 in PC cell lines and normal human pancreatic duct epithelial line HPDE6-C7. Measurement data are expressed as mean *+ standard deviation, and

the experiments were repeated 3 times. *P < .05, **P < .01, **P < .001.
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Fig. 2. miR-539 inhibits the proliferation of PC cells. (A) Ectopic expression of miR-539 in PC cell lines PANC-1 and BXPC-3 were evidence by qRT-PCR after
transfection of miR-539. (B) miR-539 significantly inhibited PANC-1 and BXPC-3 cell viability. Cell growth rates were detected by MTT assay. (C) miR-539 inhibited
PC cell growth in vivo. Tumor growth curve of miR-539 and control transfected PANC-1 cells in nude mice. (D) Colony formation assays in PANC-1 and BXPC-3

transfected with miR-NC or miR-539 with or without the TWIST1 expression plasmid. Measurement data are expressed as mean

+

standard deviation. Each group in

A, B, D had 3 replicates while the groups in C had 6 replicates. *P < .05, **P < .001.

fixed with 95% absolute alcohol, the cells invaded in the membrane
then stained and counted. To further investigate the role of miR-539 in
cell migration, we used wound healing assays to detect the ability.
When the cells were cultured to approximately 90% confluence,
wounds were scratched with pipette tips.

2.7. Luciferase activity assays

The interacting site between TWIST1 and miR-539 was predicted
through RNA22 (https://cm.jefferson.edu/rna22). The wild-type (WT)
3’UTR of TWIST1 (forward primer: 5-TCA GAG GAA CTA TAA GAA
CAC CT-3’; reverse primer: 5’-CAA GCA GGT ATT TAC CAC CAA CT-3%)
was cloned to the downstream of the firefly luciferase gene in a pGL3-
promoter vector. Scramble and miR-539 mimics as well as the corre-
sponding inhibitors were purchased from Guangzhou RiboBio Co., Ltd.
(China). The relative luciferase activity was conducted according to the
manufacturers' instructions using a dual-luciferase assay kit (Promega,
WI, USA). Cells transfected without miR-539 mimics were served the
control group.

2.8. Western blot analysis

In order to determine the protein expression, approximately 30 mg/
lane of protein was loaded and divided by 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) followed by transfer
onto a polyvinylidene fluoride membrane (Millipore Corporation, MA,
USA). After blockade with 5% nonfat dry milk-TBS-0.1% Tween 20 for
2h, the membranes were incubated with specific primary antibodies
(all purchased from Cell Signaling Technology Inc., USA) against E-
cadherin (1:1000 dilution; #14472S), Vimentin (1:1000 dilution;
#57418), N-cadherin (1:1000 dilution; #131168S), and [3-actin (1:3000
dilution; #4970S) overnight at 4°C followed by incubation with a
horseradish peroxidase (HRP)-conjugated secondary antibodies (1:5000
dilution; Santa Cruz Biotechnology, Santa Cruz, CA). The abundance of
target protein bands was densito-metrically determined using Bandscan
5.0 software, quantified, and presented as fold changes after normal-
ization in accordance with the relevant invariant control.
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Fig. 3. miR-539 inhibits the invasion and migration of PC cells. (A) Transwell with matrigel assays was performed to investigate the invasion ability of PANC-1 and
BXPC-3 cells. (B) Wound healing assays were performed to investigate the migration ability of PANC-1 and BXPC-3 cells. Measurement data are expressed as
mean + standard deviation, and the experiments were repeated 3 times. *P < .05, **P < .01.

2.9. In vivo tumor growth model

The in vivo tumor assay was performed with the transfection of
PANC-1 cells (2 x 10%) with miR-539 mimic or miR-NC, harvested,
washed, re-suspended in serum-free RPMI-1640 medium, and injected
into the left side of the posterior flank of the nude mice. Tumor growth
rates were measured using Vernier calipers every 3 days until 28 days,
and tumor volume (mm?) was calculated using the following formula:
volume = (length X width?)/2. The volume of 6 tumors from each
group was determined, with the mean value and the standard deviation
subsequently plotted in Fig. 2. All mice were sacrificed after 28 days of
inoculation. After stripping and weighing, parts of the tumor tissues
were snap frozen in liquid nitrogen and stored at —80 °C for further
molecular detection.

2.10. Statistical analysis

All data were processed using SPSS 21.0 statistical software (IBM
Corp, Armonk, NY, USA). Normal distribution and variance homo-
geneity were tested for all the data. The measurement data with normal
distribution were expressed as mean + standard deviation. The in-
dependent t-test was used for comparison between two groups. Multi-
group comparisons were conducted using one-way analysis of variance,
followed by the Tukey's post hoc test. Differences were considered
significant if P < .05.

146

3. Results

3.1. MiR-539 is down-regulated in PC tissues and cells and associated with
an increased Twist expression in the tissue specimen

As illustrated in Fig. 1A, the miR-539 expression, which was de-
termined by qRT-PCR, was substantially diminished in the PC tissues in
comparison with that of the paired adjacent normal pancreas tissue.
The expression of Twist in the tissue specimen was determined, which
revealed a significant increase in the expression of the PC tissues when
compared to the paired adjacent normal pancreas tissue (Fig. 1B).
Moreover, our results revealed that miR-539 expression in PC cell lines
were considerably lower than that of the normal human pancreatic duct
epithelial line HPDE6-C7 (Fig. 1C). Taken together, the observed out-
comes suggest that depleted miR-539 expression may be related with
PC carcinogenesis.

3.2. MiR-539 inhibits the proliferation, invasion, and migration of PC cells

In an attempt to identify the functional role of miR-539 in PC cells,
lentiviral vector expressing miR-539 was constructed and used to infect
BXPC-3 cells and PANC-1. Next, qRT-PCR revealed that miR-539
overexpression was validated (Fig. 2A). Additionally, MTT assay results
illustrated that miR-539 compared with the transfection with an empty
vector (Fig. 2B). To further assess the impact of miR-539 on PC growth
in vivo, PANC-1 cells were transfected with miR-539 or miR-NC were
injected into mouse, with tumor volume determined every 3 days until
the mice were executed. As displayed in Fig. 2C, tumor growth of the



H. Yu, et al.

1076 1095

ATATGCCAAAGAT- - TTTCTTG

TGTGTGGTTCCTATTAAAGAGG

A

Experimental and Molecular Pathology 108 (2019) 143-149

Fig. 4. miR-539 directly inhibits TWIST1 by tar-
geting its 3’'UTR. (A) The miR-539 binding site pre-
dicted in the TWIST1 3’UTR. (B) Mutant TWIST1
3’UTR was generated at the seed region as indicated
by the underline. A fragment of TWIST1 3'UTR
containing wild type (WT) or mutant (Mut) of the
miR-539 binding sites was cloned to the downstream

of the luciferase reporter gene vector, then PANC-1
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and BXPC-3 cells were transfected with reporter
vectors containing either wild-type or mutant
TWIST1 3’UTR with either miR-539 mimics (miR-
539) or scrambled mimics as negative control (miR-
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miR-539 overexpressing group was smaller than that of the control
group and miR-NC. Meanwhile, the overexpression of TWIST1 was
found to be able to rescue the miR-539 for the process of cell pro-
liferation (Fig. 2D). Moreover, from the outcome of transwell matrigel
assays (Fig. 3A), and wound healing assays (Fig. 3B), we identified that
miR-539 overexpression suppressed the cell invasion and migration
capability of BXPC-3 cells and PANC-1 considerably.

3.3. TWISTI is a direct target gene of miR-539

In order to examine the possible target of miR-539, we predicted the
binding sites between TWIST1 and miR-539 through a bioinformatics
website RNA22 (https://cm.jefferson.edu/rna22/). TWIST1 possesses a
putative binding site of miR-539, as illustrated in Fig. 4A. In order to
ascertain as to whether miR-539 targets TWIST1 3’UTR in an instant
manner, luciferase reporter assay was executed in BXPC-3 cells and

PANC-1, the results of which suggested that miR-539 mimics scaled
down the luciferase while this diminished activity was not detected in
the TWIST1 3’UTR reporter with mutant miR-539 binding seed sites
(Fig. 4B). Furthermore, Western blot analysis and qRT-PCR methods
also demonstrated that miR-539 mimics simulated the diminution of
TWIST1 expression, while elevated expression of TWIST1 was simu-
lated by miR-539 inhibitor mimics in BXPC-3 cells and PANC-1 (Fig. 4C,
D). In conclusion, our results demonstrated that miR-539 suppresses the
expression of TWIST1 instantly in PC cells.

3.4. MiR-539's inhibitory effects are attenuated by TWIST1 in relation to
the epithelial-mesenchymal transition (EMT) of PC cells

Additionally, as an important inducer of EMT, TWIST1 plays a vital
role in migration and cell invasion, so we focused on TWIST1 in this
research. As illustrated in Fig. 5A, B, the transfection efficiency of
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Fig. 5. TWIST1 attenuates the inhibitory effects of miR-539 on EMT of PC cells. (A, B) PANC-1 and BXPC-3 cells were transfected with TWIST1-specific small
interfering RNA (si-TWIST1) or negative control (si-NC), and knockdown of TWIST1 was validated by Western blot analysis. (C, D) Western blot analysis was
performed to examine the effects of miR-539 overexpression only (miR-539 + pcDNA3.1), rescued TWIST1 only (miR-NC + TWIST1), combined miR-539 over-

expression with rescued TWIST1 (miR-539 + TWIST1), and negative control (miR-
PANC-1 cells. (E) Observation of cell morphology. Measurement data are presented as mean

*P < .05, *P < .01.

specific siRNA knockdown of TWIST1 in PANC-1 and BXPC-3 cells were
determined accordingly. Moreover, in order to further examine the
function of miR-539 and TWIST1 in EMT, we detected that TWIST1
could attenuate miR-539's inhibitory influences considerably on the
inhibition of EMT in PANC-1 cells (Fig. 5C, D) in connection with the
TWIST1 rescue experimentations. The overexpression of miR-539 was
found to increase the expression of epithelial marker (E-cadherin) while
simultaneously suppressed the levels of mesenchymal markers (Vi-
mentin and N-cadherin). The results of morphological examination
showed that compared with the miR-NC + pcDNAS3.1 treatment, cells
following miR-539 + pcDNA3.1 were in elongated spindle shape, the
majority of which were accompanied by formation of long filamentous
pseudopod, while the miR-NC + TWIST1-treated cells was in ovoid,
with close connection between cell membranes(Fig. 5E). Taken

148

NC + pcDNA3.1) on EMT markers (E-cadherin, N-cadherin, and Vimentin) in
+ standard deviation, and the experiments were repeated 3 times.

together, the observations of the experiment exhibited that TWIST1
attenuates the miR-539 inhibitory effects on PC cells' EMT, which was
further confirmed through the results obtained in the examination of
cell morphology.

4. Discussion

PC remains a challenging and aggressive cancer, accompanied with
a high rate of mortality (Inamdar et al., 2016; Regine et al., 2008; Xiao
et al.,, 2016). The molecular pathogenesis and mechanism of PC pro-
gression at present, are yet to be fully elucidated. Accumulating evi-
dence has indicated that the dysregulation of miRNA is a convoluted
process associated with the progression of various human tumors (Li
et al., 2015; Schultz et al., 2014). In the present study, we examined the
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descended expression of miR-539 in a cohort of three PC cell lines and
52 PC patients. Meanwhile, increased expression of miR-539 inhibited
invasion, EMT process and PC cell proliferation were detected. TWIST1
was determined to be a direct target gene of miR-539 based on the
results of the luciferase reporter assay in the PC cell. Key data revealed
that miR-539 potentially operates as a tumor suppressor in PC cells.
TWIST1, as a basic-helix-loop-helix family transcription factor, has
been reported to play a vital role in heaps of pathological diseases'
process (Bulzico et al., 2017).

Accumulating studies have recently indicated that TWIST1 regulates
tumor metastasis by influencing (EMT, which is a crucial process for
metastasis and cancer invasion (Xu and Zhang, 2017). TWIST1 activa-
tion is significant enough to promote EMT and the dissemination of
tumor cells, while the overexpression of TWIST1 has been correlated
with a more sinister prognosis and aggressive cancer strains (Tao et al.,
2017). The hypoxic status can induce EMT process of tumor cells via
activating TWIST1. TWIST1 overexpression plays a significant role in
regulating cancer initiation, progression and metastasis in a variety of
regulatory pathways (Xiong et al., 2017). Therefore, targeted therapy
aiming at TWIST1 represents a promising therapeutic target for PC
therapy. During the current study, viaRNA22 (https://cm.jefferson.
edu/rna22/), the prediction of the TWIST1 gene as a possible target
gene of miR-539 was executed. Luciferase reporter assays provided
evidence demonstrating that TWIST1 is a direct miR-539 target.
Meanwhile, the results from qRT-PCR and western blot analysis con-
firmed the miR-539 could inhibit the TWIST1 expression in PANC-1 and
BXPC-3 cells (Fig. 4C, D). The results revealed that TWIST1 mRNA ef-
fectively acts as an efficient miR-539 sponge. The level of miR-539 was
elevated after we silenced the TWIST1 expression (Fig. 5A, B). After-
wards, further investigation into the functional role of miR-539's in PC
cell lines was conducted, which comprised of expressing BXPC-3 cells
and PANC-1. MTT, transwell with matrigel, and wound healing assays.
The results obtained illustrated that miR-539 could suppress cell pro-
liferation, invasion, migration, and EMT through TWIST1 in BXPC-3
cells and PANC-1.

Taken together, our results indicated that TWIST1 is a functional
target of miR-539 in PC cells. Additionally, miR-539 was substantially
down-regulated in PC, suggesting that miR-539 might be a modulator of
EMT. Additionally, miR-539 increased various epithelial marker such as
E-cadherin, while acting to suppress mesenchymal markers such as N-
cadherin and Vimentin.

5. Conclusions

To conclude, the prevailing findings illustrated that miR-539 is
downregulated in cell lines and PC samples and suppresses migration
and invasion of PC cells by targeting TWIST1. The key findings of the
current study present evidence indicating that the tumor-suppressive
activity of miR-539 is associated with the augmentation of the ex-
pression of epithelial marker (E-cadherin) and inhibition of mesench-
ymal markers (N-cadherin and Vimentin) by targeting TWIST1. The
restoration of miR-539 may consequently serve as a potential ther-
apeutic strategy for PC treatment.
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