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ABSTRACT

Background: Pancreatic cancer (PC) is one of the most common gastrointestinal tumors globally.
Former investigations discovered that circular RNAs (circRNAs) play an important role in PC
development. circRNAs belong to a new class of endogenous noncoding RNAs, which have
been found to mediate the progression of diverse types of tumors. Nevertheless, the roles of
circRNAs and the underlying regulatory mechanisms in PC remain unknown.

Methods: In this study, our team employed next-generation sequencing (NGS) to examine the
abnormal circRNA expression in PC tissues. The circRNA expression in PC cell lines and tissues was
detected. Then, regulatory mechanism and targets were examined with bioinformatics analysis, lucifer-
ase reporting analysis, Transwell migration, 5-ethynyl—2"-deoxyuridine, and CCK—8 analysis. An in vivo
experiment was employed to elucidate hsa_circ_0014784 roles in PC tumor growth and metastasis.
Results: The results showcased abnormal circRNA expression in PC tissues. Our lab also found
that hsa_circ_0014784 expression incremented in PC tissues and cell lines, implying that
hsa_circ_0014784 functioned in PC progression. hsa_circ_0014784 downregulation inhibited
PC proliferation and invasion in vivo and in vitro. The bioinformatics and luciferase report data
validated that both miR—214-3p and YAP1 were hsa_circ_0014784 binding partners. The
overexpression of YAP1 reversed the migration, proliferation, and epithelial — mesenchymal
transition (EMT) of PC cells and the angiogenic differentiation of HUVECs after miR—214-3p
overexpression.

Conclusion: Taken together, our study found that hsa_circ_0014784 downregulation decremented
invasion, proliferation, EMT, and angiogenesis of PC by regulating miR—214-3p/YAP1 signaling.
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Intreduction relevant to patients having unresectable or locally

Pancreatic cancer (PC) is one of the main causes of
tumor-relevant death globally and ranks fourth fol-
lowing colorectal, lung, and breast cancers [1]. The
5-year survival rate of PC is < 10% [2]. The neoad-
juvant therapy, surgical resection, and integrative
therapy targets have promoted treatment options
for patients with PC. However, the lack of accurate
and effective therapeutic targets for early metastasis
and invasion has limited the prognosis for patients
with PC [3-5]. Severely poor prognosis as well as
overall survival of 10-16 months is generally

advanced PC [6]. The data highlights the urgency of
validating the molecular regulatory network of PC
to find novel or more effective therapeutic target(s).

Previous studies found that EMT and angio-
genesis played an essential role in the malignant
progression of tumors such as PC [7-9]. EMT is
a critical biological process whereby cancer cells
lose epithelial features toward a more aggressive
and invasive mesenchymal phenotype. The key
epithelial markers, N-cadherin and Twist, play
an important role in EMT processes, which
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cause damage to cell - cell adhesion and
mesenchymal properties, contributing to strong
cell invasiveness and metastasis of PC [10,11].
Studies also found that vascular endothelial
growth factor (VEGF) induced angiogenesis,
which promoted tumor growth and metastasis
[12-14]. Targeted angiogenesis is a potential
therapeutic agent for treating PC [15].

Increasing evidence shows that ncRNAs broadly
participate in PC development [16,17]. circRNAs
are ncRNAs stemming from the back-splicing of
precursor mRNAs, which have stable covalent cir-
cular structures and are resistant to digestion
through RNase R [18]. Compared with the linear
precursors, circRNAs possess functions regardless
of the host genes, such as functioning as miRNA
sponges [19]. Emerging evidence has unveiled that
circRNAs function as miRNA sponges to influence
binding partners and are involved in different
cancers [20,21]. However, the role of circRNAs in
PC still needs to be discovered.

In our study, we discovered that hsa_circ_0014784
expression increased in PC tissues. The downregula-
tion of hsa_circ_0014784 expression inhibited PC
proliferation and invasion in vitro and in vivo.
Finally, we proved that hsa_circ_0014784-induced
yes-associated protein 1 (YAP1) promoted EMT and
angiogenesis through sponging miR-214-3p in PC.

Materials and methods
Ethics statement

Our team collected PC tumor and adjacent tissues
from 10 patients with PC between January 1, 2021,
and September 31, 2021, in Tongren Hospital
affiliated to Shanghai Jiaotong University School of
Medicine, Shanghai, China. The study was super-
vised by the Ethics Committee in Tongren Hospital
affiliated to Shanghai Jiaotong University School of
Medicine. Our team informed patients and their
relatives of the study, and they signed consent forms.

NGS quantification and identification of human
circRnas

RNA was obtained from freshly frozen PC tissues.
Our team checked RNA quality using Agilent 2200
(Agilent Technologies, USA). Our team treated

RNA using a RiboMinus eukaryote kit (Qiagen,
CA, USA) to remove ribosomal RNA, followed
by ¢DNA library construction. NGS was con-
ducted with Illumina HiSeq 3000 (Illumina, CA,
USA). Reads were aligned to GRCH37.p13 NCBI
as a reference genome. The unmapped reads were
collected to characterize circRNAs, and those
mapped to circRNA junction were counted for
every candidate.

Cell culture and transfection

Our team cultured PC cancer cell lines SW1990,
PANC-1, BxPC3, AsPC-1, Capan-2, and
HPDE6-C7 cells in DMEM (Gibco, NY, USA)
supplemented with 10% FBS (Gibco). The techni-
cian incubated cells at 37°C in a humidified atmo-
sphere including 5% CO..

The technician transfected si-circ—0014784,
YAP1 overexpression vector, and miR-214-3p
inhibitor (GenePharma, Shanghai, China) into
both SWI1990 and PANC-1 cells utilizing
Lipofectamine =~ 2000  transfection  reagent
(Invitrogen) following protocols for 2 days before
further analysis. RT-qPCR was used for transfec-
tion efficiency analysis.

Fluorescence in situ hybridization

Special probes to hsa_circ_0014784, U6, and 18S
rRNA  were prepared (Geneseed Biotech,
Guangzhou, China). Our team captured signals
through Cy3-conjugated anti-biotin antibodies
(Jackson ImmunoResearch Inc.,, PA, USA). The
technician counterstained cell nuclei with 4,6-dia-
midino-2-phenylindole (DAPI). Finally, our team
obtained images using Zeiss LSM 700 confocal
microscope (Carl Zeiss, Oberkochen, Germany).

Cell counting kit assay

Our team seeded cells into 96-well plates at
a density of 2 x 10° cells per well. At established
time points, the absorbance at 450 nm of every
sample was detected by applying CCK-8 assay
(Yeasen Biotech Co., Ltd, Shanghai, China).
Finally, the cell viability curve was plotted.



The 5-ethynyl-2'-deoxyuridine assay

Our lab analyzed DNA synthesis and cell prolif-
eration by applying a 5-ethynyl-2'-deoxyuridine
(EdU) assay kit (RiboBio, Guangzhou, China).
Then, our team seeded 1x10* SW1990 and
PANC-1 cells into 95-well plates overnight. On
the second day, 25 pM EdU solution was put on
the plate, and the cells were incubated for 24 h.
Afterward, 4% formalin was utilized to fix cells at
room temperature for 2h before 0.5% Triton X
—100 to permeabilize cells for 10 min. Further, 200
uL of Apollo reaction solution and 200 pL of DAPI
were added to stain EAU and nuclei, respectively,
for 0.5 h. The technician measured DNA synthesis
and cell proliferation using a Nikon microscope
(Nikon, Tokyo, Japan).

Transwell migration assay

The cells transfected for 2 days were adjusted to
a dose of 2.0 x 10°/mL. Briefly, 200 uL/well cell
suspension was applied to the upper side of the
Transwell chamber (Millipore, MA, USA).
Meanwhile, 500 uL the medium including 10%
FBS was put on the lower side. After 1 day of
incubation, the invasive cells on the bottom side
were fixed with methanol for 15 min and stained
with crystal violet for 20 min. We observed pene-
trating cells under the microscope and counted
invading cells. Five fields of view were selected
randomly for each sample.

Quantitative real-time polymerase chain reaction

Our team obtained total RNA from cells or from the
skin tissue of the wound using a TRIzol reagent kit
(Invitrogen, CA, USA). The technician synthesized
cDNA to amplify it using a TagMan miRNA Reverse
Transcription Kit. Our team performed quantitative
polymerase chain reaction (qQPCR) utilizing TaqgMan
MicroRNA  Assay Kit  (#4440885, Applied
Biosystems, CA, USA). The technician employed
the 27" method to detect relative fold alterna-
tions in expression. U6 and GAPDH were applied as
internal references. The primers utilized to assay
hsa_circ_0014784 expression were forward, 5'-
GACTGTAGCTTTGGAAGTTTAGCTC-3" and

reverse, 5'-GUAGCACCCAGACAGCAGCAG
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G-3'. miR-214-3p primers were forward, 5'-
GCGACAGCAGGCACAGACA-3"; reverse: 5'-
AGTGCAGGGTCCGAGGTATT-3". VEGF pri-
mers were forward, 5-GCCTTAGGACACCATA
CCGATG-3' and reverse, 5-GCTGCCCCAGGG
AACAAAGTTG-3". Twist—1 primers were forward,
5'-GGCACCATCCTCACACCTCT-3' and reverse,
5-GCTGATTGGCACGACCTCT-3". N-cadherin
primers were forward, 5-AGCTCCATTCCGA
CTTAGACA-3' and reverse, 5-CAGCCTGAGC
ACGAAGAGTG-3'". U6 primers were forward, 5'-
CTCGCTTCGGCAGCACA-3; reverse: 5'-
AACGCTTCACGAATTTGCGT-3". GAPDH pri-
mers were forward, 5-AATGGGCAGCCGTT
AGGAAA-3'; reverse: 5-TGAAGGGGTCATTGA
TGGCA-3'.

Tube formation assay

The tube formation assay was performed as
described previously [22]. In the assays, we coated
96-well plates with 50 uL of Matrigel. We co-
incubated 2 x 10* HUVECs with 200 uL superna-
tants from every group for 10 min, followed by 6-
to 8-h incubation at 37°C. The images were
obtained with a microscope (Nikon, Tokyo,
Japan). We quantified antiangiogenic activity via
detecting the length of tube walls constructed
between discrete endothelial cells in every well
relative to controls.

Dual-luciferase reporter assay

The putative miR-214-3p-binding site in target
gene YAPI and hsa_circ_0014784 (Wt or Mut)
3”-UTR were cloned into psi-CHECK (Promega,
WI, USA) vector downstream of firefly luciferase
3”-UTR-YAP1 or hsa_circ_0014784 as a primary
luciferase signal with Renilla luciferase as normal-
ization signal, which our lab named YAPI-Wt
/hsa_circ_0014784-Wt and YAPI1-Mut/hsa_-
circ_0014784-Mut. psi-CHECK vector itself sup-
plied Renilla luciferase signal as normalization to
compensate for differences between transfected
and harvested efficiencies. The transfection into
HEK293 cells was performed by applying
Lipofectamine 2000 (Invitrogen Life
Technologies). The technician captured Renilla
and firefly luciferase activities 1 day post
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transfection with Dual-Luciferase Reporter Assay
System (Promega, Mannheim, Germany) applying
a luminometer (Molecular Devices, USA). The
relative Renilla luciferase activities were analyzed
following  protocols  (Promega, Mannheim,
Germany).

In vivo experiments

PANC-1 cells transfected with sh-NC or sh-
circ—0014784 (2x10°%) were injected into the
nude mouse flank to make nude mouse models
of PC. The tumor weight and volume were mea-
sured. The Animal Ethics Committee in the
Second Affiliated Hospital affiliated to Anhui
Medical University supervised animal
experiments.

For tumor metastasis analysis, luminescence-
labeled PANC-1 cells stably transfected with sh-
NC or sh-circ-0014784 were suspended in 100 pL
of phosphate-buffered saline (with 2 x 10° cells)
and injected into the tail vein. The technician
evaluated lung metastasis utilizing in vivo biolumi-
nescence imaging system after injection for 4
weeks. The counts regarding metastatic foci in
lung tissues were computed after hematoxylin -
eosin (H&E)staining.

Immunohistochemical and immunofluorescence
analyses

Our team fixed tissue specimens with 4% parafor-
maldehyde solutions and embedded them in par-
affin. The technician sectioned and cultured the
sections overnight with primary antibodies against
CD31 or Ki67 at 4°C and with secondary antibo-
dies (Abcam) for 1h at 37°C. We examined and
photographed sections using a Nikon microscope
(Nikon).

Statistical analysis

Data were shown as means * standard deviation
(SD). Statistical analyses were performed in
GraphPad Prism (CA, USA) to determine signif-
icant differences among groups. P values < 0.05
were regarded as statistically significant. Two-
tailed Student ¢ tests were used to determine

significant differences between two groups, and
two-way analysis of variance with post hoc
Bonferroni tests were used to determine signifi-
cant differences among three or more groups.

Results

Hsa_circ_0014784 played a role in PC
progression

A previous study found that circRNA played an
important role in the progression of different
cancers including PC [20]. In the present study,
NGS was applied to detect circRNAs expressed
differentially between PC tumor and adjacent
normal tissues. The result showcased many
circRNAs with abnormal expression in PC
tumor tissues (Figure la). Our lab used RT-
qPCR to further confirm the upregulation of
nine circRNAs, including hsa_circ_0014784,
hsa_circ_0036650, hsa_circ_0036984, hsa_circ
_0037002, hsa_circ_0104953, hsa_circ_0007701,
hsa_circ_0007846, hsa_circ_0037855, and hsa_-
circ_0037869. The data showed that hsa_-
circ_0014784 had the maximum upregulation
level (Figure 1b). We also found that hsa_-
circ_0014784 expression was upregulated in 10
pairs of PC tumor tissues compared with adja-
cent normal tissues (Figure 1c). Fluorescence
in situ hybridization (FISH) showcased that
hsa_circ_0014784 expression incremented in PC
tissues compared with adjacent normal tissues,
and hsa_circ_0014784 was mainly located in the
cytoplasm (Figure 1d). RT-qPCR results showed
that hsa_circ_0014784 expression was upregu-
lated in PC cell lines, including PANC-1,
SW1990, AsPC-1 and BxPC3, compared with
human pancreatic ductal endothelial cell line
HPDE6-C7 (Figure le). However, only PANC
-1 and SW1990 cells had higher hsa -
circ_0014784 levels, and hence were selected
for further study. The bioinformatics data
revealed that hsa_circ_0014784 was originated
from cyclizing exons from the HDGF gene,
which  was located at chrl:156711898-
156713247. HDGF is 1349 bp, and spliced
mature circRNA is 1349 (Figure 1f). Therefore,
we named hsa_circ_0014784 as circ-HDGF.
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Figure 1. Hsa_circ_0014784 played a role in PC progression. (a) Heatmap showing the circRNA expression in PC tumor as well as
adjacent normal tissues. (b) RT-qPCR data showed the expression of nine high-expression circRnas in PC tumor as well as adjacent
normal tissues. The results are denoted by mean +SD. ***P <0.001 versus the normal tissues. (c) RT-gPCR data showed hsa_-
circ_0014784 expression in 10 pairs of PC tumor as well as adjacent normal tissues. The results are represented by mean + SD.
**¥P <0.001 versus the normal tissues. (d) FISH detection showcased hsa_circ_0014784 expression and subcellular distribution. (e)
RT-gPCR detection showcased hsa_circ_0014784 expression in PC cancer cell lines PANC—1, AsPC—1, Capan -2, SW1990, and

BxPC3, and human pancreatic ductal endothelial cells.

(HPDEG6-C7). The results are represented by mean + SD. **P < 0.01, ***P < 0.001 versus HPDE6-C7. (e) Genomic loci of HDGF and

hsa_circ_0014784.

Hsa_circ_0014784 downregulation inhibited PC
cell growth and proliferation in vivo and in vitro

We constructed siRNA against hsa_circ_0014784 (si-
circ—0014784, 5”-CUGCCUAGAUUCAGGGAAAU
U-3”), which we transfected into both PANC-1 and
SW1990 cells to illustrate the role of hsa_circ_0014784
in PC progression. RT-qPCR data showcased that

hsa_circ_0014784 expression significantly decremen-
ted in SW1990 and PANC-1 cells post silencing
hsa_circ_0014784 (Figure 2a). CCK-8 (Figures 2b
and c) and EdU (Figures 2d and e) detection found
that the downregulation significantly decreased cell
proliferation ability after silencing hsa_circ_0014784
in SW1990 and PANC-1 cells. The tumor formation
in nude mouse xenografts using PANC-1 cells
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showcased that hsa_circ_0014784 silencing signifi-
cantly decremented tumor growth in terms of weight
and volume (Figure 2f-h). The immunohistochemical
analysis with Ki67 staining detection also confirmed
that hsa_circ_0014784 silencing inhibited Ki67
expression in tumor tissues (Figure 2i and j). The
immunofluorescence for CD31 staining illustrated
that hsa_circ_0014784 silencing significantly decre-
mented tumor vascular differentiation (Figure 2k
and 1). This finding suggested that hsa_circ_0014784
downregulation inhibited GC proliferation, tumor
growth, and tumor vascular differentiation in vitro
and in vivo.

Hsa_circ_0014784 downregulation inhibited PC
cell migration and pulmonary metastasis in vivo
and in vitro

Transwell migration assay showcased that hsa_-
circ_0014784 silencing suppressed PC cell migration

si-circ-0014784

¢ sh-circ-0014784
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(Figures 3a and b). Living imaging detection showed
PANC-1 cell pulmonary metastasis and that hsa_-
circ_0014784 silencing reduced pulmonary metasta-
sis ability through decrementing metastatic foci
numbers in lung tissues post H&E staining analyses
(Figures 3c-e). It suggested that the hsa -
circ_ 0014784 downregulation inhibited PC cell
invasion.

miR-214-3p and YAP1 were hsa_circ_0014784
binding partners

Because RNA localization within cells is indispen-
sable for their functions, our team defined the sub-
cellular localization of hsa_circ_0014784 in PANC
—1 cells. The subcellular fractionation and FISH
assays advised that hsa_circ_0014784 was located
mainly in the cytoplasm (Figure 4a and D).
Cytoplasm-localized circRNAs mainly act as com-
peting endogenous RNAs (ceRNAs), which are that

0. 35 3% %k
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3 si-NC H si-circ-0014784
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Figure 3. Hsa_circ_0014784 downregulation inhibited PC cell migration and pulmonary metastasis in vitro and in vivo. (a) Transwell
detection showcased SW1990 and PANC — 1 cell migration post si-circ —0014784 transfection. Results are denoted as mean + SD. (c)
Living imaging detection showcased pulmonary metastasis in PANC — 1 cells. (d- e) Counts of metastatic foci in lung tissues were
computed after HE staining. Results are expressed as mean + SD. ***P <0.001 versus sh-NC..
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showcased the hsa_circ_0014784, miR — 214-3p, and YAP1 expression in both PANC—1 and SW1990 after transfection with si-
circ —0014784, miR — 214-3p inhibitor, and YAP1 overexpression vector, single or combined. Data are denoted as means + SD.
*P <0.05, ***P <0.001 versus NC. **p



regulate each other at the post-transcription level by
competing for miRNA regulators [23,24]. miRNAs
bound potentially to hsa_circ_0014784 were pre-
dicted using Starbase to define whether hsa_-
circ_0014784 functioned as miRNA sponge in PC.
Then, we constructed the luciferase reporter vector
(containing the hsa_circ_0014784 sequence).
Different miRNA mimics, including miR-195-5p,
miR-15a-5p, miR-16-5p, miR-424-5p, miR-497-
5p, miR-214-3p, miR-761, miR-873-5p, miR
~212-3p, miR-200a—3p, miR-141-3p, miR—432-
5p, miR-654-3p, miR-3174, and miR-4784, were
transfected into HEK293. The result showcased that
miR-214-3p decreased fluorescein intensity signif-
icantly. It suggested that miR—-214-3p was the hsa_-
circ_0014784 binding partner (Figure 4c).

A luciferase reporter analysis furthermore vali-
dated that miR-214-3p suppressed luciferase
activity in WT cells, but not in Mut cell lines
(Figure 4d and e), suggesting that miR-214-3p
was hsa_circ_0014784 target. The bioinformatics
data also showed that YAP-1 was miR-214-3p
binding partner. The luciferase reporter vector
was constructed (Figure 4f). The luciferase repor-
ter data showed that miR-214-3p suppressed luci-
ferase activity in wild-type cells (Figure 4g),
suggesting that YAP—1 was miR-214-3p target.

The RT-qPCR results showcased that hsa_-
circ_0014784 expression decremented post hsa_-
circ_0014784 silenced vector transfections.
However, the treatment with the miR-214-3p
inhibitor or overexpressing YAP-1 could not
restore hsa_circ_0014784 expression in PANC
-1 and SW1990 cells (Figure 4h and ). This
finding suggested that both miR-214-3p and
YAP-1 were hsa_circ_0014784 binding partners.
The RT-qPCR results found that hsa_-
circ_0014784 silencing increased miR-214-3p
expression. YAP—1 overexpression did not affect
si-circ—00147841-induced miR-214-3p expres-
sion (Figures 4j and k). It suggested that miR
—-214-3p was at hsa_circ_0014784 downstream.
The results showcased that hsa_circ_0014784
silencing reduced YAP-1 expression. However,
the miR-214-3p downregulation reversed the
inhibitory effect of si-circ-00147841 upon YAP
-1 expression. After YAP—1 overexpression vec-
tor transfection, YAP-1 expressions incremen-
ted significantly (Figure 41 and m). It suggested
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that hsa_circ_0014784 enhanced YAP-1 expres-
sion via sponging miR-214-3p.

YAP1 overexpression or miR—214-3p inhibition
reversed the proliferation, migration, and tumor
angiogenesis of PC cells after silencing
hsa_circ_ 0014784

EdU (Figure 5a-c) detection showed that YAPI
overexpression or miR—214-3p inhibition restored
cell proliferation in SW1990 and PANC-1 cells
after silencing hsa_circ_0014784. Transwell migra-
tion assay also showed that YAP1 overexpression
or miR-214-3p inhibition restored PC cell migra-
tion in SW1990 and PANC-1 cells postsilencing
hsa_circ_0014784 (Figure 5d-f). The data also
found that YAP1 overexpression or miR-214-3p
inhibition restored inhibitory effect of si-
circ—0014784 on the angiogenic differentiation of
HUVECs (Figure 5g and h).

Overexpression of YAP1 reversed PC cell
migration and proliferation along with
angiogenic differentiation of HUVECs post miR
—214-3p overexpression

EdU (Figure 6a-c) detection showcased that miR
—214-3p overexpression suppressed PC cell prolifera-
tion in SW1990 and PANC-1 cells. However, YAP1
overexpression restored cell proliferation capabilities
in PANC-1 and SW1990 cells post miR-214-3p
overexpression. Transwell migration assay also show-
cased that YAP1 overexpression reversed PC cell
migration ability post miR-214-3p overexpression
in SW1990 and PANC-1 cells (Figure 6d-f). The
data also showed that the YAPI overexpression
restored miR-214-3p inhibitory effects on the angio-
genic differentiation of HUVECs (Figure 6g and h).

Overexpression of YAP1 or miR-214-3p
inhibition reversed PANC—1 tumor growth after
silencing hsa_circ_0014784

The tumor formation in xenografts of nude mice
using PANC-1 cells showcased that hsa_-
circ_0014784 silencing significantly reduced tumor
growth in terms of weight and volume, but YAPI
overexpression or miR-214-3p inhibition reversed
PANC-1  tumor growth after silencing
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hsa_circ_0014784 (Figure 7a—c). The immunohisto-
chemical analysis with Ki67 staining detection also
confirmed that YAP1 overexpression or miR-214-
3p inhibition reversed the inhibitory effect of Ki67
after hsa_circ_0014784 silencing in tumor tissues
(Figure 7d and 7e). The immunofluorescence for
CD31 staining showcased that hsa_circ_0014784
silencing decreased tumor vascular differentiation
significantly (Figure 7f and g). RT-qPCR detection
showed that YAP1 overexpression or miR-214-3p
inhibition restored the expression of VEGF and
EMT-associated genes N-cadherin and Twist. This

finding suggested that the YAP1 overexpression or
miR-214-3p inhibition reversed PANC-1 tumor
growth after silencing hsa_circ_0014784.

Discussion

A previous study found that circRNA played an
important role in the progression of different
diseases including cancer [21]. Other investiga-
tions found that circPTPN22 attenuated
immune microenvironment of PC via STAT3
acetylation [25]. Circ-EYA3 induced energy



mimic

SW1990 CAPN-1

CAPN-1

CELL CYCLE 1593

mimic+YAP1

=n

= NC

mimic
=3 mimict+YAP1

—
® S
S <@

S
(]

percentage (%)
[=2)
[

[
]

Cell proliferation

(=]

PANC-1

(g]

= NC
Bl mimic
=3 mimic+YAP1

=]

[ S S~ S -]
S <@

>

Cell proliferation
percentage (%)

0

SW1990

= NC
Bl mimic
=3 mimic+YAP1

n
(=]

##
pies

e
[—3
(=}

Cells/field

n
S <@

PANC-1

= NC
Bl mimic
B3 mimic+YAP1

n
(=]

Cells/field
§ L

n
(=]

R LR SW1999

= NC
B mimic
= mimic+YAP1

k. k.
(=] (9]
e
£

Relative tube length
et
n

S
=

HUVECs

Figure 6. Overexpression of YAP1 reversed PC cell proliferation and migration along with angiogenic differentiation of HUVECs after
overexpression of miR — 214-3p. (a - ¢) EdU detection showed the proliferation capability of PANC — 1 and SW1990 cells. Results are
denoted as mean + SD. (d — f) Transwell detection illustrated PANC — 1 and SW1990 cell migration. Data are represented by mean £
SD. (g - h) Tube formation ability of HUVECs. The results are expressed as mean = SD. ***P <0.001 versus NC. **P <0.001 versus

mimic.

production to enhance the progression of pan-
creatic ductal adenocarcinoma through the miR
—1294/c-Myc axis [26]. Nevertheless, the
circRNA expression and the regulatory roles
during PC have much ambiguity. In the present
investigation, we discovered that hsa_-
circ_0014784 expression incremented in PC

tissues and cell lines. hsa_circ_0014784 was
derived from the HDGF gene and located
mainly in the cytoplasm as previously reported
[27,28]. The hsa_circ_0014784 downregulation
inhibited PC migration and proliferation in vivo
and in vitro. It suggested that hsa_circ_0014784
played a role in the progression of PC.
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showed the CD31 expression in tumor tissues. Data are denoted as the mean + SD. (h — j) RT-gPCR results showcased the VEGF,
N-cadherin, and Twist —1 expression. Data are expressed by mean +SD. ***P <0.001 versus sh-NC. **P <0.001 versus sh-circ
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A previous study found that circRNAs bound to
miRNAs via regulatory mechanisms where endo-
genous RNAs competed to regulate indirectly
mRNA expression corresponding to miRNA
downstream target genes, contributing to PC pro-
gression [28]. Bioinformatics analysis suggested
that miR-214-3p and YAPI hsa_-
circ_0014784 binding partners, which we con-
firmed by luciferase reporting assay. The
hsa_circ_0014784 downregulation enhanced miR
—214-3p expression. The altered expression of
miR-214-3p is involved in tumorigenesis. It was
known that miR—-214-3p expression inhibited can-
cer proliferation and migration by regulation EMT
[28-30]. The investigation discovered that miR

were

—214-3p expression inhibited angiogenesis [31].
A previous study also found that miR-214-3p, as
a candidate therapeutic PC target, was downregu-
lated. miR-214-3p upregulation could inhibit PC
progression [32,33]. The data showcased that miR
—214-3p downregulation reversed si-circ—0014784
inhibitory effects on PC cell EMT, proliferation,
migration, and angiogenesis. It suggested that
hsa_circ_0014784 silencing inhibited PC progres-
sion by promoting miR-214-3p expression.
Further studies found that YAP1 was the miR
—214-3p binding partner, which we verified using
the luciferase reporter data. hsa_circ_0014784 down-
regulation suppressed YAP1 expression. However, the
miR-214-3p inhibition reversed si-circ-0014784



inhibitory effects on hsa_circ_0014784 expression.
YAPI expression was upregulated in PC tissues com-
pared with normal tissues [34-36]. The high YAP1
expression contributed to EMT and enhanced the
aggressiveness of a large number of human cancers
including PC [37]. Investigations also found that the
high YAP1 expression promoted angiogenesis and
aggressiveness of cancer [22]. In this study, our team
found that YAP1 overexpression restored si-
circ-0014784 inhibitory effects on PC proliferation,
migration, EMT, and angiogenesis by promoting the
expression of metastasis-associated molecules such as
VEGFA, N-cadherin, and Twist. This finding sug-
gested that hsa_circ_0014784 silencing inhibited PC
progression via promoting miR-214-3p and inhibit-
ing YAP1 expression.

In a word, the present investigation provided
evidence that the hsa_circ_0014784 expression
downregulation decremented proliferation, inva-
sion, EMT, and angiogenesis of PC cells through
miR-214-3p/YAP1 signaling regulation. All find-
ings suggested that hsa_circ_0014784 was
a candidate biomarker for PC diagnostics, which
extended the drug applications targeting hsa_-
circ_0014784, informing the potential functions
of hsa_circ_0014784 in PC treatment.
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