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ABSTRACT

Pancreatic ductal adenocarcinoma (PDAC) is considered one most aggressive and lethal cancer
types worldwide. While its underlying mechanisms are still poorly understood. CircRNAs play
essential roles in various biological progression, including PDAC. Here, our results found that
circUHRF1 was highly expressed in PDAC tumor tissues compared with normal tissues. Next, Cell
or animal models were constructed, CCK-8, cell colony, EdU, flow cytometry assay, transwell
migration, and Western blot assays were applied. CircUHRF1 knockdown influenced PDAC cell
proliferation, apoptosis, migration and EMT level in vitro, and tumor growth in vivo. Subsequently,
bioinformatics analysis, AGO2-RIP, RNA pull-down, and dual-luciferase reporter assays were used
to explore the downstream targets in PDAC progression. Our findings suggest that circUHRF1
regulated ARL4C expression to promote PDAC progression through sponging miR-1306-5p. The
role of miR-1306-5p in PDAC cellular progression has been elucidated, and the expression
association between miR-1306-5p and circUHRF1 or ARL4C in PDAC tissues was analyzed.
Furthermore, circUHRF1 expression in PDAC cells could be transcriptionally regulated by IRF3.
Collectively, our study demonstrated the role of IRF3/circUHRF1/miR-1306-5p/ARL4C axis in PDAC
progression. Our results suggest that circUHRF1 is one promising diagnosis or therapeutic target
for PDAC management.
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Introduction has brought terrible life experiences to patients and

Pancreatic ductal adenocarcinoma (PDAC) is one of
the most aggressive and deadliest cancers, which
causes fourth cancer-related death worldwide [1,2].
Due to the absence of early detection and insignif-
icant early symptom, diagnosis of PDAC is often at
an end-stage [3]. Despite the decades’ efforts on the
improvement of clinical management such as che-
motherapy, immunotherapy, and gene target ther-
apy. The survival rate of PDAC is still unfavorable,
and the disease incidence is growing [4-7]. PDAC

a substantial economic burden for the world health
care system. It is imperative to find novel targets for
PDAC diagnosis and clinical intervention.

Circular RNAs (circRNAs) are a novel class of
non-coding RNAs (ncRNA) family and are charac-
terized by thier covalently closed continuous loop
structure, which is without 50-30 polarity or poly(A)
tail [8]. After decades of study, circRNAs were found
abundantly, conservatively, and tissue specifically
expressed in various species [9-11]. Mechanically,
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circRNAs exert thier function mainly through inter-
acting with microRNAs (miRNAs) or directly trans-
lating proteins [12,13]. Biologically, circRNAs play
crucial roles in multiple cellular or disease progres-
sion, especially in cancer [14-16]. Recently, the role
of circRNAs in PDAC progression has been widely
studied. Guo X et al. demonstrated that circRNA
circBFAR exerts its function in PDAC progression
through miR-1306-5p/MET/Akt axis [17]. Wong
CH et al. elucidated that circFOXK2 sponges to
miR-942 and complexes with RNA-binding protein
to aggravate growth and metastasis progression of
PDAC [18]. Hao L et al. revealed that circ_0007534
regulates PDAC cellular progression via sponging
miR-625 and miR-892b [19]. Accumulating evi-
dence suggests that circRNAs exert an essential role
in PDAC initiation or progression.

CircRNA Ubiquitin-like with PHD and RING fin-
ger domain 1 (circUHRF1) (hsa_circ_0048677) is
spliced from the 12, 13 exons of UHRF1 gene and
locates on chr19:4,950,622-4,951,008. Of interest, we
notified that CircUHRF1 plays a crucial role in the
progression of oral squamous cell carcinoma, hepato-
cellular carcinoma [20,21]. However, the role of
circUHRF1 in PDAC progression remains uncovered.
In the current study, we hypothesized that circUHRF1
exerts its function in PDAC progression. Firstly,
circUHRF1 expression levels in PDAC tissues were
measured. Next, by constructing circUHRF1 knock-
down cell and mouse models, we investigated the
biological role of circUHRFI1 in vitro and in vivo.
Subsequently, bioinformatics analysis, AGO2-RIP,
RNA pull-down, and dual-luciferase reporter assays
were performed to identify its down- and up-stream
factors and underlying mechanisms. Collectively, our
study partially demonstrated the promotive effect of
circUHRFI in PDAC progression.

Materials and methods
Clinical samples

A total of 26 PDAC tissues and 12 peritumoral nor-
mal tissues were collected from patients who under-
went pancreaticoduodenectomy surgery at Renmin
Hospital of Wuhan  University  between
February 2018 and February 2019. Patients who
received radiotherapy or chemotherapy or had other
tumors were excluded. Tissue samples were stored at
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—80°C after resection immediately. Adjacent normal
tissues (2 cm always from tumor tissues) were col-
lected and stored at —80°C as an internal control.
Informed consent was obtained from all patients. All
approaches were approved by the Ethics Committee
of Renmin Hospital of Wuhan University.

Cell culture and transfection

PDAC cell lines (AsPC-1, PANCI1, SW1990, BxPC3,
and Hs766T), human pancreatic normal epithelial cell
line HPDE and HEK-293 T were commercially
obtained from Zeye Biotechnology (Shanghai,
China). Cells were cultured by Roswell Park
Memorial Institute (RPMI)-1640 medium, with 10%
fetal bovine serum (FBS) (Gibco, USA) and 1% anti-
biotics at 37°C in a humidified atmosphere containing
5% CO,. Lentivirus, siRNAs, and plasmids used in the
study were synthesized and procured from
GeneChem (Shanghai, China). The sequences of
siRNAs are as following: Si-NC; TTCTCCGAACGT
GTCACGT, Si-circUHRF1#1; GAGGATGATGTGG
GATGAT, Si- circUHRF1#2; GATGTGGGATGATT
CTCTG. Si-IRF3#1: F, 5-CAGGAGGAUUUCGGA
AUCUTT-35 R, 5-AGAUUCCGAAAUCCUCCU
GTT-3; Si-IRF3#2: F, 5-GGAGGCAGUACUUCU
GAUATT-3"; R, 5-UAUCAGAAGUACUGCCUC
CTT-3; Si-NC: F, 5-UUCUCCGAACGUGUCAC
GUTT-3; R, 5-ACGUGACACGUUCGGAGAAT
T-3". All transfections were performed using Lipofe
ctamine 3000 reagent (Invitrogen) according to the
manufacturer’s protocol.

RT-qPCR

TRIzol reagent (Invitrogen) was used to extract RNAs
from samples and cells according to the manufac-
turer’s protocol. Total RNAs were reverse transcribed
into cDNA using the RevertAid First Strand cDNA
Synthesis Kit (Thermo). RT-qPCR was carried out
using the FastStart Universal SYBR Green Master
(Rox) (Roche) in the ABI PRISM® 7300 real-time
PCR system (Applied Biosystems, Foster City, CA,
USA). The relative expression level was computed
using 2-AACt method. U6 and GAPDH were used
as internal controls. Primers applied in the study are
described as following: CircUHRF1; Forward primer
(5"-3"), GCTATGAGGATGATGTGGGAT, and
Reverse primer (5'-3"), CAGAGTCTGTTCACGTCG
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TCC. UHRFI1: Forward primer (5'-3'), ATGACAC
CATCCAGCTCCTGG, and Reverse primer (5'-3'),
CTCATCCCACATGTCCTCATC.  miR-1306-5p;
Forward primer (5-3"), GGCAGAGGAGGGCTGT
TC, and Reverse primer (5'-3"), GTGCGTGTCGTGG
AGTCG. ARLAC; Forward primer (5'-3"), CCAGTC
CCTGCATATCGTCAT, and Reverse primer (5'-3'),
TTCACGAACTCGTTGAACTTGA. GAPDH; Forw
ard primer (5-3'), GGAGCGAGATCCCTCCAAA
AT, and Reverse primer (5'-3'), GGCTGTTGTCATA
CTTCTCATGG. U6; Forward primer (5'-3"), CTCG
CTTCGGCAGCACA, and Reverse primer (5-3'),
AACGCTTCACGAATTTGCGT.

RNase R treatment

RNase R was used to degrade linear RNA and
amplified by a divergent primer. The treatment
of RNase R was carried out according to the
manufacturer’s instructions. Briefly, total RNA
(2 pg) after being extracted by Trizol reagent
was incubated with 3 U/ug of RNase R for
15 min at 37°C, then treated RNA was purified
with an RNA clean kit according to the
instructions.

Western blot

Western blotting was carried out using standard
techniques. Briefly, PDAC cells were washed
twice with PBS and then lysed with ice-cold
lysis buffer. The protein lysate was collected
after centrifugation. The protein concentration
was quantified using a Pierce™ BCA Protein
Assay Kit according to the manufacturer’s
instruction. An equal quantity of protein lysate
from each sample was analyzed by 10% SDS-
PAGE, followed by protein transfer to PVDF
membrane (Millipore). The membrane was
then incubated with primary antibodies over-
night at 4°C, washed, and incubated with sec-
ondary antibodies. Protein expression was
detected using the using UVP imaging system
(UVP, LLC, Upland, CA, USA). Antibodies

used in study are listed as following:
E-cadherin (CST; 14472S; 1:1000), Vimentin
(CST; 5741S; 1:1000), ARL4C (Abcam;
ab122025; 1:500), GAPDH (CST; 5174S;
1:1000).

CCK-8 assay

The cell proliferation was assessed by Cell count-
ing Kit-8 (CCK-8) (Beyotime, Shanghai, China)
according to the manufacturer’s instruction.
Transfected cells were seeded in 96-well plates
and cultured at 37°C with 5% CO, overnight.
After 0, 24, 48, 72 hours incubation, the CCK-8
reagent was added into each and cultured for
2 hours. The absorbance was measured at
450 nm by using a Microplate reader.

Cell colony formation assay

For cell colony formation assay, transfected cells
were cultured in 6-well plates at 37°C with 5%
CO2 overnight. After 2 weeks, we washed cells
two times with PBS and fixed cells with 4% paraf-
ormaldehyde for 20 min and then stained the cells
with 0.1% crystal violet for 15 min. Then colony
numbers were manually counted.

5-Ethynyl-2'-deoxyuridine (EdU)

The EdU assay was carried out to assess the pro-
liferation viability of cells using a BeyoClickTM
EdU-555 detection kit (Beyotime, Shanghai,
China). Transfected cells were cultured in 12-well
plates and incubated with medium for 12 h. After
incubation with EAU for 2 h, the cells were fixed
and stained for 30 minutes. Blue-fluorescent
nuclear counterstain-Hoechst 33,342 was used to
stain the nucleic acid. Images were captured with
a fluorescent microscope.

Flow cytometry assay

The apoptotic rate of transfected PANC1 and
AsPC-1 cells was detected by conducting a Flow
cytometry assay using an Annexin V-fluorescein
isothiocyanate (FITC)/propidium iodide (PI)
apoptosis detection kit (Solarbio, China) following
the instructions from the manufacture. In sum-
mary, after transfection, cells were subjected to
FITC-labeled annexin V and PI for incubation
and followed by the fluorescence intensity mea-
surement under a flow cytometry (BD Biosciences,
USA). The experiment was performed in triplicate.



TRANSWELL assay

The cell migration was assessed by transwell assay
following the manufacturer’s instruction. Cells
were seeded into the upper chamber in FBS-free
media with membrane inserts without Matrigel.
0.6 ml DMEM supplemented with 10% FBS as
the attractant was added into the lower chamber.
After incubation 24 hours at 37°C, top chamber
cells were removed, cells in the lower chamber
were fixed with 4% paraformaldehyde and stained
with crystal violet for 20 min. The number of cells
was counted under a microscope (Olympus,
Tokyo, Japan). Experiments were performed at
least three times.

Animal experiment

A total of 54 BALB/c-nu/nu mice (5-6 weeks,
20-22 g) were commercially obtained from
Beijing  Vital River Laboratory = Animal
Technology (Beijing, China). All mice were ran-
domly separated into three groups (n = 6). Mice
were subcutaneously injected with PANCI1 cells
(10° per mouse) pre-transfected with Si-NC, Si-
circUHRF1#1, and  Si-circUHRF1#2.  The
volumes of all tumor xenografts were recorded
4 days a time. Mice were sacrificed four weeks
after injection. Tumor end weights were mea-
sured. Pancreas tissues were fixed in 4% paraf-
ormaldehyde, embedded in paraffin, and
sectioned.

RNA immunoprecipitation (RIP)

RNA immunoprecipitation was performed by Magna
RIP™ RNA-Binding Protein Immunoprecipitation Kit
(Millipore) according to the manufacturer’s protocol.
Cells were harvested in RIP lysis buffer, and the lysates
were stored at — 80°C. Magnetic beads were washed
twice with RIP wash bulffer, followed by incubation
with 2 pg antibody for 30 mins at room temperature.
Immunoprecipitation was performed by incubating
cell lysate with the magnetic bead-antibody complex
overnight at 4XC. The beads were further mixed with
proteinase K buffer and incubated for 30 min at 55°C,
and RNA was finally purified for PCR use.
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Biotinylated RNA pull-down

RNA Pull-down assay was performed using Pierce
Magnetic RNA-Protein Pull-Down Kit
(ThermoFisher Scientific). Cells were harvested and
fixed with 1% formaldehyde, and then washed by
PBS, and lysed in lysis buffer. The biotinylated probe
was incubated with streptavidin-coated magnetic
beads (Invitrogen, Waltham, MA, USA) for 2 h and
added to cell lysates for incubation overnight at 4°C.
Then, the mixture was washed with lysis buffer and
added into RNAiso Plus (Takara, Japan) to extract
RNAs. RNAs were reverse transcript by RT reagent
Kit (RR047A, Takara, Japan). RT-qPCR assays were
performed by using the TB Green Premix Ex Taq™ kit
(Takara).

Luciferase reporter assay

Cells pre-transfected with luciferase reporter vec-
tors harboring wildtype (WT) or mutated type
(MUT) sequences were seeded in 96-well plate
and. Cells were washed with iced PBS two
times. The luciferase activity was measured by
the Dual-Luciferase Reporter Assay System
(Promega, USA), following the manufacturer’s
instructions.

Statistical analysis

The statistical analysis was implemented by SPSS
22.0 statistical software (IBM, Armonk, NY,
USA). The data were presented as Mean + SD.
Student’s t-test or one-way analyses of variance
(ANOVA) was used to compare group differ-
ences. Spearman analysis was used to calculate
the association between miR-1306-5p and
circUHRF1 or ARL4C expression in PDAC
tumor tissues. p < 0.05 was considered as a sta-
tistical difference.

Results
Expression of circUHRF1 in PDAC

Bioinformatics analysis showed that circUHRF1is
an exonic circRNA that is cyclized with the 12, 13
exons of the UHRF1 gene (Figure 1(a)). The
expression level of circUHRFlin 12 normal tissues
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and 26 PDAC tissues was measured. CircUHRF1
was highly expressed in PDAC tumor tissues com-
pared with normal tissues (Figure 1(b)). Next,
circUHRF1 was found abundantly expressed in
PDAC cell lines (Hs766T, PANCI1, SW1990,
BxPC3, and AsPC-1) compared with pancreatic
epithelial cell line HPDE. Subsequently, the circu-
lar RNA characteristics of circUHRF1 were experi-
mentally verified. Firstly, reverse transcription
experiments were conducted using random hex-
amer or oligo (dT)18 primers. Upon the treatment
of oligo (dT)18 primers, circUHRF1 expression
level was obviously lower than random hexamer
primers treatment, suggested that circUHRFI
structurally has no poly-A-tail (Figure 1(d)).
Next, circUHRF1 obviously resisted RNase
R digestion in comparison with UHRF1
(Figure 1(e)). The transcription inhibitor actino-
mycin D was applied to assess the half-time of
circUHRF1 and UHRF1 in PANCI cells; it was
found that circUHRF1 was more stable than
UHRFI1(Figure 1(f)). The location of circUHRF1
in PANCI1 cells was detected using cellular RNA
fractionation. The results showed that circUHRF1
was mainly distributed in the cytoplasm of PANC1
cells (Figure 1(g)).

Relative circUHRF1 expression
N

Normal Tumor

€. f.

[ mock [ RNaseR
PANC1

0
—

0.5

Relative RNA levels
ol
o

o
IS

Relative RNA levels
4 5
- (
4 3

=,
°
| -4

-~ UHRF1
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To explore whether circUHRF1 exerts its role in
PDAC progression. CircUHRF1 knockdown cell
models were constructed, and transfection effi-
ciencies were assessed (Figure 2(a)). We utilized
CCK-8 (Figure 2(b,c)), EAU (Figure 2(d)), Cell
colony formation (Figure 2(e)), and Flow cyto-
metry assays (Figure 2(f)). We found that
circUHRF1 knockdown significantly suppressed
cell proliferation ability and promoted cell apop-
tosis rate. The results of the Transwell migration
assay indicated that circUHRF1 knockdown
inhibited cell migration level (Figure 2(g)).
Further, the epithelial to mesenchymal transition
(EMT) level in cell models were assessed.
E-cadherin was upregulated in circUHRF1
knockdown cells, while Vimentin was downre-
gulated (Figure 2(h)). Here, our results indicate
that the inhibitory effects of circUHRF1 knock-
down on PDAC cellular  progression.
Subsequently, the role of circUHRF1 in vivo
was evaluated by constructing circUHRF1
knockdown animal models. As the representative
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Figure 1. Expression of circUHRF1 in PDAC. a: The diagram information of circUHRF1 was shown. b: Measurement of circUHRF1
expression in adjacent normal tissues (n = 12) and PDAC tissues (n = 26) was examined by qRT-PCR. ¢: Measurement of circUHRF1
expression in PDAC cell lines (AsPC-1, PANC1, SW1990, BxPC3, and Hs766T) in comparison with pancreatic epithelial cell line HPDE
was detected using qRT-PCR. d: Random hexamer or oligo (dT)18 primers were used for reverse transcription assays. RT-qPCR was
used to examine the relative RNA levels. e: After treatment with actinomycin d at the indicated time points in PANC1 cells, RT-PCR
was conducted to measure the relative RNA levels. f: After treatment with RNase R or mock in total RNAs derived from PANCT cells.
Relative RNA levels were examined by RT-qPCR. g: Relative expression of circUHRF1 in nuclear and cytoplasm. All experiments were
performed three times, and data were presented as mean + SD. *p < 0.05, **p < 0.05, ***p < 0.001.
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Figure 2. Downregulation of circUHRF1suppresses PDAC cellular progression and reverses the EMT process. a: We stably transfected
Sh-NC, Sh-circ#1, and Sh-circ#2 into PANC1 and AsPC-1 cells; results were evaluated by qRT-PCR. b-e: Cell proliferation abilities of
transfected cells were detected by CCK-8 (b-c), EdU (d), and Colony formation assays (e). f: Cell apoptotic rates were evaluated by
Flow cytometry assay; results were statistically analyzed. g: Cell migration abilities were detected by TRANSWELL assay. h: The EMT-
related proteins in indicated groups were measured by Western blot. Nude mice were randomly separated into three groups (n = 6)
and subcutaneously injected with PANC1 (108 per mouse) cells pre-transfected with Si-NC, Si-circUHRF14#1, Si-circUHRF1#2. i:
Representative image of subcutaneously incubated tumors (n = 6). j;: Tumor volumes were recorded three days a time and
presented. k: Tumor end weights were recorded, and comparative statistics were shown. |: The EMT-related proteins in tumor
tissues were detected by Western blot assay. All experiments were performed three times, and data were presented as mean + SD.
*p < 0.05, **p < 0.01.

images of the subcutaneous tumors showed that  CircUHRF1 functions as a sponge of miR-1306-5p
circUHRF1 knockdown significantly inhibited
tumor growth in vivo (Figure 2(i)). Tumor end
weights, volumes and, the EMT phenomena
were inhibited by circUHRF1 knockdown

(Figure 2(j,k)).

The above results demonstrated that circUHRF1 plays
its role in PDAC progression both in vitro and in vivo.
While its underlying mechanisms remain unclear.
AGO-2 RIP assay was conducted, and we found that
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circUHRF1 was significantly enriched in AGO-2 anti-
body compared with IgG antibody, suggested that
circUHRF1 might bind with miRNA (Figure 3(a)).
Bioinformatics analyses were applied to find putative
downstream targets for circUHRFI, predicted
miRNAs were selected for biotinylated RNA pull-
down assay. MiR-1306-5p was obviously enriched in
the bio-circUHRF1 probe compared with bio-NC
probes, indicated that miR-1306-5p might be
a downstream target for circUHRFI1(Figure 3(b)).

Subsequently, the binding sites  between
circUHRFland miR-1306-5p were synthesized
(Figure 3(c)). Dual-luciferase reporter assays showed
that miR-1306-5p mimic significantly inhibited luci-
ferase activities in HEK-293 T and PANCI cells pre-
transfected circUHRF1 MUT reporter vectors
(Figure 3(d)), suggested that circUHRF1 sponges
miR-1306-5p. Moreover, the miR-1306-5p expression
level in PANCI and AsPC-1 cells was negatively regu-
lated by circUHRF1(Figure 3(e)). MiR-1306-5p
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Figure 3. CircUHRF1 functions as a ceRNA of miR-1306-5p. ENCORI database was used to predict putative downstream miRNA
targets for circUHRF1. (http://starbase.sysu.edu.cn, CLIP data: high stringency (=3)). a: RNA immunoprecipitation (RIP) and RT-gPCR
assays were conducted to analyze the binding capability of circUHRF1 to AGO2 protein in PANC1 (a) and AsPC-1 (b) cells. B: RNA
pull-down assay using Bio-NC probes and Bio-circUHRF1 probes was performed to detect putative miRNA levels in PANCT cells. c:
The predicted binding sites between circUHRF1 and miR-1306-5p were shown. d: Relative luciferase activity measurement in HEK-
293 T cells and PANC1 cells transfected with miR-1306-5p mimic and reporter vectors harboring WT or Mut circUHRF1sequences. e:
Relative expression of miR-1306-5p in circUHRF1 knockdown PANC1 and AsPC-1 cells was measured by qRT-PCR. f: Relative
expression of miR-1306-5p in adjacent normal tissues (n = 12) and PDAC tissues (n = 26) was detected by qRT-PCR. g: The
expression correlation between circUHRF1 and miR-1306-5p in PDAC tissues was statistically calculated using spearman analysis. All
experiments were performed three times, and data were presented as mean + SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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expression in PDAC tumor tissues was obviously
lower than normal tissues and statistically associated
with circUHRFlexpression (Figure 3(f,g)).

MiR-1306-5p inhibits PDAC cellular progression
and reverses the EMT process

Here, we investigated the role of miR-1306-5p in
PDAC development. MiR-1306-5p overexpression
cell models were generated, the miR-1306-5p
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expression level in cell models was detected
(Figure 4(a)). MiR-1306-5p overexpression
obviously inhibited PDAC cell proliferation level
using CCK-8 (Figure 4(b)), cell colony
(Figure 4(c)), and EDU (Figure 4(d)) assays.
Results of the Flow cytometry assay shown that
miR-1306-5p overexpression markedly promoted
the PDAC cell apoptotic rate (Figure 4(e)). The
migration ability of PDAC cells was suppressed
upon miR-1306-5p overexpression (Figure 4(f)).
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Figure 4. MiR-1306-5p inhibits PDAC cellular progression and reverses the EMT process. a: MiR-1306-5p overexpression cell models
were constructed by stably transfecting miR-1306-5p mimics and its normal control mimics into PANC1 and AsPC-1 cells.
Transfection results were detected by qRT-PCR. B-D: CCK-8 (b), EdU (c), and Colony formation assays (d) were performed to evaluate
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experiments were performed three times, and data were presented as mean + SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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Moreover, the inhibitive phenomenon of miR-
1306-5p overexpression coupled with upregulated
E-cadherin and downregulated Vimentin in PDAC
cell lines (Figure 4(g)).

MiR-1306-5p directly targets ARL4C

According to bioinformatics analysis results, the
putative mRNA targets of miR-1306-5p were
selected. Biotinylated RNA pull-down using
bio-miR-1306-5p probes and bio-NC probes
were conducted. ADP Ribosylation Factor Like

GTPase 4 C (ARL4C) was significantly enriched
in bio-miR-1306-5p probes (Figure 5(a)). The
WT or MUT binding sites between miR-1306-
5p and ARL4C were synthesized (Figure 5(b)).
Dual-luciferase reporter assays showed that
miR-1306-5p mimic obviously suppressed luci-
ferase activities in HEK-293 T and PANCI cells
pre-transfected ARL4C MUT reporter vectors
(Figure 5(c,d)). The expression of ARL4C in
PDAC cells was negatively regulated by miR-
1306-5p (Figure 5(e,f)). Moreover, ARL4C
expression level was upregulated in PDAC

HEK-293T
a b. c.
” 3 mimic-NC
o £ 157 mimic-miR-1306-5p
<2 2
z s ARL4C WT : 5' 2aGACG-AACUAUUGGAGGUGg 3' «
eE [ [T g
52 miR-1306-5p : 3' acCUGCAAACGUCCCCUCCACe 5' 8
¢ @ ‘c
© ARL4C MUT : 5' 2aGUGC--AACUAUUCCUCCACg 3' 3
3
2
O R DR O £
F L L 3
S FSF I &
&
4
d Q
: PANC1 €. f. g.
[ Inhibitor NC
3 mimic-NC = Inhibitor miR-1306-5p & & 8 8
£ 157E mimic-miR-1306-5p g6 3 S ?
2 B s ¢ §F 26
g H N = N S
g 10 g - O S AN
g 3 Q4
] Q =
= < x
S 2 - e -
a 05 < o 2
g o - 2
2 2 AsPC-1 g
& & @
& 00 2 -2
PANC1 AsPC-1 Normal Tumor
S
o\/
&
<
. ry £y
h. i J
& 55 8F
Spearman r=0.8132 £33 SiNC BB Si-circ#1+NC-inhibitor £ § §7 §F
. P<0.05 £33 Sicirc#! B Sicirc#1+miR-1306-5p-inhibitor g & g5 G5
c
é g 15 ARLAC S S e _— 3}
5 2 7
34 £ GAPDH s es e e |
g E 1.0
z, M ARLAC (D e e & S
z
.g :t’ 0.5 =
kS H GAPDH GEb Gubeabams |-
4 cI T T T T T 1 %
00 01 02 03 04 05 06 Z 0.0

Relative miR-1306-5p expression PANC1

AsPC-1

Figure 5. MiR-1306-5p directly targets ARL4C. Bioinformatics analysis were conducted using miRanDa (http://www.mirbase.org),
miRmap (https://mirmap.ezlab.org), and TargetScan (http://www.targetscan.org/mamm_31) with CLIP data: strict stringency (=5),
Degradome data: low stringency (>1). Putative targets were selected. A: RNA pull-down using Bio-NC probes and Bio-miR-1306-5p
probes to detect putative mRNAs’ level. b: The predicted binding sites between miR-1306-5p and ARL4C were shown. c-d: Relative
luciferase activities in HEK-293 T and PANC1 cells transfected with miR-1306-5p mimic and reporter vectors harboring WT or Mut
ARLAC sequences were measured. e-f: ARL4C levels in PANC1 and AsPC-1 cells stably transfected with miR-1306-5p inhibitors, and
thier normal control was measured by qRT-PCR and Western blot assays. g: ARL4C levels in adjacent normal tissues (n = 12) and
PDAC tissues (n = 26) were measured by qRT-PCR. H: The expression correlation between miR-1306-5p and ARL4C in PDAC tissues
was calculated by spearman analysis. i-j: ARLAC expression in Si-NC, Si-circ#1, Si-circ#1 + NC-inhibitor, Si-circ#1 + miR-1306-5p-
inhibitor transfected PANC1, and AsPC-1 cells were measured by RT-gPCR and Western blot. All experiments were performed three
times, and data were presented as mean * SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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tumor tissues compared with normal tissues
(Figure 5(g)) and statistically correlated with
miR-1306-5p expression (Figure 5(h)). ARL4C
expression in PDAC cells was inhibited by
circUHRF1 knockdown but reversed by miR-
1306-5p knockdown (Figure 5(i,j)).

CircUHRF1 knockdown decreases ARL4C
expression to inhibit PDAC progression via
sponging miR-1306-5p

To assess the role of circUHRF1/miR-1306-5p/
ARL4C pathway in PDAC progression. We
constructed cell models as indicated, transfec-
tion efficiencies were assessed (Figure 6(a)). By
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conducting CCK-8 (Figure 6(b,c)), EDU
(Figure 6(d,e)), and cell colony (Figure 6(f,g))
assays, we found that the inhibitory effect of
circUHRF1 knockdown on PDAC cell prolifera-
tion was rescued by ARL4C overexpression.
Results of the Flow cytometry assay also
shown upregulated ARL4C attenuated the pro-
motive effect of circUHRF1 knockdown on
PDAC cell apoptosis (Figure 6(h,i)). For the
same phenomena, circUHRF1 knockdown sup-
pressed PDAC cell migration while reversed by
ARL4C overexpression (Figure 6(j,k)). Further,
the effects of circUHRF1 knockdown on
E-cadherin and Vimentin expression were res-
cued by ARL4C overexpression (Figure 6(1)).
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Figure 6. CircUHRF1 knockdown decreases ARL4C expression to inhibit PDAC progression via sponging miR-1306-5p. a: PANC1 and
CFPACT cells were stably transfected with Si-NC, Si-circ#1, Si-circ#1 + OE-NC, Si-circ#1 + OE-ARL4C as indicated, transfection
efficiencies were detected by RT-qPCR. B-G: CCK-8 (b-c), EdU (d-e), and Colony formation assays (f-g) were performed to evaluate
cell proliferation abilities. h-i: Cell apoptotic rate was evaluated by Flow cytometry assay. j-k: Transwell assay was applied to measure
cell migration levels. j: Western blot was conducted to detect the EMT-related protein levels in indicated groups. All experiments
were performed three times, and data were presented as mean + SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 7. IRF3 mediates circUHRF1 expression in PDAC cells. a-b: PANCT and AsPC-1 cells were stably transfected siRNAs (si-IRF3#1
and si-IRF3#2) targeting IRF3, and lentivirus containing IRF3 vector (OE-IRF3), and their normal controls. Transfection results were
tested using the qRT-PCR assay. c-d: CircUHRF1 expression in IRF3 knockdown or overexpressed PDAC cells was measured by gRT-
PCR assay. e: RIP assay using anti-lgG and anti-IRF3 antibodies was conducted, results were analyzed using the qRT-PCR assay. F: The
putative binding domain of IRF3 was obtained from the JASPAR database. g: The predicted binding region of the UHRF1 promoter
on IRF3 was obtained from the JASPAR database. h-i: The relationship between IRF3 and UHRF1 promoter was assessed by luciferase
reporter gene assay. All experiments were performed three times, and data were presented as mean + SD. **p < 0.01, ***p < 0.001.

CircUHRF1 regulated ARL4C expression to
promote PDAC progression through sponging
miR-1306-5p.

IRF3 mediates circUHRF1 expression in PDAC
cells

Our results have elucidated the functional role of
circUHRF1 in PDAC progression and the down-
stream molecular mechanisms. Here, we further
investigated the upstream regulator of circUHRF1
in PDAC. Bioinformatics analysis using the
JASPAR  (http://jaspar.genereg.net)  database

showed that Interferon Regulatory Factor 3
(IRF3) is a promising transcription factor of
circUHRF1. Next, we explored the relationship
between them. Firstly, we generated IRF3 knock-
down and overexpression PDAC cell models as
shown in Figure 7(a,b). Results of the qRT-PCR
experiment shown that circUHRF1 expression
could be positively regulated by IRF3 in PDAC
cells (Figure 7(c,d)). Next, Results of the RIP
assay indicated that UHRF1 promoter markedly
enriched in anti-IRF3 bounds compared with anti-
IgG in PANCI and AsPC-1 cells (Figure 7(e)). We
obtained the putative binding domain of IRF3
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(Figure 7(f)) and UHRF1 promoter (Figure 7(g))
from the JASPAR database. Luciferase reporter
gene assay was conducted, and the interaction
between IRF3 and UHRFI promoter was con-
firmed in PDAC cells (Figure 7(h,i)).

Discussion

With the development of high-throughput sequen-
cing technology in recent years, numerous of
circRNAs have been identified and investigated
[22,23]. While there only are few circRNAs have
been studied in PDAC. In this study, we hypothe-
sized that circUHRFlexerts its role in the progres-
sion of PDAC. CircUHRF1 was highly expressed
in PDAC tumor tissues and cells. The circular
RNA characterizations of circUHRF1 were identi-
fied using Random hexamer or oligo (dT)18 pri-
mers, actinomycin D treatment, and RNase
R treatment. Our results suggest that circUHRF1
might play its functional role in PDAC progres-
sion. Furthermore, our results showed that
circUHRF1 knockdown influenced PDAC cell
proliferation, apoptosis, migration, EMT level
in vitro, and tumor growth in vivo.

Next, we explored the downstream targets of
circUHRFI1 in PDAC cells. Among the investiga-
tion of molecular mechanisms of circRNAs in
various cellular progressions, the circRNA/
miRNA/mRNA network shows its indispensable
contribution. The molecular mechanisms of
circRNA/miRNA/mRNA network have been well
documented in multiple tumorigeneses, for
instance, in Lung cancer, Hepatocellular carci-
noma, Oral squamous carcinoma, Gastric cancer
[24-27]. In PDAC, the circRNA/miRNA/mRNA
network has also been elucidated [28-30]. Hence,
we focused on the ceRNA molecular role of
circUHRF1 in PDAC. AGO2-RIP, bioinformatic
analysis, RNA pull-down, and dual-luciferase
reporter assays were conducted. We found that
circUHRF1 sponged miR-1306-5p and negatively
regulated its expression in PDAC cell lines.

MiR-1306-5p functional roles in multiple dis-
eases have been investigated [31-35]. To our
knowledge, the role of miR-1306-5p in tumorigen-
esis progression of PDAC remains uncovered.
Here, we  identified  miR-1306-5p  as
a downstream target of circUHRF1. MiR-1306-5p
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overexpression influenced PDAC cell prolifera-
tion, apoptosis, migration, and EMT level. The
miR-1306-5p expression level was decreased in
PDAC tumor tissues compared with normal tis-
sues and statistically correlated with circUHRF1
expression. Bioinformatics analysis, biotinylated
RNA pull-down, and dual-luciferase reporter
assays were used to identify the mRNA target of
miR-1306-5p in PDAC cells. MiR-1306-5p tar-
geted ARL4C and negatively regulated its expres-
sion in PDAC cells. ARL4C was highly expressed
in PDAC tumor tissues and associated with miR-
1306-5p expression. Overexpression of ARL4C
reversed the biological effect of circUHRF1 knock-
down on cell proliferation, apoptosis, migration,
and EMT level.

Our results have demonstrated the down-
stream mechanisms of circUHRF1 in PDAC.
The upstream regulator was also investigated
further to understand the biological pattern of
circUHRF1 in PDAC. Previous studies have elu-
cidated that transcription factor plays an impor-
tant role in circRNA expression. The biogenesis
of circSEPT9 in Triple-negative breast cancer
could be mediated by E2F1 and EIF4A3 [36].
The stability and expression of circular ARF1
in glioma stem cells were bound and promoted
by U2AF2 [37]. CircRNA_001160 expression in
glioma endothelial cells could be promoted by
PTBP1 [38]. Hence, to discover whether
circUHRF1 expression in PDAC cells is regu-
lated by a transcription factor, we utilized the
JASPAR database. Of interest, we found that
IRF3 might bind to the promoter region of
UHRF1. Serial experiment results showed that
circUHRF1 expression in PDAC cells could be
positively regulated by IRF3, and IRF3 directly
binding to the promoter domain of UHRF1 in
PDAC cells.

Although the demonstration of the role of IRF3/
circUHRF1/miR-1306-5p/ARL4C axis in PDAC
progression has been partially revealed, an in-
depth investigation was demanded in our study.
Clinical analysis needs to be further confirmed by
a larger sample number. The specific clinical infor-
mation of enroll patients need carefully following
up. The underlying mechanisms of ARL4C in
PDAC progression are waiting for investigation
in our future study.
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Collectively, our study results partially demon-
strated the role of circUHRF1 in PDAC progres-
sion. CircUHRF1 induced by IRF3 regulated
ARL4C expression to promote PDAC progression
through sponging miR-1306-5p. We might pro-
vide promising targets for PDAC diagnosis and
therapy.
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