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CircCCT3 Acts as a Sponge of miR-613 to Promote Tumor Growth of
Pancreatic Cancer Through Regulating VEGFA/VEGFR2 Signaling

Ji-Ping Hou®, Xue-Bo Men®, Lian-Ying Yang®, En-Kun Han®, Chun-Qi Han®, Li-Bin Liu

Department of General Surgery, Tianjin Baodi Hospital, Baodi Clinical College of Tianjin Medical University, China

Background: Circular RNAs (CircRNAs) have been recently impli-
cated in the progression of pancreatic cancer (PC).

Aims: To investigate the involvement of CircCCT3 in PC and studying
its interactions and functioning during the progression of PC in vitro
and in vivo, using methods of molecular biology and bioinformatics.
Study Design: Experimental study.

Methods: The expressions of CircCCT3 and miR-613 in pancreatic
carcinoma tissues and cell lines were evaluated by quantitative real-time
polymerase chain reaction (PCR). The relationship between clinical
pathologic features as well as the survival rate and CircCCT3 expres-
sion was analyzed with chi-square test and the Kaplan—-Meier method.
CCK-8, wound healing, transwell assays, and the fluorescein iso-
thiocyanate-AnnexinV/propidium iodide (FITC-AnnexinV/PI) assay
were used to assess cell proliferation, migration, invasion, and apop-
tosis after CircCCT3 overexpression or downregulation. The Dual-
Luciferase reporter assay, RNA immunoprecipitation (RIP), RNA
pull-down and fluorescence in situ hybridization (FISH) assays were
performed to validate the potential interaction of CircCCT3, miR-613,
and vascular endothelial growth factor (VEGFA). The nude mouse
xenograft tumor assay was used to detect CircCCT3 effects on pancre-
atic tumorigenesis in vivo. Western blotting analysis was performed to

examine the VEGFA and the vascular endothelial growth factor recep-
tor 2 (VEGFR2) protein expressions following.

Results: CircCCT3 expression was significantly increased in PC tis-
sues (3.41 + 0.57 vs. 1.00 £+ 0.10, P < .01) and cell lines (Patu8988
2.57 £ 0.20; SW1990 2.88 + 0.10; BxPC-3 2.45 + 0.20; Panc02 2.99
+ 0.10 vs. H6¢7 1.00 + 0.10; all P <.001). CircCCT3 expression was
negatively correlated with miR-613 expression. PC patients with high
CircCCT3 expression exhibited significantly poorer overall survival
rate than those patients with low CircCCT3 expression (P = .013).
Moreover, it was found that CircCCT3 promoted cell proliferation,
migration, and invasion, and inhibited cell apoptosis in PC cells. The
CircCCT3 acted as a sponge for the miR-613 to facilitate VEGFA and
VEGFR2 expression. si-CirCCT3 also inhibited tumor growth of PC
in nude mice. si-CircCCT3 reduced VEGFA and VEGFR2 expres-
sion, whereas overexpression of CircCCT3 increased VEGFA and
VEGFR2 expression.

Conclusion: Increased CircCCT3 suggests a poor prognosis for PC
patients and promotes the migration and invasion through targeting
VEGFA/VEGFR?2 signaling. CircCCT3 may serve as a potential and
promising therapeutic target for PC treatment.

INTRODUCTION

Pancreatic cancer (PC) is one of the most lethal malignancies and
aggressive gastrointestinal tumors, remaining at the lowest 5-year
relative survival rate of 9%.! Since its aggressive nature, late diag-
nosis, and limitations of existing chemo and radiation therapies,
PC has become the fourth leading cancer type in estimates of the
cause of death, and has been predicted to become the second cause
of cancer-related deaths in developed countries by 2030.> There-
fore, understanding the potential mechanism that promotes PC

progression is vital for developing effective diagnostic techniques
and therapeutic strategies.

Small non-coding RNAs including miRNA, IncRNA, and Cir-
cRNA, and others, have been the focus of many works in the recent
2 decades and their essential roles in various human diseases are
already well identified.’ The research from these years has altered
our perception of non-coding RNAs from “junk” transcriptional
products to functional regulatory molecules that mediate cel-
lular processes including chromatin remodeling, transcription,
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post-transcriptional modifications, and signal transduction.* The
non-coding RNAs networks could interact with different molec-
ular targets to facilitate designated cell biological responses and
fates.’ In particular, in the field of cancer, non-coding RNAs have
been confirmed as both oncogenic drivers and (or) tumor suppres-
sors in every major cancer type.°

Among non-coding RNAs, circular RNAs (CircRNAs) are defined
as closed and single-stranded RNAs derived from back-spliced
pre-mRNA’. Initially, CircRNAs, discovered 20 years ago, were
believed to be by-products of aberrant splicing.® Recent stud-
ies have shown that circRNAs exert various effects on normal
metabolism and pathophysiological processes.” Accruing evi-
dence has shown that circRNAs function as modulators in cancer
development, and they may be novel biomarkers and therapeutic
targets.'” CircCCT3 (circBase ID: hsa_circ_0004680) is origi-
nated from exons 3-5 and introns 3-4 of chaperonin containing
TCP1 subunit 3 (CCT3) by back-splicing," and is identified to
be involved in the progression of hepatocellular carcinoma'' and
colorectal cancer.!? So far, the role of CircCCT3 on PC progres-
sion has not been investigated.

The miRNAs are short non-coding RNAs that contain about
22 nucleotides.'* Emerging evidence has demonstrated that miR-
NAs are involved in cancer initiation and progression."* Thus,
miRNAs could be oncogenes or tumor suppressor genes mainly
by regulating target genes that contribute to cellular processes
such as cell cycle, mobility, and survival.'* miR-613 has been
demonstrated to be downregulated in several types of cancers
including renal cell carcinoma, glioma, breast cancer, and cervi-
cal cancer, implying that miR-613 may act as a tumor suppres-
sor gene."”"!8 However, its function and mechanism in PC remain
unclear.

Vascular endothelial growth factor A (VEGFA) is one member of
the VEGF family proteins.'” VEGFA is regarded as one of the most
important in malignant diseases since it is the most predominant
isoform secreted by human tumors® including PC.?'*> Moreover,
VEGFA/VEGFR?2 signaling has been implicated in different can-
cer progression.?

Therefore, the scope of our study was to analyze the expression pat-
tern of CircCCT3 in PC, explore the correlation of CircCCT3 with
the PC phenotype, and investigate whether CircCCT3 leads to PC
progression through targeting miR-613 and regulating VEGFA/
VEGFR2.

MATERIAL AND METHODS

Tissue Specimens and Cell Culture
30 paired PC tissues and non-tumor adjacent tissues were collected
from the Tianjin Baodi Hospital. Inclusion criteria: (1) There was
no adjuvant therapy before surgery, including chemotherapy and
radiotherapy. (2) PC pathology was confirmed by 2 experienced
pathologists after surgery. (4) The patient could tolerate the opera-
tion, without evident heart, brain, or lung diseases. Exclusion crite-
ria: (1) Preoperative chemotherapy, radiotherapy and other related
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adjuvant therapies. (2) Patients could not tolerate surgery. This
investigation was approved by the Ethics Committee of our hos-
pital. All patients agreed to the protocol and signed the informed
consent. This investigation was conducted in accordance with the
Declaration of Helsinki.

Human pancreatic duct epithelial cell (H6¢7) and human PC cell
lines (Patu8988, SW1990, BxPC-3, and Panc(02) were obtained
from ATCC (Manassas, VA). All cells were cultured in Roswell
Park Memorial Institute-1640 (RPMI-1640) medium (Invitrogen,
Carlsbad, CA containing 10% fetal bovine serum (Gibco, Rock-
ville, MD) and incubated in a humidified atmosphere with 5%
CO, at 37°C.

Quantitative Real-Time Polymerase Chain Reaction (QRT-
PCR)

Total RNA was extracted by TRIzol (Invitrogen, Carlsbad) reagent,
and cDNA was synthesized using a reverse transcription reaction kit
(TaKaRa, Komatsu, Japan) following the manufacturer’s instruc-
tions. qRT-PCR was performed by SYBR Premix DimerEraser
(TaKaRa) on a LightCycler 480 PCR System (Roche, Rotkreuz,
Switzerland). The relative expression of RNAs was calculated
by the 274¢T method and normalized to U6 or glyceraldehyde
phosphate dehydrogenase (GAPDH). Primers are listed as below:
CircCCT3 Forward primer: GGACCCAGGATGAAGAGGTT;
CircCCT3 Reverse primer: CATTGGGTCCAAAAGCATCT;
miR-613 Forward primer: GTGAGTGCGTTTCCAAGTGT;
miR-613 Reverse primer: GGGTCCCTTCACACTTGGAA;
GAPDH: Forward primer: 5'-ACGCTGCATGTGTCCTTAG-3";
Reverse primer: 5'-GAGCCTCTTATAGCTGTTTG-3’; U6: For-
ward primer: 5'-CTCGCTTCGGCAGCACA-3’; Reverse primer:
5'-AACGCTTCACGAATTTGCGT-3". Each sample for qRT-PCR
was carried out 3 times and the average result was recorded.

CCK-8 Assay
For the CCK-8 assay, 2 x 10° cells in each well were inoculated
in 96-well plates. The medium was used as blank control. At post-
hypoxia reoxygenation, indicated cells in each well were added
10 pL of CCK-8 (Beyotime Institute of Biotechnology, Beijing,
China) solution, and kept at 37°C for 2 hours. The OD value of 450
nm was detected. The final data were represented as cell viability.

Apoptosis Assay
For the apoptosis analysis, 1 x 10°cells were seeded in a 60 mm
plate, treated with OE-CircCCT3 or CCT3 siRNA, and cultured
for 24 hours. After harvesting, 1 x 10° cells were suspended in a
1x binding buffer provided with the Annexin V-FITC Apoptosis
Detection kit IT (BD Bioscience, San Jose, CA), then stained with
FITC Annexin V (BD Bioscience) and PI (Sigma-Aldrich, St.
Louis, MO). Fluorescence was detected with a BD Accuri C6 flow
cytometer (BD Bioscience), and the data were analyzed with the
BD Accuri C6 software (BD Bioscience).

Wound-Healing Assay
Cells were plated into 6-well plates and grown to nearly 90% con-
fluence. The same size scratch was made through the cell mono-
layer using a 200 pL disposable pipette tip. After washing with
PBS, fresh culture medium was added, and the cells were incubated
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at 37°C under an atmosphere with 5% CO,. Wound closure was
imaged at 0 and 48 hours.

Bioinformatic Prediction
Circular RNA Interactome software (https://circinterac tome.nia.
nih.gov) was used to predict CircCCT3-miRNA interactions, while
the mRNA targets of miR-613 were predicted by TargetScan soft-
ware (http://www.targetscan.org).

Luciferase Reporter Assay

First, a luciferase reporter vector (pGL3-Firefly Luciferase-
Renilla-Luciferase) with VEGFA 3° UTR or CircCCT3 was built,
and the mutant vectors were constructed by GeneChem (Shanghai,
PR China). A luciferase vector and miR-613 mimic or mimic-neg-
ative control were co-transfected into cells and incubated for 24
hours. A Dual-Luciferase Reporter assay detection kit (Promega,
WI) was used to detect firefly and Renilla luciferase activities,
which were measured on a Fluoroskan Ascent device (Thermo
Fisher Scientific, USA).

Fluorescence In Situ Hybridization
Cy3-CircCCT3 and fluorescein isothiocyanate (FITC)-miR-613
probes were synthesized and obtained from RiboBio (Guangzhou,
PR China). Hybridization assays were performed using a FISH
Detection Kit (RiboBio, PR China). All images were captured by a
confocal microscope (FV1000; Olympus, Tokyo, Japan).

RIP Assay
A RIP kit (Millipore, Billerica, MA, USA) was purchased for
performing the RIP assay. PC cells were collected, and lysed by
RIP lysis buffer. Then, the cell lysates were incubated with anti-
argonaute-2 (Ago2) or immunoglobulin G (IgG; negative control)
antibody in RIP buffer at 4°C, overnight. Co-precipitated RNA was
isolated after digestion with 150 pL protease K. The expression of
CircCCT3 and miR-613 was detected.

Pull-down Assay with Biotinylated CircCCT3 and miR-613
Probe Panc02 cells (1 x 107) were obtained, lysed, and sonicated
as indicated. To generate the probe-coated beads, C-1 magnetic
beads (Life Technologies) were co-incubated with the CircCCT3
probe for 2.5 hours at 25°C. Then, the CircCCT3 probe or oligo
probe was co-incubated with cell lysates at 4° overnight. RNA was
eluted and extracted by wash buffer and used for qRT-PCR. The
CircCCT3 probe with biotinylation was synthesized and purchased
from RiboBio (Guangzhou, PR China).The miR-613 was also
tested using the same procedure.

Western Blotting
Cells were lysed with precooled radio-immunoprecipitation assay
lysis buffer supplemented with protease inhibitor (Beyotime Insti-
tute of Biotechnology, Shanghai, China) for 30 minutes on ice. The
supernatant was collected after centrifugation at 14 000 rpm at 4°C
for 20 minutes. The protein concentration was determined using a
bicinchoninic acid (BCA) protein concentration determination kit
(RTP7102; Real-Times Biotechnology Co. Ltd., Beijing, China).
The samples (20 pg) were subjected to 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and then transferred
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to polyvinylidene difluoride membranes. A GAPDH antibody
was used as an internal reference. The membranes were washed
with TBST and incubated with goat anti-mouse/rabbit antibody.
Color development was performed using the chemiluminescence
detection method, and images of protein bands were obtained for
analyses. The primary and secondary antibodies were as follows:
anti-GAPDH monoclonal antibody (Cell Signaling Technology,
Danvers, MA,USA; 51748, diluted 1/1000), anti-VEGFA (Abcam,
Cambridge, UK; ab214424 diluted 1/1000), anti-VEGFR2
(Abcam; ab134191, diluted 1/1000), goat anti-mouse IgG (Pro-
teinTech; SA00001-1, diluted 1/3000), and goat anti-rabbit IgG
(ProteinTech; SA00001-2, diluted 1/3000). Each western blot was
repeated at least 3 times.

Xenograft Tumor Model

Animal experiments were conducted with the permission of the
animal care and use committee of the local hospital and performed
in accordance with the guidelines of the National Animal Care and
Ethics Institution. The Panc02 cell line stably transfected with sh-
CircCCT3 or sh-NC was established. Afterwards, the Panc02 cells
stably transfected with sh-CircCCT3 or sh-NC were subcutane-
ously inoculated into the right flank of BALB/c male nude mice
(Model Animal Research Center Of Nanjing University, Nanjing,
China) in the sh-NC group and sh-CircCCT3 group (n = 6 for each
group). The volume of tumors was recorded every week. After
inoculation for 28 days, these nude mice were euthanized and the
tumors were dissected and weighed. The expression of CircCCT3
was detected by qRT-PCR.

Statistical Analysis

The normality distribution of the numeric parameters was tested
by the Kolmogorov—Smirnov test. The data were normally distrib-
uted after the test, and all data were described as mean + SD and
analyzed with GraphPad Prism 7.0 software (GraphPad Prism, San
Diego, CA). One-way analysis of vairance with a Bonferroni cor-
rection or the Student’s #-test was used to analyze the differences
between groups. The association between CircCCT3 expression
and the clinicopathological features was evaluated using chi-
square test. Survival data were analyzed using the Kaplan—-Meier
method and the log-rank test. The univariate and multivariate anal-
yses were analyzed using Cox proportional hazards models. The
correlation of CircCCT3 expression with miR-613 expression was
carried out using Spearman’s method. P < .05 was regarded as sta-
tistical significance.

RESULTS

CircCCT3 Expression is Increased in Clinical PC Tissues
To investigate whether CircCCT3 played a role on PC metastasis
and progression, the expression level of CircCCT3 was tested in
PC and non-PC tissue. We observed that CircCCT3 levels in human
PC tumors were significantly higher compared with adjacent non-
PC tissues (P <.001) (Figure 1A), whereas miR-613 expression in
PC tissue was markedly decreased compared to adjacent non-PC
tissue. The higher levels of CircCCT3 in PC patients correlated
with vascular invasion (P = .011), peritoneal metastasis (P =.013),
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FIG. 1. (A-D). Data are shown as mean * SD. (A). Expression levels of CircCCT3 in PC samples and adjacent non-PC tissue. (B). Expression levels of miR-613
in PC samples and adjacent non-PC tissue. (C) Correlation of CircCCT3 expression with miR-613 expression in PC. (D) Pancreatic carcinoma patients with high
CircCCT3 expression (n = 15) exhibited significantly poorer overall survival rate than those patients with low CircCCT3 expression (n = 15), as defined by log-

rank test (P =.013).

lymph node metastasis (P = .020), and clinical progression (P =
.009) (Table 1). Further, the Cox multivariate survival analysis
revealed that high CircCCT3 expression was an independent prog-
nostic factor for poor survival of PC patients (hazard ratio [HR] =
2.94, 95% confidence interval [CI] 1.85-6.16, P =.007) (Table 2).
In addition, CircCCT3 expression was negatively correlated with
miR-613 expression in PC tissue. PC patients with high CircCCT3
expression (n = 15) exhibited significantly poorer overall survival
rate than those patients with low CircCCT3 expression (n = 15), as
defined by the log-rank test (P = .013) (Figure 1 D).These results
implicated that CircCCT3 may serve as an oncogene in PC.

CircCCT3 Expression was Upregulated in the PC Cell Line
The CircCCT3 levels in different cell lines were then tested, and
we found that CircCCT3 expressions in the normal cell line H6¢7
were significantly lower than in PC tumor cell lines (Patu8988,
SW1990, BxPC-3 and Panc02) (**P<.01) (Figure 1A). To explore
the effects of CircCCT3 on the biological function of Panc02
cells, we first explored cell proliferation via cell counting Kit-8
(CCK-8) assays and apoptosis through the FITC-AnnexinV/PI
assay. These results showed that overexpression of CircCCT3
increased cell proliferation of Panc02 cells compared with NC
(P < .01), while silencing CircCCT3-suppressed cell prolifera-
tion (P < .05) (Figure 2B). In contrast, the OE-CircCCT3 adding
miR-613 mimic reversed the effect of the OE-CCT3 by decreasing
cell growth (Figure 2B).We also performed the FITC-AnnexinV/
PI assay to evaluate the potential function of CircCCT3 on cell
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apoptosis. We found that the cell apoptosis rate was significantly
decreased in the OE-CircCCT3 group (P < .05), while in the si-
CircCCT3 group, the cell apoptosis rate was increased compared
with the negative control group (P < .01). OE-CircCCT3 adding
miR-613 had a similar apoptosis rate in comparison with the nega-
tive control group.

CircCCT3 Promotes the Migration and Invasion of PC Both
In Vitro and In Vivo

In order to evaluate the potential role of CircCCT3 on the metas-
tasis of PC, OE-CircCCT3 or CircCCT3 siRNA, and CircCCT3
siRNA+miR-613 were introduced into Panc02 cells.

Subsequently, the wound-healing assay was conducted, and data
showed that overexpression of CircCCT3 significantly increased
Panc02 cell migration in vitro (Figure 2A and B, P < .05). On
the other hand, the migratory ability of Panc02 cells was signifi-
cantly inhibited by CircCCT3 siRNA (Figure 3A and B P < .05).
Co-transfection of OE-CircCCT3 and the miR-613 mimic exhib-
ited the similar effects compared with NC (Figure 3A and B). In
addition, the percentages of invasion of CircCCT3-overexpressing
Panc02 cells were significantly lower than those of negative con-
trol cells, whereas si-CircCCT3-transfecting Panc02 had mark-
edly decreased invasion numbers compared to negative control
cells (Figure 3C and D). Co-transfection of OE-CircCCT3 and
miR-613 mimic exhibited similar effects compared with the neg-
ative control (Figure 3C and D). In short, these results demon-
strated that CircCCT3 overexpression promotes the migratory and
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TABLE 1. CircCCT3 Expression and its Correlation With Progression of PC

Expression of

CircCCT3
Characteristics Case (No.) High Low P
Age
<50 8 5 3 409
>50 22 10 12
Gender
Male 16 9 7 .538
Female 14 6 8
Location
Head 11 6 5 705
Body/tail 19 9 10
Tumor size (cm)
<4 20 12 8 245
>4 10 3 7
Tumor differentiation
High/medium 12 7 5 176
Low 18 8 10
Vascular invasion
Absent 15 11 4 011"
Present 15 4 11
Peritoneal metastasis
No 22 8 14 .013"
Yes 8 7 1
Lymph node metastasis
Absent 10 2 8 .020"
Present 20 13 7
Clinical stage
141 13 3 10 .009™
/v 17 12 5

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

invasion capability of PC cells, and these effects could be reversed
by adding the miR-613 mimic. Finally, in the xenograft tumor for-
mation assay, we found that sh-CirCCT3 inhibited tumor growth
of PC compared with control at 4 weeks (Figure 4A and B). The
tumor volume and tumor weight in the sh-CirCCT3 group were
both significantly lower than in the sh-CircNC group (Figure 4C
and D).

CircCCT3 Abolishes the Interaction of miR-613 with the
Targets of VEGFA
The predicted complementary binding sites at the 3’-UTR are shown
in Figure 5A. The bioinformatics analysis also showed that the
3’-UTR of VEGFA were potential target genes of miR-613 (Figure
5A). As shown next, the luciferase assay confirmed that CircCCT3
was also a target of miR-613 (Figure 5C). Luciferase activity assay
showed that the miR-613 mimic led to a notable decrease in lucif-
erase activity in the CircCCT3-WT reporter, compared with the
mimic-negative control group, whereas the miR-613 mimic had
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no obvious effect on luciferase activity in the CircCCT3-MUT
reporter (Figure 5B). Similarly, the miR-613 mimic contributed
to the significant reduction of luciferase activity in the VEGFA-
WT reporter in comparison with the mimic-negative control group,
whereas the miR-613 mimic had no obvious effect on luciferase
activity in the VEGFA-MUT reporter (Figure SD). In order to fur-
ther identify the interaction between CircCCT3 and miR-613 in PC
cells, we next carried out FISH, RNA pull-down, and RIP assays.
FISH technology demonstrated that CircCCT3 (red fluorescence)
and miR-613 (green fluorescence) could be visualized in both
Panc02 and BxPC3 cells, and colocalization was also observed
(Figure 6A). The RIP assays disclosed that CircCCT3 and miR-613
expressions were substantially enriched by Ago2 antibody com-
pared with control IgG antibody (Figure 6B). The biotin-coupled
probe pull-down assay was then performed and the results showed
miR-613 detected in the CircCCT3 pulled-down pellet compared
with the control group (Figure 6C). Also, CircCCT3 was detected
in the miR-613 pulled-down pellet compared with the control
group (Figure 6D).

CircCCT3 Activated VEGFA/VEGFR2 Signaling to Facilitate
PC Progression

To explore the role of CircCCT3 on the VEGFA/VEGFR?2 axis, the
western blot analysis was performed, demonstrating that VEGFA
and VEGFR?2 expressions were both increased by transfecting OE-
CircCCT3 compared with negative control, whereas these proteins
were significantly downregulated by transfecting si-CircCCT3 in
Panc02 cells (Figure 7. A-C.). In addition, VEGFA and VEGFR2
expressions in co-transfection of the OE-CircCCT3 and miR-613
mimic groups were not significantly different from the negative
control groups. This finding suggested that CircCCT3 could regu-
late the VEGFA/VEGFR2 axis in PC.

DISCUSSION

The current study investigated the potential role of CircCCT3 in
PC development. We demonstrated for the first time that CircCCT3
was upregulated in PC and predicted poor prognosis in PC patients.
PC patients with high CircCCT3 expression exhibited significantly
poorer overall survival rate than those patients with low CircCCT3
expression. Functionally, we found that CircCCT3 knockdown
markedly inhibited PC cell proliferation, migration, and invasion
in vitro and decreased tumor growth in vivo. Using bioinformat-
ics prediction, luciferase activity assay, RIP, RNA pull-down, and
FISH, we discovered that miR-613 binds with CircCCT3 in PC
cells. Finally, we identified CircCCT3 as an miR-613 sponge that
upregulates the expression of VEGFA and VEGFR2 to promote
PC progression.

Accumulating evidence suggests that CircRNAs may be used as
tumor biomarkers and regulators because of their crucial involve-
ment in various biological processes. Mechanistically, most
identified circRNAs are mainly localized in the cytoplasm of
the cell,” indicative of their roles in post-transcriptional regula-
tion.*® The competing endogenous RNA (ceRNA) hypothesis
indicates that circRNAs harbor microRNA response elements
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TABLE 2. Univariate and Multivariate Overall Survival Analysis of Prognostic Factors for PC Patients (n = 60)

Clinicopathologic Parameters

Overall Survival

Univariate Analysis Multivariate Analysis
HR 95% CI P HR 95% CI P
Age (<50 years vs. >50 years) 0.91 0.66-2.31 .567
Gender (male vs. female) 1.08 0.75-2.04 .622
Tumor size (cm) (<4 vs. >4) 1.13 0.49-1.87 255
Location (head vs. body/tail) 2.02 0.83-4.01 119
Tumor differentiation (high/medium vs. low) 2.25 0.97-4.33 .085
Vascular invasion (absent vs. present) 3.14 1.98-5.88 o011° 1.47 0.68-2.83 167
Peritoneal metastasis (yes vs. no) 347 1.78-6.92 .025" 1.98 0.86-3.99 130
Lymph node metastasis (absent vs. present) 3.78 1.83-6.88 .021" 2.49 1.12-4.76 .041"
Clinical stage (I/II vs. III/IV) 5.01 2.08-8.45 <.001™ 3.41 1.36-8.66 .003™
CircCCT3 expression (low vs. high)” 4.36 1.95-7.77 <.001™ 2.94 1.85-6.16 .007"

*P<.05;"P<.01;""P<.001 using median CircCCT3 values as cutoff.

that bind miRNAs to reverse-regulate the activity of the miR-
NAs,” thus attenuating the inhibitory effect on their target mol-
ecules. Mounting evidence has confirmed that some circRNAs can
repress miRNA function and modulate target gene expression to
play a tumor suppressor or oncogenic role by acting as miRNA
sponges in different cancers including PC.*® For example, Cir-
cRNA 000864 represses migration and invasion in PC cells by

targeting miR-361-3p.? Hsa circ_0000069 knockdown could sup-
press tumorigenesis and malignant transformation via inhibition of
STIL in PC.** hsa_circRNA_ 001587 upregulates SLC4A4 expres-
sion to inhibit migration, invasion, and angiogenesis of PC cells via
binding to microRNA-223.3" circNFIBI inhibits lymphangiogen-
esis and lymphatic metastasis via the miR-486-5p/PIK3R1/VEGF-
C axis in PC.*?
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FIG. 2. (A-D). Data are shown as mean + SD. (A) Comparison of CircCCT3 levels between the normal cell line H6c7 and different tumor cell lines. (B)
Proliferation rate following OE-CircCCT3 or si-CircCCT3 transfection. (C) Comparison of apoptosis rate following OE-CircCCT3 or si-CircCCT3 transfection. (D)
Representative figures of cell apoptosis following OE-CircCCT3 or si-CircCCT3 transfection.
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FIG. 3. (A-D). Data are shown as mean + SD. (A and B) Wound-healing assay for Panc02 cell migration after 48h following OE-CirCCT3 or OE- CirCCT3
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FIG. 4. (A-D). Data are shown as mean + SD. sh-CirCCT3 suppressed tumor growth of PC. (A) Representative photographs of PC tumor tissue in sh-CirCCT3
and sh-CircNC groups. (B) Expressions of CircCCT3 during the tumor growth between si-CirCCT3 and si-CircNC groups. (C) Comparison of tumor volume
between the sh-CircCCT3 group and the sh-CircNC group at day 24 (**P <.01) (n = 6 for each group). (D) Comparison of tumor weight between the sh-CircCCT3
group and the sh-CircNC group tumor volume at day 24 (**P < .01) (n = 6 for each group).
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were demonstrated as mean + SD. *P < .05 vs. respective NC groups; NC, negative control; WT, wild-type; MUT, mutant.

Angiogenesis is the formation of new vessels from existing cap-
illaries, which is also an especially important process for tumor
development and metastasis. Among many factors involved in
the regulation of complex angiogenesis, VEGFA is a predominant
stimulant.*

The VEGFA/VEGFR?2 axis serves as crucial signaling in angio-
genesis and metastasis of tumor progression.** Continuous VEGF
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expression through VEGFR?2 leads to the development and main-
tenance of a vascular network that promotes tumor growth and
metastasis.** Drugs targeting the VEGF pathway have been stud-
ied, as single agents or in combination with chemotherapy, to sup-
press the VEGF signaling pathway.** In our study, we found that
higher levels of CircCCT3 are correlated with vascular invasion,
implicating CircCCT3 involvement in the pathological process
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FIG. 6. (A-D). Data are shown as mean + SD. (A) CircCCT3 and miR-613 were colocalized in Panc02 cells by FISH using confocal microscope. CircCCT3 was
stained red, miR-613 was stained green, nuclei were stained blue (DAPI) and overlapped expression was mixed (Scale bar, 20 um). (B) The biotin-coupled probe
pull-down assay was performed and the results showed that miR-613 was detected in the CircCCT3 pulled-down pellet compared with the control group. (C)
CircCCT3 was detected in the biotin-miR-613 vector compared with the control group. (D) Relative CircCCT3 and miR-613 expressions presented as fold enrich-
ment in Ago2 relative to normal IgG immunoprecipitates. RIP assays disclosed that CircCCT3 and miR-613 expressions were substantially enriched by Ago2

antibody compared with control IgG antibody (P < .01vs. control).
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FIG. 7. (A-C). Data are shown as mean + SD. VEFGA and VEGFR2 protein expressions detected through western blot analysis. (A) Representative bands of
VEGFA and VEGFR2. (B) Relative expressions of VEGFA proteins following OE-CircCCT3 or si-CircCCT3 transfection. (C) Relative expressions of VEGFR2

proteins following OE-CircCCT3 or si-CircCCT3 transfection.

of angiogenesis in PC. We also discovered that overexpression
of CircCCT3 increased VEGF and VEFGR2 protein expressions,
suggesting CircCCT3 could promote VEGF/VEFGR2 signaling
to facilitate angiogenesis in PC. One previous study has demon-
strated that CircCCT3 could facilitate the progression of hepa-
tocellular carcinoma by targeting miR-1287-5p,* indicating that
CircCCT3 maybe also deregulated in other gastrointestinal can-
cers. Further investigations of CircCCT3 expression in the colon
cancer, gastric cancer and are worthy of study.

Our study has limitations. First, only 30 pairs of PC tissues were
analyzed in this study due to the limited number of available PC
samples. Second, all the patient samples are collected from only
1 Chinese hospital. A larger number of PC samples should be
tested at multiple centers and from other countries to further con-
firm the conclusions of this study. Third, we look forward to fur-
ther research to explore why and how CircCCT3 is upregulated in
PC, which will provide a deeper understanding of the molecular
mechanism. Finally, we did not consider the presence of hereditary
PC (e.g. BRCA1, BRCA2, or PALLD mutations) or family history
when enrolling PC patients.

In conclusion, our study first revealed the novel function of
CircCCT3 in PC progression. We illustrated that CircCCT3-medi-
ated miR-613 and VEGFA/VEGFR?2 signaling promote PC devel-
opment and progression, providing a novel therapeutic target for
PC therapy.
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