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Abstract: Circular RNAs (circRNAs) are a novel class of noncoding RNAs that play an 

important role in cancer. However, the mechanisms by which circRNAs regulate gene expres-

sion in pancreatic ductal adenocarcinoma (PDAC) remain unclear. This study seeks to elucidate 

the role that circRNAs play in the proliferation of PDAC cells. On the basis of previous studies 

of circRNA expression profiles in PDAC, we found that the circRNA_100782 was markedly 

upregulated in PDAC tissue. Functional experiments revealed that circRNA_100782 down-

regulation inhibited BxPC3 cell proliferation and colony formation. Loss-of-function studies 

showed that knockdown of circRNA_100782 inhibited cell proliferation by downregulating the 

microRNA-124 (miR-124) target genes interleukin-6 receptor (IL6R) and signal transducer and 

activator of transcription 3 (STAT3). Overexpression of miR-124 also inhibited BxPC3 cell 

proliferation by reducing the expression of IL6R and STAT3, which was consistent with the 

result of silencing circRNA_100782. In addition, luciferase assay revealed that miR-124 was 

a direct target of circRNA_100782. Silencing STAT3 inhibited BxPC3 cell proliferation and 

colony formation. Cell viability was reduced in BxPC3 cells treated with si-circRNA_100782 

and miR-124 mimic, and this effect could be attenuated by activating STAT3. In vivo study 

validated that circRNA_100782 knockdown suppressed BxPC3 xenografts in nude mice. Taken 

together, these results suggest that circRNA_100782 regulates BxPC3 cell proliferation by 

acting as miR-124 sponge through the IL6–STAT3 pathway.

Keywords: circular RNA, pancreatic ductal adenocarcinoma, sponge, proliferation, microRNA, 

IL6-STAT3 pathway

Introduction
Circular RNAs (circRNAs) are a novel class of noncoding RNAs that are formed by 

a junction of the 5′end and 3′end.1 CircRNAs were discovered a few decades ago, but 

they were neither paid enough attention nor investigated until recently.2 CircRNA, as 

well as microRNA (miRNA) and long noncoding RNA are involved in the process 

of transcriptional and post-translational gene expression. Mounting evidence has 

shown that circRNAs are dysfunctional in nervous system disease,3 heart disease4 and 

human cancer.5 There is increasing evidence showing that circRNAs are involved in 

tumorigenesis, proliferation, apoptosis, migration, invasion and metastasis in human 

carcinomas.6–8 Additionally, circRNAs are enriched and stable in many tissues and 

exosomes, suggesting that they are promising biomarkers for cancer diagnosis and 

prognosis.7,9,10 However, the role of circRNAs in pancreatic ductal adenocarcinoma 

(PDAC) remains unclear.

miRNAs are a type of noncoding RNA of ~20 nucleotides and negatively regulate 

multiple genes by interacting with 3′-untranslated regions (3′-UTR) of cognate mRNA 

targets that play crucial roles in post-transcriptional regulation.11 In the past, miRNAs 
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have been widely investigated and identified as key regula-

tors and biomarkers in cancers. miRNAs act as oncogenes or 

tumor suppressors by altering the expression of their targets 

and signaling pathways both in vivo and in vitro.12,13 Recent 

research has revealed that circRNAs can act as miRNA 

sponges and regulate the targets of miRNAs.14 However, 

to our knowledge, there are no previous reports concerning 

circRNA–miRNA interaction in PDAC.

PDAC ranks as the third leading cause of cancer death 

in the USA. Due to the lack of early diagnosis and effective 

therapies, PDAC has one of the worst prognoses.15,16 Signal 

transducer and activator of transcription 3 (STAT3) acts as 

an oncogene in multiple tumors.17 Notably, activation of 

STAT3 leads to malignancy of tumorigenesis, cell prolifera-

tion and migration.18,19 The interleukin-6 receptor (IL6R) 

engages through gp 130 ligands and activates the janus 

kinase 2 (JAK2) family. Phosphorylation of JAK2 (p-JAK2) 

then activates the STAT3 proteins.20 Previous studies have 

revealed that the IL6-JAK2-STAT3 signaling pathway is 

crucial for cell growth and survival.21,22 This pathway was 

frequently activated in pancreatic cell lines and PDAC tissue 

specimens.20 Lesina et al showed that the IL6-JAK2-STAT3 

signaling pathway improved proliferation and oncogenesis 

in PDAC both in vivo and in vitro.23 IL6R is upstream of 

STAT3, and upregulation of IL6R activates the phosphoryla-

tion of STAT3 (p-STAT3).24

This study focused on a microarray analysis of the 

expression of circular RNA-has_circRNA_100782, which 

was upregulated in PDAC tissues (GEO No: 69362: https://

www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE69362). 

CircRNA_100782 is encoded by the sequence located at 

chr11:33307958–33309057 and has a spliced length of 

1,099 nt. CircRNA_100782 was first found upregulated in 

PDAC and in the PDAC cell line BxPC3 instead of human 

pancreatic duct epithelial cells (HPDE). Our research sought 

to investigate the role of circRNA_100782 in PDAC and 

explore the mechanism of circRNA_100782 in cell prolifera-

tion from 3 aspects of “circRNA-miRNA-target gene”.

Materials and methods
Cell lines and cell culture
The PDAC cell lines BxPC3 and HPDE were obtained 

from American Type Culture Collection (Manassas, VA, 

USA). HEK293T cells were obtained from the Type Culture 

Collection of the Chinese Academy of Sciences (Shanghai, 

China). BxPC3 and HPDE cells were cultured in Roswell 

Park Memorial Institute 1640 (HyClone Laboratories, Logan, 

UT, USA) and HEK293T were cultured in DMEM (HyClone 

Laboratories) with 10% fetal bovine serum (Gibco, Grand 

Island, NY, USA), streptomycin (100 µg/mL) and penicillin 

(100 µg/mL) (Gibco). Cells were grown in a humidified 5% 

CO
2
 incubator at 37°C.

Vector construction
For the luciferase assay, the coding sequence of 

circRNA_100782 was synthesized and inserted into the 

NheI and SalI sites directly downstream of a cytomegalovirus 

promoter-driven firefly luciferase cassette in the pmirGLO 

vector (Promega, Madison, WI, USA). The recombinant 

luciferase reporter plasmids contained full-length sequences 

of circRNA_100782. The empty pmirGLO vector was used 

for negative control. The constructs were confirmed by DNA 

sequencing (Sangon Biotech, Shanghai, China).

Cell proliferation assay and colony 
formation assay
The Cell Counting Kit-8 (CCK-8, Dojindo Chemical 

Laboratory, Kumamoto, Japan) and colony formation assay 

were conducted to determine the cell proliferation activity. 

Approximately 5×103 cells per well were transferred to 

96-well plates after transfection and were subjected to the 

CCK-8 assay. After incubation at 37°C for 1.5 h, the absor-

bance at 450 nm was measured following the addition of 

10 µL of the CCK-8 solution. There were 5 replicates for 

each group, and 3 independent experiments were performed. 

For the colony formation assay, 500–1,000 cells were 

seeded in 6-well plates overnight. The cells were transfected 

with siRNA or miR-124 mimic for 24 h. The medium was 

removed and replaced with fresh medium. When the colonies 

were visible without a microscope, cell colonies were fixed 

with 4% paraformaldehyde and stained using 0.1% crystal 

violet. The number of colonies was quantified by counting 

the colonies with more than 50 cells.

Cell transfection
INTERFERin (Polyplus transfection, Illkirch, France) was 

used for the transfection experiments with miRNA mimics 

or siRNAs according to the manufacturer’s instructions. 

miR-124 mimic, miR-124 inhibitor, negative control miRNA 

and siRNAs targeting circRNA_100782, STAT3 and siRNA 

negative control were obtained from RiboBio (Guangzhou, 

China). The knockdown efficiency of circRNA_100782 was 

evaluated by quantitative reverse transcription-polymerase 

chain reaction (qRT-PCR). Western blot was used to measure 

the efficiency of si-STAT3. To identify the role of IL6 in 

si-circRNA_100782 and miR-124-induced cell suppression, 
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BxPC3 cells were treated with recombinant human IL6 

cytokine (PeproTech, Rocky Hill, NJ, USA) after transfec-

tion with si-circRNA_100782 and miR-124 according to the 

manufacturer’s instructions.

RNA isolation and real-time 
transcription PCR
Total RNA was isolated using TRIzol regent (Thermo 

Fisher Scientific, Waltham, MA, USA) according to the 

manufacturer’s instructions. For circRNA_100782, IL6R and 

STAT3 detection, cDNA was synthesized using the Prime 

Script RT reagent Kit (Takara Bio, Shiga, Japan). qRT-PCR 

was performed in a 96-well plate format using SYBR green 

dye (Takara Bio, Dalian, China) by ABI Prism 7500 Fast 

Real-time PCR System (Applied Biosystems, Foster City, 

CA, USA) following the procedure according to the manu-

facturer’s instructions. For miR-124 detection, reverse tran-

scription of 1 µg RNA was performed using miRNA reverse 

transcription kit with miR-124-specific stem-loop primer 

(RiboBio). qRT-PCR amplification was performed using 

the Bulge-Loop miRNA qRT-PCR Starter Kit (RiboBio). 

The levels of circRNA_100782 and mRNAs were normal-

ized by ACTB, while miR-124 was normalized against U6 

and calculated using the 2−∆∆Ct method. The primers used are 

listed below: 5′-TATGTTGGTGGATCCTGTTCGGCA-

3′(forward), 5′-TGGTGGGTAGACCAAGACTTGTGA-3′ 
(reverse) for circRNA_100782, yielding a product of 

146 bp. 5′-CATGTACGTTGCTATCCAGGC-3′(forward), 

5′-CTCCTTAATGTCACGCACGAT-3′(reverse) for 

ACTB. 5′-CAGCAGCTTGACACACGGTA-3′(forward), 

5′-AAACACCAAAGTGGCATGTGA-3′(reverse) for 

STAT3. 5′-TACACCAACCTCTCGTACATCG-3′(forward), 

5′-CATGTCTGAAGCGCAGTAAGATT-3′(reverse) 

for IL6R.

Western blot
Total protein from frozen tissues and cells was extracted 

using radio-immunoprecipitation assay lysis buffer, and 

the lysates were cleared by centrifugation (12,000× g, 4°C, 

15  min). The bicinchoninic acid protein assay (Beyotime 

Biotechnology, Shanghai, China) was used to measure the 

total protein level. Proteins were separated by sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis and transfected to 

a polyvinylidene fluoride membrane (Immobion-P Transfer 

Membrane, Millipore Corp., Billerica, MA, USA). After 

blocking the membrane with 5% non-fat dry milk for 1 h, 

the membrane was incubated overnight at 4°C with anti-

bodies against STAT3, p-STAT3 (Y705), JAK2, p-JAK2, 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH, 

1:1,000, Cell Signaling Technology, Danvers, MA, USA) and 

IL6R (1:500 RD Systems, Minneapolis, MN, USA). After 

washing with tris-buffered saline with Tween-20, specific 

secondary anti-rabbit antibodies or anti-mouse IgG second-

ary antibodies conjugated to horseradish peroxidase (Cell 

Signaling Technology) were incubated at room temperature 

for 1 h. Protein bands were visualized using the enhanced 

chemiluminescence ECL method and analyzed with Quantity 

One 4.6.2 software (Bio-Rad, Hercules, CA, USA).

Luciferase reporter assay
HEK293T cells were cotransfected with 500 ng of pmirG-

LO-circRNA_100782 or pmirGLO-vector with 50 nm of 

miR-124 mimic in 24-well plates. The combined plasmids 

and miR-124 mimic were transfected into HEK293T cells 

using Lipofectamine 3000 (Thermo Scientific). After 48 h 

of incubation, cells were collected and the firefly and Renilla 

luciferase activities were measured using the Dual-Luciferase 

Reporter Assay System (Promega) according to the manu-

facturer’s protocol.

Lentiviral vector production and cell 
infection
Lentivirus carrying hairpin-silencing RNA to circRNA_100782 

(sh-circRNA_100782) and sh-circRNA_100782 control 

(sh-Ctrl) was packaged in HEK293T cells and the 

supernatant was concentrated. For stable knockdown of 

circRNA_100782, BxPC3 cells were infected with virus 

supernatant with 8 µg/mL of polybrene. After 24 h infection, 

the medium was replaced with fresh medium containing 

2 µg/mL of puromycin.

Tumor formation in nude mice
Ten 6-week-old male BALB/c nude mice were divided into 

2 groups randomly. Each group was composed of 5 mice 

that were injected with 2×106 control cells (sh-Ctrl) or 

circRNA_100782 knockdown cells (sh-circRNA_100782). 

The tumor volume was calculated by measuring the length 

and width of the tumor (tumor volume =1/2 length × width2) 

every week. After 5 weeks, the mice were sacrificed by anes-

thesia and the tumors were removed and weighed for further 

analysis. All animal studies were approved by the Animal 

Ethics Committee of Zhongshan Hospital, Fudan University 

and experiments were conducted according to the National 

Institutes of Health Guide for the Care and Use of Labora-

tory Animals (US National Research Council Publication 

85–23, revised 2011).
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Statistical analysis
Data from at least 3 separate experiments are expressed as 

mean ± SD. The results were analyzed using the Student’s 

t-test and one-way analysis of variance. Statistical analy-

ses were performed using software SPSS version 18.0 

(SPSS, Chicago, IL, USA), and p,0.05 was considered 

statistically significant.

Results
CircRNA_100782 is upregulated in 
BxPC3 compared with HPDE cell line
We first investigated circRNA_100782 expression between 

the normal pancreatic epithelial cell line (HPDE) and BxPC3 

by qRT-PCR using divergent primer (Figure 1A). We found 

that the circRNA_100782 level was higher in BxPC3 than 

HPDE cells (Figure 1B). To confirm the product of qRT-

PCR, we performed agarose gel electrophoresis and a single 

band of 146 bp was observed (Figure 1C). Additionally, the 

back-splice junction of circRNA_100782 was confirmed by 

Sanger sequence (Figure 1D), which was consistent with the 

sequence from circbase.25

The function of circRNA_100782 in 
BxPC3 cell line
Knowing that circRNA_100782 is upregulated in PDAC 

tissue and BxPC3 cell line, we wanted to explore the effect 

of circRNA_100782 in vitro. We silenced circRNA_100782 

using siRNA that targeted the back-splice sequence. The 

expression of circRNA_100782 decreased significantly as 

expected (Figure 2A). CCK-8 assay showed that knockdown 

of circRNA_100782 decreased BxPC3 cell proliferation 

(Figure 2B). The colony formation assay revealed that knock-

down of circRNA_100782 significantly inhibited cell colony 

formation. The colony formation numbers on the plates were 

found to be decreased in BxPC3 cells transfected with si-

circRNA_100782 compared with the control (Figure 2C). 

This indicates that circRNA_100782 is a cell proliferation 

regulator in PDAC.

CircRNA_100782 functions by binding 
to miR-124
CircRNA can bind to miRNA and then regulate miRNA target 

genes by serving as miRNA sponges.1,26,27 We then wanted 

to determine whether circRNA_100782 could act as miRNA 

sponge. We screened miRNAs that may have binding sites 

targeting circRNA_100782 sequence based on TargetScan 

(www.targetscan.org) database and found that miR-124 has a 

binding site with circRNA_100782 (Figure 3A). miR-124 has 

been proven as an anti-oncogenesis miRNA in many cancers, 

including hepatocellular carcinoma (HCC),28 esophageal 

cancer,29 PDAC,30 and we found that miR-124 was downregu-

lated in BxPC3 cells compared with HPDE cells (Figure 3B), 

Figure 1 Identification and expression of circRNA_100782 in BxPC3 and HPDE cells.
Notes: (A) The divergent primer used for detecting circRNA_100782. (B) The expression of circRNA_100782 in BxPC3 and HPDE cells. (C) Agarose gel electrophoresis 
verified the qRT-PCR product of circRNA_100782. (D) Sanger sequence showing the back-splice junction of circRNA_100782. Error bars represent mean ± SD from at 
least 3 independent experiments. *p,0.05.
Abbreviations: F, forward primer; HPDE, human pancreatic duct epithelial cells; qRT-PCR, quantitative reverse transcription-polymerase chain reaction; R, reverse primer.
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which suggested the antigenic role of miR-124 in BxPC3. 

We then investigated whether circRNA_100782 acts as 

miR-124 sponge and inhibits its function. To confirm whether 

circRNA_100782 can bind miR-124, a dual-luciferase 

reporter system was performed. Luciferase-circRNA_100782 

reporter was cotransfected with miR-124 mimic in HEK293T 

cells that resulted in reduction of luciferase activity by 30% 

compared with vector-Ctrl (Figure 3C and D).

Based on the relationship between circRNA_100782 and 

miR-124, we explored whether circRNA_100782 could regu-

late miR-124 target genes. Previous studies found that miR-124 

acts as a tumor suppressor gene in various cancer types. Search-

ing target prediction software (TargetScan), we found that 

IL6R and STAT3 are predictive targets of miR-124. Previous 

studies have demonstrated that miR-124 functions by targeting 

3′-UTR of IL6R and STAT3.11,24 IL6R is the upstream of 

p-STAT3 and the IL6-STAT3 pathway plays a crucial role 

in PDAC. Then we hypothesized that circRNA_100782 

may function by interacting with miR-124 and then acti-

vating the IL6-JAK2-STAT3 signaling pathway. Next, we 

investigated the correlation between circRNA_100782 and 

the miR-124 target genes IL6R and STAT3. Knockdown of 

circRNA_100782 decreased the mRNA levels of IL6R and 

STAT3 (Figure  3E). Western blot confirmed a decrease 

in protein levels for both IL6R and STAT3. The levels of 

p-STAT3 and p-JAK2 also decreased significantly, which was 

induced by reduction in IL6R (Figure 3F). Downregulation 

of IL6R, STAT3 and p-STAT3 by si-circRNA_100782 could 

be abrogated by miR-124 inhibitor (Figure 3G). Interestingly, 

qRT-PCR showed that circRNA_100782 knockdown had no 

obvious effect on miR-124, and ectopic expression of miR-

124 did not decrease the level of circRNA_100782 (data not 

shown). This was in accordance with the ciRS-7 (circular 

RNA sponge for miR-7) findings.1 These data indicate that 

circRNA_100782 may activate IL6R and STAT3 by binding 

to miR-124 and inhibiting miR-124 activity.

Next, we investigated whether the IL6-JAK2-STAT3 sig-

naling pathway was responsible for BxPC3 cell proliferation. 

Western blot confirmed that STAT3 is activated in BxPC3 cells 

than in HPDE cells (Figure 4A). Ectopic expression of IL6 sig-

nificantly activated p-JAK2 and p-STAT3 and increased BxPC3 

cell proliferation (Figure 4B and C). Furthermore, knockdown of 

STAT3 decreased BxPC3 cell proliferation and colony formation 

(Figure 4D–F). To evaluate whether IL6-JAK2-STAT3 pathway 

Figure 2 Function of circRNA_100782 in BxPC3 cells.
Notes: (A) Knockdown efficiency of si-circRNA_100782. (B) Effect of circRNA_100782 on cell proliferation by CCK-8 assay. (C) Effect of circRNA_100782 on BxPC3 cell 
colony formation. Error bars represent mean ± SD from at least 3 independent experiments. *p,0.05.
Abbreviations: CCK-8, Cell Counting Kit-8; Ctrl, control.
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Figure 3 CircRNA_100782 functions by binding to miR-124.
Notes: (A) The schematic graph illustrates the putative complementary site within circRNA_100782 and miR-124. (B) Relative expression of miR-124 in BxPC3 and HPDE 
cells. (C) Expression of miR-124 after transfection with miR-124 mimic for 48 h in HEK293T cells. (D) Relative luciferase activity cotransfected pmirGLO-circRNA_100782 
or pmirGLO-vector with miR-124 mimic in HEK293T cells. (E) mRNAs expression of STAT3 and IL6R 48 h after transfection with si-Ctrl and si-circRNA_100782. 
(F) Expression of IL6R, JAK2, p-JAK2, STAT3 and p-STAT3 48 h after transfection with si-Ctrl and si-circRNA_100782 by Western blot analysis. (G) MiR-124 inhibitor rescued  
si-circRNA_100782 induced reduction of p-JAK2 and p-STAT3 by Western blot analysis. Error bars represent mean ± SD from at least 3 independent experiments. *p,0.05.
Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; HPDE, human pancreatic duct epithelial cells; IL6R, interleukin 6 receptor; JAK2, janus kinase 2; 
miR-124, microRNA-124; p-JAK2, phosphorylation of JAK2; STAT3, signal transducer and activator of transcription 3.
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was responsible for circRNA_100782-induced cell proliferation, 

we activated STAT3 by ectopic expression of IL6, which signifi-

cantly rescued the protein levels of p-JAK2 and p-STAT3 under 

repression by si-circRNA_100782 (Figure 4G). In addition, IL6 

abolished the anti-proliferation effect of si-circRNA_100782 

(Figure 4H). Taken together, circRNA_100782 may activate 

IL6R and STAT3 by binding to miR-124 and may inhibit 

miR-124 activity.

MiR-124 mediates BxPC3 cell proliferation 
through the IL6-JAK2-STAT3 pathway
Although miR-124 has been demonstrated to be an anti- 

oncogenesis miRNA, its role on BxPC3 cells remains unknown. 

To investigate whether miR-124 is responsible for the down-

regulation of IL6R and STAT3, we transfected miR-124 

mimic into BxPC3 cells. Similar to the experiment performed 

with si-circRNA_100782, overexpression of miR-124 sig-

nificantly repressed BxPC3 cell proliferation and colony 

formation (Figure 5A and B). Likewise, miR-124 reduced 

both the mRNA levels of IL6R and STAT3 and the protein 

levels of IL6R, p-JAK2, STAT3 and p-STAT3 (Figure 5C 

and D). As expected, IL6 abolished the miR-124-induced 

reduction of cell viability and p-JAK2 and p-STAT3 levels 

(Figure 5E and F). Taken together, these results indicate that 

circRNA_100782 regulates the IL6-JAK2-STAT3 pathway 

by acting as miR-124 sponge.

Figure 4 (Continued)
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CircRNA_100782 knockdown repressed 
BxPC3 xenograft growth in vivo
We further investigated the biological function of 

circRNA_100782 in BxPC3 cell growth in BALB/c nude 

mice (5 mice per group). Each nude mouse was injected 

with 2×106 of sh-Ctrl BxPC3 cells or sh-circRNA_100782 

BxPC3 cells. After 5 weeks, the mice were sacrificed and we 

found that circRNA_100782 knockdown repressed tumor 

growth significantly. The sh-Ctrl cells grew faster than 

sh-circRNA_100782 group (Figure 6A–C). To determine 

whether circRNA_100782 functions through STAT3 path-

way, Western blot was performed to measure the expression 

levels of miR-124 targets. We found that the expression 

of IL6R, STAT3 and p-STAT3 was downregulated in 

the sh-circRNA_100782 BxPC3 xenografts (Figure 6D). 

These data indicate that circRNA_100782 knockdown 

repressed BxPC3 cell growth in vivo through the IL6-

STAT3 pathway.

Discussion
In this study, we identified circRNA_100782 to be a molecule 

that promotes BxPC3 pancreatic cancer cell proliferation by 

targeting miR-124 and its target genes IL6R and STAT3. 

We found that miR-124 was a negative regulator of pro-

liferation in BxPC3 cells. Activating STAT3 attenuates 

the anti-proliferation induced by si-circRNA_100782 or 

miR-124. Our data from the “circRNA-miRNA-target gene” 

perspective demonstrate that circRNA_100782 regulates 

BxPC3 cell proliferation by interacting with miR-124 through 

the IL6-STAT3 pathway.

Due to their special structure, circRNAs can act as 

promising noncoding RNAs to regulate gene expression. 

Figure 4 IL6-JAK2-STAT3 pathway is responsible for BxPC3 cell proliferation.
Notes: (A) Relative expression level of STAT3 in BxPC3 and HPDE cells. (B) Western blot analysis of p-JAK2 and p-STAT3 by IL6 treatment for 20 min. (C) Effect of 
activated STAT3 by IL6 on BxPC3 cell proliferation by CCK-8 assay. (D) Knockdown efficiency of si-STAT3 by Western blot compared with si-Ctrl. (E) Effect of si-STAT3 
on BxPC3 cell proliferation by CCK-8 assay and (F) colony formation. (G) IL6 rescued si-circRNA_100782 induced reduction of p-JAK2 and p-STAT3 and (H) BxPC3 cell 
proliferation by CCK-8 assay. Error bars represent mean ± SD from at least 3 independent experiments. *p,0.05. #p,0.05 vs si-circRNA_100782.
Abbreviations: CCK-8, Cell Counting Kit-8; Ctrl, control; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; HPDE, human pancreatic duct epithelial cells; IL6R, 
interleukin 6 receptor; JAK2, janus kinase 2; p-JAK2, phosphorylation of JAK2; STAT3, signal transducer and activator of transcription 3.
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The classic role of circRNAs is to serve as miRNA sponge, 

as in the case of circRNA sex-determining region Y (Sry) 

and ciRS-7.14 They bind to miRNAs and act as candidates 

for competing endogenous RNAs. ciRS-7 harbors 63 miR-7 

seed matches and acts as post-transcriptional regulator in brain 

tissue. However, ciRS-7 does not affect the miR-7 expres-

sion level.1 This is consistent with our study; knockdown of 

circRNA_100782 does not increase the expression of miR-

124; instead, it decreases the expression of miR-124 targets. 

Circular RNA MTO1 (circMTO1) acts as a sponge for miR-9, 

suppressing HCC progression, and reduced circMTO1 expres-

sion predicts a decreased survival time. Silencing circMTO1 

could downregulate the miR-9 target gene p21, which results 

in the promotion of HCC cell proliferation and invasion.7 In 

CRC, has_circ_001569 sponged with miR-145 and promoted 

miR-145 target genes E2F5, BAG4 and FMNL2 then acted 

as a positive regulator in cell proliferation and invasion.31 

circPVT1 acts as a proliferative factor and a good prognostic 

marker in gastric cancer.32 This indicates that circRNA can act 

as a potential diagnostic and therapeutic target for tumors.

Based on the circRNA expression profile, we found that 

circRNAs are significantly dysregulated in PDAC. Since 

circRNA_100782 was obviously upregulated, we proposed 

that circRNA_100782 may have a functional role in PDAC. 

We found that circRNA_100782 was more upregulated 

in BxPC3 than in HPDE cells, and circRNA_100782 

knockdown significantly decreased BxPC3 proliferation. 

Since circRNA functions by binding with miRNA, we 

wanted to determine whether circRNA_100782 could 

serve as miRNA sponge. Bioinformatic analysis predicted 

that circRNA_100782 had a binding site with miR-124. 

Additionally, it has been proven that miR-124 is a tumor 

Figure 5 (Continued)
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Figure 6 CircRNA_100782 regulates tumor growth in nude mice.
Notes: (A) CircRNA_100782 depletion markedly repressed tumor growth in nude mice. (B) Sh-circRNA_100782 significantly reduced tumor volume compared with 
sh-Ctrl. (C) Sh-circRNA_100782 markedly reduced tumor weight. (D) Western blot analysis of IL6R, STAT3 and p-STAT3 in xenograft tumors. Error bars represent 
mean ± SD. *p,0.05.
Abbreviations: Ctrl, control; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL6R, interleukin 6 receptor; STAT3, signal transducer and activator of transcription 3.

Figure 5 miR-124 mediates BxPC3 cell proliferation by IL6-JAK2-STAT3 pathway.
Notes: (A) Effect of miR-124 on BxPC3 cell proliferation by CCK-8 assay and (B) colony formation. (C) Expression of IL6R and STAT3 mRNA levels 48 h after transfection 
with miR-124 mimic. (D) Western blot analysis of IL6R, JAK2, p-JAK2, STAT3 and p-STAT3 caused by miR-124. (E) IL6 rescued miR-124-induced reduction of p-JAK2 and 
p-STAT3 by Western blot analysis and (F) BxPC3 cell proliferation by CCK-8 assay. Error bars represent mean ± SD from at least 3 independent experiments. *p,0.05. 
#p,0.05 vs miR-124 mimic.
Abbreviations: CCK-8, Cell Counting Kit-8; Ctrl, control; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL6R, interleukin 6 receptor; JAK2, janus kinase 2;  
miR-124, microRNA-124; p-JAK2, phosphorylation of JAK2; STAT3, signal transducer and activator of transcription 3.
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suppressor in many cancers. Therefore, we carried out 

luciferase assay and found that cotransfecting with miR-124 

could reduce luciferase activity. qRT-PCR and Western 

blot confirmed that silencing circRNA_100782 decreased 

the levels of IL6R, p-JAK2, STAT3 and p-STAT3. The 

downregulation of IL6R, p-JAK2, STAT3 and p-STAT3 

could be rescued by miR-124 inhibitor. We further 

investigated the function of miR-124 in BxPC3 cell line. 

Overexpression of miR-124 greatly inhibited BxPC3 cell 

proliferation and colony formation. Consistent with previ-

ous studies, miR-124 directly targets the 3′-UTR of IL6R 

and STAT3.11 The IL6R, p-JAK2, STAT3, and p-STAT3 

protein levels were significantly downregulated by the 

transient overexpression of miR-124. In addition, miR-124 

target genes positively correlated with circRNA_100782. 

IL6 activation of STAT3 rescued cell proliferation and 

the protein levels of p-JAK2 and p-STAT3 reduced by si-

circRNA_100782 and miR-124. In vivo study confirmed 

the role of circRNA_100782 in vitro. Tumors were sig-

nificantly suppressed by knockdown of circRNA_100782. 

Taken together, these data suggest that circRNA_100782 

regulates BxPC3 cell proliferation by acting as miR-124 

sponge through IL6R and STAT3.

Conclusion
Our study reveals that circRNA_100782 plays a crucial role 

in PDAC. CircRNA_100782 knockdown suppresses BxPC3 

cell proliferation. CircRNA_100782 interacts with miR- 

124 and regulates the IL6-STAT3 pathway. The IL6-STAT3 

pathway is responsible for circRNA_100782 and miR- 

124-mediated repression of BxPC3 cell proliferation. Our 

results suggest that circRNA_100782 may be a new marker 

and therapeutic target for PDAC.
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