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Background: Circular RNAs (circRNAs) play an important role in the tumorigenesis of 
pancreatic cancer. However, the expression profiles and roles of circRNAs in pancreatic 
cancer remain largely unknown.
Methods: To identify differentially expressed circRNAs (DEcircRNAs) between pancreatic 
cancer and matched normal tissues, bioinformatics analysis was performed. 
Hsa_circ_0000069 was identified by 0.bioinformatics analysis. In addition, the level of 
hsa_circ_0000069 in pancreatic cancer tissues and cell lines, and pancreatic cancer cell- 
derived exosomes were assessed using RT-qPCR assay.
Results: The expression of hsa_circ_0000069 was markedly upregulated in pancreatic 
cancer tissues and cell lines. SCL/TAL1 interrupting locus (STIL) is the parent gene for 
hsa_circ_0000069, and its high expression was related to poor overall survival in patients 
with pancreatic cancer. In addition, downregulation of hsa_circ_0000069 markedly sup-
pressed STIL expression, induced the apoptosis and cell cycle arrest, and inhibited the 
proliferation, migration and invasion in pancreatic cancer cells. Moreover, hsa_circ_0000069 
knockdown inhibited the growth of xenograft pancreatic cancer tumors in vivo. Furthermore, 
human pancreatic duct epithelial cells (HPDE) are capable of internalizing SW1990 cell- 
derived exosomes, allowing the transfer of hsa_circ_0000069. Significantly, SW1990 cell- 
derived exosomes promoted the proliferation, migration and cell cycle progression of HPDE 
cells, whereas exosomes with downregulated hsa_circ_0000069 suppressed the proliferation, 
migration and cell cycle progression of HPDE cells, by suppressing STIL expression.
Conclusion: Our results suggest that hsa_circ_0000069 knockdown could inhibit pancreatic 
cancer tumorigenesis and exosomes with downregulated hsa_circ_0000069 could suppress 
HPDE cell malignant transformation. Collectively, hsa_circ_0000069 might be a therapeutic 
target for the treatment of pancreatic cancer.
Keywords: pancreatic cancer, hsa_circ_0000069, tumorigenesis, exosomes

Introduction
Pancreatic cancer is one of the major causes of cancer-related mortality and is the 
12th most common cancer in human worldwide.1,2 The 5-year overall survival rates 
of pancreatic cancer remain less than 6%, indicating that pancreatic cancer is one of 
the deadliest forms of cancer.3 Chronic pancreatitis, smoking, obesity, diabetes 
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mellitus are several risk factors that seem to be associated 
with pancreatic cancer.4 In addition, surgical resection, 
chemotherapy and radiation are current therapeutic meth-
ods for pancreatic cancer.1 Pancreatic ductal adenocarci-
noma (PDAC) is the most common and lethal form of 
pancreatic cancer, which is considered a highly heteroge-
neous neoplasm.5,6 Meanwhile, the average survival time 
of patients with PDAC is no more than 6 months.7 

However, most patients with pancreatic cancer are diag-
nosed in the advanced stages, ultimately succumb to meta-
static disease.8 Therefore, identification of promising 
cancer-associated biomarkers of pancreatic cancer may 
help to improve the early diagnosis and treatment of pan-
creatic cancer.

Circular RNAs (circRNAs) are a class of non-coding 
RNA molecules that form a closed loop structure without 
5′ and 3′ ends.9 CircRNAs participated in the process of 
transcriptional and post-translational regulations of gene 
expression.10 In addition, circRNAs play important roles 
in human diseases, such as cancer and heart disease.11,12 

Evidences have shown that circRNAs are aberrantly 
expressed in pancreatic cancer tissues, and participated in 
tumorigenesis and metastasis in pancreatic cancer.13,14 

However, the role of circRNAs in pancreatic cancer has 
not been fully clarified.

MicroRNAs (miRNAs) are another class of non-coding 
RNA molecules (~20 nucleotides) that could downregulate 
the expression of target genes at post-transcriptional 
level.15 In addition, miRNAs may function as oncogenes 
or tumor suppressors by mediating the expression of their 
targets in human cancers.16,17 It has been shown that 
circRNAs can function as competing endogenous RNA 
(ceRNA) to regulate expression of downstream target 
genes.18

Exosomes are extracellular vesicles ranging from 30 to 
150 nm in diameter.19 Exosomes contain a specific compo-
sition of functional mRNAs, miRNAs, lncRNAs, circRNAs 
and proteins, playing an important role in cell-to-cell com-
munication via transferring genetic message.20–22 A recent 
study has shown that exosomal circRNAs could promote 
tumor progression.23 For example, circular RNA IARS can 
be transported by exosomes from pancreatic cancer cells to 
endothelial cells, thereby promote tumor progression.24

In this study, we identified that hsa_circ_0000069 were 
significantly upregulated in pancreatic cancer tissues. 
Further studies indicated that hsa_circ_0000069 might be 
an important oncogenic regulator involved in pancreatic 
cancer progression via functioning as a ceRNA for miR- 

144. In addition, exosomes with downregulated hsa_-
circ_0000069 were found to be released by pancreatic 
cancer cells, suppressing the malignant transformation of 
HPDE cells. These data indicated that hsa_circ_0000069 
may be used as a potential biomarker for the diagnosis and 
therapy of pancreatic cancer.

Materials and Methods
Data Acquisition and Identification of 
DEcircRNAs
The raw microarray data of pancreatic cancer (GSE69362) 
were downloaded from the Gene Expression Omnibus data-
base (GEO, https://www.ncbi.nlm.nih.gov/geo/). GSE69362 
dataset contains circRNAs expression data of 6 pancreatic 
cancer tissues and 6 matched normal tissues. R language was 
applied to identify the DEcircRNAs. DEcircRNAs were 
identified using an adjusted P < 0.05 and a |log2(FC)|>2 as 
criteria.

Survival Analysis
TCGA dataset (http://tcga-data.nci.nih.gov/tcga) was 
applied to identify the association between STIL expres-
sion and overall survival time. P < 0.05 was considered as 
statistically significant.

Clinical Samples
Thirty pairs of pancreatic cancer tissue samples and adja-
cent normal tissues were obtained from patients with pan-
creatic cancer who underwent surgery in the Second 
Affiliated Hospital of Soochow University, between 
April 2018 and July 2019. The present study was approved 
by the Ethics Committee of the Second Affiliated Hospital 
of Soochow University. Written informed consent was 
obtained from all patients.

Cell Culture
The pancreatic cancer cell lines, MiaPaCa-2, SW1990, 
PANC-1 and BXPC3, were obtained from American Type 
Culture Collection (ATCC, Rockville, MD, USA). Human 
pancreatic duct epithelial cells (HPDE) were obtained from 
the Type Culture Collection of the Chinese Academy of 
Sciences (Shanghai, China). Cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM, Thermo 
Fisher Scientific, Waltham, MA, USA) supplemented with 
10% fetal bovine serum (FBS, Thermo Fisher Scientific) 
and 1% penicillin-streptomycin, and incubated in humidi-
fied atmosphere containing 5% CO2 at 37°C.
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Lentivirus Production and Cell 
Transduction
The anti-sense oligonucleotides to suppress hsa_circ_0000069 
expression (hsa_circ_0000069 shRNAs) and the oligonucleo-
tides to overexpress hsa_circ_0000069 (hsa_circ_0000069 
OE) expression were designed and obtained by Ribobio 
(Guangdong, China) respectively. 293T cells were transfected 
with plasmids described above and lentivector packaging 
plasmids using Lipofectamine2000 (Thermo Fisher 
Scientific). After that, virus-containing supernatant was col-
lected at 72 h. Subsequently, the viral supernatant was added 
into MiaPaCa or SW1990 cells. Following 48 h of transduc-
tion, the infected cells were selected with puromycin 
(2 µg/mL, Amresco, Cleveland, OH, USA).

The oligonucleotide sequences were listed as followed: 
hsa_circ_0000069-shRNA1: 5ʹ- TACTTCAGGCACAGG 
TCTTTTCAAGAGAAAGACCTGTGCCTGAAGTATT-
TTT-3ʹ; hsa_circ_0000069shRNA2: 5ʹ- ACAGGTCTTCC 
CAAAAGTTTTCAAGAGAAACTTTTGGGAAGACCT-
GTTTTTT-3ʹ.

Cell Transfection
MiR-144 agomir, miR-144 antagomir and NC were 
obtained from GenePharma (Shanghai, China). Later on, 
miR-144 agomir, miR-144 antagomir, and NC were trans-
fected into SW1990 cells using Lipofectamine 2000 
(Thermo Fisher Scientific).

RT-qPCR
Trizol Reagent (Sigma Aldrich, St. Louis, MO, USA) was 
used to extract total RNA according to the manufacturer’s 
protocol. First strand cDNA was synthesized with 
EntiLink™ 1st Strand cDNA Synthesis Kit (ELK 
Biotechnology, Hubei, China). After that, qPCR was per-
formed using SYBR Select Master Mix (Applied 
Biosystems, Foster City, CA, USA) on a Quantstudio™ DX 
Real-Time PCR Instrument (Applied Biosystems, Waltham, 
MA, USA). The sequences of primers were U6, Forward, 5ʹ-C 
TCGCTTCGGCAGCACAT-3ʹ; Reverse, 5ʹ-AACGCTTCA 
CGAATTTGCGT-3ʹ. MiR-144, Forward, 5ʹ- ATACTGTAAG 
CTCAACTGAATTGCC-3ʹ; Reverse, 5ʹ-CTCAACTGGTGT 
CGTGGAGTC-3ʹ. Actin, Forward, 5ʹ- GTCCACCGCAAAT 
GCTTCTA-3ʹ; Reverse, 5ʹ-TGCTGTCACCTTCACCGTTC 
-3ʹ. Hsa_circ_0000069, Forward, 5ʹ- CTACTTCAGGCAC 
AGGTCTTCC-3ʹ; Reverse, 5ʹ- AAGTTCAGGAACTGAT 
GGTTGG-3ʹ. Actin was chosen as the internal control for 
hsa_circ_0000069. U6 was chosen as an internal control for 

miR-144. The levels of hsa_circ_0000069, miR-144 were 
calculated using the 2-ΔΔCt method.

CCK-8 Assay
Cell viability was measured using the Cell Counting Kit-8 
(CCK-8, Beyotime, Shanghai, China) according to the man-
ufacturer’s protocols. MiaPaCa-2, SW1990 and PANC-1 
cells were seed onto 96-well plates at a density of 5000 
cells per well, and treated with 10 μL of CCK-8 solution. 
Then, the absorbance was measured at a wavelength of 450 
nm using a microplate reader (BioTek, Winooski, VT, USA).

EdU Staining Assay
A Click-iT™ EdU Cell Proliferation Kit (Thermo Fisher 
Scientific) was used to determine the proliferation of pan-
creatic cancer cells according to the manufacturers’ proto-
cols. Cells were observed with a fluorescence microscope 
(Olympus, Tokyo, Japan). Nuclei were counterstained with 
DAPI.

Dual-Luciferase Reporter Assay
The hsa_circ_0000069 (wild type) and its mutant sequences 
were inserted into pmirGLO luciferase reporter vectors 
(Promega, Madison, WI, USA). Then, wild type (WT)-hsa 
_circ_0000069 or mutant (MT)-hsa_circ_0000069 plasmid 
was co-transfected with miR-144 agomir and NC, respec-
tively, using Lipofectamine 2000 in SW1990 cells for 48 
h. The STIL (WT) and its mutant sequences were inserted 
into pmirGLO luciferase reporter vectors. Then, WT-STIL or 
MT-STIL plasmid was co-transfected with miR-144 agomir 
and NC, respectively, using Lipofectamine 2000 in SW1990 
cells for 48 h. Later on, luciferase activities were measured 
by using the Dual-Luciferase Reporter Assay System 
(Promega, Madison, USA) with renilla luciferase activity as 
endogenous control.

RNA Pull-Down
RNA pull-down was performed using Magnetic RNA- 
protein Pull-down Kit (Thermo Fisher Scientific) accord-
ing to the manufacturer’s protocols. SW1990 cells were 
transfected with biotinylated hsa_circ_0000069 for 
24 h. After that, streptavidin-coated magnetic beads were 
added into cells and incubated for 30 min at room tem-
perature. Later on, the biotin-coupled RNA complex was 
pulled down. Subsequently, the abundance of miR-144 in 
bound fractions was conducted by RT-qPCR.
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Fluorescence in situ Hybridization (FISH) 
Analysis
The oligonucleotide probe for hsa_circ_0000069 was 
designed and synthesized from Ribobio (Guangzhou, 
China). FISH assay was performed using Ribo™ 
Fluorescent in Situ Hybridization Kit (Ribobio Company, 
China) as described in previous study.25 A confocal laser- 
scanning microscope (Leica, Buffalo Grove, IL, USA) was 
used to capture the images.

Transwell Invasion Assay
Cell invasion was analyzed using 24-well transwell 
chambers (0.8 μm; Corning New York, NY, USA) 
with Matrigel coating. 4 x 104 MiaPaCa-2 and 
SW1990 cells in 200 μL serum-free medium were 
seed onto the upper chamber. After that, the lower 
chamber contained 600 μL of DMEM medium plus 
10% FBS, which acted as a chemoattractant. After 
24 h of incubation, the cells that invade from the 
upper part of the filter to the lower part were fixed 
with 4% paraformaldehyde, and then stained with 0.2% 
crystal violet. Subsequently, the invaded cells were 
photographed using a fluorescence microscope 
(Olympus, Tokyo, Japan).

Wound Healing Assay
MiaPaCa-2 and SW1990 cells were seeded onto 6-well 
culture plate at a density of 2×105 cells per well overnight. 
When the cells were cultured to 90% confluence, a wound 
was made using a sterile 200 μL pipette tip. After that, the 
cells were washed twice with PBS, and then infected with 
hsa_circ_0000069-shRNA2 for 48 h. The width of the 
wound area was photographed at 0 h and 48 h after 
scratching using a microscope.

Flow Cytometry
For the cell apoptosis assay, the percentage of apoptotic 
cells was examined by using an Annexin V-FITC 
Apoptosis Detection kit (Thermo Fisher Scientific) in 
a flow cytometer (FACScan™, BD Biosciences, Franklin 
Lakes, NJ, USA).

For the cell cycle assay, SW1990 cells were washed 
twice with pre-cooling PBS, and then stained with PI/ 
RNase Staining Buffer (BD Biosciences, San Jose, CA, 
USA). After that, cell cycle distribution was analyzed 
using a flow cytometer (BD Biosciences).

Western Blot Assay
MiaPaCa-2 and SW1990 cells were lysed in RIPA lysis 
buffer. After that, proteins were subjected to 10% SDS- 
PAG, and then electrotransferred onto a PVDF membrane 
(Millipore, Billerica, MA, USA). Later on, the membrane 
was blocked with 5% skim milk in TBST for 1 h, and then 
incubated with primary antibodies overnight at 4°C. 
Antibodies were diluted to 1:1000 for active caspase 3 
(Abcam Cambridge, MA, USA), STIL (Abcam), GLi1 
(Abcam), CDK1 (Abcam), Cyclin B1 (Abcam), β-actin 
(Abcam). Subsequently, the membrane was incubated 
with HRP-conjugated secondary antibody (Abcam) at 
room temperature for 1 h, and the blots were visualized 
by an enhanced chemiluminescent substrate kit (Thermo 
Fisher Scientific).

Exosome Isolation and Identification
Exosomes were collected from the conditioned medium of 
HPDE and SW1990 cells and isolated by ultracentrifugation 
as described previously.26 Exosomes were resuspended in 
PBS and stored at −80°C until usage. The size and concen-
tration of the exosomes were analyzed by a nanoparticle 
tracking analysis (NTA) instrument (ZetaView, Particle 
Metrix, Meerbusch, Germany). The morphology of exo-
somes was observed using a transmission electron micro-
scopy (TEM, StarJoy, Japan; JSM-7800F). After that, protein 
concentration in exosomes was detected by BCA method 
after lysis of the exosomes. Later on, the surface markers of 
the exosomes, TSG101, CD63, CD9 and CD81, were ana-
lyzed by Western blot assay. Monoclonal rabbit anti- 
TSG101, anti-CD63, anti-CD9 and anti-CD81 antibodies 
were purchased from Abcam Cambridge.

Exosomes Tracing
The isolated exosomes were labeled with the PKH26 red 
fluorescent dye (Sigma Aldrich, St. Louis, MO, USA) and 
incubated at 37°C for 30 min. Later on, the HPDE cells 
were incubated with labeled exosomes for 24 h at 37°C. 
After that, the cytoskeleton of HPDE cells was stained 
with phalloidin-FITC (green), and cell nuclei was stained 
with DAPI (blue). Subsequently, the internalization of 
exosomes by HPDE cells was measured by a confocal 
microscope (Carl Zeiss, Jena, Germany).

Animal Study
BALB/c nude mice (6–8 weeks old) were obtained from 
the Vital River Laboratories (Beijing, China). All animal 
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experiments were approved by the Ethics Committee of 
the Second Affiliated Hospital of Soochow University 
(NO. SC2019101513). Animals were randomized into 
three groups: blank, NC and has_circ_0000069-shRNA2 
group. 5 x 106 SW1990 cells or SW1990 cells stably 
expressing shRNA-NC, has_circ_0000069-shRNA2 in 
100 μL PBS were injected into the left flank of nude 
mice. The tumor volume was measured every week by 
the following formula V = (length x width2)/2. After 4 
weeks, animals were killed by following the recommended 
procedures of National Institutes of Health guide for the 
care and use of laboratory animals, and the weight of the 
tumors was measured.

TUNEL Staining Assay
Paraffin-embedded tumor tissues were cut into 3 μm slices. 
After that, deparaffinized tissue sections were stained using 
an APO-BrdU™ TUNEL Assay Kit (Thermo Fisher 
Scientific) according to the manufacturer’s protocols.

Statistical Analysis
Data are presented as the mean ± standard deviation (S. 
D.). All statistical analyses were performed using 
GraphPad Prism software (version 7.0, La Jolla, CA, 
USA). All figures were produced using GraphPad Prism 
software. One-way analysis of variance (ANOVA) and 
Tukey’s tests were carried out for multiple group compar-
isons. All data were repeated in triplicate. The differences 
were considered significant at *P < 0.05.

Results
Identification of DEcircRNAs in 
Pancreatic Cancer
Raw data from GSE69362 were downloaded from GEO 
database, DEcircRNAs were identified by R package. 
Hierarchical clustering analysis revealed circRNA expres-
sion patterns that differed between pancreatic cancer and 
matched normal tissues (Figure 1A). A total of 154 
DEcircRNAs (60 down- and 94 upregulated circRNAs) 
were screened from the GSE69362 dataset, and the dis-
tribution of DEcircRNAs was presented by volcano plot 
(Figure 1B). TCGA data revealed that hsa_circ_0000069 
levels in 179 pancreatic cancer tissues were higher than 
that of in 171 normal tissues (Figure 1C). In addition, 
STIL is the parent gene of hsa_circ_0000069, high levels 
of STIL correlated with poor overall survival rates in 
patients with pancreatic cancer (Figure 1D).

The Expression of Hsa_circ_0000069 in 
Pancreatic Cancer and Normal Tissues
As shown in Figure 1E, the level of hsa_circ_0000069 
was significantly increased in tumor tissues compared 
with normal tissues. In addition, the diagnostic value of 
hsa_circ_0000069 expression in pancreatic cancer tis-
sues was assessed by receiver operating characteristic 
(ROC) curve analysis (Figure 1F). The area under the 
ROC curve was 0.8944, which indicated diagnostic 
value. Meanwhile, as shown in Table 1, hsa_-
circ_0000069 correlated with clinicopathological para-
meters such as the distant metastasis and tumor 
volume. These results indicated that hsa_circ_0000069 
is upregulated in pancreatic cancer and is associated 
with a poor prognosis.

Downregulation of Hsa_circ_0000069 
Inhibited the Proliferation of Pancreatic 
Cancer Cells
To determine the role of hsa_circ_0000069 in pancrea-
tic cancer cells, we analyzed hsa_circ_0000069 levels 
in one human pancreatic duct epithelial cell line 
HPDE, and four pancreatic cancer cell lines SW1990, 
MiaPaCa, PANC-1 and BXPC3, by using RT-qPCR. 
We found that hsa_circ_0000069 level was notably 
upregulated in SW1990, MiaPaCa and PANC-1 cells, 
compared with HPDE cells (Figure 2A). Thus, 
SW1990, MiaPaCa, PANC-1 cells were utilized in 
the following studies. Next, we used two shRNAs 
(hsa_circ_0000069 shRNA1, hsa_circ_0000069 
shRNA2) to downregulate hsa_circ_0000069 in 
MiaPaCa-2 and SW1990 cells. RT-qPCR assay results 
confirmed significant downregulation of hsa_-
circ_0000069 after infection with hsa_circ_0000069 
shRNAs (Figure 2B and C). Hsa_circ_0000069 
shRNA2 downregulated hsa_circ_0000069 more mark-
edly than hsa_circ_0000069 shRNA1 in MiaPaCa-2 
and SW1990 cells, thus, hsa_circ_0000069 shRNA2 
plasmid was utilized in the following experiments 
(Figure 2B and C). In addition, the results of CCK-8 
assay indicated that downregulation of hsa_-
circ_0000069 notably inhibited the viability of 
MiaPaCa-2, SW1990 and PANC-1 cells (Figures 2D 
and E, and Supplementary Figure 1A). Moreover, the 
results of EdU staining assay showed that downregula-
tion of hsa_circ_0000069 notably inhibited the prolif-
eration of MiaPaCa-2 and SW1990 cells (Figure 2F 
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and G). These data suggested that knockdown of hsa_-
circ_0000069 could inhibit the proliferation of pan-
creatic cancer cells.

Hsa_circ_0000069 Functions as a ceRNA 
of miR-144 in SW1990 Cells
Circular RNA interactome (https://circinteractome.nia.nih. 
gov) was used to predict potential miRNAs interacted with 
hsa_circ_0000069. According to the analysis, miR-144 had 
a complementary sequence to hsa_circ_0000069 (Figure 
3A). As indicated in Figure 3B, miR-144 agomir signifi-
cantly increased the level of miR-144 in SW1990 cells, and 
miR-144 antagomir markedly decreased the level of miR- 
144 in SW1990 cells. In addition, the results of dual- 
luciferase reporter assay indicated that overexpression of 
miR-144 led to a marked decrease in luciferase activity of 
the wild-type hsa_circ_0000069 vector in SW1990 cells 
(Figure 3C). Meanwhile, RNA pull-down assay with bioti-
nylated hsa_circ_0000069 found that miR-144 was pulled 
down by biotin-labeled hsa_circ_0000069, indicating miR- 
144 directly binds to hsa_circ_0000069 (Figure 3D). 
Meanwhile, FISH assay indicated that hsa_circ_0000069 
and miR-144 were partially co-localized in the cytoplasm, 
suggesting the direct interaction of hsa_circ_0000069 with 
miR-144 (Figure 3E). The results above indicated that 
hsa_circ_0000069 could act as a sponge for miR-144.

Figure 1 The expression of hsa_circ_0000069 in pancreatic cancer and normal tissues. (A) The heatmaps of the DEcircRNAs profiles in pancreatic cancer tissues (T group) 
and normal controls (N group) in GSE69362. (B) Volcano plot of DEcircRNAs in GSE69362. Blue and red color represent relatively low and high expression of circRNAs in 
the corresponding group respectively. -log10 p-value > 1.3 and |log2 Fold Change| > 2 were set as the threshold. (C) Relative expression of hsa_circ_0000069 level in 
pancreatic cancer tissues (n = 179, T) and in normal tissues (n = 171, N) in TCGA dataset. *P < 0.05. (D) Survival analysis of the correlation between STIL levels and survival 
rates in NSCLC patients. (E) The relative expression of hsa_circ_0000069 in the tumor tissues and adjacent normal tissues of patients with pancreatic cancer (n = 30). **P < 
0.01. (F) The ROC curves were applied for evaluating the diagnostic value of hsa_circ_0000069.

Table 1 The Correlation of Hsa_circ_0000069 with Clinic- 
Pathological Parameters of Patients with Pancreatic Cancer

Parameters Number hsa_circ_0000069 p value

Age 0.334

≤ 50 12 2.23 ± 0.61

> 50 18 3.03 ± 0.63

Tumor volume

≤ 2 cm 17 3.03 ± 0.63 0.041*

> 2 cm 13 2.23 ± 0.61

Gender 0.261

Male 15 2.24 ± 0.79

Female 15 2.62 ± 0.99

Distant metastasis 0.046**

Yes 17 2.72 ± 0.93

No 13 2.05 ± 0.73

TNM stage 0.739

I–II 12 2.47 ± 0.83

III–IV 18 2.36 ± 1.02

Notes: Student’s t-test, *P<0.05; **P<0.01.
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Downregulation of Hsa_circ_0000069 
Inhibited the Migration and Invasion and 
Induced the Apoptosis of Pancreatic 
Cancer Cells via miR-144
To investigate the role of hsa_circ_0000069 on inva-
sion and migration of pancreatic cancer cells, transwell 
invasion assay and wound healing assay were per-
formed. As shown in Figures 4A–D, and 
Supplementary Figure 1B and C, downregulation of 
hsa_circ_0000069 obviously suppressed the invasive 
and migratory abilities of MiaPaCa, SW1990 and 
PANC-1 cells; however, these changes were reversed 
by miR-144 knockdown. In addition, knockdown of 
hsa_circ_0000069 markedly induced the apoptosis of 
MiaPaCa, SW1990 and PANC-1 cells; but, that effect 
was reversed by miR-144 knockdown (Figures 4E 
and F, and Supplementary Figure 1D). Moreover, 
knockdown of hsa_circ_0000069 led to increased 
expression of active caspase 3 protein in MiaPaCa 
and SW1990 cells (Figure 4G and H). However, addi-
tion of miR-144 antagomir reversed the effect of hsa_-
circ_0000069 shRNA2 on the expression of active 
caspase 3 in MiaPaCa and SW1990 cells (Figure 4G 
and H). These data illustrated that downregulation of 
hsa_circ_0000069 could suppress the migration and 

invasion, and induce the apoptosis in pancreatic cancer 
cells via miR-144.

Downregulation of Hsa_circ_0000069 
Inhibited the Growth of Pancreatic 
Cancer Cells by Targeting miR-144/STIL 
Axis
The 3′-UTR of STIL has the same binding sites that hsa_-
circ_0000069 combined with miR-144 (Figure 5A). In addi-
tion, the dual-luciferase reporter assay verified that miR-144 
agomir significantly inhibited the luciferase activity of the 
wild-type STIL 3ʹUTR vector (Figure 5B). These data indi-
cated that STIL was a binding target of miR-144. Moreover, 
downregulation of hsa_circ_0000069 notably decreased the 
expressions of STIL, GLi1, CDK1, cyclin B1 in SW1990 
cells; however, these changes were reversed by miR-144 
knockdown (Figure 5C and D). Meanwhile, the results of 
cell cycle assay indicated that SW1990 cells with stable 
knockdown of hsa_circ_0000069 displayed a significant 
decrease in the percentages of cell in S phase but increased 
proportions in G2-M phase cells, compared with NC group; 
however, these changes were reversed by miR-144 knock-
down (Figure 5E). These results illustrated that downregula-
tion of hsa_circ_0000069 could inhibit the growth of 
pancreatic cancer cells by targeting miR-144/STIL axis.

Figure 2 Downregulation of hsa_circ_0000069 inhibited the proliferation of pancreatic cancer cells. (A) Hsa_circ_0000069 levels in one human pancreatic duct epithelial 
cell line HPDE, and four pancreatic cancer cell lines SW1990, MiaPaCa, PANC-1 and BXPC3 were detected by RT-qPCR. (B) MiaPaCa and (C) SW1990 cells were infected 
with hsa_circ_0000069 shRNA1 or hsa_circ_0000069 shRNA2 for 72 h. The level of hsa_circ_0000069 in MiaPaCa and SW1990 cells was analyzed by RT-qPCR. (D) 
MiaPaCa and (E) SW1990 cells were infected with hsa_circ_0000069 shRNA2 for 24, 48 and 72 h. Cell viability was analyzed by CCK-8 assay. (F and G) Cell proliferation 
was detected by EdU assay. *P < 0.05, **P < 0.01 compared with NC group.
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Exosomal Transfer of Hsa_circ_0000069 
from SW1990 Cells to HPDE Cells
Evidences have been shown that circRNAs can be secreted 
and delivered via exosomes into recipient cells.23,27 In addi-
tion, exosomal circRNAs can promote tumor cell prolifera-
tion and migration.24 In order to investigate whether 
exosomal hsa_circ_0000069 performs the above functions, 
we first extracted exosomes from the HPDE and SW1990 
cells. The size and number of the isolated exosomes, as well 
as their morphology were identified by NTA analysis and 
TEM. The data showed that the exosomes from both HPDE 
and SW1990 cells were approximately 100 nm in diameter, 
and exhibited a cup-shaped morphology (Figure 6A–D). 
Moreover, the presence of exosomal markers TSG101, 
CD63, CD9, CD81 was identified using Western blotting 
analysis (Figure 6E). These data indicated that exosomes 
were successfully isolated from HPDE and SW1990 cells. 

Meanwhile, RT-qPCR assay indicated that exosomal hsa_-
circ_0000069 was found to be upregulated in the superna-
tants of SW1990 cells, rather than HPDE cells (Figure 6F).

Wei et al found that exosomal miR-15b-3p was found 
to be secreted by gastric cancer cells, promoting malignant 
transformation of gastric mucosa epithelium cells.28 We 
then focused on whether exosomal hsa_circ_0000069 
involved in the communication between SW1990 cells 
and HPDE cells. To determine whether SW1990 cell- 
derived exosomes were internalized by HPDE cells, the 
exosomes were labeled with PKH26 and incubated with 
HPDE cells. After 24 h of co-cultivation, PKH26-labeled 
exosomes (red fluorescence) were observed in most HPDE 
cells (Figure 6G). Next, in order to determine the exo-
some-mediated intercellular circRNA transfer, exosomes 
derived from hsa_circ_0000069-overexpressing or hsa_-
circ_0000069-knockdown SW1990 cells were co-cultured 

Figure 3 Hsa_circ_0000069 functions as a ceRNA of miR-144 in SW1990 cells. (A) The putative binding sites of miR-144 on hsa_circ_0000069, and target sequences were 
mutated. (B) The level of miR-144 in SW1990 cells transfected with miR-144 agomir or miR-144 antagomir was detected by RT-qPCR respectively. **P < 0.01 compared 
with NC group. (C) Luciferase assay of SW1990 cells transfected with hsa_circ_0000069-WT or hsa_circ_0000069-MT reporter together with miR-144 or NC. **P < 0.01 
compared with vector-control group. (D) SW1990 cells transfected with biotin-labeled hsa_circ_0000069, assayed by biotin based pull down. MiR-144 levels were analyzed 
by RT-qPCR. **P < 0.01 compared with probe-control group. (E) The cellular localization of hsa_circ_0000069 and miR-144 in SW1990 cells was analyzed using FISH assay.
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with HPDE cells for 24 h. We then characterized the 
exosomes using Western blotting for the exosomal markers 
TSG101, CD63, CD9 and CD81 (Figure 6H). In addition, 
RT-qPCR assay showed that hsa_circ_0000069 level in 
HPDE cells was significantly increased in HPDE cells co- 
cultured with SW1990 cell-derived exosomes with hsa_-
circ_0000069 overexpression, while being decreased in 
HPDE cells co-cultured with SW1990 cell-derived exo-
somes with hsa_circ_0000069 knockdown (Figure 6I). 

These data indicated that SW1990 cell-derived exosomes 
can deliver hsa_circ_0000069 to HPDE cells.

Exosomes Derived from 
Hsa_circ_0000069-Knockdown SW1990 
Cells Suppress Malignant Transformation 
of HPDE Cells
To further investigate the role of SW1990 cell-derived 
exosomes in recipient cells, CCK-8 assay was applied. 

Figure 4 Downregulation of hsa_circ_0000069 inhibited the migration and invasion, and induced the apoptosis of pancreatic cancer cells via miR-144. (A) MiaPaCa and (B) 
SW1990 cells were transfected with hsa_circ_0000069 shRNA2 with or without miR-144 antagomir for 24 h. The invasion ability of MiaPaCa and SW1990 cells was measured 
using transwell invasion assay. (C) MiaPaCa and (D) SW1990 cells were transfected with hsa_circ_0000069 shRNA2 with or without miR-144 antagomir for 48 h. The migration 
ability of MiaPaCa and SW1990 cells was measured using wound healing assay. (E and F) MiaPaCa and SW1990 cells were transfected with hsa_circ_0000069 shRNA2 with or 
without miR-144 antagomir for 72 h. Apoptotic cells were detected with Annexin V and PI double staining. (G and H) Expression level of active caspase 3 in MiaPaCa and 
SW1990 cells was detected with Western blotting and quantified via normalization to β-actin. **P < 0.01 compared with NC group; ##P < 0.01 compared with 
hsa_circ_0000069 shRNA2 group.
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As shown in Figure 7A, SW1990 cell-derived exosomes 
significantly increased the proliferation of HPDE cells; 
however, when HPDE cells were treated with exosomes 
with downregulated hsa_circ_0000069, decreased cell pro-
liferation was observed. In addition, the results of wound 
healing assay indicated that HPDE cells treated with con-
trol exosomes (Exo-NC) showed greater migratory capa-
city than those treated with PBS; however, the migration 
of HPDE cells was notably inhibited by the exosomes 
derived from hsa_circ_0000069-knockdown SW1990 
cells compared to those derived from control SW1990 
cells (Figure 7B). Moreover, HPDE cells treated with 
exosomes with downregulated hsa_circ_0000069 showed 
greater apoptotic effect than those treated with Exo-NC 
(Figure 7C). Meanwhile, HPDE cells treated with exo-
somes with downregulated hsa_circ_0000069 displayed 
a significant decrease in the percentages of cells in 
S-phase but increased proportions in G2/M-phase cells, 

compared with Exo-NC group (Figure 7D). At the protein 
level, the expressions of STIL and GLi1 were notably 
increased in HPDE cells treated with Exo-NC; however, 
these levels were reversed by the exosomes with down-
regulated hsa_circ_0000069 (Figure 7E). These data indi-
cated that exosomes derived from hsa_circ_0000069- 
knockdown SW1990 cells could suppress malignant trans-
formation of HPDE cells.

Downregulation of Hsa_circ_0000069 
Inhibited the Growth of Implanted 
SW1990 Tumors in vivo
To explore the role of hsa_circ_0000069 on tumor growth 
in vivo, a SW1990 subcutaneous xenograft model was 
established. As shown in Figure 8A and B, downregulation 
of hsa_circ_0000069 significantly inhibited tumor volume 
and tumor weight, compared with NC group. In addition, 

Figure 5 Downregulation of hsa_circ_0000069 inhibited the growth of pancreatic cancer cells by targeting miR-144/STIL axis. (A) The putative binding sites of miR-144 on 
STIL, and target sequences were mutated. (B) Luciferase assay of SW1990 cells transfected with STIL-WT or STIL-MT reporter together with miR-144 or NC. **P < 0.01 
compared with vector-control group. (C) MiaPaCa and SW1990 cells were transfected with hsa_circ_0000069 shRNA2 with or without miR-144 antagomir for 72 
h. Expression levels of STIL, GLi1, CDK1, Cyclin B1 in SW1990 cells were detected with Western blotting. (D) The relative expressions of STIL, GLi1, CDK1, Cyclin B1 in 
SW1990 cells were quantified via normalization to β-actin. (E) The cell cycle distribution of SW19900 cells was determined by PI staining and flow cytometry. **P < 0.01 
compared with NC group; #P < 0.05, ##P < 0.01 compared with hsa_circ_0000069 shRNA2 group.
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Figure 6 Exosomal transfer of hsa_circ_0000069 from SW1990 cells to HPDE cells. (A–D) TEM of HPDE and SW1990 cell conditioned medium secreted exosomes. The 
mean diameter of exosomes was analyzed using the NTA. (E) Western blot analysis of exosome surface markers (TSG101, CD63, CD9 and CD81) expressions in exosomes 
from HPDE and SW1990 cells. (F) Relative expressions of exosomal hsa_circ_0000069 in culture supernatant of HPDE and SW1990 cells. **P < 0.01 compared with HPDE 
group (G) Confocal microscopy analysis of the internalization of PKH26-labeled exosomes (red) in HPDE cells. DAPI (blue) was used for nuclei staining, and phalloidin-FITC 
(green) was used for F-actin staining. (H) Exosomes were isolated from hsa_circ_0000069-overexpressing or hsa_circ_0000069-knockdown SW1990 cells. Western blot 
analysis of exosome surface markers (TSG101, CD63, CD9 and CD81) expressions in exosomes. (I) Exosomes (10 μg/mL) derived from hsa_circ_0000069-overexpressing 
or hsa_circ_0000069-knockdown SW1990 cells were co-cultured with HPDE cells for 24 h. RT-qPCR was used to analyze the efficiency of exosomes in transferring 
hsa_circ_0000069 to HPDE cells. **P < 0.01 compared with Exo-NC group.
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downregulation of hsa_circ_0000069 markedly decreased 
the expressions of STIL and GLi1 in tumor tissues, com-
pared with NC group (Figure 8C and D). Moreover, TUNEL 
assay illustrated that downregulation of hsa_circ_0000069 
markedly induced apoptosis in tumor tissues, compared with 
NC group (Figure 8E and F). These data indicated that 
downregulation of hsa_circ_0000069 could inhibit the 
growth of implanted SW1990 tumors in vivo.

Discussion
The present study profiled circRNA expression pattern in 
pancreatic cancer and matched normal tissues, and found 
154 circRNAs that changed notably during the progression 
of pancreatic cancer. We screened out the hsa_-
circ_0000069, which was highly expressed in pancreatic 

cancer tissues. Following further validation in TCGA data-
set, it was identified that high STIL (parent gene of hsa_-
circ_0000069) expression was associated with poor overall 
survival rates in patients with pancreatic cancer. To the 
best of our knowledge, this was the first research on 
upregulated hsa_circ_0000069 expression in pancreatic 
cancer, which extended previous studies of other 
circRNAs.10,24,29 Further research revealed that downre-
gulation of hsa_circ_0000069 significantly inhibited the 
proliferation, migration and invasion, as well as induced 
apoptosis in pancreatic cancer cells. In addition, knock-
down of hsa_circ_0000069 markedly suppressed the 
growth of pancreatic cancer cells in vivo. Thus, hsa_-
circ_0000069 might function as an oncogene in the devel-
opment of pancreatic cancer.

Figure 7 Exosomes derived from hsa_circ_0000069-knockdown SW1990 cells suppress malignant transformation in vitro. Exosomes (10 μg/mL) derived from hsa_-
circ_0000069-overexpressing or hsa_circ_0000069-knockdown SW1990 cells were co-cultured with HPDE cells for 24 h. (A) Cell viability was analyzed by CCK-8 assay. 
(B) The migration ability of HPDE cells was measured using wound healing assay. (C) Apoptotic cells were detected with Annexin V and PI double staining. (D) The cell cycle 
distribution of HPDE cells was determined by PI staining and flow cytometry. (E) Expression levels of STIL and GLi1 in HPDE cells were detected with Western blotting. *P 
< 0.05, **P < 0.01 compared with control group; #P < 0.05, ##P < 0.01 compared with Exo-NC group.
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Most circRNAs were reported to function as 
a ceRNA to sponge several miRNAs and suppress their 
activity.30 CircRNAs via sponging the miRNAs could 
enhance the expression of the miRNA-targeted genes.31 

For example, circRNA-5692 can sponge miR-328-5p to 
enhance DAB2IP expression and the proliferation of 
hepatocellular carcinoma cells.32 Circular RNA 
ACVR2A acts as a sponge of miR-626 to inhibit the 
proliferation and metastasis of bladder cancer cells.33 

In this study, we verified that hsa_circ_0000069 could 
interact with miR-144 in pancreatic cancer cells by FISH 
and RNA pull-down assays. In addition, downregulation 
of miR-144 could reverse the inhibitory effect of hsa_-
circ_0000069 knockdown on cell invasion in pancreatic 
cancer cell lines. These results suggested that hsa_-
circ_0000069 could serve as a miRNA sponge for miR- 
144. Our findings may provide novel insights into the 
role of hsa_circ_0000069 on the circRNA/miRNA reg-
ulatory network to mediate the progression of pancreatic 
cancer.

We further found that miR-144 targeted the STIL 
because miR-144 overexpression mitigated the STIL- 
regulated luciferase activity. STIL is the main regulator 
of mitotic centrosome to promote cell cycling.34,35 Erez 
et al found that downregulation of STIL in cancer cells 

delayed entrance into mitosis, and inhibited activation of 
the CDK1-cyclin B complex.36 In this study, we found that 
hsa_circ_0000069 knockdown markedly decreased the 
expression of STIL, CDK1 and cyclin B1 in pancreatic 
cancers, indicating that downregulation of hsa_-
circ_0000069 could induce cell cycle arrest at the G2M 
phase in pancreatic cancer cells.

Moreover, we detected the expression of GLI family 
zinc finger-1 (Gli1). Evidence has shown that STIL can 
regulate the transcription of Gli1.37,38 Yu et al revealed 
that overexpression of Gli1 could promote the progression 
of pancreatic cancer.39 Gli1 forms heterodimers with cyto-
plasmic SUFU protein, while the heterodimers cannot be 
translocated from the cytoplasm to the nucleus.37 

Interestingly, STIL can bind cytoplasmic SUFU protein, 
frees GLi1 from SUFU suppression; then, Gli1 is able to 
enter and be expressed in the nucleus.37 In this study, we 
found that hsa_circ_0000069 knockdown could inhibit the 
expressions of STIL and Gli1 in SW1990 cells in vitro and 
in SW1990 tumors in vivo. However, when SW1990 cells 
were treated with hsa_circ_0000069 shRNA2 together 
with miR-144 antagomir, the effect of hsa_circ_0000069 
knockdown on STIL and GLi1 protein expressions were 
reversed by the miR-144 antagomir. Wu et al found that 
STIL could promote the proliferation of prostate cancer 

Figure 8 Downregulation of hsa_circ_0000069 inhibited the growth of implanted SW1990 tumors in vivo. (A) Xenograft tumor volume of each animal was monitored 
weekly. (B) Xenografts tumors were photographed and calculated. (C) Expression levels of STIL, GLi1 in tumor tissues were detected with Western blotting. (D) The 
relative expressions of STIL, GLi1 in tumor tissues were quantified via normalization to β-actin. (E and F) TUNEL assay of apoptosis in tumor tissues. **P < 0.01 compared 
with NC group.

International Journal of Nanomedicine 2020:15                                                                          submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
9871

Dovepress                                                                                                                                                                Ye et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


cells via regulating MAPK/ERK, PI3K/Akt and AMPK 
signaling pathways.40 Collectively, these data indicated 
that hsa_circ_0000069 knockdown inhibited the growth 
of pancreatic cancer cells through downregulation of 
STIL. Those effects could be partially attributed to hsa_-
circ_0000069 acting as a sponge for miR-144.

Exosomes are potential communicative vectors which are 
important in the progression of human cancers, including 
pancreatic cancer.41,42 Grimolizzi et al reported that exosomes 
from patients with NSCLC could induce malignant transfor-
mation in epithelial cells.43 Wei et al indicated that gastric 
cancer cell-derived exosomal miR-15b-3p led to the malignant 
transformation of gastric mucosa epithelium cells, promoting 
cell proliferation and migration.28 In this study, we found that 
exosomal hsa_circ_0000069 is secreted by SW1990 cells that 
can be internalized by HPDE cells. In addition, functional 
experiments demonstrated that SW1990 cell-derived exo-
somes promoted the proliferation, migration and cell cycle 
progression of HPDE cells; however, these changes were 
reversed by exosomes with downregulated hsa_circ_0000069. 
These data indicated that SW1990 cell-derived exosomes with 
downregulated hsa_circ_0000069 could inhibit suppress 
malignant transformation of HPDE cells.

Conclusion
Our results indicated that the expression of hsa_-
circ_0000069 is significantly upregulated in human pancrea-
tic cancer tissues. Downregulation of hsa_circ_0000069 
inhibited proliferation, migration and invasion in pancreatic 
cancer cells in vitro, and reduced tumor growth in a mouse 
pancreatic cancer xenograft model. In addition, hsa_-
circ_0000069 knockdown inhibited the pancreatic cancer 
progression by sponging miR-1827, thus decreasing the 
STIL expression. Moreover, SW1990 cell-derived exosomes 
with downregulated hsa_circ_0000069 could inhibit sup-
press malignant transformation of HPDE cells. Therefore, 
targeting the hsa_circ_0000069 might represent a novel ther-
apeutic target for the treatment of pancreatic cancer.
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