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a b s t r a c t 

Background: Pancreatic ductal adenocarcinoma (PDAC) is the most deadly type of tumor, and its patho- 

genesis remains unknown. Circular RNAs (circRNAs) may be functional and bind to microRNAs and con- 

sequently, influence the activity of targeted mRNAs. Recent researches indicate that one circRNA, ciRS-7, 

acts as a sponge of miR-7 and thus, inhibits its activity. It is well known that miR-7 is a cancer suppressor 

in many cancers. However, the relationship between ciRS-7 and miR-7, and the role of ciRS-7 in PDAC, 

remains to be elucidated. 

Methods: miR-7 and ciRS-7 expression in 41 pairs of PDAC tumors and their paracancerous tissues were 

detected by quantitative reverse transcription polymerase chain reaction (qRT-PCR). The relationships be- 

tween their expression levels and clinicopathological features in PDAC tissues were assessed. The rela- 

tionship between miR-7 and ciRS-7 was also assessed by Spearman’s correlation. We also used cell lines 

to evaluate the role of ciRS-7 in cell line behavior. The ciRS-7 interfere RNA (siRNA) and its empty vector 

were transfected into PDAC cells. PDAC cells proliferation and invasion abilities were detected by MTT 

assay and invasion analysis. The expression of proteins was assessed by Western blotting. 

Results: ciRS-7 expression was significantly higher in PDAC tissues than paracancerous tissues ( P = 0.002). 

However, miR-7 expression showed the opposite trend ( P = 0.048). Moreover, ciRS-7 expression was in- 

versely correlated with miR-7 in PDAC ( r s = −0.353, P = 0.023). ciRS-7 expression was also signifi- 

cantly elevated in venous invasion (3.72 ± 2.93 vs. 2.14 ± 1.26; P = 0.028) and lymph node metastasis 

(4.19 ± 2.75 vs. 2.32 ± 1.90; P = 0.016) in PDAC patients. Furthermore, ciRS-7 knockdown suppressed cell 

proliferation and invasion of PDAC cells ( P < 0.05), and the downregulation of ciRS-7 resulted in miR-7 

overexpression and subsequent inhibition of epidermal growth factor receptor (EGFR) and signal trans- 

ducer and activator of transcription 3 (STAT3). 

Conclusions: Circular RNA ciRS-7 plays an oncogene role in PDAC, partly by targeting miR-7 and regulat- 

ing the EGFR/STAT3 signaling pathway. 

© 2019 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier 

B.V. All rights reserved. 
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Introduction 

Pancreatic ductal adenocarcinoma (PDAC) is a highly malignant

tumor with high mortality. PDAC is the fourth main cause of cancer

related death in the United States, with a 5-year overall survival

rate of less than 5% [1] . Most PDAC patients have poor outcomes
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ecause of difficulties in early diagnosis and lack of effective ther-

pies [2–5] . The specific pathogenesis of PDAC is still unclear. 

Circular RNAs (circRNAs) are broad and diverse endogenous

NAs that regulate target gene expression at the transcriptional or

ost-transcriptional level [6,7] via interacting with other molecules

r microRNAs (miRNAs). Previous researches have shown that cir-

RNAs play a crucial role in many biological processes such as

ell proliferation and invasion [8,9] . Recent studies have demon-

trated that circRNAs act as inhibitors and sponges of miRNAs in

any cancers [10,11] . In particular, ciRS-7 was demonstrated to act
a. Published by Elsevier B.V. All rights reserved. 
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A B C

Fig. 1. ciRS-7 expression was upregulated in PDAC tissues and was negatively correlated with miR-7 expression. A: The expression of ciRS-7 in PDAC tissues was higher than 

that in paracancerous tissues ( P = 0.002); B: The expression of miR-7 in PDAC tissues was lower than that in paracancerous tissues ( P = 0.048); C: ciRS-7 expression was 

inversely correlated with miR-7 expression in PDAC ( P = 0.023). ∗: P < 0.05; ∗∗: P < 0.01. 
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Table 1 

Primer sequences for qRT-PCR. 

Primers Forward (5 ′ –3 ′ ) Reverse (5 ′ –3 ′ ) 

ciRS-7 GTCTTCCAACAACTACCAGT GTGCCATCGGAAACCCTGGA 

miR-7 ATGGTTCGTGGGTGGAAGAC GTCGTATCCAGTGCAGGGTCCG 

GAPDH CATGTACGTTGCTATCCAGG CTCCTTAATGTCACGCACGA 

U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT 

EGFR CCTCCCATGCGCCGCCCCAC GGGAATGGAAAGAAAAGGAG 

STAT3 GCGCTGCCCCATACCTGAAG GTTTGACGGGAGGACGACTC 
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s a strong miR-7 sponge in hepatocellular cancer and colorectal

umors, suggesting a novel mechanism of miRNA function regu-

ation [12,13] . miR-7 is an endogenous noncoding RNA molecule.

ultiple studies have revealed that miR-7 is low expressed in

any types of tumors, and is negatively correlated with tumor

rowth and invasion [14–16] . miRNAs may also participate in var-

ous biological processes by regulating the proliferation and mi-

ration of tumor cells [17,18] . In gynecologic oncology, miR-7 tar-

ets epidermal growth factor receptor (EGFR), inactivates protein

inase B (AKT)/extracellular signal-regulated kinase (ERK1/2), re-

erses epithelial-mesenchymal transition (EMT) and inhibits tumor

etastasis [19] . This study aimed to determine whether ciRS-7 af-

ects cell proliferation and migration in PDAC, and to investigate

he potential underlying mechanisms. 

ethods 

atients and PDAC samples 

This study was approved by the Biomedical Ethics Committee of

nhui Provincial Hospital, and the consent form was obtained from

ll patients. A total of 41 PDAC tumors and their paracancerous tis-

ues were collected from patients who underwent radical surgery

etween January 2017 and October 2017. The fresh tissue spec-

mens were collected immediately after pancreatic resection and

tored at −80 °C, and paracancerous tissues were defined as pan-

reatic tissues that were more than 2 cm distant from the tumor

argin. The clinical and pathological parameters of the patients

ere obtained from the Electronic Information System of Anhui

rovincial Hospital. 

uantitative reverse transcription polymerase chain reaction 

qRT-PCR) 

The total RNA was extracted from PDAC and paracancerous tis-

ues using TRIzol reagent (Life Technologies, Carlsbad, USA) fol-

owing the instruction. The expression levels of miR-7 and ciRS-7

ere quantified by qRT-PCR. The combination of primer 5.0 soft-

are (Premier Biosoft, Palo Alto, USA) and Sangon Biotech (Shang-

ai, China) was used to design all primers ( Table 1 ). We used the

 

−��Ct method to calculate the relative expression levels of each

ene. 

ell culture and transfection 

BXPC-3, PANC-1 and HPC-Y5 cell lines were from the cell re-

ources center of Shanghai Academy of Sciences, Chinese Academy
f Sciences. All the cells were cultured in Dulbecco’s modified Ea-

le’s medium (DMEM) containing 10% fetal bovine serum (FBS) at

7 °C in a humidified atmosphere containing 5% CO 2 . The small

nterfering RNA (siRNA, siciRS-7-1 and siciRS-7-2) were from San-

on Biotech. The ciRS-7 was knocked down by siRNA and its empty

ector were used as negative control and transfected into BXPC-3

ells using lipofectamine 20 0 0 (Invitrogen, Carlsbad, USA) accord-

ng to the instruction. 

TT assay and invasion analysis 

After transfection or treatment, the cells were seeded on 96-

ell plates with 1.0 × 10 4 cells per well and cultured. At 24 h,

8 h and 72 h, an MTT solution with a final concentration of

.5 mg/mL was added to each well. After incubation for an ad-

itional 4 h, the supernatant was removed, and 150 μL dimethyl

ulfoxide (DMSO; Sigma-Aldrich, St. Louis, MO, USA) was added

o each well. Finally, the optical density at 492 nm was measured

y a microplate reader (Life Technologies, Carlsbad, CA, USA). Cells

reated with cyclophosphamide were cultured for 48 h, MTT solu-

ion was then added in triplicate. The survival ratio of the cells

as calculated. Cell invasion was measured using Transwell Ma-

rigel (BD Biosciences, San Jose, USA). Cells at 1.0 × 10 4 concen-

ration were seeded on the Transwell inserts. A medium contain-

ng 10% FBS was added under the membrane. After incubation for

4 h, cotton swabs were used to remove the uninfected cells on

he upper surface of the membrane. The invaded cells were immo-

ilized with 95% ethanol, stained with hematoxylin, counted and

hotographed under light microscope. 

estern blotting 

Total protein was extracted from pancreatic cancer cells us-

ng RIPA buffer (EMD Millipore, Billerica, USA). The proteins

ere isolated using 12% sodium dodecyl sulfate-polyacrylamide

el electrophoresis (SDS-PAGE) (Sangon Biotech) and transferred

o polyvinylidene fluoride (PVDF) membranes (EMD Millipore). The



582 L. Liu, F.-B. Liu and M. Huang et al. / Hepatobiliary & Pancreatic Diseases International 18 (2019) 580–586 

 

 

 

 

 

 

 

 

 

 

 

R

c

w

 

s  

e  

e  

s  

c

 

m  

c  

n  

P

n

PVDF membranes were blocked with 5% milk in tris-buffered saline

containing 0.1% Tween 20 (TBST) at 4 °C overnight. After washing

with TBST, the membranes were nurtured with primary antibod-

ies against EGFR, signal transducer and activator of transcription 3

(STAT3), and GAPDH (Abcam, Cambridge, UK). The protein bands

were detected with X-ray film using chemiluminescent reagents. 

Statistical analysis 

The measurement data were presented as means ± standard

deviation (SD) and a P value < 0.05 was considered statistically

significant. Differences between groups were estimated using Stu-

dent’s t -test and analysis of variance (ANOVA). Spearman’s correla-

tion test was applied to assess the correlation between miR-7 and

ciRS-7. All statistical analyses were carried out by SPSS software

(V17.0; SPSS, Inc., Chicago, IL, USA). 
Fig. 2. ciRS-7 knockdown suppressed PDAC proliferation and invasion. A: The expression

7 expression showed the opposite trend; C: ciRS-7 knockdown suppressed ciRS-7 expre

siciRS-7-1 inhibited BXPC-3 invasion; F: representative images of siciRS-7-1 inhibiting th

on-transfected cells group; NC: negative control, empty vector group. ∗: P < 0.05; ∗∗: P <
esults 

iRS-7 expression was upregulated in PDAC and negatively correlated 

ith miR-7 expression 

ciRS-7 was detected in all 41 PDAC and their paracancerous tis-

ues using qRT-PCR. Compared with paracancerous tissues, ciRS-7

xpression was higher in PDAC ( P = 0.002; Fig. 1 A). However, miR-7

xpression was lower in PDAC than that in the paracancerous tis-

ues ( P = 0.048, Fig. 1 B). The abnormal expression of ciRS-7 has a

lose relation with invasion and metastasis of pancreatic cancer. 

Because ciRS-7 has been demonstrated to act as a powerful

iR-7 sponge in hepatocellular cancer and colorectal tumors, we

onducted further analysis and found that miR-7 expression was

egatively correlated with ciRS-7 in PDAC tissues ( r s = −0.353,

 = 0.023; Fig. 1 C). 
 of ciRS-7 in PDAC cells was higher than that in human pancreatic cells; B: miR- 

ssion in BXPC-3 cells; D: siciRS-7-1 inhibited the proliferation of BXPC-3 cells; E: 

e invasion of BXPC-3 cells (original magnification × 400). Control: blank control, 

 0.01. 
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Table 2 

Relationship between ciRS-7 expression in PDAC tissues and clinical 

characteristics. 

Characteristics 
n ciRS-7 relative expression 

Values P value 

Sex 0.248 

Male 26 2.55 ± 2.03 

Female 15 3.43 ± 2.72 

Age (yr) 0.827 

< 60 8 3.03 ± 3.04 

≥60 33 2.83 ± 2.15 

Tumor location 0.755 

Head 17 2.73 ± 1.38 

Body and tail 24 2.97 ± 2.81 

Tumor diameter (cm) 0.306 

< 5 24 2.56 ± 2.08 

≥5 17 3.31 ± 2.60 

CA19-9 (ng/μL) 0.824 

< 200 19 2.96 ± 2.03 

≥200 22 2.80 ± 2.57 

Diabetes 0.911 

Yes 20 2.91 ± 2.04 

No 21 2.83 ± 2.59 

Lymph node metastasis 0.016 

Positive 12 4.19 ± 2.75 

Negative 29 2.32 ± 1.90 

Venous invasion 0.028 

Positive 19 3.72 ± 2.93 

Negative 22 2.14 ± 1.26 

PDAC: pancreatic ductal adenocarcinoma. 
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t

he relationship between ciRS-7 levels and clinicopathological 

arameters in PDAC 

The relationship between ciRS-7 levels and clinicopathological

arameters in PDAC tissues are listed in Table 2 . Patients with

ymph node metastasis had significantly higher ciRS-7 levels in tu-

or tissues compared with those without lymph node metastasis

4.19 ± 2.75 vs. 2.32 ± 1.90; P = 0.016). Patients with tumor venous

nvasion had also significantly increased ciRS-7 levels in tumor tis-

ues (3.72 ± 2.93 vs. 2.14 ± 1.26; P = 0.028). The study showed that

he expression of ciRS-7 in PDAC was related to the grade of tumor

alignancy. 

iRS-7 knockdown suppressed PDAC proliferation and invasion 

ciRS-7 was upregulated in PDAC cells (PANC-1 and BXPC-3)

ompared with that in human pancreatic cells (HPC-Y5). However,

iR-7 expression showed the opposite trend ( Fig. 2 A and B). Be-

ause the expression level of ciRS-7 was the highest in BXPC-3

ells, we used BXPC-3 cells in subsequent experiments. We also

onfirmed that ciRS-7 knockdown (siciRS-7) suppressed ciRS-7 ex-

ression, and siciRS-7-1 had higher inhibition efficiency ( Fig. 2 C).

urther investigation showed that siciRS-7-1 inhibited the prolifer-

tion of pancreatic cancer cell line BXPC-3 ( Fig. 2 D). Additionally,

iciRS-7-1 inhibited BXPC-3 invasion ( Fig. 2 E and F). 

iRS-7 knockdown influenced the expression of miR-7 and its target 

ene, EGFR and STAT3 

Our results indicate that siciRS-7-1 promoted miR-7 expression

n PDAC ( Fig. 3 A). We further explored the mechanism underlying

he effects of ciRS-7 on the biological characteristics of pancreatic
A

ig. 3. ciRS-7 knockdown promoted miR-7 expression and inhibited the expression of its 

 expression; B: qRT-PCR detection showed that siciRS-7-1 suppressed the expression of

he expression of EGFR and STAT3. Control: blank control, non-transfected cells group; NC
ancer through miR-7. Using the miRNA target analysis tool Tar-

etScan, we found that EGFR was a possible target of miR-7. To

ssess and confirm whether ciRS-7 promotes its oncogenic poten-

ial by suppressing miR-7 activity and regulating the EGFR/STAT3
B

C

target genes, EGFR and STAT3 in BXPC-3 cells. A: ciRS-7 knockdown promoted miR- 

 EGFR and STAT3; C: Western blotting analysis showed that siciRS-7-1 suppressed 

: negative control, empty vector group. ∗: P < 0.05. 



584 L. Liu, F.-B. Liu and M. Huang et al. / Hepatobiliary & Pancreatic Diseases International 18 (2019) 580–586 

Fig. 4. The selective EGFR inhibitor gefitinib had little effect on the invasion and proliferation of siciRS-7-1-transfected BXPC-3 cells. A: Gefitinib treatment had little effect on 

the proliferation of siciRS-7-1-transfected BXPC-3 cells, but significantly decreased the proliferation of control cells; B: Gefitinib treatment had little effect on the invasion of 

siciRS-7-1-transfected BXPC-3 cells, but significantly decreased the invasion of control cells; C: Representative images of BXPC-3 cell invasion (original magnification × 400). 

Control: blank control, non-transfected cells group; NC: negative control, empty vector group. ∗: P < 0.05. 
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signaling pathway, we detected the expression of EGFR and STAT3

in the siciRS-7-1 group and control group cells. As expected, we

observed that siciRS-7-1 also suppressed the expression of EGFR

and STAT3 ( Fig. 3 B and C). 

The selective EGFR inhibitor gefitinib had little influence on the 

invasion and proliferation of siciRS-7-1 group cells 

The siciRS-7-1 group and control group cells were treated with

the same concentration of EGFR inhibitor gefitinib (10 μmol/L; Ab-

cam). The results showed that gefitinib had little influence on the

proliferation and invasion of siciRS-7-1 transfected BXPC-3 cells.

However, gefitinib treatment significantly reduced the proliferation

and invasion of the control group ( P < 0.05; Fig. 4 ). 
iscussion 

circRNA is a special type of non-coding RNA and is also a po-

ential cancer research target. To date, ciRS-7 is one of the few

nown circRNAs that has been proposed to inhibit tumor suppres-

or miR-7 [20] . In the current research, we found that ciRS-7 is

requently upregulated in PDAC, and also displayed that the degree

f expression of ciRS-7 was positively related to two clinicopatho-

ogical characteristics: lymph node metastasis and venous invasion.

n addition, we found that the expression of ciRS-7 was negatively

orrelated with miR-7 in PDAC. From a biological perspective, we

elieve that the overexpression of ciRS-7 suppresses the expression

f miR-7, and ciRS-7 has a potential carcinogenic effect in PDAC. 

To better understand the role of ciRS-7 in PDAC, we knocked

own ciRS-7 in pancreatic cancer cell line and found that ciRS-7
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nockdown inhibited the proliferation and invasion of BXPC-3

ells, and that ciRS-7 knockdown promoted miR-7 expression in

DAC. Previous studies have suggested that miR-7 may play an im-

ortant regulatory role in inhibiting the progression of pancreatic

ancer by damaging the autophagic glucose pool [21] . Accordingly,

n our study, the cytological study supported the histological re-

ults; ciRS-7 knockdown inhibited the proliferation and invasion of

DAC cells partly by targeting miR-7. 

Dysregulation of signaling pathways plays a pivotal role in the

roliferation and invasion of PDAC [22–24] . A recent study re-

ealed that ciRS-7 overexpression blocked the tumor suppressive

ffect of miR-7 on MGC-803 and HGC-27 cells, and resulted in

ore aggressive carcinogenic phenotypes via antagonizing miR-7-

TEN/PI3K/AKT pathway [25] . Another study discovered that the

iRS-7/miR-7/NF- κB axis exerted pronounced effects on the pro-

iferation, migration, invasion, and apoptosis of non-small cell lung

ancer (NSCLC) cells [26] . To investigate whether ciRS-7 exerts its

ncogenic effects by suppressing miR-7 activity and regulating sig-

aling pathways, Suto and colleagues used the miR target analy-

is tool TargetScan and found that EGFR was a potential target of

iR-7 [27] . EGFR is a transmembrane glycoprotein with tyrosine

inase activity, which has a cytoplasmic domain. Specific ligand

inding sites, including EGF, activate downstream signaling path-

ays and are involved in cell proliferation and survival [28,29] .

he EGFR pathway plays an important role in many tumor pro-

ression, such as in breast, colon, and gastric cancer [30–32] . Pre-

ious researches have demonstrated that EGFR upregulation occurs

n 30%–50% of human pancreatic tumors, and is correlated with

apidly progressive disease, resistance to chemotherapy, and poor

rognosis [33,34] . Studies have also found that miR-7 attenuates

he activation of EGFR/IGF-1R and EGFR/PI3K/AKT signaling and

GFR-associated signaling pathways [35,36] , thereby inhibiting tu-

or cell proliferation and inhibiting tumor invasion. In this study,

e observed that ciRS-7 knockdown suppressed the expression

f EGFR and STAT3 ( Fig. 3 B and C). Our results showed that the

GFR/STAT3 signaling pathway plays an essential role in the prolif-

ration and invasion of PDAC. To further verify whether ciRS-7 in-

uences the biological characteristics of pancreatic cancer through

GFR/STAT3 signaling pathway, we transfected cells with siciRS-7-

 and treated these cells and control cells with the same concen-

ration of the EGFR inhibitor gefitinib. The results suggest that gefi-

inib had little influence on the proliferation and invasion of siciRS-

-1 transfected cells; however, there was a significant reduction in

oth processes in the control group. From another point of view,

hese results showed that ciRS-7 affected the proliferation and in-

asion of PDAC cells through the EGFR/STAT3 signaling pathway. 

In conclusion, this study showed that ciRS-7 exerts its onco-

enic effects by inhibiting miR-7 activity and consequently acti-

ating EGFR/STAT3 signaling pathway in PDAC. Cytological studies

emonstrated that ciRS-7 knockdown affected PDAC cell prolifer-

tion and invasion. Our results suggest that ciRS-7 plays a car-

inogenic role in PDAC and that the EGFR/STAT3 signaling pathway

ay have an extremely important impact on the proliferation and

nvasion of PDAC. 
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