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Background: Pancreatic cancer is one of the most common malignant diseases in the world.
Gemcitabine chemotherapy remains the most important clinical treatment. However, research
found that pancreatic cancer cells have chemoresistance to gemcitabine and the effect is not
satisfactory. Therefore, it is urgent to find an effective early diagnosis and treatment strategy.
Circular RNA is one of the most popular prognostic biomarkers in GEM-resistant PC.
Materials and Methods: The present study was designed to evaluate the role of circHIPK3
in PC. The expression of circHIPK3 in PC tissues and cells and its effect on proliferation,
migration, invasion, EMT, and apoptosis were investigated in vitro; its effect on tumor
xenografts was assessed in vivo. Used bioinformation analysis to predict which miRNAs
could potentially interact with circHIPK3, mRNA, and miR-330-5p.

Results: RT-PCR showed that the level of circHIPK3 was increased in PC tumor tissues;
moreover, circHIPK3 was also increased in GEM-resistant PC tumors tissues and GEM-
resistant PC cells. Sh-circHIPK3 could knockdown circHIPK3 in PANC-1-GEM and SW-
1990-GEM and could significantly inhibit cell proliferation, invasion, migration, EMT and
enhance cell apoptosis, compare with control group, the tumor xenografts of circHIPK3
knockdown group were significantly smaller. CircHIPK3 served as a sponge for miR-330-5p,
and miR-330-5p directly bound to the 3" UTR of RASSF1 were revealed by dual luciferase
assay and RIP in PC cells. CircHIPK3 knockdown of RASSF1 expression could neutralize
the cytological function of PC cells by miR-330-5p inhibitor mediated GEM-resistance.
Conclusion: CircHIPK3 promotes gemcitabine (GEM) resistance in pancreatic cancer cells
by targeting RASSF1 via miR-330-5p and regulates proliferation, invasive, migration, EMT,
and apoptosis. Our research revealed that circHIPK3 may be a novel biomarker in GEM-
resistant PC and could be used as a prognostic target.
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Introduction

Pancreatic cancer (PC) is a malignant tumor of the digestive system with high
malignancy and poor prognosis. The incidence of PC was 2.5%, and the mortality
rate of all cancers was 4.5% in 2018." As its early symptoms are not obvious, 80%
patients with PC were found when they were in advanced stage of the disease.
Currently, gemcitabine (GEM) chemotherapy remains the most important clinical
treatment.>* Because of acquired drug resistance, PC patients have a poor prog-
nosis. Therefore, the molecular mechanism of GEM-resistance needs to be studied
further in PC.
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In recent years, circular RNAs (circRNAs) are very
important in the occurrence and development of tumor
and expected to become a biomarker and diagnosis target
for tumor treatment.”’ Predecessors have confirmed that
circRNAs are associated with the occurrence, develop-
ment, and drug resistance of human diseases, such as
Alzheimer’s disease, hepatocellular carcinoma, lung can-
cer, breast cancer, and PC.5'2 Previous studies have
shown that circHIPK3 spongs miR-145-5p, miR-124,
miR-558, miR-637, miR-193a, miR-338-3p, and miR-637
to regulate oxaliplatin-resistance, proliferation, tube for-
mation, invasion, autophagy, migration, and apoptosis in
lung cancer, preeclampsia, gastric cancer, colorectal can-
cer, chronic myeloid leukemia, bladder cancer, prostate
cancer.'>2° However, the role and function of circHIPK3
have not been revealed in PC.

In the present study, we found that the level of
circHIPK3 was
circHIPK3 was also increased in GEM-resistant PC

increased in PC tissues; moreover,
tumor tissues and GEM-resistant PC cells. Further inves-
tigation demonstrated that circHIPK3 could regulate
GEM-resistant PC by targeting the miR-330-5p/
RASSFI1 axis. Our study revealed that CircHIPK3 may
also be a novel biomarker in PC and may be used as
a prognostic target.

Materials and Methods

Clinical Human Tissue Samples

The cancer tissues and adjacent tissues of 28 patients with
PC were obtained from Third Xiangya Hospital, Central
South University during surgical, and then all tissues were
rapidly frozen in liquid nitrogen until use. GEM-resistance
definition: PC patients have no response by GEM therapy
or previous GEM treatment had progression but no more
than 6 months.

Cell Lines Culture and Transfection
Human PC cell lines PANC-1 and SW 1990 were pur-
chased from the Cell Collection Committee of the
Chinese Academy of Sciences (Shanghai, China) and
cultured at 37°C in a 5% CO, humidified incubator.
PANC-1-GEM and SW 1990-GEM were created by
previous study.?! According to the manufacture’s proto-
col, 50 nmoL sh-circHIPK3 or miR-330-5p mimic or
negative control (NC) were transfected into PANC-
1-GEM and SW 1990-GEM cells using Lipofectamine
2000 (Invitrogen).

RNA Extraction and Real-Time PCR
(RT-PCR) Analysis

Total RNA was extracted from samples by TRizol reagent
(Invitrogen, USA) with manufacturer’s protocol. Fast-Start
SYBR GEMeen Master (Rox) (Roche,
Switzerland) was used to carry out real-time quantitative
PCR on CFX96Tm Real-Time System (Bio-Rad, USA).
CircHIPK3-1-Forward: TATGTTGGTGGATC-CTGTTC
GGCA, CircHIPK3-1-Reverse: TGGTGGGTAGACCAA
GACTTGTGA; CircHIPK3-2-Forward:CTACAGATCCG
ACCAGGAGTTC, CircHIPK3-2-Reverse: TGTGAACC
AGCCACACTCTCAG; miR-330-5p-forward: TCTCTGG
GCCTGT-GTCTTAGGC, miR-330-5p- reverse: GCTATC
TCAGGGCTTGTTGCTTCAGTC-CTCCTGGG; RASSF
1-Forward: CCCTTGGGTGACCTCTTGTA, RASSFI1-
Reverse: GCTGTTCTCTGGGCTCATTC; U6-Forward: C
TCGCTTCGGCAGCACA, U6-Reverse: AACGCTTCAC
GAATTTGCGT; GAPDH-Forward: GGGAGCCAA-AA
GGGTCAT, GAPDH-Reverse: GAGTCCTTCCACGATA
CCAA; Each sample repeated 3 parts, the expression of
circHIPK3, miR-330-5p, RASSF1 were calculated by
2744 method.

Universal

CCK8 Assay

After 36 hrs of transfection, 2x10° cells/well PANC-1-GEM
and SW 1990-GEM cells were seeded into 96-well plates
with 6 replicate wells in each group. Twenty-microliter
CCK-8 reagent (Sigma-Aldrich, USA) was added into 96-
well plates, after incubating for 4 hrs without light. The OD
value was measured with a microplate detector at 450 nm
(EnSpire 2300, PerkinElmer, USA).

Flow Cytometry

Digest the cells with 0.25% EDTA-free trypsin, collected
the culture solution of cells each well and have fallen off
cells after digestion in a flow tube. Dyeing FITC and PI
according to Annexin V-labelled detection kit (Life tech-
nologies, USA) manufacturer’s protocol. After 15 mins of
incubation in the dark, the rate of apoptosis was detected
by flow cytometer (BD Biosciences).

Dual-Luciferase Reporter Assay

First, construction of miR-330-5p and circHIPK3 wild
type (WT) or circHIPK3 mutant-type (MUT) plasmids,
respectively, the recombinant plasmid was co-transfected
into cells with miR-330-5p and NC. After transfection
48 hrs, cells were collected and the luciferase activities
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were observed according to dual-luciferase Reporter Assay
System (Promega) manufacturer’s protocol.

RNA Immunoprecipitation (RIP)
Collecting 1x10” cells and add equal volume of RIP

lysate. According to RIP™

RNA binding protein immu-
noprecipitation reaction kit manufacturer’s protocol. Then,
RNeasy Mini Kit (QIAGEN, GER) was used to purify
RNA and the expression of miR-330-5p and circHIPK3

were detected by qRT-PCR.

Wound Healing and Transwell Assays

The monolayer cells were scraped by the tip of 200-uL
pipette, and then cultured in the medium with 2% FBS.
The wound healing was observed under the Inverted
microscope (Nikon, Japan) and photos were taken at 0
hr and 24 hrs.

Transwell, the upper chamber was added with Matrigel
in advance, and then 200 pL 1x10°/mL transfected cells
with 2% FBS was seeded and incubated on the upper
chamber, the bottom chamber was added 600 pL. medium
with 20% FBS. After 48 hrs, remove the cells and Matrigel
in the upper chamber and fix the bottom chamber of
migration cells with formaldehyde. The number of cells
were measured by Inverted microscope (Nikon, Japan)

Nude Mouse Tumorigenicity Assay

0.1 mL of shRNA circHIPK3 or sh-NC GEMoup cells
(2x10’/mL) were injected into the abdominal cavity of
BALB/c nude mice. The tumor was visible after 2 weeks
and tumor size was observed weekly, as follows: 0.5xW?xL
every week.

Western Blot

The total protein was extracted by RIPA buffer, the
quantified of protein samples were measured by BCA
protein assay kit. All samples were incubated with the
primary antibody (RASSF1, E-cadherin, N-cadherin,
vimentin, GAPDH, Proteintech) at 4°C for 12 hrs, then
incubated with a secondary antibody at 37°C for 2 hrs.
Chemiluminescence system (Bio-Rad, USA) imaging
system was used to measure all samples.

Statistical Analysis

SPSS 21.0 software was used for statistical analysis. Mean
+SD is used to represent measurement data. Student’s ¢ test
was used for statistical analysis. Survival rate was analyzed
by Kaplan—Meier curve and Log-rank test, the correlation

analysis of circHIPK3, miR-330-5p, and RASSF1 by
Pearson. P<0.05 represents statistical significance.

Ethics Statement

The study was approved by the Ethics Committee Third
Xiangya Hospital of Central South University, and
obtained the written informed consent of all participants.
Instructive notions with respect to caring for laboratory
animals (which is released by the Ministry of Science and
Technology of the People’s Republic of China on
September 30th, 2006.) were followed for the welfare of

the animals.

Results
CircHIPK3 Was Increased in PC Tissues

and GEM-Resistant PC Tissues
QRT-PCR detected the expression of circHIPK3 in 28
pairs PC tissues and matched normal tissues. Compared
with normal tissues, the results showed that the expression
of circHIPK3 was up-regulated in PC tissues and GEM-
sensitive PC tissues (P<0.01, Figure 1A and B). Further
statistical analyses evaluated that the high expression of
circHIPK3 displayed poorer survival rate compared with
low circHIPK3 in PC patients (P<0.05, Figure 1C).
Compared with parental cell lines, the expression of
circHIPK3 was significantly increased in PANC-1-GEM
and SW 1990-GEM cells (P<0.05, Figure 1D). Then, we
next assessed the exon structure of circHIPK3, which
derived from exon 11 of HIPK3 gene. RT-PCR was used
to amplify linear and circular RNA HIPK3 based on
cDNA and genomic DNA (gDNA) by convergent primers
and divergent primers, RT-PCR showed that divergent
primers could amplify by in ¢cDNA but not in gDNA
(Figure 1E).

Low Expression CircHIPK3 Suppressed
GEM-Resistant PC Cells’ Proliferation,
Invasive, Migration, and Enhance Cell
Apoptosis

ShRNA circHIPK3 was transfected into PANC-1-GEM and
SW 1990-GEM, and sh-circHIPK3 efficiently suppressed
circHIPK3 expression in PANC-1-GEM and SW 1990-
GEM cells (Figure 1D). Subsequently, compared with the
control group, CCK8 assay, wound healing, transwell

assays, and flow cytometry revealed that knockdown of
circHIPK3 could significantly suppress PANC-1-GEM and

Cancer Management and Research 2020:12

submit your manuscript

923

Dove


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

Liu et al Dove

5.09
A P<0.001
4.0 4
= P<0.001
.g = 4.0
£ g 2
(=" 3.0" * §
:: E. L)
) Z i °
2 2 30 .
&
= 2.0 3,‘ = +
Ees - a
£ *%e = ’*‘.
s ‘2 . £ 201
Z y Qﬁ" :
< 1.0+ I 2
= s * o~
=7 + = [ 3
z 1.0 'ﬁiﬁ:
0.0
' ' 0.0 T r
Cancer tissues Normal tissues GEM-resistant GEM-sensitive
C 100 4 D
6.07 m NC
£ G
—— Low-circHIPK3 ® sh-cire -
® sh-ci %
80- — High-circHIPK3  _ sh-circHIPK3-2
(=}
g 607 Z
E ¥
£ £
5 40 - %
S
@
2
20 - =
P=0.043 &
0
0 20 40 60 PNAC-1 SW-1990

Months
E
chrtd (13) | EGTER 1S D I 013 RRTH 11 2 JKIT JRCTEISY 1

HIPK3 EL

><] convergent primers c¢DNA gDNA

<ap divergent primers

400bp
300bp
200bp

100bp

-p > I ]

Figure | CircHIPK3 was increased in PC tissues and GEM-resistant PC tissues. (A) qRT-PCR analysis of expression levels of circHIPK3 in PC tissues compared with normal
tissues. (B) The expression levels of circHIPK3 in PC tissues with GEM-sensitive compared with GEM-resistant. (C) The survival rate was evaluated by Kaplan—Meier curve
between high and low circHIPK3 expression groups. (D) qRT-PCR analysis of expression levels of circHIPK3 in PANC-1 and SW 1990 compared with PANC-|-GEM and SW
1990-GEM. (E) The schematic diagram of divergent and convergent primers and the location of circHIPK3, and below is the result of agarose gel electrophoresis after qRT-
PCR using cDNA and gDNA, respectively. Data represent mean + SD. *P < 0.05.
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SW 1990-GEM cells’ proliferation, invasive, migration, and  CijrcHIPK3 Interacts with miR-3 30-5p in PC

promoted cell apoptosis (Figure 2A-G). Furthermore, the  Using online database circbank and starBase to predict

average volume of tumor xenografts was significantly smal-  the miRNAs potentially interacting with circHIPK3.
ler in the circHIPK3 knockdown group (p<0.05, Figure 2H).  Dual-luciferase reporter assay was performed to identify
These results indicated that down-regulated of circHIPK3  the miRNAs that binding to circHIPK3 and 4 miRNAs

enhance PC cells sensitization to GEM treatment. (miR-330-5p, miR-582-3p, miR-142-5p, miR-1179)
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Figure 2 Low expression circHIPK3 suppressed GEM-resistant PC cells’ proliferation, invasive, migration, and enhance cell apoptosis. (A) CCK8 assay showed that negative
control or circHIPK3 knockdown could significantly inhibit PANC-1-GEM and SW 1990-GEM cells’ proliferation. (B-E) Wound healing, transwell assays showed that
negative control or circHIPK3 knockdown could significantly inhibit PANC-1-GEM and SW 1990-GEM cells’ invasive, migration. (F, G) Flow cytometry showed that negative
control or circHIPK3 knockdown could significantly inhibit PANC-1-GEM and SW 1990-GEM cells’ apoptosis. (H) BALB/c nude mice injected with PANC-1/GEM cells
transfected with negative control or circHIPK3 knockdown could significantly inhibit PANC-1-GEM tumor Xenografts in vitro and analysis of tumor volume of mice
measured every week. Data represent mean + SD. *P < 0.05 represents compared with control group. #P < 0.05 represents compared with GEM-resistant group.
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luciferase activity were significantly decreased compared
with the control group (Figure 3A and B), then miR-330-
S5p was copurified with circHIPK3 by RIP assay
(Figure 3C and D). Compared with their parental control,
the expressions of miR-330-5p were increased in PANC-
1-GEM and SW 1990-GEM cells transfected with sh-
circHIPK3 (Figure 3E). Notably, the expressions of
miR-330-5p were reduced in PC tumor tissues and
GEM-resistant PC tumor tissues (Figure 3F and G). In
summary, these results demonstrated that circHIPK3
sponging to miR-330-5p.

CircHIPK3 Promotes Gemcitabine (GEM)
Resistance in Pancreatic Cancer Cells by
Targeting RASSFI via miR-330-5p

Using online database (targetScan, starbase, picTar,
RNA22, and miRanda) to predict mRNA potentially inter-
acting with miR-330-5p, bioinformatics analysis found that
miR-330-5p could bind to RASSF1 3’ UTR (Figure 4A).
The luciferase activity of co-transfected RASSF1 with miR-
330-5p-WT was also significantly decreased in PANC-
1-GEM cells (Figure 4B and C). miR-330-5p inhibitor
could significantly upregulate RASSF1 expression in

PANC-1-GEM and SW 1990-GEM cells (Figure 4D).
These results confirmed that the target gene of miRNA-
429 with RASSF1.

To investigate that whether circHIPK3 exerted its onco-
genic role through sponging miR-330-5p. We further knock-
down of RASSF1 expression by sh-circHIPK3 (Figure 4E).
RT-PCR showed that sh-circHIPK3 treatment could signifi-
cantly downregulate RASSF1 expression in PANC-1-GEM
and SW- 1990-GEM cells, miR-330-5p inhibitor could
reverse  circHIPK3  knockdown mediated GEM-
sensitization indicated by promotion of cell proliferation,
invasive, cell apoptosis, and EMT (Figure 4F-L), these
results showed that knockdown of circHIPK3 could suppress
RASSF1 expression and could neutralize the function of PC
cells by miR-330-5p inhibitor mediated GEM-resistance.

In addition, the expressions of RASSF1 were increased
in PC tumor tissues and GEM-resistant PC tumor
tissues (Figure 41 and J). Correlation analysis showed that
circHIPK3 and RASSF1 with miR-330-5p were negatively
correlated (Figure 4M). In conclusion, these studies demon-
strated that circHIPK3 promotes Gemcitabine (GEM) resis-
tance by targeting RASSF1 via miR-330-5p and regulates

proliferation, invasive, migration, EMT, and apoptosis in PC.
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control or sh-circHIPK3 or sh-circHIPK3+miR-330-5p inhibitor or miR-330-5p inhibitor or sh-RASSFI could regulate PANC-I-GEM and SW [990-GEM cells’
invasive and migration. (H) Flow cytometry showed that negative control or sh-circHIPK3 or sh-circHIPK +miR-330-5p inhibitor or miR-330-5p inhibitor or sh-
RASSFI could regulate PANC-1-GEM and SW 1990-GEM cells’ apoptosis. (I) The expression levels of RASSFI in PC tumor tissues and adjacent normal tissues. (J)
The expression levels of RASSFI in PC tissues with GEM-sensitive compared with GEM-resistant. (K, L) Western blot analysis the expression levels of RASSFI,
E-cadherin, vimentin, and N-cadherin in PANC-|-GR cells transfected with negative control or sh-circHIPK3 or sh-circHIPK3+ miR-330-5p inhibitor or miR-330-5p
inhibitor or sh-RASSFI, these effects revealed that circHIPK3 contributed to PC GEM-resistance by acting as a ceRNA to regulates PC cells’ proliferation, invasive,
migration, cell apoptosis by targeting RASSFI by sponging miR-330-5p. (M) Pearson correlation was used for correlation analysis between circHIPK3, miR-330-5p
and RASSFI in PC patients. Data represent mean + SD. *P < 0.05 represents compared with control group. P < 0.05 represents compared with sh-circHIPK3 or
sh-RASSFI.
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Discussion

CircRNA is a type of novel noncoding RNA that is closely
associated with carcinogenesis and cancer progression.
The function of circRNAs had received much
attention.””*® CircRNAs had been proved to be involved
in the development, chemotherapy resistance, prolifera-
tion, invasion, and prognosis of PC.>*2° In our study, the
level of circHIPK3 was increased in PC tissues, GEM-
resistant PC tissues, and GEM-resistant PC cells. PC
patients with high expression of circHIPK3 displayed
poorer overall survival than those with lower circHIPK3
that circHIPK3 was

increased in prostate cancer, gastric cancer, and lung can-

expression. Research indicates
cer. However, circHIPK3 was decreased in gastric cancer
tissues. Therefore, circHIPK3 may have some unique fea-
tures, such as stability, higher expression, and expression
specific to tissue developmental stage.?’

It is now widely accepted that circRNAs sponging to
miRNAs. To explore the mechanism of circHIPK3 in
GEM-resistant PC. Bioinformatics analysis, luciferase
reporter, and RIP showed that circHIPK3 served as
a sponge for miR-330-5p in PC cells. The mutant sequence
of miR-330 is miR-330-5p, and several studies reported
that miR-330-5p unction as oncogenes or tumor suppres-
sor genes in tumor progression such as breast cancer, lung
cancer, prostate cancer, PC, etc.”® ! MiRNAs can regulate
tumorogenesis by regulating their target mRNAs, and
miR-330-5p directly bound to RASSF1 3’- UTR. Recent
evidence indicated that RASSFI is involved in various
biological processes such as apoptotic signaling, microtu-
bule stabilization, and mitotic progression, etc.**** Our
results showed that RASSF1 expression was significantly
upregulated in GEM-resistant PC tissues, GEM-resistant
PC cells and knockdown of circHIPK3 were also signifi-
cantly downregulated RASSF1.

Our study demonstrated that knockdown of circHIPK3
could significantly affect cell proliferation, invasion,
migration, apoptosis, and EMT in PC cells. Furthermore,
compared with control group, the tumor xenografts of
circHIPK3 knockdown group were significantly smaller,
and circHIPK3 knockdown-mediated GEM sensitization
indicated by promote cell proliferation, migration, inva-
sion, and inhibit cell apoptosis were reversed by miR-330-
Sp inhibitor. These results showed that downregulation of
circHIPK3 promotes PC cell sensitization to GEM treat-
ment and as an oncogenic to targeting the miR-330-5p/
RASSF1 axis.

Conclusion

The study showed that circHIPK3 promotes GEM-resistance
by acting as a ceRNA to targets RASSF1 by sponging miR-
330-5p affected to GEM-resistant PC cell proliferation,
migration, invasion, cell apoptosis, and EMT. CircHIPK3
may be a potential target in GEM-resistant PC.
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