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Objective: Circular RNA is a type of endogenous RNA molecule with a stable closed-loop
structure which is ubiquitous in mammals. Circular RNA HIPK3 (circHIPK3) is highly expressed
in hepatocellular carcinoma and promotes the growth of hepatoma cells. However, its role in
prostate cancer (PCa) has not been reported. This study aims to explore whether circHIPK3 could
affect the proliferative and invasive potentials of PCa cells by regulating miRNA-338-3p.
Methods: Expression levels of circHIPK3 and miRNA-338-3p in PCa tissues and cells were
determined by RT-qPCR. The regulatory effects of circHIPK3 and miRNA-338-3p on
proliferative and invasive potentials of PCa cells were evaluated by CCK-8 and transwell
assay, respectively. We verified the binding between miRNA-338-3p and ADAM17, as well
as miRNA-338-3p and circHIPK3 through dual-luciferase reporter gene assay. Rescue
experiments were conducted to clarify whether circHIPK3 affected the proliferative and
invasive potentials of PCa cells by regulating miRNA-338-3p.

Results: Expression level of circHIPK3 in PCa tissues was remarkably higher than that of
paracancerous tissues. Knockdown of circHIPK3 inhibited the proliferative and invasive
rates of PC-3 and DU145 cells. Dual-luciferase reporter gene assay indicated that circHIPK3
could bind to miRNA-338-3p. Moreover, miRNA-338-3p expression was downregulated in
PCa tissues. miRNA-338-3p expression was negatively correlated with lymph node metas-
tasis and distant metastasis. miRNA-338-3p overexpression markedly reduced proliferative
and invasive abilities of PC-3 and DU145 cells. Furthermore, ADAM17 was confirmed to be
the target gene of miRNA-338-3p. Overexpression of ADAM17 enhanced proliferative and
invasive abilities of PC-3 and DU145 cells. Finally, rescue experiments indicated that
miRNA-338-3p knockdown in PC-3 and DU145 cells partially reversed the regulatory
effects of circHIPK3 on proliferative and invasive potentials.

Conclusion: Overexpression of circHIPK3 promotes the proliferative and invasive poten-
tials of PCa cells through sponging miRNA-338-3p to regulate ADAM17 expression, thus
accelerating the malignant progression of PCa.
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Introduction

Prostate cancer (PCa) is a common malignancy in the urinary system and is a leading
cause of cancer death in males.' Most of the early-stage PCa are hormone dependent, and
only a few belong to hormone-refractory prostate cancer (HRPC). Androgen deprivation
therapy is extensively applied for PCa.> Although 80% of newly diagnosed PCa are
sensitive to androgen deprivation therapy, >50% of PCa patients will develop recurrence,
infiltration, metastasis, or aggravate to HRPC, showing a poor prognosis.
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Circular RNA (circRNA) is a kind of noncoding RNA
widely found in mammals, which is mainly involved in
gene regulation.’ Most circRNAs are derived from the
exon region, and a small part is formed by intron
splicing.* circRNA differs from long non-coding RNA
(IncRNA) and miRNA in structure. It does not have a 5’
end and a 3 end terminal, but is formed by a covalently
closed cyclic structure.” circRNA is widely involved in the
process of human physiological and pathological regula-
tions. In tumor researches, circRNA serves as a sponge to
regulate downstream target genes.®’ The competing endo-
genous RNA (ceRNA) hypothesis proposed in 2010 sug-
gested that circRNAs, IncRNAs, and pseudogene RNAs
could regulate expressions of miRNA-inhibited downstream
genes through competitively absorbing the target miRNA.®
The interaction among different types of RNAs contributes
to various physiological processes in cells. circHIPK3 is
abundantly expressed in the liver, brain, and lung, which is
mainly originated from the second exon of HIPK3.
circRNAs originating from HIPK3 include three spliceo-
somes, namely circHIPK3, circHIPK3.1, and circHIPK3.2.
However, only circHIPK3 is highly abundant and impli-
cated in a wide range of physiological or pathological
processes such as tumorigenesis, by regulating cell survival,
proliferation, and metastasis. circHIPK3 may function
through sponging miRNAs and regulate the progression of
many cancers, including liver cancer, gastric cancer, color-
ectal cancer, and lung cancer.”'? It is reported that
circHIPK3 could promote the proliferative capacity of
liver cancer cells by absorbing miR-124 to regulate IL6R
and DXL2."* The specific role of circHIPK3 in PCa, how-
ever, has not been clarified.

ADAMs (a disintegrin and metalloproteinase) are a type
of transmembrane glycoproteins with multiple biological
functions of proteolysis, cytokine release, cell adhesion,
and intracellular signal transduction.'* ADAMI7 is an
essential member of the ADAMs family. In recent years,
studies have shown that ADAMI17 is expressed in a variety
of malignant tumors, but is rarely expressed in normal cells,
showing a certain tumor cell specificity.'> A relative study
enrolling 124 cases of NSCLC samples showed that
ADAMI17 is overexpressed in NSCLC, and its expression
is correlated to tumor grade, tumor size, clinical stage, and
lymph node metastasis.'® Oral squamous cell carcinoma
cells overexpressing ADAMI17 present stronger viability,
metastasis, adhesion, and proliferative capacities. Its expres-
sion is positively correlated with tumor size, proliferative

activity, and tissue collagenase activity.'” McGowan et al'®

pointed out that ADAMI17 expression is positively corre-
lated to the number of metastatic lymph nodes in breast
cancer patients, suggesting the regulatory role of ADAM17
in the malignant progression of metastatic breast cancer.
Hence, ADAM17 is closely related to the occurrence and
development of tumors, but there are few reports on the
study of ADAM17 in PCa.

Our study found that circHIPK3 was highly expressed
in PCa tissues and cells. circHIPK3 accelerated prolifera-
tive and invasive of PCa cells. Through bioinformatics
prediction, miRNA-338-3p was found to be a potential
target gene of circHIPK3 and was further verified by dual-
luciferase reporter gene assay. RT-qPCR results showed
that miRNA-338-3p expression was downregulated in PCa
tissues and cells, which was capable of inhibiting the
of PCa cells.
Furthermore, we confirmed that cirHIPK3 promoted cell

proliferative and invasive capacities
proliferative and invasive potentials by adsorbing miRNA-
338-3p, thereby upregulating the expression of ADAM17.

In summary, we first discovered the role of cirHIPK3/
miRNA-338-3p/ADAM17 axis in regulating cellular beha-
viors of PCa cells, which is expected to provide a new
preventive and therapeutic target for PCa.

Methods

General data of subjects

Fresh PCa tissues and normal paracancerous tissues
were surgically resected from 60 PCa patients.
Clinical pathology data and follow-up data of PCa
patients were collected. None of the patients received
any preoperative treatment, and they denied a family
history. They were diagnosed as PCa by pathological
diagnosis. Patients volunteered to participate in the
study and signed written informed consent. This study
has been approved by the ethics committee of The
Affiliated Lianyungang Hospital of Xuzhou Medical
University. All procedures performed involving human
participants in this study were conducted in accordance
with the 1964 Declaration of Helsinki and its later

amendments or comparable ethical standards.

Cell culture

Human prostate epithelial cell line RWPE-1 and PCa cell
lines 22RV1, PC-3, DU145, and LNCaP were purchased
from ATCC. Cells were cultured in DMEM (containing
10% FBS, 100 U/mL penicillin, and 0.1 mg/mL streptavi-
din) in a 5% CO, incubator at 37°C.
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Cell transfection

Transfection was performed until cell density reached
70-80%. Cells were transfected with circHIPK3
siRNA, miRNA-338-3p mimics, miRNA-338-3p inhi-
bitor, or negative control using Lipofectamine 2000,
respectively. The transfection reagent was set at room
temperature for 20 mins and slowly added in each well.
Four hours later, fresh medium was replaced for 24
hr incubation.

RNA extraction

50 mg of tissue was cut into pieces in liquid nitrogen
with 1 mL of TRIzol (Invitrogen, Carlsbad, CA, USA).
Cells were digested and 5x10° cells were lysed in 1 mL
of TRIzol. The homogenate was centrifuged in 0.2 mL
of chloroform at 4°C, 12,000 rpm for
Subsequently, the supernatant was mixed with isodose

10 mins.

isopropanol and centrifuged 4°C, 12,000 rpm for 5
mins. Finally, the precipitate was air dried, quantified,
purified, and diluted in diethyl pyrocarbonate (DEPC)
water. Extracted RNA samples were preserved in a —80°
C refrigerator.

RT-qPCR
The SYBR Green master mix, template, upstream/
downstream primer, and DEPC water were formulated
into a PCR reaction solution. PCR amplification reac-
tions were: pre-denaturation at 95°C for 2 mins and
then 40 cycles of 95°C for 1 min, 60°C for 1 min, 72°
C for 1 min, and finally extended at 72°C for 7
min.ACt values

were normalized to B-actin. The relative quantitative
value was expressed by the 2—AACt method. Primer
sequences were as follows:

ADAMI17, F: GTTGGTGAGCCTGACTCTA, R: CCTC
TTGTGGAGACTTGA; GAPDH, F: TCCACCA-CCCT
GTTGCTGTA, R: ACCACAGTCCATGCCATCAC,

MiRNA-338-3p, F: GCCGATCCAGCATCAGTG, R: CA
GTGCAGGGTCCGAGGT;

U6, F: CTCGCTTCGGCAGCAGCACATATA, R: AAA
TATGGAACGCTTCACGA;

circHIPK3,

F: CGGAATTCTGAAATATGCTATCTTACAGGTAT-
GGCCTCACAAGTCTTG,

R: CGGGATCCTCAAGAAAAAATATATTCACCTG
TAGTACCGAGATTGTAG.

Dual-luciferase reporter gene assay

The transcript 3’UTR sequence of ADAM17 was cloned
into the vector pGL3 containing the luciferase reporter
gene, which was the ADAM17 WT group. ADAMI17
MUT group was constructed by mutating the core binding
sequences using a site-directed mutagenesis kit. The
circHIPK3 WT. circHIPK3 MUT group was constructed
the same way. Cells were co-transfected with miRNA-338-
3p mimics or negative control and ADAMI17 WT or
ADAMI17 MUT or circHIPK3 WT or circHIPK3 MUT,
respectively. At 24 hrs, cells were lysed and centrifuged at
10,000 g for 5 mins. 100 pL of the supernatant was
collected for determining the luciferase activity.

Western blot

Total protein was extracted using the cell lysate for deter-
mining protein expression. Protein sample was quantified
bybicinchoninic acid ( BCA), separated by SDS-PAGE gel
and blocked with 5%
Membranes were then incubated with the primary anti-

electrophoresis, skim milk.
body and the corresponding secondary antibody. Band
exposure was developed by chemiluminescence.

CCK-8

100 pL of cell suspension containing 1x10* cells was added
in each well of the 96-well plate. At 6 hrs, 24 hrs, 48 hrs, 72
hrs, and 96 hrs, 10 pL of CCK-8 reagent was supplied,
respectively. After cell culture for 2 hrs, the absorbance
value of each well at 450 nm wavelength was measured by
a microplate reader for plotting a growth curve.

Transwell

Cell suspension with 1x10° cells/mL was prepared with
serum-free medium. 100 pL of the suspension was sup-
plied into the chamber and 600 pL of complete medium
was added in the basolateral chamber. At the other day, un-
penetrating cells above the chamber were wiped off.
Subsequently, the chamber was fixed in 4% paraformalde-
hyde for 30 mins and dyed with 1% crystal violet for
another 10-15 mins. Five randomly selected fields in
each sample were captured using an inverted microscope
(magnification 20x).

Statistical processing

SPSS 22.0 software[ISPSS Inc., Chicago, IL, US[ was
utilized for statistical analysis. The quantitative data were
represented as mean = SD (X * s). The independent #-test
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was used for analyzing the measurement data. Chi-square
test was applied for analyzing the categorical data. P<0.05
was considered statistically significant.

Results
circHIPK3 was highly expressed in PCa

Expression level of circHIPK3 in PCa tissues and cell
lines was detected by RT-qPCR. The results showed higher
expression of circHIPK3 in PCa tissues and cell lines
(Figure 1A and B). In particular, PC-3 and DU145 cell
lines showed a relatively high expression of circHIPK3
and were utilized for the following in vitro experiments.
To further validate the role of circHIPK3 in the progres-
sion of PCa, proliferative and invasive potentials of PC-3
and DUI45 cells with circHIPK3 knockdown were
observed. The relative expression of circHIPK3 decreased
significantly after transfection with si-circHIPK3 (Figure
S1A). CCK-8 assay indicated the inhibited proliferative
rate in PC-3 and DU145 cells with circHIPK3 knockdown
(Figure 1C). Similarly, PCa cells transfected with si-
circHIPK3 presented a lower invasive rate than controls
(Figure 1D).

miRNA-338-3p expression was

downregulated in PCa

Through bioinformatics prediction and function analysis, we
found that miRNA-338-3p had a binding site with circHIPK3,
which suggested that the regulatory role of circHIPK3 in PCa
might rely on miRNA-338-3p. First of all, we detected the
expression of miRNA-338-3p in PCa tissues and paracancer-
ous tissues by RT-qPCR. miRNA-338-3p expression was
downregulated in PCa tissues (Figure 2A). Moreover,
miRNA-338-3p expression was lower in PCa with stage I1I-
IV than stage I-1I (Figure 2B). Based on the collected clinical
data of PCa patients, those with high expression of miRNA-
338-3p tended to have lower rates of lymph node metastasis
and distant metastasis than those with low expression (Table
1). Furthermore, miRNA-338-3p was evidently downregu-
lated in PCa cell lines 22RV1, PC-3, DU145, and LNCaP
(Figure 2C). We thereafter confirmed the binding condition
between circHIPK3 and miRNA-338-3p through dual-
luciferase reporter gene assay (Figure 2D and S1B). RT-
gPCR data proved a negative correlation between miRNA-
338-3p and circHIPK3 in PCa cells at the mRNA level
(Figure 2E).
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Figure | CircHIPK3 was highly expressed in PCa. (A) Expression level of circHIPK3 in PCa tissues and paracancerous tissues detected by RT-qPCR. (B) Expression level of
circHIPK3 in PCa cell lines detected by RT-qPCR. (C) CCK-8 assay indicated the inhibited proliferative rate in PC-3 and DUI145 cells with circHIPK3 knockdown. (D)
Transwell assay indicated the inhibited invasive rate in PC-3 and DUI45 cells with circHIPK3 knockdown. *P<0.05.

Abbreviations: si-circHIPK3, small interfering circular RNA HIPK3; PCa, prostate cancer; NC, negative control; CCK-8, cell counting kit-8; OD, optical density.
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Figure 2 MiR-338-3p expression was downregulated in PCa. (A) Expression level of miR-338-3p in PCa tissues and paracancerous tissues detected by RT-qPCR. (B) miR-
338-3p expression was lower in stage lll-1V PCa than stage I-ll. (C) Expression level of miR-338-3p in PCa cell lines detected by RT-qPCR. (D) Dual-luciferase reporter gene
assay confirmed the binding condition between circHIPK3 and miR-338-3p. (E) RT-qPCR data showed that miR-338-3p level was downregulated after overexpression of
circHIPK3. (F) CCK-8 assay indicated the decreased proliferative rate in PC-3 and DUI145 cells transfected with miR-338-3p mimics. (G) Transwell assay indicated the
inhibited invasive rate in PC-3 and DU145 cells transfected with miR-338-3p mimics. *P<0.05, **P<0.01, ***P<0.001.

Abbreviations: circHIPK3, circular RNA HIPK3; NC, negative control; CCK-8, cell counting kit-8; OD, optical density.

miRNA-338-3p inhibited proliferative and

invasive potentials of PCa cells

We next explored the potential role of miRNA-338-3p in
regulating cellular behaviors of PCa cells. As CCK-8 assay
indicated, PC-3 and DU145 cells transfected with miRNA-
338-3p mimics showed a decreased proliferative rate
(Figure 2F). Meanwhile, transfection of miRNA-338-3p
mimics inhibited the invasive rate of PC-3 and DU145 cells
(Figure 2G). These data suggested the potential involvement of
miRNA-338-3p in the malignant progression of PCa. We
speculated that circHIPK3 regulated behaviors of PCa cells
through targeting miRNA-338-3p.

ADAMI|7 was the target gene of
miRNA-338-3p

ADAM17 was found to be a potential target gene for miRNA-
338-3p through bioinformatics analysis. RT-qPCR and Western
blot results revealed that ADAM17 was highly expressed in
PCa tissues at both mRNA and protein levels (Figure 3A).
A potential binding site between ADAM17 and miRNA-338-

3p was searched for, and further dual-luciferase reporter gene
assay confirmed their binding condition (Figure 3B).
Subsequently, we found that PCa cells transfected with
miRNA-338-3p mimics had a decreased expression of
ADAM17 at mRNA and protein level verified by both RT-
gPCR and Western blot (Figure 3C). Since ADAMI17 was
highly expressed in PCa tissues and cells, it may be related to
the pathogenesis of PCa. Overexpression of ADAMI7
enhanced the proliferative and invasive potentials of PCa cells
(Figure 3D, E). We may conclude that miRNA-338-3p knock-
down attenuated ADAMI17 degradation, thus suppressing the
proliferative and invasive capacities of PC-3 and DU145 cells.

CircHIPK3 regulated proliferative and
invasive potentials of PCa cells via
miRNA-338-3p/ADAMI7 axis

To determine whether circHIPK3 regulated ADAM17 expres-
sion by sponging miRNA-338-3p in PCa cells, a series of
rescue experiments were conducted. PCa cells were co-
transfected with si-circHIPK3 and miRNA-338-3p inhibitor.
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Table | Correlation of miR-338-3p expression with pathological features of prostate cancer (n=60)

Pathological Number of cases miR-338-3p P-value
features expression

Low High

(n=30) (n=30)
Age (years)
<60 35 17 18 0.793
260 25 13 12
Histological grade
I~ 33 12 21 0.019*
Ni~v 27 18
Lymph node metastasis
No 36 13 23 0.008*
Yes 24 17 7
Distance metastasis
No 38 14 24 0.007*
Yes 22 16 6

Note: *P<0.05.

The relative expression of miRNA-338-3p decreased signifi-
cantly after transfection with miRNA-338-3p inhibitor
(Figure S1C). CCK-8 assay demonstrated that co-transfection
of si-circHIPK3 and miRNA-338-3p inhibitor partially
reversed the effect of circHIPK3 knockdown on proliferative
and invasive potentials of PC-3 and DU145 cells (Figure 4A
and B). Moreover, we found that knockdown of circHIPK3
inhibited the expression of ADAM17, which was reversed by
transfection of miRNA-338-3p inhibitor (Figure 4C). Taken
together, we identified that circHIPK3 may regulate the pro-
liferative and invasive potentials of PCa cells through the
miRNA-338-3p/ADAM17 axis.

Discussion

circRNAs are a new class of noncoding RNAs, and their
functions in tumor progression have been identified."
circRNAs exert their biological functions mainly through
absorbing miRNAs as miRNA sponges. For example,
circRNA 100290 regulates the proliferative ability of
oral cancer cells by absorbing miR-29 to mediate CDK6
expression.”° Previous studies have found that circHIPK3
is highly expressed in PCa. Through bioinformatics ana-
lysis, we found that circHIPK3 contained a binding site
with miRNA-338-3p, which was further verified by dual-
luciferase reporter gene assay. circHIPK3 has been
reported to participate in the pathogenesis of diabetic

retinopathy by binding to miR-30a.>' CircHIPK3 is highly
expressed in bladder cancer cells and inhibits the prolif-
erative and invasive capacities of bladder cancer cells by
adsorbing miR-55838.* So far, the potential role of
circHIPK3 in PCa has rarely been reported.

miRNAs are noncoding, single-stranded, small RNAs
with 19-23 bp in length. They specifically recognize and
bind to the 3’UTR of the target mRNA. Subsequently,
target genes are regulated at the post-transcriptional level
through degrading or inhibiting translation of target
mRNA. miRNA expression profiles are altered in tumors,
serving as oncogenes or tumor suppressors. miRNA-338-
3p locates at chromosome 17q25.3, where the mutation
sites are usually related to malignant biological behaviors,
such as tumor invasion and metastasis.”> miRNA-338-3p
is lowly expressed in hepatocellular carcinoma through
microarray analysis. Downregulation of miRNA-338-3p
is correlated to the malignant degree, tumor differentiation,
metastasis, and dissemination of liver cancer.’* In addi-
tion, miRNA-338-3p participates in the process of devel-
opment and progression of gastric cancer by targeting
SSX2IP>

In this study, we explored the role of circHIPK3 in PCa
and its underlying mechanism. Knockdown of circHIPK3

markedly suppressed proliferative and invasive potentials
of PC-3 and DUI145 cells. We speculated whether
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Figure 3 ADAMI7 was the target gene of miR-338-3p. (A) Expression level of ADAMI7 in PCa tissues detected by RT-qPCR and Western blot. (B) Dual-luciferase reporter
gene assay confirmed the binding condition between ADAMI7 and miR-338-3p. (C) Expression level of ADAMI7 in PCa cells overexpressing miR-338-3p detected by RT-
qPCR and Western blot. (D) CCK-8 assay indicated the increased proliferative rate in PC-3 and DU145 cells overexpressing ADAMI7. (E) Transwell assay indicated the
increased invasive rate in PC-3 and DU145 cells overexpressing ADAMI7. *P<0.05, **P<0.01.

Abbreviations: NC, negative control; CCK-8, cell counting kit-8; OD, optical density; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; MUT, mutation; OE,

overexpression.

circHIPK3 served as a ceRNA to regulate its target
miRNA, thus influencing the malignant progression of
PCa. Here, the expression level of ADAMI17, the target
gene of miRNA-338-3p, downregulated after
circHIPK3 knockdown in PCa cells. Further experiments
confirmed that knockdown of miRNA-338-3p could upre-
gulate the protein level of ADAMI17, thereby abolishing
the cytostatic effect caused by circHIPK3 knockdown in
PCa cells. These results indicated that circHIPK3

was

regulated the expression of ADAMI7 by adsorbing
miRNA-338-3p, thereby influencing the proliferative and
invasive of PCa cells.

This study first the hypothesis that
circHIPK3 acted as a miRNA-338-3p sponge to regu-
late ADAMI17 expression, thus participating in the
malignant progression of PCa. Our results provide
a theoretical basis for the prevention and treatment
of PCa.

verified
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Figure 4 CircHIPK3 regulated proliferative and invasive potentials of PCa cells via miR-338-3p/ADAMI7 axis. (A) CCK-8 assay showed the proliferative rate in PC-3 and
DUI45 cells transfected with NC, si-circHIPK3 or si-circHIPK3+miR-338-3p inhibitor. (B) Transwell assay showed the invasive rate in PC-3 and DU145 cells transfected
with NC, si-circHIPK3 or si-circHIPK3+miR-338-3p inhibitor. (C) Western blot analyses of ADAMI17 in PC-3 and DU145 cells transfected with NC, si-circHIPK3 or si-
circHIPK3+miR-338-3p inhibitor. *P<0.05.
Abbreviations: si-circHIPK3, small interfering circular RNA HIPK3; NC, negative control; OD, optical density.

Conclusions

Overexpression of circHIPK3 promotes the proliferative

and invasive potentials of PCa cells through sponging
miRNA-338-3p to regulate ADAM17 expression.
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Figure S| The efficiency of circHIPK3 and miR-338-3p knockdown and miR-338-3p overexpression in PC3 and DUI45. (A) The relative expression of circHIPK3 was
investigated by RT-qPCR after transfection with si-circHIPK3. (B and C) The relative expression of miR-338-3p was investigated by RT-qPCR after transfection with miR-338-

3p mimics (B) and miR-338-3p inhibitor (C). **P<0.01.

Abbreviations: NC, negative control; si-circHIPK3, small interfering circular RNA HIPK3.
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