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Abstract

Objective: This study aimed to investigate the effect of circular RNA itchy E3 ubiquitin protein ligase on cell proliferation and
apoptosis and to explore its target micro-RNAs in prostate cancer cells. Methods: Circular RNA itchy E3 ubiquitin protein
ligase expression in human prostate cancer cells and normal prostate epithelial cells was determined by real time-quantitative
polymerase chain reaction assay. Circular RNA itchy E3 ubiquitin protein ligase overexpression plasmids (circular RNA itchy E3
ubiquitin protein ligase(+) group and control overexpression plasmids group were transfected with PC-3 cells. Rescue
experiment was performed by transfection of circular RNA itchy E3 ubiquitin protein ligase overexpression and micro-197
overexpression plasmids (circular RNA itchy E3 ubiquitin protein ligase overexpression plasmids/micro RNA (4) group) into
PC-3 cells. Cell Counting Kit-8 and annexin V/propidium iodide assays were conducted to evaluate cell proliferation and
apoptosis, respectively. Western blot was performed to determine the expressions of apoptotic-related markers. Results:
Circular RNA itchy E3 ubiquitin protein ligase expression was decreased in DU 145, 22RV|, VCaP, and PC-3 cells compared to
RWEPE cells. In PC-3 cells, cell proliferation rate was reduced in circular RNA itchy E3 ubiquitin protein ligase overexpression
plasmids group compared to control overexpression plasmids group at 48 hours and 72 hours. Cell apoptosis rate was elevated
in circular RNA itchy E3 ubiquitin protein ligase overexpression plasmids group compared to control overexpression plasmids
group at 48 hours, and Western blot showed the similar results. Micro RNA-197 but not micro RNA-31 or micro RNA-432
was the target micro-RNA of circular RNA itchy E3 ubiquitin protein ligase. In rescue experiments, cell proliferation rate was
elevated, but apoptosis rate was reduced in circular RNA itchy E3 ubiquitin protein ligase overexpression plasmids/micro RNA
(+) group compared to circular RNA itchy E3 ubiquitin protein ligase overexpression plasmids group, indicating that circular
RNA itchy E3 ubiquitin protein ligase upregulation inhibited cell proliferation but promoted apoptosis through downregulating
micro RNA-197. Conclusion: Circular RNA itchy E3 ubiquitin protein ligase upregulation suppresses cell proliferation but
promotes apoptosis through targeting micro RNA-197 in prostate cancer. Our study may provide a new insight for the treatment
of prostate cancer.
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Introduction

Prostate cancer is the most common noncutaneous cancer in
men worldwide, which is diagnosed in approximately 1 600
000 cases and results in 366 000 deaths annually.'* Although
surgery could be curative for patients with prostate cancer at
early stage and their 5-year survival rate is above 90%, approx-
imately one-third of these patients would develop biochemi-
cally recurrent disease.>* For solving this situation, androgen
deprivation therapy is one of the most common and effective
treatment for biochemically recurrent prostate cancer, whereas
there is still high risk for these patients to develop castration-
resistant prostate cancer, which is often accompanied with
metastasis and even threatens life.>> Therefore, exploring the
underlying mechanisms that drive the initiation and progres-
sion of prostate cancer is of great importance for improving the
management and prognosis in patients with prostate cancer.
Circular RNAs (circRNAs), which is a type of endogenous
noncoding RNA that is formed by a covalently closed loop, play
key roles in many biological processes including cell cycle, cell
apoptosis, cell vascularization, cell invasion, and cell metasta-
sis.®'? Emerging studies indicate that circRNAs are differen-
tially expressed in multiple cancers and are able to serve as
potential regulators in oncogenesis or cancer progression.'>'*
As one of the most important circRNAs, circular RNA itchy
E3 ubiquitin protein ligase (circ-ITCH), which locates on chro-
mosome 20q11.22 and spans exons 6-13 of gene itchy E3 ubi-
quitin protein ligase (ITCH), is investigated in some previous
studies that reveal its downregulation in various cancer cell lines
such as colorectal cancer, esophageal squamous cell carcinoma,
lung cancer, and hepatocellular carcinoma, and it is disclosed to
have tumor-suppressive effect in these cancers.®!'>!” Further-
more, a few studies display that ITCH (the parent gene of cir-
c-ITCH) is closely related to the initiation and progression of
prostate cancer.'®'? Taken together, we hypothesized that circ-
ITCH might also participate in the pathology of prostate cancer,
while little is known about the role of circ-ITCH in prostate
cancer.'>!” Thus, we conducted this study to investigate the
effect of circ-ITCH on cell proliferation and cell apoptosis and to
explore its target micro-RNA (miRNAs) in prostate cancer cells.

Materials and Methods

Preparation of Cell Lines

Human prostate cancer cell lines including DU 145, 22RV1,
VCaP, and PC-3 as well as human normal prostate epithelial

cell line RWPE-1 were purchased from Cell Bank of Type
Culture Collection of Chinese Academy of Sciences (Shanghai,
China).

Cells Culture

All cells were cultured in incubators under 95% air and 5%
CO, at 37°C. In brief, DU 145 cells were cultured in 90%
minimum Eagle medium (Gibco, California, USA) and 10%
fetal bovine serum (FBS; Gibco, California, USA), 22RV1
cells were cultured in 80% Roswell Park Memorial Institute
1640 Medium (Gibco,, California, USA) and 20% FBS (Gibco,
California, USA); VCaP cells were cultured in 90% Dulbecco
modified Eagle medium (Gibco, California, USA) and 10%
FBS (Gibco, California, USA); PC-3 cells were cultured in
90% Ham F-12 Nutrient Mix medium and 10% FBS (Gibco,
California, USA); and RWPE-1 cells were cultured in Kerati-
nocyte Serum Free Medium Kit (Invitrogen, California, USA).

Measurement of Circ-ITCH Expression and miR-197
Expression in Prostate Cancer Cell Lines

Expression of circ-ITCH and miR-197 in human prostate can-
cer cell lines including DU 145, 22RV1, VCaP, and PC-3 as
well as human normal prostate epithelial cell line RWPE-1 was
measured using real-time quantitative polymerase chain reac-
tion (RT-qPCR).

The Effect of Circ-ITCH Upregulation on PC-3 Cell
Proliferation and Apoptosis

The Circ-ITCH overexpression plasmids (Circ-ITCH(+)
group) and control overexpression plasmids (NC(4) group;
Shanghai GenePharma Bio-Tech Company, Shanghai, China)
were transfected with PC-3 cells, and then circ-ITCH expres-
sion was measured by RT-qPCR at 24 hours. Subsequently, cell
proliferation ability was detected using Cell Counting Kit-8
(CCK-8; Dojindo, Kyushu, Japan) according to the instructions
of manufacturer at 0, 24, 48, and 72 hours after plasmids trans-
fection. Then, cell apoptosis rate was detected using annexin V
(AV) apoptosis detection kit with propidium iodide (PI; Sigma,
Louisiana, USA) according to the instructions of manufacturer
at 48 hours after plasmid transfection. Finally, expressions of
cleaved-caspase 3 (C-Caspase 3) and Bcl-2 were measured by
Western blot at 48 hours after plasmids transfection to validate
the effect of circ-ITCH on cell apoptosis.
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Target MiRNAs Validation

Potential target miRNAs of circ-ITCH in prostate was pre-
dicted using Circular RNA Interactome Database (https://circin
teractome.nia.nih.gov/) and miRanda Database (http://www.
microrna.org/microrna’home.do), and 3 candidate miRNAs
(miR-197, miR-31, and miR-432) were chosen to validate after
circ-ITCH overexpression plasmids transfection in PC-3 cells
by RT-qPCR. Then, control overexpression plasmids were
transfected with PC-3 cells as NC(+) group, circ-ITCH over-
expression plasmids were transferred into PC-3 cells as Circ-
ITCH (+) group, and circ-ITCH overexpression and miR-197
overexpression plasmids (Shanghai GenePharma Bio-Tech
Company, Shanghai, China) were transferred into PC-3 cells
as Circ-ITCH(+)/miR(+) group. At 24 hours after transfection,
miR-197 and circ-ITCH expressions were measured by RT-
qPCR. Subsequently, cell proliferation ability was detected
using CCK-8 kit (Dojindo, Kyushu, Japan) according to the
instructions of manufacturer at 0, 24, 48, and 72 hours after
plasmids transfection. Then, cell apoptosis rate was detected
using AV apoptosis detection kit with PI (Sigma, Louisiana,
USA) according to the instructions of manufacturer at 48 hours
after plasmids transfection. Finally, expression of C-Caspase3
and Bcl-2 was measured by Western blot at 48 hours after
plasmids transfection to validate the attenuated effect of
miR-197 overexpression on cell functions affected by circ-
ITCH overexpression.

Process of Western Blot

Radioimmunoprecipitation assay buffer of 1 mL (Sigma,
Louisiana, USA) was added to each group of cells on ice for
30 minutes and shook every 5 minutes for complete pyrolysis,
followed by centrifugation at 16 000 rpm under freezing con-
dition. After acquiring the supernatant, the total protein con-
centration was assessed by bicinchoninic acid kit (Pierce
Biotechnology, Illinois, USA). Then, thermal denaturation
was performed at 98°C for 5 minutes, and 20 pg proteins were
added to sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (Thermo, Shanghai, China). After electrophoresis
was completed, proteins were transferred to polyvinylidene
fluoride membranes membrane (Millipore, Massachusettsm,
USA). The membranes were blocked with 5% skim milk at
37°C for 1 hour and subsequently incubated with the corre-
sponding primary antibody overnight at 4°C and further incu-
bated with the appropriate horseradish peroxidase-conjugated
secondary antibody at room temperature for 2 hours. Finally,
the bands were visualized by the Novex ECL Chemilumines-
cent Substrate Reagent Kit (Invitrogen, Shanghai, China).
Antibodies used in Western blot are listed in Table 1.

Process of RT-gPCR

Expression of Circ-ITCH was determined by RT-qPCR. The
RT-qPCR process of circ-ITCH was as follows: First, total
RNA was extracted by TRIzol Reagent (Invitrogen); second,

3

Table 1. Antibodies Used in Western Blot.
Antibody Company Dilution
Primary antibody

Caspase-3 rabbit mAb CST 1:1000

Cleaved caspase-3 rabbit mAb CST 1:1000

Bcl-2 rabbit mAb CST 1:1000

GAPDH rabbit mAb CST 1:1000
Secondary antibody

Goat anti-Rabbit IgG H&L (HRP) CST 1:4000

Abbreviations: HRP, horseradish peroxidase; GAPDH, glyceraldehyde-3-
phosphate dehydrogenase; mAb, monoclonal antibody.

the linear RNA in each sample of total RNA (1 pg) was
digested by RNase R (Epicentre, Wisconsin, USA), and then
the reverse transcription to complementary DNA (cDNA)
using PrimeScript RT reagent Kit (Takara, Japan) was per-
formed; third, RT-qPCR was conducted by TB Green Fast
gPCR Mix (Takara), and qPCR amplification was conducted
at 95°C for 3 minutes, followed by 40 cycles of 95°C for 5
seconds, 61°C for 10 seconds, and then 72°C for 30 seconds.
The diminishment of linear RNA was confirmed by agarose
gel electrophoresis. The RT-qPCR processes of miRNAs,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), and
U6 were as follows: First, total RNA was extracted by TRIzol
Reagent (Invitrogen); second, reverse transcription to cDNA
using PrimeScript RT reagent Kit (Takara) was performed
with total RNA (1 pg) from each sample; third, qPCR was
performed by TB Green Fast qPCR Mix (Takara), and gPCR
amplification was performed at 95°C for 3 minutes, followed
by 40 cycles of 95°C for 5 seconds, 61°C for 10 seconds, and
then 72°C for 30 seconds. Finally, the results of RT-qPCR
were calculated by 274" formula. Meanwhile, GAPDH and
U6 were used as the internal references for circ-ITCH and
miRNAs, respectively. The primers used in RT-qPCR are
listed in Table 2.

Statistics

SPSS Software version 22.0 (IBM, New York, USA) and
GraphPad Software version 6.01 (GraphPad) were used for
statistics in this study. Data were mainly presented as mean
+ standard deviation. Comparison among groups was deter-
mined by one-way analysis of variance test followed by Dun-
nett multiple comparisons test. Comparison between the 2
groups was determined by ¢ test. P < .05 was considered
significant.

Results

Comparison of Circ-ITCH Expression Between Human
Prostate Cancer Cell Lines and Human Normal Prostate
Epithelial Cell Line

Compared to human normal prostate epithelial RWPE-1 cells,
expression of circ-ITCH was decreased in human prostate
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Table 2. Primers Applied in qPCR.

Gene Forward Primer (5'-3') Reverse Primer (5'-3')

Circ-ITCH GCCACTCTGCCTGTCCAATG GGAGGTGCTAAGGATGAGGTAGA
GAPDH GAGTCCACTGGCGTCTTCAC ATCTTGAGGCTGTTGTCATACTTCT
MiR-197 ACACTCCAGCTGGGCGGGTAGAGAGGGCAGTG TGTCGTGGAGTCGGCAATTC
MiR-31 ACACTCCAGCTGGGAGGCAAGATGCTGGCATA TGTCGTGGAGTCGGCAATTC
MiR-432 ACACTCCAGCTGGGTCTTGGAGTAGGTCATTG TGTCGTGGAGTCGGCAATTC

u6 CGCTTCGGCAGCACATATACTA ATGGAACGCTTCACGAATTTGC

Abbreviations: circ ITCH, circular RNA itchy E3 ubiquitin protein; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; miR, micro RNA; qPCR, quantitative

polymerase chain reaction.

1.51

Circ-ITCH Relative Expression

0.0
RWPE-1

DU 145 22RV1 VCaP PC-3

Figure 1. Circular RNA itchy E3 ubiquitin protein expression in
human prostate cancer cells and human normal prostate epithelial
cells. Circular RNA itchy E3 ubiquitin protein expression was lower in
various human prostate cancer cells including DU 145, 22RV1, VCaP,
and PC-3 cells compared to RWPE cells. Comparison between 2
groups was assessed by one-way analysis of variance test followed by
Dunnett multiple comparisons test. P <.05 was considered significant.
*, P <.05; ¥, P <.01; ¥** P <.005.

cancer cells including DU 145 (P < .01), 22RV1 (P < .05),
VCaP (P < .01), and PC-3 cells (P < .001; Figure 1). Besides,
the numerically lowest circ-ITCH expression was observed in
PC-3 cells; thus, we chose PC-3 cells to perform the subsequent
assays.

Effect of Circ-ITCH on Cell Proliferation and Cell
Apoptosis in PC-3 Cells

After transfection with circ-ITCH overexpression plasmids at
24 hours, circ-ITCH expression was remarkably higher in Circ-
ITCH (+) group compared to NC (+) group, suggesting the
successful transfection (Figure 2). Moreover, cell proliferation
rate was reduced in Circ-ITCH (+) group compared to NC (+)
group at 48 hours (P <.05) and 72 hours (P < .01; Figure 3A),
and cell apoptosis rate was elevated in Circ-ITCH (4) group
compared to NC (4) group at 48 hours (P < .001; Figure 3B
and C). Furthermore, expression of apoptotic protein C-
Caspase 3 was increased in Circ-ITCH (+) group than that in
NC (+) group, whereas antiapoptotic protein BCL 2 expression
was decreased in Circ-ITCH (+4) group compared to NC (+)

5 *kk

Circ-ITCH Relative Expression

NC(+) Circ-ITCH(+)

Figure 2. Circular RNA itchy E3 ubiquitin protein (Circ-ITCH)
expression after transfection. Circular RNA itchy E3 ubiquitin protein
expression was elevated in Circ-ITCH (+) group compared to NC (+)
group after transfection with circ-ITCH overexpression plasmids at 24
hours. Comparison between 2 groups was assessed by ¢ test. P <.05
was considered significant. *** P < .005.

group (Figure 3D). These data suggested that circ-ITCH upre-
gulation repressed cell proliferation but enhanced cell apopto-
sis in PC-3 cells.

Expressions of Candidate Target miRNAs of Circ-ITCH

Assessment of candidate target miRNAs of circ-ITCH was
performed to investigate the underlying targets of circ-ITCH
in prostate cancer (Figure 4), and we found that miR-197
expression (P < .01; Figure 4A) was reduced, while expression
of miR-31 (Figure 4B) and miR-432 (Figure 4C) was undiffer-
entiated in Circ-ITCH (+) group compared to NC (+) group,
indicating that it was miR-197 but not miR-31 or miR-432 that
was the target miRNA of circ-ITCH in PC-3 cells.

Rescue Experiments

We conducted rescue experiments to explore whether circ-
ITCH regulated PC-3 cells via targeting miR-197. First, we
detected the miR-197 expression in various prostate cancer cell
lines, and we found miR-197 expression was elevated in pros-
tate cancer cell lines including DU 145 (P <.001), 22RV1 (P <
.05), VCaP (P < .001), and PC-3 cells (P <.001) compared to
human normal prostate epithelial RWPE-1 cells
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Figure 3. Cell Counting Kit-8, AV/PI, and Western blot assays. Compared to NC (+) group, cell proliferation rate was decreased in Circ-ITCH
(+) group at 48 and 72 hours (A), whereas cell apoptosis rate was increased in Circ-ITCH (+) group at 48 hours (B-C). Besides, C-Caspase 3
expression was elevated, while BCL 2 expression was reduced in Circ-ITCH (+) group compared to NC (+4) group at 48 hours (D). Comparison
between 2 groups was assessed by ¢ test. AV/PI indicates Annexin V apoptosis detection kit with propidium iodide; Circ-ITCH, circular RNA
itchy E3 ubiquitin protein ligase; C-Caspase3, Cleaved-Caspase3. P < .05 was considered significant. *, P < .05; ** P < .01; *** P < .005.
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Figure 4. Detection of target miRNAs. MiR-197 expression (A) was decreased, while miR-31 expression (B) and miR-432 (C) expression were
undifferentiated in Circ-ITCH (+4) group compared to NC (+4) group. Comparison between 2 groups was assessed by 7 test. Circ-ITCH indicates
circular RNA itchy E3 ubiquitin protein ligase. P < .05 was considered significant. **, P < .01.

(Supplementary Figure 1). After circ-ITCH overexpression and
miR-197 overexpression plasmids were transferred into PC-3
cells, the RT-qPCR assay disclosed that miR-197 expression
was lower in Circ-ITCH(+) group compared to NC (+) group
(P < .001), while it was elevated in Circ-ITCH (4)/miR (+)
group compared to Circ-ITCH (+) group (P <.001; Figure 5A).
Besides, circ-ITCH expression was increased in Circ-ITCH(+)
group compared to NC (+) group (P < .001), but it was undif-
ferentiated in Circ-ITCH (+)/miR (4) group compared to Circ-
ITCH (+) group (Figure 5B). Subsequently, CCK-8 assay

displayed that cell proliferation rate was decreased in Circ-
ITCH(+) group compared to NC(+4) group at 48 hours (P <
.01) and 72 hours (P < .01), but it was increased in Circ-ITCH
(+)/miR (+4) group compared to Circ-ITCH (+4) group at 48
hours (P < .05) and 72 hours (P < .05; Figure 6A). Moreover,
AV/PI assay disclosed that cell apoptosis rate was elevated in
Circ-ITCH (+) group compared to NC (+) group at 48 hours (P
<.001), and it was decreased in Circ-ITCH (+)/miR (+) group
compared to Circ-ITCH (+) group at 48 hours (P <.01; Figure
6B and C). Additionally, apoptotic protein C-Caspase 3
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Figure 6. Cell counting kit-8 assay, AV/PI assay, and Western blot assay in rescue experiments. Cell proliferation rate was lower in Circ-ITCH
(+) group compared to NC (+) group at 48 and 74 hours, but it was elevated in Circ-ITCH (+)/miR (+) group compared to Circ-ITCH (+4)
group at 48 and 72 hours (A). Cell apoptosis rate was raised in Circ-ITCH (+) group compared to NC (+) group but lower in Circ-ITCH (4)/miR
(+) group compared to Circ-ITCH (4) group at 48 hours (B and C). Expression of apoptosis marker C-Caspase 3 was decreased in Circ-ITCH
(+)/miR (+4) group compared to Circ-ITCH (+) group at 48 hours, while antiapoptosis marker Bcl 2 expression was enhanced (D). Comparison
between two groups was assessed by 7 test. AV/PI indicates Annexin V apoptosis detection kit with propidium iodide; Circ-ITCH, circular RNA
itchy E3 ubiquitin protein ligase; C-Caspase3, Cleaved-Caspase3; miR, micro RNA. P < .05 was considered significant. *, P <.05; **, P <.01;
*#% P <.005; NS, no significance.

expression was increased, but antiapoptotic protein Bcl 2 group compared to Circ-ITCH (+) group at 48 hours (Figure
expression was reduced in Circ-ITCH (4) group compared to  6D). These data suggest that circ-ITCH upregulation inhibited
NC (+) group. Meanwhile, C-Caspase 3 expression was lower cell proliferation and promoted cell apoptosis through down-
but Bel 2 expression was enhanced in Circ-ITCH (4)/miR (+) regulating miR-197 in PC-3 cells.
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Discussion

In this study, we found that (1) circ-ITCH expression was lower
in various human prostate cancer cells compared to human
normal prostate epithelial cells, and circ-ITCH upregulation
inhibited cell proliferation but enhanced cell apoptosis in PC-
3 cells, and (2) rescue experiments identified that circ-ITCH
upregulation repressed cell proliferation and promoted cell
apoptosis via downregulating miR-197 in PC-3 cells.

Circular RNAs, which are a class of noncoding RNAs with
covalently closed continuous loop, are initially misread into
splicing errors that originate from splicing artifacts or gene
rearrangements, whereas they are recently found to be com-
mon in mammalian cells and are crucial mediators in multiple
biological processes, such as the sponge of miRNA, the reg-
ulation in transcriptional process, and interaction with RNA-
binding proteins.'’?%?¢ Regarding the role of circRNAs in
prostate cancer, some previous investigations have been per-
formed.?”*° For instance, circ-SMARCAS acts as an onco-
gene in prostate cancer through enhancing cell proliferation
and inhibiting cell apoptosis.?’ In addition, a previous study
discloses that circ-Mus musculus myosin light chain kinase
(MYLK) promotes the cell proliferation, cell invasion, and
cell migration but inhibits cell apoptosis by targeting miR-
29a in prostate cancer cells. Meanwhile, this*® and another
study displays that circ_102004 overexpression activates
EPK, JNK, Hedgehog, and Wnt/B-catenin signaling pathway
and thereby facilitates cell proliferation, migration, and inva-
sion in prostate cancer.”® Thus, all these previous studies
indicate that circRNAs might play crucial roles in the etiology
of prostate cancer.

Circular RNA-ITCH, which is aligned in a sense orientation
to the protein-coding gene ITCH, has effects on cancer cell
activities such as cell proliferation and apoptosis according to
some previous studies.®'*'>'” For example, a previous study
displays that circ-ITCH represses the ability of cell migration
but promotes cell apoptosis in bladder cancer cells.'® Also, the
cellular impact of circ-ITCH has been observed in papillary
thyroid cancer cells, whose proliferation is inhibited but apop-
tosis is enhanced by circ-ITCH.>® Moreover, it is also revealed
that circ-ITCH influence diverse cell activities by mediating
multiple genes or signaling pathways. For example, circ-ITCH
acts as a tumor suppressor through sponging miR-124 and
enhancing linear ITCH expression in glioma, and another study
reveals that circ-ITCH inhibits disease progression through
sponging miR-7 and miR-24 in bladder cancer."*~' These stud-
ies emphasize the influence of circ-ITCH on sponging some
carcinogenic miRNAs. Besides, circ-ITCH results in inhibition
of canonical Wnt pathway via downregulating phosphorylated
DvI3 and suppresses the oncogene c-myc expression, thereby
represses cell proliferation in several cancers including lung
cancer, esophageal squamous cell carcinoma, and colorectal
cancer.'>172:33 These previous studies reveal the tumor-
suppressive effect of circ-ITCH in several cancers, while little
is known about the underlying mechanism of circ-ITCH in
prostate cancer. In order to address this problem, we assessed

circ-ITCH expression in various human prostate cancer cells
and human normal prostate epithelial cells, which revealed that
circ-ITCH expression was lower in human prostate cancer cells
than that in normal prostate epithelial cells. Moreover, we con-
ducted CCK-8 assay and AV/PI assay to investigate the effect
circ-ITCH on cell proliferation and cell apoptosis, and we
found that circ-ITCH upregulation inhibited cell proliferation
but promoted cell apoptosis in PC-3 cells. Besides, the detec-
tion of circ-ITCH was performed 24 hours after transfection,
and the expression of transfected circ-ITCH did not reach the
maximum, while the expression of circ-ITCH after transfection
in our study remarkably increased compared to the control,
indicating the successful transfection of circ-ITCH. These
results showed that circ-ITCH played a tumor-suppressive role
in prostate cancer, which might provide evidence to deeper
understanding in the mechanism of circ-ITCH in prostate
cancer.

Increasing evidences have identified miRNAs as important
regulators in many biological processes of cancers including
prostate cancer.>**> With application of CircuLar RNA Inter-
actome Database (https://circinteractome.nia.nih.gov/) and
miRanda Database (http://www.microrna.org/microrna/home.
do), potential target miRNAs of circ-ITCH in prostate were
predicted. Furthermore, we found that 3 of the potential target
miRNAs (miR-197, miR-31, and miR-432) were reported to be
important regulators involved in the initiation and progression
of prostate cancer; thus, we hypothesized that circ-ITCH might
exert its functions in prostate cancer cells through regulating
these miRNAs.>**® To validate our hypothesis, we detected the
effect of circ-ITCH on the expression of miR-197, miR-31, and
miR-432, and we observed that only miR-197 expression was
decreased by circ-ITCH upregulation, suggesting that miR-197
but not miR-31 or miR-432 was the target miRNA of circ-
ITCH in prostate cancer cells. MiR-197, which is transcribed
from the genomic region of chromosome 1p13.3, has been
identified as a cancerogenic miRNA that is upregulated in
several cancers such as lung cancer, pancreatic cancer, and
hepatocellular carcinoma.>®***! A study reveals that miR-
197 enhances cell proliferation and drug resistance in ovarian
cancer cells through downregulating nemo-like kinase
(NLK).** Furthermore, miR-197 is also reported to facilitate
epithelial-mesenchymal transition and take part in cell inva-
sion as well as cell migration in some previous studies; for
instance, a previous study shows that miR-197 induces epithe-
lial-mesenchymal transition and cell invasion via downregulat-
ing HIPK?2 in lung adenocarcinoma cells. Besides, miR-197
promotes hepatocellular carcinoma cell migration by targeting
KAI 1/CD82 and induces pancreatic cancer cell epithelial—
mesenchymal transition via targeting p120 catenin.***'*3 In
prostate cancer, a previous study discloses that miR-197 is
overexpressed in castration-resistant prostate cancer, and its
overexpression facilitates the disease progression through tar-
geting Ras, Rho, and the SCF complex.*® Thus, the previous
studies show that miR-197 has cancerogenic effects in a variety
of cancers, particular in prostate cancer. In this present study,
we observed that circ-ITCH upregulation inhibited cell


&lpar;https://circinteractome.nia.nih.gov
&lpar;http://www.microrna.org/microrna/home.do
&lpar;http://www.microrna.org/microrna/home.do
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proliferation and enhanced cell apoptosis through targeting
miR-197, and these results might contribute to supporting fur-
ther exploration of mechanisms in prostate cancer, which could
shed a light on the utilization of circ-ITCH as potential target in
prostate cancer treatment.

In conclusion, circ-ITCH expression is decreased in prostate
cancer cells, and its upregulation suppresses cell proliferation
but promotes cell apoptosis through targeting miR-197 in pros-
tate cancer. Our study may provide a new insight for the treat-
ment of prostate cancer.

Authors’ Note
Yuan Yuan and Xiaogang Chen contributed equally to this work.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Enying Huang (© https://orcid.org/0000-0002-0154-9463

Supplemental Material

Supplemental material for this article is available online.

References

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A.
Global cancer statistics, 2012. C4 Cancer J Clin. 2015;65(2):
87-108.

2. Wang G, Zhao D, Spring DJ, DePinho RA. Genetics and biology
of prostate cancer. Genes Dev. 2018;32(17-18):1105-1140.

3. Angeles AK, Bauer S, Ratz L, Klauck SM, Sultmann H. Genome-
based classification and therapy of prostate cancer. Diagnostics
(Basel). 2018;8(3):pii: E62.

4. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Can-
cer J Clin. 2018;68(1):7-30.

5. Latosinska A, Frantzi M, Merseburger AS, Mischak H. Promise
and implementation of proteomic prostate cancer biomarkers.
Diagnostics (Basel). 2018;8(3):pii: ES7.

6. Guo W, Zhang J, Zhang D, et al. Polymorphisms and expression
pattern of circular RNA circ-ITCH contributes to the carcinogen-
esis of hepatocellular carcinoma. Oncotarget. 2017;8(29):
48169-48177.

7. Hou LD, Zhang J. Circular RNAs: an emerging type of RNA in
cancer. Int J Immunopathol Pharmacol. 2017;30(1):1-6.

8. Xuan L, QuL, Zhou H, et al. Circular RNA: a novel biomarker for
progressive laryngeal cancer. Am J Transl Res. 2016;8(2):
932-939.

9. XinZ, Ma Q, Ren S, Wang G, Li F. The understanding of circular
RNAs as special triggers in carcinogenesis. Brief Funct Geno-
mics. 2017;16(2):80-86.

10. Sand M, Bechara FG, Sand D, et al. Circular RNA expression in
basal cell carcinoma. Epigenomics. 2016;8(5):619-632.

11.

12.

13.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Zhu J, Ye J, Zhang L, et al. Differential expression of circular
RNAs in glioblastoma multiforme and its correlation with prog-
nosis. Transl Oncol. 2017;10(2):271-279.

Zhang Y, LiJ, Yu J, et al. Circular RNAs signature predicts the
early recurrence of stage III gastric cancer after radical surgery.
Oncotarget. 2017;8(14):22936-22943.

Yang C, Yuan W, Yang X, et al. Circular RNA circ-ITCH inhibits
bladder cancer progression by sponging miR-17/miR-224 and
regulating p21, PTEN expression. Mol Cancer. 2018;17(1):19.

. Li J, Yang J, Zhou P, et al. Circular RNAs in cancer: novel

insights into origins, properties, functions and implications. Am
J Cancer Res. 2015;5(2):472-480.

Li F, Zhang L, Li W, et al. Circular RNA ITCH has inhibitory
effect on ESCC by suppressing the Wnt/beta-catenin pathway.
Oncotarget. 2015;6(8):6001-6013.

Huang G, Zhu H, Shi Y, Wu W, Cai H, Chen X. Cir-ITCH plays
an inhibitory role in colorectal cancer by regulating the Wnt/beta-
catenin pathway. PLoS One. 2015;10(6):¢0131225.

Wan L, Zhang L, Fan K, Cheng ZX, Sun QC, Wang JJ. Circular
RNA-ITCH suppresses lung cancer proliferation via inhibiting
the Wnt/beta-catenin pathway. Biomed Res Int. 2016;2016:
1579490.

. Le Clorennec C, Lazrek Y, Dubreuil O, et al. The anti-HER3

(ErbB3) therapeutic antibody 9F7-F11 induces HER3 ubiqui-
tination and degradation in tumors through JNKI1/2-
dependent ITCH/AIP4 activation. Oncotarget. 2016;7(24):
37013-37029.

Sielicka-Dudzin A, Borkowska A, Herman-Antosiewicz A, et al.
Impact of INK1, JNK2, and ligase Itch on reactive oxygen species
formation and survival of prostate cancer cells treated with diallyl
trisulfide. Eur J Nutr. 2012;51(5):573-581.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Can-
cer J Clin. 2015;65(1):5-29.

Hansen TB, Jensen TI, Clausen BH, et al. Natural RNA circles
function as efficient microRNA sponges. Nature. 2013;
495(7441):384-388.

Memczak S, Jens M, Elefsinioti A, et al. Circular RNAs are a
large class of animal RNAs with regulatory potency. Nature.
2013;495(7441):333-338.

Xie Y, Li T, Mo X, Guo J. Circular RNAs and their roles in
tumorigenesis. Sheng Wu Gong Cheng Xue Bao. 2016;32(11):
1507-1518.

Du WW, Yang W, Liu E, Yang Z, Dhaliwal P, Yang BB. Foxo3
circular RNA retards cell cycle progression via forming ternary
complexes with p21 and CDK2. Nucleic Acids Res. 2016;44(6):
2846-2858.

Nigro JM, Cho KR, Fearon ER, et al. Scrambled exons. Cell.
1991;64(3):607-613.

Salzman J, Gawad C, Wang PL, Lacayo N, Brown PO. Circular
RNAs are the predominant transcript isoform from hundreds of
human genes in diverse cell types. PLoS One. 2012;7(2): e30733.
Kong Z, Wan X, Zhang Y, et al. Androgen-responsive circular
RNA circSMARCAS is up-regulated and promotes cell prolifera-
tion in prostate cancer. Biochem Biophys Res Commun. 2017,
493(3):1217-1223.


https://orcid.org/0000-0002-0154-9463
https://orcid.org/0000-0002-0154-9463
https://orcid.org/0000-0002-0154-9463

Yuan et al

28.

29.

30.

31.

32.

33.

34.

35.

Dai Y, Li D, Chen X, et al. Circular RNA myosin light chain
kinase (MYLK) promotes prostate cancer progression through
moduLATING Mir-29a expression. Med Sci Monit. 2018;24:
3462-3471.

Si-Tu J, Cai Y, Feng T, et al. Upregulated circular RNA circ-
102004 that promotes cell proliferation in prostate cancer. Int J
Biol Macromol. 2018.

Wang M, Chen B, Ru Z, Cong L. CircRNA circ-ITCH suppresses
papillary thyroid cancer progression through miR-22-3p/CBL/
beta-catenin pathway. Biochem Biophys Res Commun. 2018;
504(1):283-288.

LiF, Ma K, Sun M, Shi S. Identification of the tumor-suppressive
function of circular RNA ITCH in glioma cells through sponging
miR-214 and promoting linear ITCH expression. Am J Transl Res.
2018;10(5):1373-1386.

Liu H, Yin J, Wang H, et al. FOX0O3a modulates WNT/beta-
catenin signaling and suppresses epithelial-to-mesenchymal
transition in prostate cancer cells. Cell Signal. 2015;27(3):
510-518.

Wei W, Li M, Wang J, Nie F, Li L. The E3 ubiquitin ligase ITCH
negatively regulates canonical Wnt signaling by targeting dishev-
elled protein. Mol Cell Biol. 2012;32(19):3903-3912.

Wang DD, Chen X, Yu DD, et al. MiR-197: a novel biomarker for
cancers. Gene. 2016;591(2):313-319.

Fang YX, Chang YL, Gao WQ. MicroRNAs targeting prostate
cancer stem cells. Exp Biol Med (Maywood). 2015;240(8):
1071-1078.

36.

37.

38.

39.

40.

41.

42.

43.

Zhu J, Wang S, Zhang W, et al. Screening key microRNAs for
castration-resistant prostate cancer based on miRNA/mRNA
functional synergistic network. Oncotarget. 2015;6(41):
43819-43830.

Wei C, Pan Y, Huang H, Li YP. Estramustine phosphate induces
prostate cancer cell line PC3 apoptosis by down-regulating miR-
31 levels. Eur Rev Med Pharmacol Sci. 2018;22(1):40-45.

Li JB, Liu F, Zhang BP, et al. LncRNA625 modulates prostate
cancer cells proliferation and apoptosis through regulating the
Wht/beta-catenin pathway by targeting miR-432. Eur Rev Med
Pharmacol Sci. 2017;21(11):2586-2595.

Fiori ME, Barbini C, Haas TL, et al. Antitumor effect of miR-197
targeting in p53 wild-type lung cancer. Cell Death Differ. 2014,
21(5):774-782.

Hamada S, Satoh K, Miura S, et al. MIR-197 induces epithelial-
mesenchymal transition in pancreatic cancer cells by targeting
p120 catenin. J Cell Physiol. 2013;228(6):1255-1263.

Dai W, Wang C, Wang F, et al. Anti-miR-197 inhibits migration
in HCC cells by targeting KAI 1/CD82. Biochem Biophys Res
Commun. 2014;446(2):541-548.

Zou D, Wang D, Li R, et al. MiR-197 induces taxol resistance in
human ovarian cancer cells by regulating NLK. Tumour Biol.
2015;36(9):6725-6732.

Zhang N, Tian L, Miao Z, Guo N. MicroRNA-197 induces
epithelial-mesenchymal transition and invasion through the
downregulation of HIPK?2 in lung adenocarcinoma. J Genet.
2018;47(1):47-53.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


