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Background: Prostate cancer (PCa) is one of the most common malignant cancer in males
worldwide. Circular RNAs (CircRNAs) are novel type of non-coding RNAs. Recently,
circRNAs have been reported participating in various cancers, including prostate cancer.
However, the function and mechanism of circ_0057553 remain to be elucidated.

Methods and Materials: The RNA expression levels of circ 0057553, miR-515-5p, YES
proto-oncogene 1 (YES1) and glycolytic genes mRNA were detected by qRT-PCR in PCa
tissues or cells. Western blotting was performed to analyze YES1 protein level. Cell viability,
migration and invasion and cell apoptosis were assessed by cell counting kit-8 (CCK-8)
assay, transwell assay and flow cytometry. In addition, the effects of cell glycolysis were
evaluated by measuring lactate production, glucose consumption and adenosine triphosphate
(ATP) level. Moreover, dual-luciferase reporter assay was used to detect the target sites of
circ_ 0057553 and miR-515-5p, miR-515-5p and YES1. RNA immunoprecipitation (RIP)
was conducted to evaluate the target relationship between circ 0057553 and miR-515-5p.
Xenograft mouse model was conducted to measure tumor formation in vivo.

Results: Circ_0057553 was significantly up-regulated in PCa tissues and cells. Knockdown
of circ_0057553 inhibited cell viability, migration, invasion and glycolysis and facilitated
apoptosis in PCa cells. Furthermore, circ_0057553 bound to miR-515-5p and miR-515-5p
directly targeted YESI. Interestingly, miR-515-5p inhibitor partially rescued the function of
circ_0057553 knockdown, while YES1 restored the effects of miR-515-5p overexpression.
Circ_0057553 down-regulation remarkably decreased tumor volume and weight in vivo.
Conclusion: Circ_0057553 aftected PCa cell viability, migration, invasion, apoptosis and
glycolysis through miR-515-5p/YES]1 axis.
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Introduction
Even though current advances in treatments and diagnoses, prostate cancer (PCa)
remains the second most frequent cancer and the third leading cause of death from
cancer in males worldwide.! For the treatments, advanced-stage prostate cancer
patients need to face the huge economic burden.? Furthermore, the novel screening
strategy prostate-specific antigen (PSA) had a limitation of over-diagnosis.®
Therefore, it is urgent to develop more effective clinical therapeutic targets which
can improve the treatments and diagnoses of PCa.

Circular RNAs (CircRNAs) comprise a type of non-coding RNAs which are
produced by back-splicing. Different from the linear structure, the covalent ring
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structure has high stability and is not easily decomposed by
exonuclease.* For the biological functions of circRNAs,
most circRNAs acted as the miRNA sponges.” Moreover,
emerging studies have shown that circRNAs can also directly
interact with RNA-binding proteins (RBPs).®® In different
tumor types, aberrant expression of circRNAs was associated
with tumor cell biological activities.” For example,
circ_0000096 accelerated gastric cancer cells proliferation
and migration.'® In addition, Hsiao et al proved that
circRNA CCDC66 had the function of promoting colon
cancer proliferation and Metastasis.!' Furthermore, a recent
study showed that circ 103908 was suggested relating to
stages and metastasis of lung cancer.'>'® These studies sug-
gested that circRNA had significant potential in therapeutic
targets. Previous study showed that circ 0057553 was sig-
nificantly up-regulated in PCa.'* Nevertheless, the regulatory
mechanisms of circ_0057553 in PCa remain unclear.

MiR-515-5p was reported to repress cancer cell migra-
tion through targeting MARK4 signal pathway.'> Moreover,
one study proved that miR-515-5p was a tumor inhibitor in
PCa through targeting TRIP13.'® YES proto-oncogene 1
(YES1) is a member of a non-receptor protein tyrosine
kinase which can be found in many tumor formation pro-
cess. In lung cancer, YES1 has been shown to be a tumor
promoter driving cell growth.!” Meanwhile, YES1 can act as
a targetable oncogene in breast cancer.'® Moreover, the
expression of YES1 was significantly up-regulated in pros-
tate cancer.'” In our present study, according to the starBase
2.0 and TargetScan software, we were surprised to predict
that there were binding sites between circ 0057553 and
miR-515-5p, and between miR-515-5p and YESI.
Therefore, we speculated that circ_0057553 regulated pros-
tate cancer progression through miR-515-5p/YES] axis.

In this research, we explored the relationships among
circ_0057553, miR-515-5p and YES1 in PCa and uncov-
ered that circ_0057553/miR-515-5p/YES1 axis regulated
cell viability, apoptosis, migration and invasion and gly-
colysis process in vitro. In addition, the tumor formation
was detected in vivo. Thus, the purpose of our study was
to find novel clinical targets for PCa and further under-
stand the regulatory mechanisms of circ_0057553.

Methods and Materials

Patient Sample

After obtaining the informed consents from patients,
thirty-seven PCa tissues and normal nearby tissues were
gathered from PCa patients at The First Affiliated

Hospital, and College of Clinical Medicine of Henan
University of Science and Technology. All procedures
were approved by the Ethics Committee of The First
Affiliated Hospital, and College of Clinical Medicine of
Henan University of Science and Technology.

Cell Culture and Transfection

The human PCa cell lines (22RV1, PC3, DU145, LNCap)
and the normal human prostatic epithelial cell line (RWPE-
1) were obtained from Cell Bank of Chinese Academy of
Sciences (Shanghai, China). All cell lines were cultured in
RPMI-1630 medium (Sigma-Aldrich, St. Louis, MO, USA)
at 37°C. Ten percent fetal bovine serum (FBS), penicillin
and streptomycin were added in culture medium. For the
procedure of transfection, small interfering RNA against
circ_0057553#1, circ_0057553#2 and circ_0057553#3 (si-
circ_0057553#1, si-circ_0057553#2 and si-circ
~0057553#3) and their control (si-NC), short-hairpin
against circ_0057553 (sh-circ_0057553) and its control (sh-
NC), circ_0057553 overexpression vector (circ_0057553)
and Vector, miR-515-5p mimics and its scramble miR-NC,
miR-515-5p inhibitor (in-miR-515-5p) and its control (in-
miR-NC), and transfection plasmid vectors pcDNA and
YESI bought
(Shanghai, China). These experiments utilized the instruc-
3000 (Thermo, Carlsbad,

were from GenePharma Company
tions of Lipofectamine

CA, USA).

Quantitative Real-Time PCR (qRT-PCR)

Total RNAs were isolated by TRIzol reagent (Invitrogen,
Carlsbad, CA, USA). Then, cDNA Synthesis Kit (Vazyme,
Nanjing, China) was utilized to reverse-transcribe under
the manufacturer’s instructions. In addition, quantitative
real-time PCR was performed using SYBR Green PCR
Master Mix (Ambion, Carlsbad, CA, USA) and then pro-
cessed by method of 272", The primers as follows:
circ_ 0057553 (forward: 5'- CGATCCATGTGGAATCC
GAA-3' and reverse: 5'-ACGCTCACTGGGAGTAATGG
-3"), linecar SLC39A10 (forward: 5'- TCGCATA
CCCACCAGCATTT-3' and reverse: 5'- TCACTGTGAG
CAACGGAGTC-3"), miR-515-5p (forward: 5'-TTCTC
CAAAAGAAAGCACTTTCTG-3" and reverse 5-CTC
GCTTCGGCAGCACA-3'), YES1 (forward: 5'-AAAAG
TTGGCATGGGCTGC-3" and reverse 5-ACACTTC
GCCGAAACATCCT-3"), U6 (forward: 5-CTCGCTTC
GGCAGCACATATACT-3' and reverse: 5'-ACGCTTCAC
GAATTT-GCGTGTC-3'), GAPDH (forward: 5-TGTTC
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GTCATGGGTGTGAAC-3'
GGACTGTGGTCAT-3).

and reverse: 5-ATGGCAT

RNase R Digestion

CircRNAs stability was assessed by RNase R experiment.
The extracted RNAs from PCa cells were separated with
two parts. One part was added with RNase R digestion, the
control was digested with digestion buffer. Then, the
expression level of circ_ 0057553 and linear SLC39A10
were measured by qRT-PCR.

Western Blotting Assay

The protein extraction kit (Beyotime, Shanghai, China)
was conducted for protein isolation. Protein concentration
was examined by Pierce BCA Protein Assay Kit
(Beyotime). The total proteins were loaded on 10% SDS-
PAGE. And then proteins were transferred onto the PVDF
membrane (GE Healthcare, Piscataway, NJ, USA). In
addition, the membranes were blocked with 5% milk and
added with primary antibodies at room temperature for 10
min, and left at 4°C overnight. Then, the second antibody
was used for identification. Finally, we used eyoECL Plus
Kit (Beyotime) for chemiluminescence intensity analysis.
Primary antibodies were anti-YES1 (1:1000, Abcam,
Cambridge, MA, USA) and anti-GAPDH (1:1000; Cell
Signaling Technology, Danvers, MA, USA).

Cell Counting Kit-8 Assay

DU145 and LNCap cells (1x10° cells/well) were incu-
bated in a 96-well plate for 0 h, 24 h, 48 h, and 72
h. Then, we added 10 uL. CCK-8 solution. The optical
density value was observed by Microplate Reader ELx808
(Bio-Tek, Winooski, Vermont, USA) at 450 nm.

Cell Migration and Invasion Assay

Cell migration was examined by transwell experiment.
Transfected DU145 and LNCap cells cultured with serum-
free medium and then seeded them into upper chamber.
And the lower chamber containing the complete medium.
The ability to migrate could be demonstrated by observing
the number of cells stained by 0.1% crystal violet through
the membrane. The invasion assay was added with the
matrigel (BD Biosciences, San Jose, CA, USA) in upper
chamber and the other steps were same with migration
assay. All the experiments were carried out under a 100%
optical microscope.

Cell Apoptosis Experiment

Cell apoptosis was detected by flow cytometry. In brief,
transfected cells were washed with PBS twice and then
resuspended in binding buffer. The Annexin V/propidium
iodide (PI) kit (BD Pharmingen, San Diego, CA, USA) was
used to double stain the cells to better observe the apoptosis
cells. The cells were detected by flow cytometer (Cytek
Biosciences, Shanghai, China).

Glycolysis Level

Glycolysis metabolism was analyzed through measuring lac-
tate production, glucose consumption and adenosine tripho-
sphate (ATP) level in DU145 and LNCap cells. After
transfection for 48 h, we collected EU145, LNCap cells and
their culture medium. Then, Lactate Assay Kit (BioVision,
Milpitas, CA, USA) was used to measure the Lactate produc-
tion in culture medium. In addition, Glucose Colorimetric
Assay Kit (BioVision) was used to calculate the Glucose
uptake in PCa cells, and finally, we used a specific ATP
assay kit (Promega, Madison, Wisconsin, USA) to measure
the change of ATP level in cells.

Dual-Luciferase Reporter Assay

The sequences of wild type circ 0057553, mutant
circ_0057553, wild type YES1 (3' UTR) and mutant YESI
(3'UTR) were cloned into the pGL3 luciferase vector
(Promega, Madison, W1, USA). Above vectors and miR-
515-5p or miR-NC were cotransfected in the DU145 and
LNCap cells. The transfection procedure was performed by
Lipofectamine 3000 (Invitrogen). The luciferase activities
were detected by Dual-luciferase Reporter Assay Kit
(Promega).

RIP Assay
With the
Immunoprecipitation experiment was

RNA
conducted using

manufacturer’s instructions,
Dynabeads Protein G Immunoprecipitation Kit (Thermo). In
brief, transfected DU145 and LNCap cells were lysed with
RIP lysis buffer. And then we used magnetic beads conjugated
with anti-Argonaute 2 (Ago2) antibody (Abcam) or control
anti-IgG (Abcam) to enrich RNA-protein complexes. In addi-
tion, RNA fragments isolated from the mixture with TRIzol
Reagent were detected by qRT-PCR.

Mouse Model

Ten 4-week-old male nude mice were used. And LNCap

cells containing negative control and circ 0057553
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knockdown were injected subcutaneously. The tumor
volumes were detected every 7 days and tumor weights
were measured after the animals were sacrificed. All the
animal studies were approved by the Animal Care com-
mittee of The First Affiliated Hospital, and College of
Clinical Medicine of Henan University of Science and
Technology, Animal studies were performed in compliance
with the ARRIVE guidelines and the Basel Declaration.
All animals received humane care according to the
National Institutes of Health (USA) guidelines.

Statistical Analysis

For statistical analysis, we used GraphPad Prism 7.0 and SPSS
20.0 software. The difference between two groups was ana-
lyzed by the Student’s #-test. Furthermore, the difference
among multiple groups was measured by one-way Analysis
of Variance (ANOVA). The linear correlation was analyzed by
Pearson correlation analysis. All the experimental data were
showed as mean + standard deviation and detected at least
three times. P value <0.5 was considered significant.

Results
circ_0057553 Was Up-Regulated in PCa

Tissues and Cells

In order to investigate the expression level of circ_ 0057553 in
PCa, we first measured circ_0057553 expression in PCa tis-
sues and adjacent normal tissues using qRT-PCR. Compared
with control, the expression level of circ 0057553 was sig-
nificantly increased in PCa tissues (Figure 1A). And of these
37 expressions, 21 were higher and 16 were lower (Figure 1B).
Furthermore, the biological structure and full sequence of
circ 0057553 are shown in Figure 1C. The total length of
circ 0057553 was 2348 nt, including 8 exons (2-9). The
expression level of circ 0057553 was remarkably increased
in PCa cell lines 22RV1, PC3, DU145 and LNCap with
a comparison to control RWPE-1 cell line (Figure 1D). In
addition, circ 0057553 was more difficult to decompose
under the function of RNase R enzyme than linear
SLC39A10 in DU145 and LNCap cells (Figure 1E and F).
We speculated that circ_0057553 played a critical role in PCa
progression and development.

Knockdown of circ_0057553 Inhibited Cell
Viability, Migration, Invasion and Glycolysis

Process and Promoted Cell Apoptosis
To explore the cellular functions of circ_0057553 in PCa cell
lines, we used loss-of-function experiments. The expression

level of circ 0057553 was reduced after transfection with si-
circ_0057553#1, si-circ_0057553#2 and si-circ_0057553#3 in
DU145 and LNCap cell lines (Figure 2A and B). Knockdown
of circ_0057553 inhibited cell viability in DU145 and LNCap
cell lines (Figure 2C and D). Moreover, the transwell assay
proved that the cell migration and invasion abilities were
significantly reduced in DU145 and LNCap cells after trans-
fection with si-circ 00575533#1 (Figure 2E and F).
Meanwhile, circ 0057553 down-regulation promoted cell
apoptosis in PCa cell lines (Figure 2G). Circ_0057553 silen-
cing group decreased lactate production, glucose consumption
and ATP level (Figure 2H-J). The glycolytic genes HIF-1A,
SLC2A1, HK2, PFKFB2, PFKFB3, PGK1, TPI1 and PKM2
also were significantly decreased in circ_0057553 knockdown
group in DU145 and LNCap cells (Figure 2K and L). These
data suggested that downregulation of circ_0057553 affected
cellular functions in PCa cell lines.

circ_0057553 Directly Targeted miR-515-5p
To confirm the potential targets of circ 0057553 in PCa,
starbase 2.0 first predicted the binding sites of circ_0057553
and miR-515-5p (Figure 3A). In order to verify the targeting
relationship between circ 0057553 and miR-515-5p, we used
dual-luciferase reporter assay. The results showed that over-
expression of miR-515-5p remarkably decreased luciferase
activity in wild type circ_0057553 group, whereas mutant
circ_0057553 group had no change (Figure 3B and C). So
there was a correlation relationship between circ_0057553 and
miR-515-5p in DU145 and LNCap cell lines. Besides, RNA
immunoprecipitation (RIP) experiments indicated that enrich-
ment of circ_0057553 was dramatically up-regulated when we
performed antibody against Ago2 compared with anti-lgG
(Figure 3D). Furthermore, the expression of miR-515-5p was
evidently decreased in PCa tissues and cells with a comparison
to normal control (Figure 3E and F). Therefore, there was
a negative correlation between circ 0057553 and miR-515-
5p (Figure 3G). QRT-PCR results indicated that overexpres-
sion of circ 0057553 up-regulated circ 0057553 expression,
while greatly down-regulated miR-515-5p expression (Figure
3H and I). As expected, miR-515-5p was the direct target of
circ 0057553 and there was a negative correlation between
circ_ 0057553 and miR-515-5p.

miR-515-5p Inhibitor Rescued the Effects
of circ_0057553 Knockdown

We speculated that the interaction between circ_0057553 and
miR-515-5p can affect the functional activity of the PCa cell
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lines. We first tested the expression level of miR-515-5p after
transfection with si-circ_0057553#1 and miR-515-5p inhibi-
tor. As presented in Figure 4A, miR-515-5p was significantly
increased after transfection with circ 0057553 inhibitor and
restored when addition with in-miR-515-5p. CCK-8 assay
suggested that miR-515-5p inhibitor could rescue the effect
of circ_0057553 knockdown on cell viability in DU146 and
LNCap cells (Figure 4B and C). We subsequently tested cell
migration and invasion abilities using transwell assay. The
results demonstrated that knockdown of circ 0057553
reduced cell migration and invasion ability in PCa cells

while addition with miR-515-5p inhibitor recovered the
function of circ 0057553 knockdown in DU145 and
LNCap cells (Figure 4D and E). In addition, the cell apopto-
sis was measured by flow cytometry and showed that cell
apoptosis was up-regulated after transfection with si-circ
_0057553#1, while inhibition of miR-515-5p reverted the
impact of circ_ 0057553 knockdown on cell apoptosis in
PCa cells (Figure 4F). For the glycolysis process, miR-515-
5p inhibitor played a critical role to rescue the lactate produc-
tion, glucose consumption and ATP production caused by
circ_0057553 knockdown in PCa cells (Figure 4G-I). We
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Figure 2 Silencing circ_0057553 inhibited PCa cell viability, migration, invasion and glycolysis, while enhanced cell apoptosis. (A and B) The expression level of circ_0057553
was detected by qRT-PCR after transfection with si-NC, si-circ_0057553#]1, si-circ_0057553#2, si_circ_0057553#3 in DU145 and LNCap cells. (C and D) Cell viability was
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transwell assay in PCa cell lines. (G) Flow cytometry was conducted to evaluate cell apoptosis ability. (H-J) Cell glycolysis was showed by lactate production, glucose
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*P < 0.05, ¥P < 0.01, ***P < 0.001.

further investigated glycolysis-related genes, and miR-515-
5p inhibitor relieved the decrease in glycolytic gene
expression caused by the knockdown of circ 0057553 in
DU145 and LNCap cells (Figure 4] and K). From these
data, it was confirmed that miR-515-5p inhibitor resuced
the cellular activities caused by circ_0057553 knockdown
in PCa cells.

YES| Acted as the Direct Target of
miR-515-5p

In order to find downstream target genes of miR-515-5p,
we first used starbase 2.0 prediction and found binding

sites between 3'UTR of YESI and miR-515-5p
(Figure 5A). Furthermore, the dual-luciferase reporter
assay was conducted to analyze correlation between
miR-515-5p and YES1 and confirmed that miR-515-5p
directly targeted YES1 in DUI145 and LNCap cells
(Figure 5B and C). In addition, the Western blotting
assay showed that the expression of YESI protein in
PCa tissues and cells was significantly up-regulated com-
pared with normal controls (Figure 5D and E). As shown
in Figure 5F and G, miR-515-5p was negatively correlated
with YES1, whereas circ_ 0057553 was positively corre-
lated with YESI. Moreover, YES1 expression was
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and miR-515-5p was detected by RIP assay. (E) The expression level of miR-515-5p was detected by qRT-PCR in PCa tissues and adjacent normal tissues. (F) QRT-PCR
measured miR-515-5p expression level in PCa cells. (G) The inverse correlation between miR-515-5p and circ_0057553 was detected. (H and I) The expression level of
circ_0057553 and miR-515-5p was measured by qRT-PCR after transfection of circ_0057553. *P < 0.05, **P < 0.01, **P < 0.001, ****P < 0.0001.

evidently decreased by overexpression of miR-515-5p
(Figure 5H). Then, we used Western blotting assay to
detect YES1 expression after transfection with si-circ
_0057553#1 and in-miR-515-5p. Interestingly, when inhi-
bition of circ_0057553, the YES1 expression was signifi-
cantly down-regulated, while this change would recover
by inhibition of miR-515-5p (Figure 5I). These data sug-
gested that miR-515-5p directly targeted YES1 and had an
inverse correlation with YESI.

YES| Rescued the Function of miR-515-5p
We have demonstrated that miR-515-5p directly targeted
YESI1, and in order to further investigate the potential
function of miR-515-5p and YESI in PCa, we conducted
the following studies. Western blotting assay found that the
protein expression level of YESI was significantly
decreased after transfection with miR-515-5p, while this

change was alleviated by overexpression of YESI
(Figure 6A). In addition, the cell viability was markedly
reduced when addition with miR-515-5p, whereas this
effect was recovered by transfecting YESI in DU145 and
LNCap cells (Figure 6B and C). Transwell assay revealed
that cell migration and cell invasion were incredibly
decreased in miR-515-5p overexpression group; however,
transfection with YESI reversed the effects of miR-515-5p
in DU145 and LNCap cell lines (Figure 6D and E). For the
cell apoptosis experiment, the apoptosis rate of miR-515-5p
overexpression group was remarkably increased, while the
effects were rescued by addition with YES1 (Figure 6F).
Furthermore, miR-515-5p could rescue the impact of YESI
overexpression on lactate production level, glucose con-
sumption and ATP production (Figure 6G-I). Moreover,
the expression level of glycolytic genes was evidently
decreased after transfection with miR-515-5p, while
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Figure 4 MiR-515-5p inhibitor partially rescued the function of circ_0057553 knockdown. (A) The expression level was detected by qRT-PCR after transfection with si-NC,
si-circ_0057553#1, si circ_0057553#1+in-miR-NC or si-circ_0057553#1+in-miR-515-5p. (B and C) Cell viability was detected by CCK-8 assay in DU145 and LNCap cells.
(D) Cell migration was measured by transwell assay in DU145 and LNCap cell lines. (E) The cell invasion was examined by transwell assay in DU145 and LNCap cells. (F)
The cell apoptosis assay was detected by flow cytometry. (G-I) The cell glycolysis were evaluated by measuring lactate production, glucose consumption and ATP level.
(J and K) The expression levels of glycolytic genes were detected by qRT-PCR. *P < 0.05, **P < 0.01, **P < 0.001.

addition of YESI could reverse the expression of glycoly-
sis-related genes in DU145 and LNCap cell lines (Figure 6J
and K). These results indicated that YES1 could rescue cell
viability, cell migration and invasion, cell apoptosis and
glycolysis process caused by miR-515-5p.

circ_0057553 Knockdown Affected

Tumor Volume and Weight in vivo

To further understand the function of circ 0057553 in
PCa, we conducted in vivo experiments. Tumor volume
was significantly decreased in circ 0057553 knockdown
group (Figure 7A) and silencing circ 0057553 greatly
suppressed tumor weight (Figure 7B). Moreover, the
expression levels of circ_0057553 and YES1 were signifi-
cantly decreased after transfection with sh-circ 0057553,
while knockdown of circ_0057553 up-regulated miR-515-
5p expression in vivo (Figure 7C-E). These results suggest
that circ_0057553 affected tumor growth in vivo through
miR-515-5p/YESI1 axis.

Discussion
PCa is a common cancer in men and the number of PCa
associated deaths worldwide was 359,000 in 2018." We

found that circ_0057553 was up-regulated in PCa tissues,
DU145 and LNCap cell lines. In addition, compared with
linear SLC39A10, circ_0057553 which had the conversely
ring structure was less likely to be decomposed by RNase
R enzyme. Moreover, circ_0057553 facilitated cell viabi-
lity, migration and invasion and restrained cell apoptosis in
PCa cell lines. Glycolysis metabolism is needed to meet
We further studied three
variables in the glycolysis process. Lactate production,

the rapid growth of tumor cells.?

glucose consumption and ATP level were markedly
decreased after transfection of circ 0057553 knockdown.
MiR-515-5p acted as a tumor suppressor in multiple
cancers. For example, miR-515-5p impeded lung squamous
cell carcinoma development by acting on YAP1.?! Zhang
et al proposed that miR-515-5p suppressed proliferation in
breast cancer cells.'® Li et al demonstrated that down-
regulation of miR-515-5p promoted non-small cell lung
cancer cell viability and metastasis.>? In our present study,
miR-515-5p expression was significantly down-regulated in
PCa tissues and cells. Starbase 2.0 was used to predict
the binding sites of circ_0057553 and miR-515-5p. In addi-
tion, there
circ_0057553

was an inverse
and miR-515-5p.

correlation  between
Overexpression  of
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circ_0057553 down-regulated the expression of miR-515-
Sp. Interestingly, we displayed that miR-515-5p inhibitor
could partially rescue the function of circ_0057553 knock-
down in cell viability, migration, invasion, and apoptosis.
Furthermore, the changes in glycolysis caused by down-
regulation of circ_0057553 can also be recovered by miR-
515-5p inhibitors.

YESI1 is a non-receptor tyrosine kinase that consists
with the SRC family kinases (SFKs). Previous studies
indicated that YES1 acted as a tumor promoter in lung
cancer,'” gastric cancer” and thyroid cancer.”* Our results
were in agreement with the previously described YESI
functions in tumor cells. The expression of YES1 was
remarkably increased in PCa tissues as well as DU145
and LNCap cells. Furthermore, we applied TargetScan
software to predict the binding sites between miR-515-5p

and YES1. We found that there was an inverse correlation
between YES1 and miR-515-5p. Interestingly, cell viabi-
lity, migration and invasion experiments demonstrated that
YESI1 could restore the effects of miR-515-5p in PCa
cells. For glycolysis process, YES1 had the role of up-
regulating the lactate production, glucose consumption and
ATP level to rescue the effects of miR-515-5p. Moreover,
we used xenograft mouse model to further prove the
mechanism of circ_0057553/miR-515-5p/YES1 axis
in vivo.

In conclusion, we exhibited that circ 0057553 was
increased in PCa In addition,

circ_0057553 promoted cell viability, migration, invasion

tissues and cells.

and glycolysis process and suppressed cell apoptosis through
miR-515-5p/YESI axis. Furthermore, circ 0057553 affected
tumor growth in vivo. Thus, our study suggested that
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circ_0057553/miR-515-5p/YES]1 axis would provide poten-
tial clinic targets in the future.
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