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Background: Exosomal circular RNAs (circRNAs) are involved in the pathogenesis of
prostate cancer (PCa) and chemotherapy resistance. This research aimed to explore the
function and molecular mechanism of circRNA X-linked inhibitor of apoptosis (circ-
XIAP) in docetaxel (DTX) resistance of PCa.

Methods: The expression of circ-XIAP, microRNA-1182 (miR-1182), tumor protein D52
(TPD52) was measured by quantitative real-time polymerase chain reaction (qRT-PCR).
Exosomes were detected with transmission electron microscopy (TEM). Cluster of differ-
entiation 63 (CD63), cluster of differentiation 9 (CD9) and TPD52 protein levels were
detected by Western blot (WB). Flfty percent inhibitory concentration (IC50) of DTX and
cell viability were determined using Cell Counting Kit-8 (CCK-8) assay. Colony formation
assay was applied to assess colony-forming ability. Cell cycle distribution and apoptosis
were analyzed by flow cytometry. Transwell assay was used for measuring cell migration and
invasion. Dual-reporter luciferase assay was performed to confirm the interaction between
miR-1182 and circ-XIAP or TPD52. The role of circ-XIAP in vivo was confirmed via the
mice xenograft model.

Results: Circ-XIAP and TPD52 were upregulated and miR-1182 was downregulated in
DTX-resistant PCa tissue specimens and cell lines. Circ-XIAP was also overexpressed in
exosomes from DTX-resistant cells and could be transmitted via exosomes. Circ-XIAP
knockdown enhanced DTX sensitivity by suppressing DTX-resistant cell proliferation,
migration and invasion and inducing cell cycle arrest and apoptosis. Circ-XIAP directly
targeted miR-1182, and the effects of circ-XIAP knockdown were reversed by downregulat-
ing miR-1182 in DTX-resistant cells. TPD52 was the target of miR-1182, and its upregula-
tion weakened the promotive effect of miR-1182 on DTX sensitivity. Importantly, circ-XIAP
depletion inhibited tumor growth and increased DTX sensitivity in vivo.

Conclusion: Exosomal circ-XIAP promoted DTX resistance of PCa by regulating miR-
1182/TPDS52 axis, providing a promising therapeutic target for PCa chemotherapy.
Keywords: prostate cancer, exosomes, circ-XIAP, miR-1182, TPD52

Introduction

Prostate cancer (PCa) is a common malignant tumor and is the fifth leading cause of
cancer death in men (359,000 associated deaths in 2018)." Although comprehensive
treatments have been developed, the prognosis of PCa patients is still unsatisfactory
because of the recurrence and metastasis.” Docetaxel (DTX)-based chemotherapy is

a first-line chemotherapy for the treatment of PCa that can prolong the survival of
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patients.> However, many PCa patients gradually develop
resistance to DTX treatment during chemotherapy, result-
ing in tumor recurrence.* Hence, understanding the under-
lying mechanism of DTX resistance is of great
significance to improve the prognosis of PCa patients.

Exosomes are a class of extracellular vesicles with
a size of 40-100 nm, which originate from endosomal
multivesicular bodies.” Exosomes are secreted by most
cells and contain complex and rich RNAs and proteins.’
Exosomes have been confirmed to be involved in regulat-
ing the tumor-normal communication in the tumor
microenvironment.” As key mediators of intercellular
communication, exosomes can regulate the biological pro-
cesses of cells and serve as crucial biomarkers for various
diseases.®” Moreover, exosomes have been demonstrated
to play an active role in tumor development (including
PCa) and DTX resistance.'”'" Nevertheless, the compo-
nents of exosomes secreted by different cells are complex
and different, so more exosomal RNA molecules need to
be discovered and explored.

CircRNAs,
(ncRNAs), form continuous covalently closed-loops with

a special type of non-coding RNAs

neither 5’-end cup nor 3’-end ploy A tail.'”> Moreover,
circRNA have strong stability due to their covalently
closed continuous loop structures.'® Increasing evidence
indicates that circRNAs participate in regulating many
physiological and pathological processes in human
cancers.'*!> Moreover, circRNAs have been confirmed
to be involved in participate in DTX resistance in many
cancers, including PCa.'®!'” Previous researches have indi-
cated that circRNAs are

exosomes.'® Moreover, it has been reported that exosomal

stable and enriched in

circRNAs can be served as potential biomarkers and new
therapeutic targets for diseases.'® CircRNA X-linked inhi-
bitor of apoptosis (circ-XIAP) is derived from mRNA
back-splicing of XIAP gene and located at chrX:
123022468-123026623, and it acts as an oncogene in
PCa.?° Nevertheless, the functions and molecular mechan-
ism of exosomal circ-XIAP in DTX resistance of PCa
have not been reported.

CircRNAs can function as microRNAs (miRNAs)
sponges by competitively binding to miRNA response
elements, thus regulating the biological activity of
miRNA and the functional role of miRNA on target
genes.”! MiR-1182 has been shown to inhibit proliferation,

metastasis and tumorigenesis in many cancers.*>*
Recently, miR-1182 was found to function as a tumor

suppressor in PCa.** However, whether circ-XIAP can

modulate the resistance of PCa to DTX through interacting
with miR-1182 is still unclear. Tumor protein D52
(TPDS52), a chromosome 8q21 amplification target, acts
as an oncogene in many cancers, including PCa.?>%¢
Coincidently, by bioinformatics analysis, we found that
both circ-XIAP and 3'UTR of TPDS52 had the complemen-
tary binding sequence for miR-1182, which suggested the
interactions among circ-XIAP, miR-1182 and TPD52 in
DTX resistance of PCa.

In our research, we aimed to investigate the biological
functions of exosome-transmitted circ-XIAP in DTX resis-
tance of PCa, and search for the underlying mechanism
mediated by circ-XIAP, hoping to find novel targets for the
treatment of DTX-resistant PCa patients.

Materials and Methods

Patient Samples

PCa tissue specimens (N=52) were acquired from the PCa
patients after surgical resection at The Central Hospital of
Zhumadian. These PCa patients were divided into two
groups based on their sensitivity to DTX: sensitive
(N=23) and resistant (N=29). These tissues specimens
were collected, timely frozen in liquid nitrogen and then
kept in a refrigerator at —80°C after surgical resection. The
research has been carried out in accordance with the World
These
patients had provided informed consents. Our experiments

Medical Association Declaration of Helsinki,

were approved by the Research Ethics Committee of The
Central Hospital of Zhumadian.

Cell Culture and Transfection
Four PCa cell lines (22Rv1, VCaP, DU145, and PC3) and
human normal prostate epithelial cells (RWPE-1) were
obtained from COBIOER (Nanjing, China). All cells
were allowed to grow in RPMI 1640 medium
(Invitrogen, Carlsbad, CA, USA) that contained 10%
FBS (Sigma-Aldrich, St. Louis, MO, USA) in
a humidified air with 5% CO, at 37°C. To establish DTX-
resistant PCa cells (DU145/DTX and PC3/DTX), DU145
and PC3 cells were exposed to increasing doses of DTX
(Sigma-Aldrich). Then, DTX-resistant cells were treated
with DTX (5 nM) to maintain a resistant phenotype.
Small interference RNA against circ-XIAP (si-circ-
XIAP) and matched negative control (si-NC), circ-XIAP
or TPD52 overexpression vector (circ-XIAP or TPD52)
and matched negative control (vector), miR-1182 mimics
(miR-1182) and match negative control (miR-NC), miR-
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1182 inhibitor (anti-miR-1182) and match negative control
(anti-miR-NC)
(Guangzhou, China). Lentivirus packaged plasmid sh-circ-

were synthesized by GeneCopoeia
XIAP and its negative control (sh-NC) were provided by
RiboBio (Guangzhou, China). Cells were transfected by
using Lipofectamine 3000 (Invitrogen).

RNA Isolation and Quantitative

Real-Time Polymerase Chain Reaction
(qRT-PCR)

TRIzol reagent (Invitrogen) was applied for isolation of total
RNA. Total exosomal RNAs were acquired using the
exoRNeasy Midi Kit (Qiagen, Valencia, CA, USA). The
Prime Script RT reagent Kit (TaKaRa, Kusatsu, Japan) or
miRNA cDNA synthesis kit (Ribobio) was applied for reverse
transcription. Then, qRT-PCR was performed on a CFX Real-
time PCR system (Bio-Rad, Hercules, CA, USA) using SYBR
Green PCR Kit (Takara). Gene expression was detected
according to the 2-AACt method, followed by normalization
to GAPDH (for circ-XIAP, XIAP and TPD52) or U6 (for miR-
1182). Primer sequences: circ-XIAP (F, 5-CATTCACTTG
AGGAGTGTCTGG-3'; R, 5-TTGTTCCCAAGGGTCTTC
AC-3"); XIAP (F, 5-TGGCAGATTATGAAGCACGGATC
-3; R, 5'-AGTTAGCCCTCCTCCACAGTGA-3"); miR-1182
(F, 5-GCGGAGGGTCTTGGGAGG-3'; R, 5-CAGTG
CGTGTCGTGGAGT-3"); TPD52 (F, 5'-AACAGAACATTG
CCAAAGGGTG-3; R, 5-TGACTGAGCCAACAGACG
AAA-3"). GAPDH (F, 5-GTCTCCTCTGACTTCAACA
GCG-3'; R, 5-ACCACCCTGTTGCTGTAGCCAA-3"), U6
(F, 5'-CTCGCTTCGGCAGCACA-3; R, 5-AACGCTT
CACGAATTTGCGT-3").

RNase R Treatment
To determine the circular characteristic of circ-XIAP, total
RNA (2 pg) was treated with or without RNase R (6 units,
Geneseed Biotech, Guangzhou, China) for 0.5 h at 37°C.
Lastly, the enrichment of circ-XIAP and XIAP mRNA was
tested by gqRT-PCR analysis.

Subcellular Fractionation Location

The Cytoplasmic & Nuclear RNA Purification Kit
(Norgen Biotek, Thorold, Canada) was applied for isolat-
ing cytosolic and nuclear fractions. Afterwards, the
expression was detected via qRT-PCR analysis in nuclear
and cytosolic fractions. U6 or GAPD was used as a control
for the nucleus and cytoplasm, respectively.

Cell Counting Kit-8 (CCK-8) Assay

CCK-8 purchased from Boster (Wuhan, China) was used
for analyzing 50% inhibitory concentration (IC50) value
of DTX and cell viability. In brief, DU145/DTX and PC3/
DTX cell suspension (100 uL, 2x10* cells) was added into
a 96-well plate. CCK-8 reagent (10 pL) was added to per
well after respective treatment. After incubation for 2-3 h,
a microplate reader (Bio-Rad) was applied to examine the
absorbance of per well at 450 nm. ICsq value of DTX was
calculated using GraphPad Prism.

Exosome Isolation and Identification
ExoQuick precipitation kit (System Biosciences, Mountain
view, CA, USA) was utilized for isolating exosomes from
cell culture medium following the manufacturer’s instruc-
tions. In short, cell culture medium was collected and
centrifuged (3000 x g, 15 min), followed by addition of
ExoQuick precipitation solution to supernatant. After cen-
trifugation (1500 x g, 30 min), exosome pellet was re-
suspended in phosphate-buffered saline (PBS; Beyotime,
Shanghai, China). Exosomes were visualized by transmis-
sion electron microscopy (TEM; JEOL, Akishima, Japan)
and exosome protein markers (CD63 and CD9) were
identified by WB assay.

Western Blot (WB) Assay

RIPA lysis buffer (Beyotime) was applied for extracting
the total protein. After measurement of protein concentra-
tion, protein (about 40 pg/lane) was subjected to SDS-
PAGE (Beyotime). Subsequently, the proteins were trans-
ferred to nitrocellulose membranes (Invitrogen), which
were then blocked with 5% non-fat milk (Yili, Beijing,
China) and incubated with primary antibody overnight at
4°C. The primary antibodies including cluster of differen-
tiation 63 (CD63; 1:1000, ab118307), cluster of differen-
tiation 9 (CD9; 1:500, ab223052), TPDS52 (1:5000,
ab155296), and GAPDH (1:2000, ab37168) were bought
from Abcam (Cambridge, UK). After that, the correspond-
ing secondary antibody (1:4000, ab205718, Abcam) was
used for the combination with the primary antibody. At
last, the visualization of protein blots was achieved by an
enhanced chemiluminescence reagent (Solarbio, Beijing,
China).

Colony Formation Assay
Transfected cells (DU145/DTX and PC3/DTX) were pla-
ted into 12-well plates. The cells were then cultured for 14
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days, and the medium was replaced as needed. After that,
the colonies were fixed with ethanol (75%, Beyotime),
followed by staining with violet (0.1%, Beyotime). At
last, colonies (>50 cells/colony) were counted and

photographed.

Flow Cytometry Analysis

For analysis of cell cycle progression, DU145/DTX and
PC3/DTX cells were collected, followed by fixing with
ice-cold ethanol (75%, Beyotime) at —20°C for 12 h. Next,
the fixed cells were subsequently incubated with propi-
dium iodide (PI; Sangon Biotech, Shanghai, China) and
RNase A (Sangon Biotech) in the darkness for 0.5 h. The
cells were analyzed by flow cytometry (BD Biosciences,
Franklin, NJ, USA) for determination of cell cycle distri-
bution. The apoptosis assay was conducted with the
Annexin V-FITC/PI apoptosis detection kit (Sangon
Biotech) via suspending the cells in binding buffer (400
pL) containing Annexin V-FITC and PI, incubating them
in the darkness for 20 min. Finally, flow cytometry was
utilized to quantify cell apoptosis.

Transwell Assay

Transwell assay was performed by transwell inserts (8 pm
pore-size, (8 mm pores; Corning, Costar, NY, USA) either
without Matrigel (for migration assay) or with Matrigel
(for invasion assay) (BD Biosciences). Briefly, the serum-
free media containing transfected cells was added to the
top chamber, and the medium with 10% FBS was added to
the lower part of the chamber. The cells on the bottom
membrane surface were fixed in ethanol (Beyotime) and
stained by crystal violet (Beyotime) after 24 h of incuba-
tion. Images were captured under a microscope (Leica,
Wetzlar, Germany) at x100 magnification.

Dual-Luciferase Reporter Assay

The putative binding sequence of miR-1182 and circ-
XIAP or TPD52 was predicted by Circinteractome or
TargetScan. Wide-type (WT) sequence of circ-XIAP or
TPDS52 3'UTR with binding sequence for miR-1182 was
cloned into the pmirGLO vector (YouBia, Changsha,
China) to construct WT-circ-XIAP or WT-TPD52 3'UTR.
At the same time, mutant reporter plasmids (MUT-circ-
XIAP or MUT-TPDS52 3'UTR) without binding sequence
for miR-1182 were generated in the same way. Then, the
indicated vector and miR-NC/miR-1182 were co-
transfected into DU145/DTX and PC3/DTX cells. After
48 h of co-transfection, dual-luciferase reporter assay

system (Promega, Madison, WI, USA) was applied for
examining the luciferase activity.

Immunohistochemistry Analysis

Human tumor tissues from sensitive and resistant tissues
were fixed in formalin solution (Beyotime) and dehydrated
in ethanol, embedded in paraffin, and cut. Next, consecutive
thick sections (4 wm) were incubated with antibodies against
TPD52 (1:5000, ab155296) for 12 h at 4°C. After that, the
sections were incubated with secondary antibody (1:5000,
ab205718, Abcam) for 1 h. The sections were stained by
diaminobenzidine (DAB) complex, and the nuclei were
counterstained with haematoxylin. At last, the sections
were examined with a fluorescence microscope (Leica).

In vivo Tumor Model

BALB/c nude mice (N=32, male, 5 weeks, weighing 18 +
2 g) used in this study were bought from Laboratory
Animal, Inc., (Beijing, China). PC3/DTX cells (3x10°%
0.2 mL PBS, circ-XIAP silencing or control) were sub-
cutaneously injected into nude mice. The circ-XIAP silen-
cing or control group was randomly divided into two
groups (N=8/group). After injection for 7 days, tumor
volume was measured and one group was intraperitoneally
injected with DTX (10 mg/kg) every 3 days. Tumors
volume was calculated based on the formula: volume=-
length x width? x0.5. After 22 days, these mice were
killed by cervical dislocation following exposure to CO,
(30% of the chamber volume was displace per minute by
the flow of CO,), and tumor tissues were photographed,
weighed and harvested for detecting the expression levels
of circ-XIAP, miR-1182 and TPD52. The in vivo experi-
ments obtained the approval from the Animal Care and
Use Committee of The Central Hospital of Zhumadian.
Animal studies were performed in compliance with the
ARRIVE guidelines and the Basel Declaration. All ani-
mals received humane care according to the National
Institutes of Health (USA) guidelines.

Statistical Analysis

Experimental data from at least three independent experi-
ments were displayed as mean =+ standard deviation (SD) and
analyzed by GraphPad Prism. Student’s #-test or a one-way
ANOVA was used for assessing significance of differences
between two groups or among multiple groups. Pearson
correlation coefficient was applied for analyzing the correla-
tion between miR-1182 and circ-XIAP or TPD52. P value
<0.05 was considered to be statistically significant.
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Results
Circ-XIAP Was Upregulated in PCa Cells

and DTX-Resistant PCa Tissues and Cells

To explore whether circ-XIAP was dysregulated in PCa
cells, its expression was detected by gRT-PCR. Compared
to RWPE-1 cells, the expression of circ-XIAP was increased
in PCa cells (22Rv1, VCaP, DU145, and PC3), especially in
DU145 and PC3 cells (Figure 1A). Next, we chose DU145
and PC3 cells for further study. In contrast to the linear
XIAP mRNA, circ-XIAP was resistant to RNase R (Figure
1B and C), indicating that circ-XIAP had a loop structure.
Moreover, circ-XIAP was primarily located in the cytoplasm
(Figure 1D and E). PCa tissues were divided into 2 groups:
sensitive (N=23) group and resistant (N=29) group, accord-
ing to the patient outcomes after DTX treatment. The data
indicated that circ-XIAP level was enhanced in DTX-
resistant tissue samples compared to DTX-sensitive tissue
samples (Figure 1F). In addition, circ-XIAP was also upre-
gulated in tumor tissues compared with the adjacent normal
tissues (Supplementary Figure 1). Moreover, ICsy of DTX

was significantly increased in DTX-resistant cells (DU145/
DTX and PC3/DTX) cells relative to parental cells (Figure
1G), indicating that resistant cells respond less to DTX
treatment. In addition, the level of circ-XIAP was higher in
DTX-resistant cells than parental cells (Figure 1H).
Collectively, circ-XIAP might play a vital role in DTX

resistance.
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Circ-XIAP Could Be Delivered Through
Exosomes

Exosomes act as crucial mediators of intercellular commu-
nication. Next, exosomes in DTX-resistant cell culture
media were isolated. As shown in Figure 2A, exosomes
of DU145/DTX and PC3/DTX cells were observed under
a TEM. WB was conducted for detecting the levels of
exosome protein markers (CD63 and CD9). Results
showed that CD63 and CD9 were all highly enriched in
cell exosomes, but not in supernatant (Figure 2B).
Moreover, the expression of circ-XIAP in exosomes (exo-
circ-XIAP) was measured. As presented in Figure 2C, exo-
circ-XIAP expression in DU145 and PC3 cells was mark-
edly higher than in RWPE-1 cells and strikingly lower
than in DU145/DTX and PC3/DTX cells. Subsequently,
we further explored whether circ-XIAP was secreted by
incorporation into exosomes. Treatment of exosomes from
DTX-resistant cells increased circ-XIAP expression in
DU145 and PC3 cells (Figure 2D), suggesting that circ-
XIAP-contained exosomes could be absorbed by recipient
cells. GW4869 has been successfully used to block the
secretion of exosomes from cells. As shown in Figure 2E,
GW4869 treatment decreased circ-XIAP expression in
DU145/DTX and PC3/DTX cells, indicating that reduction
of exosomes would reduce the expression of circ-XIAP.
These data illustrated that circ-XIAP was secreted via
incorporation into exosomes in cells.
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Figure | Relative expression of circ-XIAP in PCa cells and DTX-resistant PCa tissue samples and cells. (A) Circ-XIAP expression was detected via qRT-PCR in RWPE-| and
PCa cells (22Rvl, VCaP, DU 145, and PC3). (B and C) After treatment with RNase R, circ-XIAP and linear XIAP mRNA expression were measured in DU145 and PC3 cells.
(D and E) The subcellular location of circ-XIAP in DU145 and PC3 cells was analyzed by qRT-PCR. (F) Circ-XIAP expression was examined in DTX-sensitive (N=23) and
DTX-resistant (N=29) tissues. (G) ICso value of DTX was determined using CCK-8 analysis in DU145, DU145/DTX, PC3, and PC3/DTX cells. (H) The level of circ-XIAP
was measured in RWPE-1, DU145, DUI45/DTX, PC3, and PC3/DTX cells. *¥P<0.01, ***P<0.001, ***P<0.0001.
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Figure 2 Circ-XIAP could be transferred via exosomes. (A) Exosomes secreted by DU145/DTX and PC3/DTX cells were observed by TEM. (B) WB assay was conducted
for determination of CD63 and CD9 protein levels in the supernatant or exosomes of DU145/DTX and PC3/DTX cells. (C) Circ-XIAP expression in exosomes of RWPE-1,
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expression was measured in DU145/DTX and PC3/DTX cells treated with or without GW4869. **P<0.01, ***P<0.001, ***P<0.0001.

Knockdown of Circ-XIAP Enhanced DTX
Sensitivity in DTX-Resistant PCa Cells

First, knockdown and overexpression efficiency of circ-
XIAP were verified via qRT-PCR (Figure 3A). Since
upregulation of circ-XIAP contributed to DTX resis-
tance, we next examined whether knockdown of circ-
XIAP would re-sensitize these cells to DTX treatment.
Toward this purpose, we silenced circ-XIAP expression
by transfection of si-circ-XIAP. We found that ICs,
value of DTX was decreased in after knockdown of
circ-XIAP (Figure 3B). Moreover, interference of circ-
XIAP led to significant inhibition of cell viability and
colony formation rate (Figure 3C and D), suggesting
that circ-XIAP knockdown inhibited cell proliferation.
In addition, flow cytometry results manifested that more
cells were distributed in the GO0/G1 phase, and fewer
cells were distributed in S phase after downregulating
circ-XIAP (Figure 3E), implying that cell cycle was
arrested in GO/G1 phase. Furthermore, circ-XIAP down-
regulation exhibited significantly higher apoptosis rate
(Figure 3F). Meanwhile, DU145/DTX and PC3/DTX

cell migration and invasion were inhibited by circ-

XIAP silence (Figure 3G and H). Next, we explored
the role of circ-XIAP upregulation in parental PCa
cells. Overexpression efficiency of circ-XIAP was
shown in Supplementary Figure 2A. Overexpression of
circ-XIAP increased ICso value of DTX, cell viability,
colony formation ability, migration, and invasion in
DU145 and PC3 cells (Supplementary Figure 2B-2F).
Together, these data implicated that circ-XIAP down-
regulation could re-sensitize DU145/DTX and PC3/
DTX cells to DTX.

Circ-XIAP Was a Sponge of miR-1182
CircRNAs their miRNA
sponges.”’ Next, we used online bioinformatics data-

can exert function as
base (Circinteractome and circbank) to predict the
potential targets of circ-XIAP. We found that two
miRNAs (miR-507 and miR-1182) were overlapped in
Circinteractome and Circbank (Supplementary Figure
3A). Moreover, we found that miR-507 and miR-1182

expression were increased by transfection of si-circ-

XIAP, and the expression of miR-1182 was higher
than that of miR-507 expression (Supplementary
Figure 3B). Therefore, miR-1182 was selected for
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further study. As presented in Figure 4A, there existed
potential binding sequence between circ-XIAP and
miR-1182. To verify this prediction, dual-reporter luci-
ferase assay was conducted. We observed that miR-
1182 upregulation obviously decreased the luciferase
activity in WT-circ-XIAP group but not in MUT-circ-
XIAP group (Figure 4B and C). Moreover, miR-1182
was found to be lowly expressed in resistant tissues
compared with sensitive tissues (Figure 4D). Similarly,

miR-1182 expression in DU145 and PC3 cells was
lower than RWPE-1 cells, and miR-1182 expression
was the lowest in DU145/DTX and PC3/DTX cells
(Figure 4E). A negative correlation between circ-
XIAP and miR-1182 expression in resistant tissues
was observed (Figure 4F). Furthermore, miR-1182
expression was increased when circ-XIAP was silenced
in DTX-resistant cells, while miR-1182 expression was
decreased after circ-XIAP overexpression (Figure 4G).
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These data concluded that circ-XIAP directly targeted
miR-1182.

Silencing Circ-XIAP Enhanced DTX
Sensitivity in DTX-Resistant PCa Cells by
Upregulating miR-1182

To determine whether the function of si-circ-XIAP was
mediated by miR-1182, rescue experiments were per-
formed in DU145/DTX and PC3/DTX. The expression of
miR-1182 was increased by downregulating circ-XIAP,
which was attenuated by inhibiting miR-1182 (Figure
5A). Moreover, we found that miR-1182 inhibition
reversed the suppressive effects of circ-XIAP silence on
cell viability and colony-forming ability (Figure 5B and
C). Additionally, miR-1182 silence weakened si-circ-

XIAP-triggered cell cycle arrest and apoptosis (Figure
5D-F). Meanwhile, the inhibiting effects of circ-XIAP
knockdown on migration and invasion were also counter-
acted by interference of miR-1182 (Figure 5G and H).
Taken together, circ-XIAP regulated DTX sensitivity by
targeting miR-1182.

TPD52 Was a Direct Target of miR-1182

To explore the mechanisms by which miR-1182 regulated
DTX resistance, TargetScan was employed to search for
the candidate targets. There are many mRNAs might be
targeted by miR-1182. We selected six common mRNAs
involved in the development of PCa. We found that AKT3,
YY1 and TPD52 expression levels were decreased after
overexpression of miR-1182, and TPD52 expression was
the lowest (Supplementary Figure 4). Therefore, TPD52
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*P<0.05, ¥P<0.01, ***P<0.001, ****P<0.0001.

was selected for further study. There were complementary
sites between miR-1182 and TPD52 (Figure 6A), suggest-
ing that miR-1182 might directly target TPD52. Moreover,
miR-1182 overexpression evidently lowered the luciferase

activity of WT-TPD52 3'UTR, while had no influence on
the luciferase activity of MUT-TPDS52 3'UTR (Figure 6B
and C). We then investigated TPD52 expression in DTX-
resistant tissues and cells. TPD52 mRNA and protein
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Figure 6 MiR-1182 directly targeted TPD52. (A) The binding sites between miR- 1182 and TPD52 were displayed. (B and C) The luciferase activity of DU145/DTX and PC3/
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abundance were both higher in resistant tissues than sen-
sitive tissues (Figure 6D and E). Immunohistochemistry
analysis showed that TPD52 positive cells were increased
in resistant tissues in comparison with sensitive tissues
(Figure 6F). Likewise, TPD52 protein expression was
found to be upregulated in DU145 and PC3 cells with
respect to RWPE-1 cells, and TPD52 protein expression
was further enhanced in DU145/DTX and PC3/DTX cells
in contrast to parental cells (Figure 6G). Moreover,
a distinct inverse correlation between miR-1182 expres-
sion and TPD52 mRNA in resistant tissues was revealed
by Pearson correlation coefficient (Figure 6H). Inhibition
and overexpression efficiency of miR-1182 were verified
by qRT-PCR (Figure 61). Additionally, we found that over-
expression of miR-1182 inhibited the TPD52 protein level

in DU145/DTX and PC3/DTX cells, and miR-1182 inhibi-
tion presented an opposite effect (Figure 6J). Therefore,
we demonstrated that miR-1182 directly targeted TPD52
and negatively regulated its expression in DTX-resistant
PCa cells.

Overexpression of miR-1182 Improved
DTX Sensitivity in DTX-Resistant PCa

Cells by Targeting TPD52
To explore whether miR-1182 regulated DTX sensitivity

by targeting TPD52, gain-of-function and rescue experi-
ments were performed. WB data revealed that miR-1182
upregulation decreased the protein expression of TPD52,
while TPD52 overexpression counteracted the inhibition
effect of miR-1182 on TPDS52 expression (Figure 7A).
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Figure 7 Upregulation of miR-1 182 enhanced DTX sensitivity in DTX-resistant PCa cells by downregulating TPD52. DU 145/DTX and PC3/DTX cells were transfected with
miR-NC, miR-1182, miR-1182 + vector, or miR-1182 + TPD52. (A) The protein level of TPD52 was detected. (B and C) Cell viability and colony-forming ability were
evaluated. (D-H) Cell cycle distribution, cell apoptosis, migration, and invasion were measured. **P<0.01, ***P<0.001, **+*P<0.0001.

Moreover, we found that enforced expression of miR-1182
inhibited cell viability and colony-forming ability as well
as induced cell cycle arrest and apoptosis in DU145/DTX
and PC3/DTX cells, while these effects were reversed by
addition of TPD52 (Figure 7B-F). Additionally,

restoration of miR-1182 repressed migration and invasion
of DU145/DTX and PC3/DTX cells, which could be aba-
ted by upregulating TPD52 (Figure 7G and H). These
findings indicated that miR-1182 exerted its functions in
DTX-resistant PCa cells by regulating TPD52.
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Circ-XIAP Positively Modulated TPD52
Expression by Acting as a Sponge for
miR-1182

Next, we explored whether circ-XIAP could regulate TPD52
expression by sponging miR-1182. WB assay indicated that
silence of circ-XIAP reduced TPDS52 protein expression,
whereas miR-1182 deficiency could neutralize this inhibi-
tion impact (Figure 8A and B), suggesting that circ-XIAP
could regulate TPD52 expression by sponging miR-1182.

Downregulation of Circ-XIAP Hampered
Tumor Growth and Enhanced DTX
Sensitivity in vivo

Transfection efficiency of sh-circ-XIAP was detected by
transfection of sh-circ-XIAP (Figure 9A). To assess the role
of circ-XIAP in tumor growth and DTX sensitivity in vivo,
the mice xenograft model was established. Consistent with
in vitro experiments, circ-XIAP silence or DTX treatment
group showed smaller tumor volume and weight versus than
that in the sh-NC group, and combination of circ-XIAP
knockdown and DTX treatment further decreased tumor
volume and weight compared to only DTX treatment
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(Figure 9B and C). Moreover, circ-XIAP expression and
TPDS52 protein expression were significantly lower and
miR-1182 expression was prominently higher in tumor tis-
sues of sh-circ-XIAP group than that of sh-NC group (Figure
9D-F). The schematic diagram of the mechanism was pre-
sented in Figure 9G. Therefore, circ-XIAP silence sup-
pressed tumor growth and promoted DTX sensitivity by
upregulating miR-1182 and downregulating TPD52.

Discussion
PCa is frequent cancer that seriously threatens the health of
men worldwide.”® Recently, the research on exosome func-
tion has attracted wide attention. It has been reported that
exosome secretions, including circRNAs, not only regulate
cancer progression but also affect chemosensitivity in
human cancer.***° However, there are still few reports on
the effect of exosomal circRNAs in DTX resistance of PCa.
Therefore, the aim of our research was to probe the biologi-
cal role of exosomal circ-XIAP in DTX resistance of PCa.
Recently, exosomes derived from tumor cells can sti-
mulate tumor progression and serve as effective biomar-
kers for specific cancers.*'*> Moreover, the functions of
exosomal circRNAs in cancer resistance have attracted
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Figure 8 Circ-XIAP regulated TPD52 expression by sponging miR-1182. (A and B) TPD52 protein expression was examined by WB in DU145/DTX and PC3/DTX cells
after introduction with si-NC, si-circ-XIAP, si-circ-XIAP + anti-miR-NC, or si-circ-XIAP + anti-miR-1182. **P<0.001, **+*P<0.0001.
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Figure 9 Silencing circ-XIAP promoted DTX sensitivity in vivo. (A) The expression of circ-XIAP in PC3/DTX cells transfected with sh-NC (as the control) or sh-circ-XIAP
was measured by qRT-PCR. (B-F) PC3/DTX cells stably knocked down circ-XIAP were inoculated into nude mice, and the nude mice were treated with or without DTX
(10 mg/kg) after injection for 7 days. (B) Tumor volume was monitored every 3 days. (C) After 22 days of injection, the weight of the tumor tissues was measured. (D and E)
Circ-XIAP and miR-1182 levels in tumor tissues of nude mice were determined. (F) TPD52 protein level was analyzed in tumor tissues. (G) Schematic diagram of the
mechanism in which exosomal circ-XIAP modulated chemotherapy resistance by regulating miR-1182/TPD52 axis. ¥P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.

increasing interest. For example, Han et al revealed that
exosomal circ-HIPK3 facilitated temozolomide resistance
and tumor progression via modulating miR-421/ZIC5 axis
in glioma.®>> Moreover, Hu et al found that exosome-
derived circ UBE2D2 promoted resistance of breast can-
cer to tamoxifen via regulating miR-200a-3p.>* Circ-XIAP

has been found to be upregulated and promoted prolifera-
tion and migration in PCa.?’ However, the roles of exoso-
mal circ-XIAP in DTX resistance of PCa have not been
reported. In our research, circ-XIAP expression was
increased in DTX-resistant PCa cells and tissues. Next,
cell exosomes were extracted from DTX-resistant PCa
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cells, and the vesicles were shown to be round shape with
double membranes, and the diameter was from 40 nm to
100 nm under a TEM. Subsequently, we observed that
circ-XIAP was significantly enriched in exosomes from
DTX-resistant PCa cells and could be transferred to par-
ental cells after treatment with exosomes. These data indi-
cated that circ-XIAP could be transferred via exosomes.
Moreover, circ-XIAP deletion mitigated DTX resistance
by suppressing resistant cell growth, migration and inva-
sion and inducing cell cycle arrest and cell apoptosis,
indicating the involvement of circ-XIAP in the regulating
DTX resistance.

To study the mechanism by which circ-XIAP functions
in DTX resistance, we confirmed its intracellular localiza-
tion, and found that circ-XIAP was predominantly located
in the cytoplasm. Given that circRNAs have been widely
studied as sponges for miRNAs and circ-XIAP had a high
abundance in the cytoplasm, we next explored whether circ-
XIAP acted as a sponge for miRNA. As we expected, miR-
1182 was identified as a target of circ-XIAP. MiRNAs were
reported to be involved in the pathological processes of
diverse diseases through regulating cell growth, cell cycle,
metastasis, apoptosis, and drug resistance.’>*® MiR-1182
has been demonstrated to suppress cell tumorigenesis in
diverse cancers, such as ovarian calncer,37 gastric cancer,38
bladder cancer®® and so on. Moreover, Huang et al demon-
strated that miR-1182 was lowly expressed in PCa tissue
samples, and miR-1182 deficiency abolished the repressive
impact of circABCC4 silence on PCa progression.”* Our
study displayed that miR-1182 abundance was decreased in
DTX-resistant PCa tissue samples and cells. Subsequent
experiments showed that miR-1182 downregulation could
abate the effects of si-circ-XIAP on DTX-resistant cell
growth, cell cycle, apoptosis, migration, and invasion. In
a word, our results implied that circ-XIAP knockdown
enhanced DTX sensitivity by sponging miR-1182 in DTX-
resistant PCa cells.

To explore how miR-1182 regulated the DTX resistance
of PCa, possible targets of miR-1182 were predicted using
the online tool (TargetScan). We demonstrated that TPD52
was targeted by miR-1182. TPD52, a tumor-promoting
gene, is usually upregulated in many tumors, including
PCa.***!' More importantly, TPD52 also was reported to
increase DTX resistance of PCa via suppressing LKB1/
AMPK-mediated autophagy.*’ Here, we uncovered that
TPD52 level was elevated in DTX-resistant PCa tissue
samples and cells. Moreover, TPD52 elevation could coun-
teract the promotive effect of miR-1182 on DTX sensitivity.

In addition, circ-XIAP inhibition could directly decrease
TPDS52 expression via sponging miR-1182. Meanwhile,
circ-XIAP depletion restrained DTX-resistant tumor growth
and improved DTX sensitivity via regulation of miR-1182
and TPDS52 expression. These results suggested that circ-
XIAP contributed to the development of DTX-resistant PCa
cells by regulating miR-1182/TPD52 axis.

In conclusion, we revealed that exosome-mediated
circ-XIAP could enhance DTX resistance of PCa by reg-
ulating miR-1182/TPD52 axis. Our study offered a novel
insight into the roles of exosomes in PCa and offered
a promising therapeutic target to improve chemotherapy
efficiency for PCa patients.
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