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Knockdown of lncRNA CCAT1 enhances sensitivity of paclitaxel in prostate cancer
via regulating miR-24-3p and FSCN1
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ABSTRACT
Drug resistance limits the efficacy of chemotherapy in human cancers. Previous studies reported that
long noncoding RNA colon cancer-associated transcript 1 (CCAT1) regulated progression of prostate
cancer (PCa). However, the potential role of CCAT1 in the sensitivity of paclitaxel (PTX) in PCa and its
mechanism remain largely unknown. The PTX-resistant PCa cells were established in PC3 and DU145
cells by increasing concentrations of PTX. The expressions of CCAT1, microRNA-24-3p (miR-24-3p) and
fascin1 (FSCN1) were measured by quantitative real-time polymerase chain reaction. The viability and
apoptosis were detected by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide assay,
flow cytometry and western blot, respectively. The interaction among CCAT1, miR-24-3p and FSCN1
was explored by luciferase activity, RNA immunoprecipitation, RNA pull-down and western blot,
respectively. Results showed that the expressions of CCAT1 were up-regulated and miR-24-3p was
down-regulated in PCa and PTX-resistant PCa cells (PC3-TXR and DU145-TXR). Knockdown of CCAT1 or
overexpression of miR-24-3p inhibited survival rate, half maximal inhibitory concentration (IC50) of
PTX but increased apoptosis in PC3-TXR and DU145-TXR cells after treatment of PTX. miR-24-3p was
bound to CCAT1 and its abrogation reversed knockdown of CCAT1-mediated increase of PTX sensitiv-
ity in PC3-TXR and DU145-TXR cells. Moreover, FSCN1 restoration attenuated miR-24-3p-mediated
inhibition of PTX resistance. Besides, FSCN1 level was enhanced in PCa and PTX-resistant PCa cells and
regulated by CCAT1 and miR-24-3p. Our data suggested interference of CCAT1 contributed to PTX
sensitivity in PCa by regulating miR-24-3p and FSCN1, indicating a novel avenue for treatment of PCa
through regulating chemoresistance.
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Introduction

Prostate cancer (PCa) is one of the most common malignan-
cies in men with the cause of 1-2% deaths worldwide.1 Despite
great advance in the diagnosis and treatment of PCa, the
morbidity is still increasing.2 The development of resistance
is regarded as a main factor of limiting the efficacy of che-
motherapy in PCa.3 Paclitaxel (PTX) is one of the major
taxane-type anti-cancer drugs, which has been widely applied
to chemotherapy for many human cancers, including PCa.
Previous study has reported that the combined therapy is
beneficial to reduce toxicity and improve the efficacy of PTX
in cancer therapy.4 However, there is still an urgent need to
explore novel avenue to attenuate the chemoresistance in
human cancers.

Non-coding RNAs, including long non-coding RNAs
(lncRNAs) and microRNAs (miRNAs), have been suggested to
play essential roles in endocrine-related cancers, like breast, pros-
tate, endometrial and thyroid cancers.5 Thereinto, lncRNAs are
a class of functional RNAs with more than 200 nucleotides in
length, which have been indicated as promising biomarkers for
development, diagnosis, prognosis as well as drug-resistance in
PCa.6,7 LncRNA colon cancer-associated transcript 1 (CCAT1)

plays an important role in the prognosis and diagnosis of human
cancers through regulating proliferation, migration, cell cycle pro-
gress, chemoresistance and other processes.8 Moreover, a number
of investigators have demonstrated CCAT1 as an oncogene in
multiple cancers, such as gastric adenocarcinoma, ovarian cancer,
nasopharyngeal carcinoma and lung adenocarcinoma.9–12

Notably, Chen et al.13 have reported that CCAT1 contributes to
migration and invasion in PCa cells. However, the role of CCAT1
in PTX sensitivity and its potential mechanism remain largely
unknown.

miRNAs of 18–22 nucleotides in length lead to inhibition
of target mRNAs by binding to their 3ʹ-untranslated regions
(3ʹ-UTR), which have been suggested to interact with drug
resistance in PCa.14 miR-24-3p, as a novel miRNA, serves as
oncogene or tumor suppressor in varying human cancers,
such as lung adenocarcinoma, hepatocellular carcinoma and
colorectal cancer.15–17 Moreover, miR-24-3p is reported to
be dysregulated in PCa tissues.18 While the evidence is
limited in support of the interaction between miR-24-3p
and chemoresistance in PCa. Fascins are a class of actin-
binding proteins, which have pivotal impact on health and
diseases.19 Among this family, fascin1 (FSCN1) has been
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emerging as a promising therapeutic target for carcinoma.
Accruing works have suggested FSCN1 as an oncogene to
promote tumorigenesis in PCa.20,21 Here we hypothesized
miR-24-3p and FSCN1 might be implicated in the regula-
tory network of CCAT1 in PCa. In this study, we sought to
investigate the effect of CCAT1 on PTX sensitivity and
explore the potential interaction among CCAT1, miR-24-
3p and FSCN1 in PCa cells.

Materials and methods

Clinical samples

A total of 30 PCa patients were recruited from Luoyang
Central Hospital Affiliated to Zhengzhou University. The
paired tumor tissues and corresponding adjacent normal
samples were collected and stored at −80°C until used.
The written informed consent was obtained from all parti-
cipants in this research, which was permitted by the Ethics
Committee of Luoyang Central Hospital Affiliated to
Zhengzhou University.

Cell culture and treatment

The normal human prostate epithelial cells RWPE-1 and PCa
cell lines (PC3 and DU145) were purchased from American
Tissue Culture Collection (Manassas, VA, USA). All cells were
cultured in Dulbecco’s Modified Eagle Medium (Gibco,
Carlsbad, CA, USA) with 10% fetal bovine serum (Gibco),
100 U/ml penicillin and 100 μg/ml streptomycin (Gibco) at
37°C and 5% CO2. To construct PTX-resistant PCa cells
(PC3-TXR and DU145-TXR), PC3 and DU145 cells were
incubated with stepwise increased concentrations of PTX
(Selleck, Houston, TX, USA) according to the previous
report.22 PC3-TXR and DU145-TXR cells were cultured in
normal medium with 10 nM PTX.

Quantitative real-time polymerase chain reaction
(qRT-PCR)

Total RNAwas extracted from tissues or cells usingTRIzol reagent
(Invitrogen) and reverse transcribed to cDNAby Taqman Reverse
Transcription Kit (Applied Biosystems, Carlsbad, CA, USA)
according to the manufacturer’s instructions. Subsequently,
cDNA was amplified with SYBR green (Applied Biosystems)
using the ABI 7300 system (Applied Biosystems). The relative
expressions of CCAT1, FSCN1 and miR-24-3p were measured
with GAPDH or U6 small RNA as internal control using 2−ΔΔCt

method.23 The primers were listed as follows: CCAT1 (Forward,
5ʹ-TCATTACCAGCTGCCGTGTT-3ʹ; Reverse, 5ʹ-TCATGT
CTCGGCACCTTTCC-3ʹ), FSCN1 (Forward, 5ʹ-CTGGCTA
CACGCTGGAGTTC-3ʹ; Reverse, 5ʹ-CTGAGTCCCCTGCTG
TCTCCT-3ʹ), miR-24-3p (Forward, 5ʹ-GATCCTGGCTCA
GTTCAGCAGGAACAGC-3ʹ; Reverse, 5ʹ-TCGAGCTGTTCC
TGCTGAACTGAGCCAG-3ʹ), U6 (Forward, 5ʹ-GCTTCGGC
AGCACATATACTAAAAT-3ʹ; Reverse, 5ʹ-CGCTTCACGAA
TTTGCGTGTCAT-3ʹ), GAPDH (Forward, 5ʹ-CACGATG
GAGGGGCCGGACTCATC-3ʹ; Reverse, 5ʹ-TAAAGACCTC
TATGCCAACACAGT-3ʹ).

Cell transfection

Small interfering RNA (siRNA) against CCAT1 (siCCAT1),
siRNA negative control (scramble), CCAT1 overexpression vec-
tor (CCAT1), FSCN1 overexpression vector (FSCN1), pcDNA
empty vector (vector), miR-24-3p mimic (miR-24-3p), mimic
negative control (NC), miR-24-3p inhibitor (anti-miR-24-3p)
and inhibitor negative control (anti-NC) were synthesized by
Genepharma (Shanghai, China). PC3-TXR and DU145-TXR
cells were transfected with these oligonucleotides or vectors for
24 h by using Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s instructions.

Cell viability

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bro-
mide (MTT) assay was used to detect cell viability. PC3-TXR
and DU145-TXR cells were seeded into 96-well plates at
a density of 1 × 104 cells per well and treated with different
concentrations of PTX for 24 h. Each sample was prepared in
triplicate. Then, 10 μl MTT solution (5 mg/ml; Sigma, St. Louis,
MO, USA) was added into each well and interacted with cells
for another 4 h. Subsequently, 100 μl DMSO was added to
solubilize the formazan after the removal of supernatant. The
absorbance at 490 nm was measured using a microplate reader
(Bio-Rad, Hercules, CA, USA). The relative survival rate was
normalized to control group and the 50% survival rate group
was regarded as half maximal inhibitory concentration (IC50)
of PTX.

Colony formation

PC3, DU145, PC3-TXR and DU145-TXR cells were treated
via different doses of radiation (0, 2, 4 and 8 Gy) using the
x-ray apparatus (Rad Source Technologies, Alpharetta, GA,
USA) with a dose rate of 200 cGy/min. After radiation for
24 h, cells were plated into 12-well plates with a density of
500 cells/well. After culture for 2 weeks, cells were fixed
with methanol (Sigma) and then stained with 0.01% crystal
violet (Sigma). The colony formation was observed under
a microscope (Olympus, Tokyo, Japan). The survival frac-
tion was calculated as number of colonies/number of cells
plated by normalizing to the control cells.

Cell apoptosis

Annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) apoptosis detection kit (Solarbio, Beijing, China)
was used for cell apoptosis analysis via flow cytometry. After
the transfection, PC3-TXR and DU145-TXR cells were
exposed with 100 nM PTX for 24 h. The sample of each
group was prepared in triplicate. At the ending point, cells
were washed with PBS and then resuspended in binding
buffer, followed by stained with 5 μl Annexin V-FITC for
10 min and 5 μl PI for 5 min in the dark. The apoptotic cells
were analyzed by using a flow cytometer (Becton Dickinson,
San Jose, CA, USA).
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Western blot

Transfected PC3-TXR and DU145-TXR cells were treated with
100 nMPTX for 24 h and then collected and lysed withRIPA lysis
buffer (Beyotime Biotech, Shanghai, China). The total proteins
were obtained from supernatant via centrifugation at 12,000 g for
5 min and quantified by using a BCA protein assay kit (Thermo
Fisher). Equal amounts of proteins (30 μg) were boiled at 100°C
for 5 min and then separated via SDS-PAGE gel electrophoresis.
After the electrophoresis, proteins were transferred to polyviny-
lidene difluoride membranes (Millipore, Billerica, MA, USA) and
blocked with 5% nonfat milk for 1 h at room temperature.
Subsequently, the membranes were incubated overnight at 4°C
with primary antibodies against BCL-2 (ab196495; Abcam,
Cambridge, UK), BCL-XL (ab98143; Abcam), MCL-1(ab28147;
Abcam), AKT (ab18785; Abcam), phosphorylated AKT (p-AKT)
T308 (ab38449; Abcam), p-AKT S473 (ab81283; Abcam), mTOR
(ab2732; Abcam), p-mTOR S2448 (ab131538; Abcam), S6K
(ab9366; Abcam), p-S6K T389 (ab60948; Abcam), ERK1/2
(ab17942; Abcam), p-ERK1/2 T202/T185 (ab201015; Abcam),
PTEN (ab137337; Abcam), Cleaved caspase 3 (C-caspase 3)
(#9664; Cell Signaling Technology, Danvers, MA, USA), FSCN1
(#9269; Cell Signaling Technology) or GAPDH (#5174; Cell
Signaling Technology) and then interacted for 2 h at room
temperature with horseradish peroxidase-conjugated secondary
antibody (#5127; Cell Signaling Technology). The protein signal-
ing was visualized using enhanced chemiluminescence chromo-
genic substrate (Beyotime Biotech) and analyzed with GAPDH as
loading control.

Luciferase activity assay

The putative binding sites of miR-24-3p and CCAT1 or FSCN1
were predicted by starBase and TargetScan online. The 3ʹ-UTR
sequences of CCAT1 or FSCN1 carrying wild-type (wt) or
mutant (mut) binding sites of miR-24-3p were amplified and
cloned into the pmirGLO vectors (Promega,Madison,WI, USA)
to obtain luciferase reporter vectors (CCAT1-wt, CCAT1-mut,
FSCN1-wt or FSCN1-mut). PC3-TXR and DU145-TXR cells
were co-transfected with CCAT1-wt, CCAT1-mut, FSCN1-wt
or FSCN1-mut and miR-24-3p or NC using Lipofectamine 2000
according to the manufacturer’s protocols. After the transfection
for 48 h, luciferase activity was measured with a luciferase assay
kit (Promega) according to the manufacturer’s instructions.

RNA immunoprecipitation (RIP)

RIP assay was conducted by using Magna RNA immunopre-
cipitation kit (Millipore) according to the manufacturer’s pro-
tocols. In brief, PC3-TXR and DU145-TXR cells transfected
with miR-24-3p or NC interacted with RIP immunoprecipita-
tion buffer containing magnetic beads bound with Ago2 or
IgG antibody. The enrichment of CCAT1 or FSCN1 was
measured by qRT-PCR.

RNA pull-down assay

RNA-Protein Pull-Down Kit (Thermo Fisher, Wilmington, DE,
USA) was used for RNA pull-down analysis in PC3-TXR and

DU145-TXR cells. Cells were transfected with biotinylated
miR-24-3p or NC for 48 h and incubated with lysis buffer.
The cell lysates were incubated with streptavidin agarose beads
(Invitrogen) for 3 h on ice, and then eluted with elution buffer.
The complex was purified by TRIzol and used for measurement
of CCAT1 level by qRT-PCR.

Statistical analysis

Data of each group were expressed as the mean ± standard
deviation (S.D.) from three independent experiments. The
statistical analysis was conducted by student’s t test or one-
way analysis of variance (ANOVA) using GraphPad Prism
7 (GraphPad Inc., La Jolla, CA, USA). The difference was
regarded as statistically significant when the P value was
less than 0.05.

Results

CCAT1 is upregulated in PCa and PTX-resistant PCa cells

To explore the potential role of CCAT1 in PCa, its abundance
was first measured in PCa tissues and cells. Compared with that
in corresponding normal group, the expression of CCAT1 was
abnormally enhanced in PCa tissues (Figure 1a). Similarly, high
expression of CCAT1was also displayed in PC3 and DU145 cells
compared with that in RWPE-1 cells (Figure 1b,c). To
investigate the correlation of CCAT1 and cancer resistance, the
PTX-resistant PCa cells were constructed. Results showed that
PC3-TXR and DU145-TXR cells showed higher level of CCAT1
than normal PC3 or DU145 cells, respectively (Figure 1b,c). To
explore whether the PTX-resistant cells have the resistance to
radiation, the cells were exposed to different doses of radiation.
Results showed that PC3-TXR and DU145-TXR cells had higher
resistance to radiation than PC3 and DU145 cells (Figure 1d).
Moreover, BCL-2, BCL-XL and MCL-1 proteins were reported
to be associated with the drug resistance. As shown in Figure 1e,
the protein levels of BCL-2, BCL-XL and MCL-1 were enhanced
in PTX-resistant cells compared with those in sensitive cells.
Furthermore, the data of western blot displayed that PTEN
protein was expressed in DU145 cells but not in PC3 cells
(figure 1f). Besides, the AKT/mTOR and ERK pathways were
activated in the resistant cells, revealed by the phosphorylation of
AKT, mTOR, S6K and ERK1/2 (figure 1f).

Knockdown of CCAT1 suppresses PTX resistance in
PTX-resistant PCa cells

To evaluate the effect of CCAT1 on chemoresistance in PCa,
PC3-TXR and DU145-TXR cells were transfected with
siCCAT1 or scramble and then treated with PTX for 24 h.
As a result, the abundance of CCAT1 was effectively reduced
in PC3-TXR and DU145-TXR cells transfected with siCCAT1
compared with that in scramble group (Figure 2a). After
different concentrations of PTX treatment, down-regulation
of CCAT1 significantly suppressed the survival rate and IC50
of PTX in PC3-TXR and DU145-TXR cells (Figure 2b).
Moreover, cell apoptosis and viability were measured in PC3-
TXR and DU145-TXR cells after the treatment of 100 nM
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PTX for 24 h. Annexin V-FITC/PI staining assay revealed that
inhibition of CCAT1 led to strong increase of apoptosis in
PTX-treated PC3-TXR and DU145-TXR cells (Figure 2c).
However, knockdown of CCAT1 caused an opposite effect
on cell viability in PC3-TXR and DU145-TXR cells after
exposure of PTX (Figure 2d). In addition, the protein level
of C-caspase 3 was markedly elevated in PC3-TXR and
DU145-TXR cells transfected with siCCAT1 compared with
that in the scramble group after treatment of PTX (Figure 2e).
Besides, knockdown of CCAT1 significantly decreased the
protein expression of BCL-2, BCL-XL and MCL-1 in PC3-
TXR and DU145-TXR cells (figure 2f).

Addition of mir-24-3p enhances PTX sensitivity in
PTX-resistant PCa cells

To explore the role of miR-24-3p in PCa, the expression of miR-
24-3p was detected in PCa tissues and cells. the qRT-PCR
analysis demonstrated low expression of miR-24-3p in PCa
tissues and cells compared with that in their corresponding
control group (Figure 3a–c). Notably, lower abundance of
miR-24-3p was showed in PC3-TXR and DU145-TXR cells
than that in PC3 and DU145 cells (Figure 3b,c). In order to
investigate the effect of miR-24-3p on chemosensitivity in PCa,
PC3-TXR and DU145-TXR cells were transfected with miR-24-
3p or NC and then treated with PTX for 24 h. After the

Figure 1. The expression of CCAT1 is enhanced in PCa and PTX-resistant PCa cells.
(a) The expression of CCAT1 was measured in PCa tissues and normal samples by qRT-PCR. (b and c) The level of CCAT1 was detected in PCa and PTX-resistant PCa
cells by qRT-PCR. (d) The survival fraction of PCa cells and PTX-resistant cells was measured after the treatment of radiation by colony formation assay. (e) The
expression levels of BCL-2, BCL-XL and MCL-1 protein were measured in PCa cells and PTX-resistant cells by western blot. (f) The abundances of proteins associated
with AKT/mTOR and ERK pathways were measured in PCa cells and PTX-resistant cells by western blot. *P < .05.
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transfection, the level of miR-24-3p was greatly increased in
PC3-TXR and DU145-TXR cells transfected with miR-24-3p
compared with that in the NC group (Figure 3d). The survival
rate of PC3-TXR and DU145-TXR cells was obviously inhibited
in the miR-24-3p group compared with that in the NC group
after treatment of different concentrations of PTX (Figure 3e).
Meanwhile, overexpression of miR-24-3p significantly impeded
the IC50 of PTX in PC3-TXR and DU145-TXR cells (Figure 3e).
Besides, after treatment of 100 nM PTX for 24 h, abundant
accumulation of miR-24-3p resulted in a strong increase of
apoptosis and C-caspase 3 expression and reduction of viability
in PTX-treated PC3-TXR and DU145-TXR cells (figure 3f–h).

miR-24-3p is bound to CCAT1

Having established the view of the function of CCAT1 and miR-
24-3p, the potential association of CCAT1 and miR-24-3p was
explored in PC3-TXR and DU145-TXR cells. To validate the
potential interaction between CCAT1 and miR-24-3p, we
probed the putative binding sites of CCAT1 and miR-24-3p by
starBase and constructed the wt ormut luciferase reporter vector
(Figure 4a). Luciferase reporter assay showed that luciferase

activity was evidently decreased in PC3-TXR and DU145-TXR
cells transfected with miR-24-3p compared with that in the
treatment of NC in CCAT1-wt group, while it was not affected
in CCAT1-mut group (Figure 4b). Moreover, overexpression of
miR-24-3p led to more enrichment of CCAT1 in PC3-TXR and
DU145-TXR cells after Ago2 RIP (Figure 4c). Similarly, RNA
pull-down experiment revealed that the addition of bio-miR-24-
3p induced more enrichment of CCAT1 in PC3-TXR and
DU145-TXR cells than treatment of bio-NC (Figure 4d).
Subsequently, the effect of CCAT1 on miR-24-3p expression
was analyzed in PC3-TXR and DU145-TXR cells transfected
with CCAT1, vector, siCCAT1 or scramble. Results exhibited
that the abundance of miR-24-3p was obviously inhibited by the
addition of CCAT1 and enhanced by the silencing of CCAT1
compared with their corresponding control (Figure 4e).

Knockdown of miR-24-3p reverses interference of
CCAT1-mediated suppression of PTX resistance in
PTX-resistant PCa cells

To further validate whether miR-24-3p is involved in CCAT1-
addressed chemoresistance in PCa, PC3-TXR and DU145-TXR

Figure 2. Interference of CCAT1 suppresses the resistance of PTX in PTX-resistant PCa cells.
(a) The expression of CCAT1 was measured in PC3-TXR and DU-145-TXR cells transfected with siCCAT1 or scramble by qRT-PCR. The survival rate, IC50 of PTX (b),
apoptosis (c), viability (d), C-caspase 3 expression (e) and protein levels of BCL-2, BCL-XL and MCL-1 (f) were detected in PC3-TXR and DU-145-TXR cells transfected
with siCCAT1 or scramble after treatment of PTX for 24 h by MTT assay, flow cytometry and western blot assays, respectively. *P < .05.
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cells were co-transfected with siCCAT1 and anti-miR-24-3p or
anti-NC and then exposed with PTX for 24 h. After the transfec-
tion, the expression level of miR-24-3p was evidently decreased
in PC3-TXR and DU145-TXR cells transfected with siCCAT1
and anti-miR-24-3p compared within siCCAT1 and anti-NC
group (Figure 5a). MTT assay showed that down-regulation of
miR-24-3p attenuated knockdown of CCAT1-mediated inhibi-
tion of survival rate and IC50 of PTX in PC3-TXR and DU145-
TXR cells after different concentrations of PTX treatment for 24
h (Figure 5b). Furthermore, deficiency of miR-24-3p relieved the
regulatory effect of CCAT1 silencing on apoptosis, viability and
C-caspase 3 level in PC3-TXR and DU145-TXR cells after
100 nM PTX treatment for 24 h (Figure 5c–e).

FSCN1 is a target of miR-24-3p

To explore the underlying mechanism allows miR-24-3p partici-
pating in PCa chemoresistance, the potential targets of miR-24-3p
were analyzed byTargetScan online. The data frombioinformatics
analysis described the putative binding sites of miR-24-3p and

FSCN1 (Figure 6a). In turn, luciferase activity and RIP assays were
used to identify this prediction. Addition of miR-24-3p led to
a great loss of luciferase activity of PC3-TXR and DU145-TXR
cells in the FSCN1-wt group, whereas its efficacy was lost in
response to FSCN1-mut group (Figure 6b).Moreover, overexpres-
sion ofmiR-24-3p resulted inmore enrichment of FSCN1 in PC3-
TXR and DU145-TXR cells after Ago2 RIP, while it failed to show
any efficacy of enrichment in IgG RIP group (Figure 6c). Besides,
the effect of miR-24-3p on FSCN1 protein level was evaluated in
PC3-TXR and DU145-TXR cells. Western blot analysis revealed
that the protein expression of FSCN1was significantly inhibited by
overexpression of miR-24-3p and increased by inhibition of miR-
24-3p in PC3-TXR and DU145-TXR cells (Figure 6d).

Restoration of FSCN1 alleviates miR-24-3p-induced
increase of PTX sensitivity in PTX-resistant PCa cells

The potential role of FSCN1 in miR-24-3p-mediated chemosen-
sitivity was further explored in this study. In PCa tissues and
cells, the expression of FSCN1 mRNA was robustly enhanced

Figure 3. Overexpression of miR-24-3p inhibits the resistance of PTX in PTX-resistant PCa cells.
(a) The level of miR-24-3p was measured in PCa tissues and normal samples by qRT-PCR. (b and c) The abundance of miR-24-3p was detected in PCa and PTX-
resistant PCa cells by qRT-PCR. (d) The expression of miR-24-3p was measured in PC3-TXR and DU-145-TXR cells transfected with miR-24-3p or NC by qRT-PCR. The
survival rate, IC50 of PTX (e), apoptosis (f), viability (g) and C-caspase 3 expression (h) were examined in PC3-TXR and DU-145-TXR cells transfected with miR-24-3p or
NC by MTT assay, flow cytometry and western blot assays, respectively. *P < .05.
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compared with that in the normal group (Figure 7a–c).
Moreover, PTX-resistance cells showed higher abundance of
FSCN1 mRNA (Figure 7b,c). To investigate whether FSCN1 is
required for miR-24-3p-mediated PTX sensitivity, PC3-TXR
and DU145-TXR cells were co-transfected with miR-24-3p and

FSCN1 or vector and then incubated with PTX for 24 h. After
the transfection, the protein level of FSCN1 was obviously
recovered in PC3-TXR and DU145-TXR cells transfected with
miR-24-3p and FSCN1 compared within miR-24-3p and vector
group (Figure 7d). Rescue experiment demonstrated that the

Figure 4. miR-24-3p is bound to CCAT1.
(a) The potential binding sites of CCAT1 and miR-24-3p were predicted by starBase. (b) Luciferase activity was measured in PC3-TXR and DU-145-TXR cells
co-transfected with CCAT1-wt or CCAT1-mut and miR-24-3p or NC. (c and d) The enrichment of CCAT1 was detected in PC3-TXR and DU-145-TXR cells by
RIP or RNA pull-down assay. (e) The abundance of miR-24-3p was measured in PC3-TXR and DU-145-TXR cells transfected with CCAT1, vector, siCCAT1 or
scramble by qRT-PCR. *P < .05.

Figure 5. CCAT1 regulates PTX sensitivity by sponging miR-24-3p in PTX-resistant PCa cells.
(a) The expression of miR-24-3p was measured in PC3-TXR and DU-145-TXR cells co-transfected with siCCAT1 and anti-miR-24-3p or anti-NC. The survival rate, IC50 of
PTX (b), apoptosis (c), viability (d) and C-caspase 3 expression (e) were detected in PC3-TXR and DU-145-TXR cells co-transfected with siCCAT1 and anti-miR-24-3p or
anti-NC by MTT, flow cytometry and western blot assays, respectively. *P < .05.
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introduction of FSCN1 abated addition of miR-24-3p-mediated
loss of survival rate and IC50 of PTX in PC3-TXR and DU145-
TXR cells after exposure with varying concentrations of PTX for
24 h (Figure 7e). In addition, restoration of FSCN1 weakened the
regulatory effect of miR-24-3p on apoptosis, viability and
C-caspase 3 expression in PTX-treated PC3-TXR and DU145-
TXR cells (figure 7f–h).

FSCN1 is regulated by CCAT1 and miR-24-3p

Seeing that ceRNA network is the main pathway in many
conditions, we next want to evaluate whether CCAT1 may
function as a competing endogenous RNA (ceRNA) of miR-
24-3p to regulate FSCN1. To identify the promising hypoth-
esis, PC3-TXR and DU145-TXR cells were transfected with
scramble, siCCAT1, siCCAT1 and anti-NC or anti-miR-24-
3p. Western blot analysis exhibited that knockdown of
CCAT1 led to an obvious reduction of FSCN1 protein expres-
sion in PC3-TXR and DU145-TXR cells compared with
scramble group, while abrogation of miR-24-3p significantly
counteracted this effect (Figure 8).

Discussion

In recent years, PCa chemoresistance and drug-related genes
have gained so much attentions.24 The regulatory networks of
lncRNA and miRNA have been reported as important targets
for the progression and therapeutics of PCa.25 CCAT1 has been
suggested to serve as an oncogenic lncRNA in the development
of human cancers by various pathways.26 However, there is no
direct evidence in support of the association of CCAT1 and

PTX resistance in PCa. In this study, we first provided the view
on the effect of CCAT1 on PTX sensitivity in PCa and explored
the underlying mechanism.

This study showed that CCAT1 was highly expressed in PCa
tissues and cells, which is also consistent with former work that
suggested that CCAT1 expression was reduced in PCa tissues
compared with that in adjacent tissues.13 Moreover, Chen et al.13

have revealed that knockdown of CCAT1 inhibited proliferation,
migration and invasion in PCa cells. This suggested that CCAT1
might play as an oncogene in PCa development, while the effect
of CCAT1 on PTX resistance in PCa remains poorly understood.
Here we established two PTX-resistant PCa cells and found that
the IC50 of PTX was lower in PC3-TXR than that in DU145-
TXR cells. This suggested that DU145 cells exhibited more PTX
resistance, which is also in agreement with previous study.22

Notably, PTX-resistance analysis provided that interference of
CCAT1 decreased the IC50 of PTX and cell viability but
increased apoptosis in PC3-TXR and DU145-TXR cells.
Moreover, the previous study suggested that the Bcl-2 family
was associated with chemo-sensitization in prostate cancer.27

Here we also found that the protein levels of Bcl-2, Bcl-xl and
MCL-1 were increased in PTX-resistant cells, which was attenu-
ated by CCAT1. These data uncovered that down-regulation of
CCAT1 enhanced PTX sensitivity in PCa, which is similar to the
increasing reports that elucidated CCAT1 promoted chemore-
sistance in other cancers, such as non-small-cell lung cancer,
lung adenocarcinoma and nasopharynx cancers.28–30 To further
explore the regulatory process of CCAT1 in PCa, the potential
downstream targets were probed. Here we validated that miR-
24-3p might be bound to CCAT1 by luciferase activity, RIP and
RNA pull-down assays.

Figure 6. FSCN1 is a target of miR-24-3p.
(a) The putative binding sites of miR-24-3p and FSCN1 were provided by TargetScan. (b and c) The association between miR-24-3p and FSCN1 was analyzed by
luciferase activity and RIP assays. (d) The abundance of FSCN1 protein was measured in PC3-TXR and DU-145-TXR cells transfected with miR-24-3p, NC, anti-miR-24-
3p or anti-NC by western blot. *P < .05.
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Compared with that in the normal group, the expression of
miR-24-3p was decreased in PCa tissues and cells, which is
also in agreement with former study.18 Moreover, our study
revealed that PTX-resistant cells displayed lower abundance of
miR-24-3p. The available evidences have indicated that miR-
24-3p knockdown might contribute to chemoresistance in
head and neck squamous cell carcinoma and small-cell lung
cancer.31,32 Similarly, in vitro experiments also demonstrated
that miR-24-3p blocked the PTX resistance in PCa, reflected
by overexpression of miR-24-3p led to inhibition of IC50 of
PTX and cell viability as well as increase of apoptosis in PTX-
treated PCa cells. Furthermore, we found that miR-24-3p
expression was negatively regulated by CCAT1 and its
exhaustion relieved the suppressive effect of CCAT1 knock-
down on PTX resistance, indicating that CCAT1 regulated
PTX resistance in PCa by sponging miR-24-3p. Functional
miRNA is known to regulate potential targets in many

conditions. Li et al.33 have reported that miR-24 inhibited
cell proliferation, migration, invasion and tumor growth by
targeting FSCN1 in nasopharyngeal carcinoma. Thus, this
work identified FSCN1 as a functional target of miR-24-3p
in PCa cells by luciferase activity and RIP analyses.

FSCN1 has been reported to be associated with the increasing
risk of progression of cancers.34 Moreover, FSCN1 was regarded
as an oncogene in PCa progression. For example, Xu et al.20

reported that high expression of FSCN1 was positively asso-
ciated with proliferation, migration and invasion in PCa. Fuse
et al.21 revealed that inhibition of FSCN1 suppressed cell growth,
migration and invasion in PCa. In this study, we also revealed
that FSCN1 mRNA level was elevated in PCa tissues and cells.
Several such reports implicated that FSCN1 might contribute
chemoresistance in some cancers.35,36 Nevertheless, the exact
role of FSCN1 alone in chemoresistance in PCa was not inves-
tigated in the present study. To figure out whether FSCN1 was

Figure 7. FSCN1 is required for miR-24-3p-mediated increase of PTX sensitivity in PTX-resistant PCa cells.
(a-c) The expression of FSCN1 mRNA was measured in PCa and PTX-resistant PCa cells by qRT-PCR. (d) The protein level of FSCN1 was detected in PC3-TXR and DU-
145-TXR cells co-transfected with miR-24-3p and FSCN1 or vector by western blot. The survival rate, IC50 of PTX (e), apoptosis (f), viability (g) and C-caspase 3
expression (h) were analyzed in PC3-TXR and DU-145-TXR cells co-transfected with miR-24-3p and FSCN1 or vector by MTT, flow cytometry and western blot assays,
respectively. *P < .05.
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involved in miR-24-3p-mediated regulation of PTX sensitivity
in PCa, the rescue experiments were conducted in PC3-TXR
and DU145-TXR cells. Restoration of FSCN1 mitigated miR-24-
3p-induced suppression of PTX resistance in PCa cells, which
uncovered that miR-24-3p addressed PTX resistance in PCa by
targeting FSCN1. What’s more, western blots analysis revealed
that FSCN1 abundance was inhibited by knockdown of CCAT1
and rescued by the deficiency of miR-24-3p in PCa cells, which
presented CCAT1 might act as a ceRNA of miR-24-3p to
mediate FSCN1 level. Interestingly, we found that PC3-TXR
cells had higher resistance to radiation than PC3 cells. We
hypothesized that the development of radiation resistance in
chemo-resistant cells might be induced due to the expression
of some proteins associated with DNA repair. More details on
the cross-resistance should be explored in future.

However, there are some limitations in the present study.
First, it is expected for more clinical samples to explore the
clinical significance of CCAT1 in PCa. Moreover, the pre-
clinical experiments should be conducted for better under-
standing the role of CCAT1. In addition, we found that AKT/
mTOR and ERK pathways were activated in the PTX-resistant
cells, indicating that these pathways might be associated with
the sensitivity of paclitaxel in prostate cancer. However,
whether CCAT1/miR-24-3p/FSCN1 mediated these signaling
remains further study in future.

In conclusion, the expressions of CCAT1 and FSCN1 were
enhanced and miR-24-3p was reduced in PCa tissues and
cells. miR-24-3p was bound to CCAT1 and its inhibition
reversed knockdown of CCAT1-mediated promotion of PTX
sensitivity in PC3-TXR and DU145-TXR cells. Moreover,
FSCN1 was a target of miR-24-3p and its restoration abated
miR-24-3p-mediated increase of PTX sensitivity in PC3-TXR
and DU145-TXR cells. Besides, FSCN1 was positively regu-
lated by CCAT1 and weakened by miR-24-3p. Collectively,

the silencing of CCAT1 facilitated PTX sensitivity in PCa by
functioning as a ceRNA for miR-24-3p to regulate FSCN1.
This may indicate a promising strategy to mediating chemore-
sistance, leading to the improvement of treatment of PCa.
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