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Abstract. – OBJECTIVE: Paclitaxel is one of 
the most common drugs for cancer treatment. 
LncRNA DANCR is a regulator of up-regulation 
in tumors. Our experiment aims to clarify the 
role of DANCR in paclitaxel sensitivity of pros-
tate cancer.

PATIENTS AND METHODS: We found that 
the expression of DANCR in prostate cancer tis-
sues and cells was significantly higher than that 
in normal groups. DANCR knockdown could re-
duce cell proliferation and induce cell apopto-
sis in cells. Moreover, DANCR silence enhanced 
the effect of paclitaxel on cell proliferation and 
apoptosis in prostate cancer cells. 

RESULTS: DANCR targeted and negatively 
regulated the expression of miR-135a. miR-135a 
overexpression inhibited cell proliferation and 
promoted cell apoptosis and paclitaxel sensitiv-
ity in prostate cancer cells. miR-135a inhibition 
reversed the promoting effect of DANCR silence 
on paclitaxel sensitivity in prostate cancer cells. 

CONCLUSIONS: Downregulation of DANCR 
increased paclitaxel sensitivity in prostate can-
cer cells by negatively regulating the expression 
of miR-135a.
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Abbreviations

lncRNA = Long-chain non-coding RNA, Ct = cyclic 
threshold, WT = wild-type, MUT = mutant luciferase 
reporter vector, ANOVA = analysis of variance, ceRNA 
= competitive endogenous RNA, si-NC = siRNA control, 
qRT-PCR = quantitative real-time polymerase chain 
reaction.

Introduction

Prostate cancer is one of the most common ma-
lignant tumors in the urinary system1. One of the 
most common chemotherapeutic drugs for pros-
tate cancer is paclitaxel, which is of great signif-

icance to the quality of life and health for cancer 
patients. However, the development of resistance 
limits the anti-tumor effect of paclitaxel2. Thus, it 
is important to find effective ways to improve the 
sensitivity of paclitaxel in prostate cancer cells 
for cancer treatment.

Long-chain non-coding RNA (lncRNA) is a 
molecule between 200 and 100 000 nt in length, 
which does not have the ability to encode proteins, 
but can regulate gene expression in the form of 
RNA in various aspects such as epigenetic reg-
ulation, transcriptional regulation and post-tran-
scriptional regulation3,4. LncRNA DANCR is a 
recently discovered class of lncRNA, which plays 
an important role in the occurrence and develop-
ment of tumors5. At present, DANCR has been 
found highly expressed in hepatocellular and col-
orectal cancers and could promote the occurrence 
and development of tumors6,7. Previous study8 in 
prostate cancer has shown that the high expression 
of DANCR is related to the pathological stage of 
prostate cancer. However, the role and potential 
mechanism of DANCR in paclitaxel sensitivity to 
prostate cancer remain largely unclear.

Our experiment first detected the expression 
changes of DANCR in prostate cancer tissues and 
cell lines, and then down-regulated the expres-
sion of DANCR by cell transfection to explore the 
effects of down-regulated DANCR on paclitaxel 
sensitivity in prostate cancer cells. Moreover, 
we also identified its sponge miRNA by bioin-
formatics software to preliminarily explore its 
mechanism.

Patients and Methods

Patients and Tissues
Prostate cancer tissues and corresponding ad-

jacent normal samples were collected from 36 
patients with prostate cancer at Qilu Hospital of 
Shandong University. All tissues were imme-
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diately stored at -80°C until used. All patients 
provided the informed consent and this study 
was approved by the Ethics Committee of Qilu 
Hospital of Shandong University.

Cell Culture
Human prostate cancer cells (PC3, C4-2 and 

DU145) were purchased from the Cell Bank 
of Cancer Research Institute, Cancer Hospi-
tal, Chinese Academy of Sciences, and human 
normal prostate epithelial cells RWPE-1 were 
purchased from Shanghai Jining Industrial of 
China. Prostate cancer cells were cultured in 
Dulbecco’s Modified Eagle’s Medium (DMEM) 
containing penicillin and streptomycin, and 10% 
fetal bovine serum (FBS; Gibco, Rockville, MD, 
USA) was added before use. Normal prostatic 
epithelial cells RWPE-1 were cultured in Ros-
well Park Memorial Institute-1640 (RPMI-1640) 
containing penicillin and streptomycin, and 10% 
fetal bovine serum. The cells were cultured at 
37°C in an incubator with 5% CO2. When the 
growth density was 80%, the cells were pas-
saged according to 1:3.

Quantitative Real-Time Polymerase 
Chain Reaction (qRT-PCR)

After collecting cells, RNA was extracted by 
TRIzol (Thermo Fisher Scientific, Waltham, MA, 
USA) according to the manufacturer’s instruc-
tions and 500 ng RNA was used to cDNA synthe-
sis by All-in-oneTM Frist-Strand cDNA Synthesis 
Kit (Fulengen, China). qRT-PCR was performed 
using SYBR Premix Ex Taq (TaKaRa, Otsu, 
Shiga, Japan) on CFX96 Real-time PCR Sys-
tems (Bio-Rad, Hercules, CA, USA). The primer 
sequences used in this research were listed as: 
DANCR (Forward, 5’-CCTATCCCTTTCTCTA-
AGAA-3’; Reverse, 5’-ACTTCTGCAAAAAC-
GTGCTG-3’); miR-135a (Forward, 5’-AACCCT-
GCTCGCAGTATTTGAG-3’; Reverse, 5’-GC-
GGCAGTATGGCTTTTTATTCC-3’); GAPDH 
(Forward, 5’-CCAAAATCAGATGGGGCAAT-
GCTGG-3’; Reverse, 5’-TGATGGCATGGACT-
GTGGTCATTCA-3’); U6 (Forward, 5’-CTC-
GCTTCGGCAGCACA-3’; Reverse, 5’-AAC-
GCTTCACGAATTTGCGT-3’). The internal pa-
rameter of DANCR was GAPDH and the internal 
parameter of miR-135a was U6. Quantitative 
analysis was compared with cyclic threshold (Ct), 
and standardized analysis was performed accord-
ing to Ct values, calculated by 2ΔΔCt method. The 
conditions of PCR were as follows: 20 s at 95°C, 
and 40 cycles of 10 s at 95°C and 20 s at 60°C.

Cell Transfection
In our study, Lipofectamine 2000 (Invitro-

gen, Carlsbad, CA, USA) was used to transfect 
cells; the steps of transfection were the same as 
the standard procedure. DANCR siRNA, siRNA 
control, miR-135a mimics, mimics control, miR-
135a inhibitor and inhibitor control were trans-
fected into cells, respectively (Shanghai Jima 
Pharmaceutical Technology, Shanghai, China). 
Cell transfection was performed when the cell 
growth density reached 60%, and the fluid ex-
change was performed 6 hours after transfection.

MTT Assay
DU145 cells were seeded in 96-well plate, 

and 2000 cells were added to each well. After 
48 hours of culture, DU145 cells were cultured 
by conventional method. MTT (2.5 mg/mL, Sig-
ma-Aldrich, St. Louis, MO, USA) was added to 
each pore, incubated at 37°C for 4 hours, then the 
pore liquid was absorbed, and dimethyl sulfoxide 
(DMSO) solution was added (Sigma-Aldrich, St. 
Louis, MO, USA). After 10 minutes of shaking 
reaction, the culture plate was placed on the en-
zyme label to determine OD value at 570 nm.

Flow Cytometry
The cells were washed and suspended in PBS 

solution for 3 times, centrifuged for 10 minutes 
at 800 g. After the supernatant was removed, the 
cells were mixed with Binding Buffer. The cell 
concentration was 1×106/mL. The 100 μL cell 
culture medium was absorbed and transferred to 
centrifugal tube of 5 mL. Annexin V-FITC and 
PI (Solarbio, Beijing, China) were added. After 
mixing, the cells were incubated for 15 minutes 
and then mixed with 400 μL Binding Buffer. 
The apoptotic rate of cells was measured by flow 
cytometry.

Western Blot
Cells were incubated with RIPA (Sigma-Al-

drich, St. Louis, MO, USA) containing PMSF 
(Sigma-Aldrich, St. Louis, MO, USA) on ice for 
20 minutes and then transferred to a 4°C centri-
fuge for 10 minutes. Carefully, the absorption of 
protein supernatant solution and the detection 
of quantitatively protein samples according to 
BCA method were carried out. The samples were 
boiled at the same volume of Loading Buffer and 
boiled for 5 min. After 10% sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE) was prepared, 40 μg protein samples 
were added to each swimming lane. The voltage 
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in concentration gel was 90V, and the voltage in 
the separation gel was 120V. Proteins were trans-
ferred to the polyvinylidene difluoride (PVDF) 
membrane at a voltage of 90V. PVDF membrane 
was incubated in 5% BSA (Sigma-Aldrich, St. 
Louis, MO, USA) blocking solution for 1 hour, 
and then incubated in the reaction solution of the 
first antibody (C-Caspase-3 antibody, Abcam, 
Cambridge, MA, USA; Bax antibody, Biyun-
tian Institute of Biotechnology, China; Ki-67 
antibody, Santa Cruz Biotechnology, Santa Cruz, 
CA, USA; PCNA antibody, Abcam, Cambridge, 
MA, USA) and the second antibody (Solarbio 
Technology, Beijing, China). After the incuba-
tion, membranes were washed three times with 
TBST. Chemiluminescence was carried out ac-
cording to the ECL luminescence kit (Hangzhou 
Lianke Biotechnology, Hangzhou, China) and 
the gray values of the bands were measured by 
Chemi Doc XRS (Bio-Rad, Hercules, CA, USA). 
The protein expression level was analyzed in ac-
cordance to GAPDH.

Luciferase Reporter Assay
DANCR and miR-135a were found to have 

complementary binding sites (chr4: 53579679-
53579685) by starBase online target gene predic-
tion software. The sequences of DANCR contain-
ing miR-135a binding sites (AAGCCAU) were 
cloned into pGL3-promoter vectors (Promega, 
Madison, WI, USA) to generate wild-type (WT) 
DANCR luciferase reporter vectors. The mu-
tant luciferase reporter vector (MUT) was con-

structed by mutating the CRNDE binding site. 
MUT or WT DANCR luciferase reporter vectors 
were co-transfected into DU145 cells with miR-
NA-135a mimics or mimics control, respectively. 
Luciferase activity was measured by luciferase 
activity detection kit (Promega, Madison, WI, 
USA) after culture 48 hours.

Statistical Analysis
The results were presented as the mean ± SD. 

Statistical analysis was performed using Graph-
Pad Prism 5 software (GraphPad, San Diego, 
CA, USA). The p-values were calculated us-
ing the one-way analysis of variance (ANOVA) 
followed by Tukey’s post-hoc test or Student’s 
t-test. p < 0.05 was considered as a significant 
difference.

Results

The Expression of DANCR is Increased in 
Prostate Cancer Tissues and Cells

To explore the role of DANCR in prostate can-
cer, its expression was measured in 36 patients’ tis-
sues and prostate cancer cells. As shown in Figure 
1A, the expression of DANCR was significantly 
enhanced in tumor tissues compared with that 
in normal samples. Moreover, the expression of 
DANCR in human normal prostatic epithelial cells 
RWPE-1 was lower than that in prostate cancer 
cells PC3, C4-2 and DU145 (Figure 1B). DANCR 

Figure 1. High expression of DANCR in prostate cancer tissues and cells. A, The expression of DANCR was measured in 
prostate cancer tissues and adjacent normal samples by qRT-PCR. *Compared with adjacent normal group, p < 0.05. B, The 
expression levels of DANCR in prostate cancer cell lines (PC3, C4-2 and DU145) and human normal prostatic epithelial cells 
(RWPE-1) were measured by qRT-PCR. *Compared with RWPE-1 group, p < 0.05.



H.-F. Zhao, Z.-C. Zhang, B.-K. Shi, X.-Z. Jiang

6852

was highly expressed in prostate cancer tissues 
and cells. We selected DU145 cells with the highest 
expression level to investigate the role of DANCR.

Knockdown of DANCR Increases 
Paclitaxel Sensitivity in Prostate 
Cancer Cells

In order to clarify the role of DANCR in pa-
clitaxel sensitivity to prostate cancer, DANCR 
siRNA and siRNA control were transfected into 
DU145 cells and then treated with paclitaxel or 
not. The results of qRT-PCR showed that the 
expression of DANCR was decreased in cells 
transfected with DANCR siRNA (Figure 2A). 
Moreover, MTT assay showed that down-regu-
lation of DANCR could reduce cell proliferation 
and aggravated paclitaxel-induced proliferation 
inhibition in DU145 cells (Figure 2B). To further 
clarify the effect of down-regulation of DANCR 
and paclitaxel on cell proliferation, we also used 
Western blot to detect the expression changes 
of Ki-67 and PCNA. The results showed that 

knockdown of DANCR could reduce the levels of 
Ki-67 and PCNA in cells with or without treat-
ment of paclitaxel (Figure 2C). In addition, the 
analysis of flow cytometry revealed that silence 
of DANCR or paclitaxel could induce apoptosis, 
and silencing DANCR enhanced the apoptotic 
rate induced by paclitaxel (Figure 2D). Besides, 
DANCR knockdown promoted the expression 
levels of C-Caspase-3 and Bax protein in cells 
with or without treatment of paclitaxel (Figure 
2E). These results suggested that down-regula-
tion of DANCR can improve paclitaxel-induced 
proliferation inhibition and apoptosis promotion 
in prostate cancer cells.

DANCR is a Decoy of miR-135a
We used bioinformatics software starBase to 

predict that DANCR and miR-135a have com-
plementary targeting sites (Figure 3A). To vali-
date this prediction, luciferase reporter assay was 
performed by transfecting WT or MUT DANCR 
luciferase reporter vectors into DU145 cells. As de-

Figure 2. The effect of DANCR on paclitaxel sensitivity in prostate cancer cells. DANCR siRNA and siRNA control (si-NC) 
were transfected into DU145 cells and named si-DANCR and si-NC respectively. Transfected DU145 cells were treated with 
or without paclitaxel at 30 nM for 48 hours. A, The expression of DANCR was measured in DU145 cells transfected with si-
DANCR or si-NC by qRT-PCR. B, MTT assay was used to detect the OD value at 570 nm. C, Western blot was used to detect 
the expression of proliferation-related protein Ki-67 and PCNA in cells. D, Flow cytometry was used to detect apoptotic 
changes. E, Western blot was used to detect the expression of apoptosis-related proteins C-Caspase-3 and Bax. *Compared 
with si-NC, p < 0.05; &: Compared with si-NC+Paclitaxel, p < 0.05.
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scribed in Figure 3B, overexpression of miR-135a 
led to a 50% reduction of luciferase activity in WT 
group, while it showed little effect in MUT group. 
Moreover, the expression level of miR-135a was 
markedly decreased in prostate cancer tissues and 
cells compared with that in corresponding controls 
(Figure 3C and 3D). Additionally, the data of qRT-
PCR showed that miR-135a mimics or DANCR 
siRNA caused greatly increase of miR-135a abun-
dance in DU145 cells (Figure 3E and 3F). These 
results suggested that DANCR can target and neg-
atively regulate the expression of miR-135a.

Overexpression of miR-135a 
Improves Paclitaxel Sensitivity in 
Prostate Cancer Cells

To investigate the biological function of miR-
135a on paclitaxel sensitivity to prostate can-
cer, DU145 cells were transfected with miR-135a 

mimics or miR-NC and then suffered from pacli-
taxel exposure. As displayed in Figure 4A, over-
expression of miR-135a significantly decreased 
cell proliferation in DU145 cells and contributed 
to paclitaxel-induced proliferation suppression. 
Furthermore, addition of miR-135a reduced the 
expression levels of PCNA and Ki-67 protein 
in the presence or absence of paclitaxel (Fig-
ure 4B and 4C). In addition, the data of flow 
cytometry demonstrated that miR-135a overex-
pression increased cell apoptosis and promot-
ed paclitaxel-induced apoptosis in DU145 cells 
(Figure 4D and 4E). Besides, the protein levels of 
C-Caspase-3 and Bax were markedly elevated by 
miR-135a overexpression or paclitaxel, which was 
aggravated by their combination (Figure 4F and 
4G). These results suggested that up-regulation 
of miR-135a promoted paclitaxel sensitivity to 
prostate cancer cells.

Figure 3. The association between DANCR and miR-135a. A, Using bioinformatics software starBase, we found that DANCR 
and miR-135a had complementary binding sites. B, Luciferase activity was measured in DU145 cells co-transfected with 
wild-type (WT) or mutant (MUT) luciferase reporter vector and miR-135a mimics or mimics control (miR-NC). C, D, The 
expression level of miR-135a was detected in prostate cancer tissues and cells by qRT-PCR. E, The expression of miR-135a 
was measured in DU145 cells transfected with miR-135a mimics or miR-NC by qRT-PCR. F, The abundance of miR-135a was 
detected in DU145 cells transfected with DANCR siRNA or siRNA control (si-NC) by qRT-PCR. *p < 0.05.
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Knockdown of miR-135a Reverses the 
Effect of DANCR Silence on Paclitaxel 
Sensitivity in Prostate Cancer Cells

In order to verify whether miR-135a was in-
volved in knockdown of DANCR-mediated pa-
clitaxel sensitivity to prostate cancer cells, we 
co-transfected DANCR siRNA and inhibitor 
control, DANCR siRNA and miR-135a inhibitor 
in DU145 cells, respectively, and cultured them 
with 30 nM paclitaxel. Firstly, qRT-PCR assay 
showed that the expression level of miR-135a in 
cells was significantly decreased by the introduc-
tion of inhibitor of miR-135a (Figure 5A). More-
over, miRNA-135a inhibitor could reverse the 

down-regulation of DANCR-induced anti-prolif-
eration role in prostate cancer cells stimulated 
with paclitaxel (Figure 5B). In addition, the lev-
els of Ki-67 and PCNA protein inhibited by 
DANCR knockdown were restored by miR-135a 
deficiency in paclitaxel-treated cells (Figure 5C 
and 5D). Furthermore, inhibition of miR-135a 
weakened silencing DANCR-induced apoptosis 
production in paclitaxel-treated cells (Figure 5E). 
Meanwhile, Western blot results showed that the 
expression levels of C-Caspase-3 and Bax protein 
in cells transfected with DANCR siRNA and 
miR-135a inhibitor were decreased (Figure 5F). 
These results suggested that down-regulation of 

Figure 4. The effect of miR-135a on paclitaxel sensitivity in prostate cancer cells. miR-135a mimics and mimics control (miR-
NC) were transfected into DU145 cells, respectively, and then treated with paclitaxel at 30 nM for 48 hours or not. A, MTT 
assay was performed to detect cell proliferation. B, C, The expression levels of proliferation-related protein Ki-67 and PCNA 
were measured in treated cells by Western blot. D, E, Flow cytometry was performed to detect apoptotic rate in treated cells. 
F, G, Western blot was conducted to detect the expression of apoptosis-related proteins C-Caspase-3 and Bax. *Compared with 
miR-NC, p < 0.05; & Compared with miR-NC+Paclitaxel, p < 0.05.
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miR-135a reversed silence of DANCR-mediated 
promoting effect on paclitaxel sensitivity to pros-
tate cancer cells.

Discussion

In our study, we found that the expression of 
DANCR was enhanced in prostate cancer tis-
sues and cells, indicating that high expression 
of DANCR may be related to the occurrence of 
prostate cancer. We also observed that down-reg-
ulation of DANCR expression in prostate cancer 
cells by siRNA technology inhibited cell prolifer-
ation and increased cell apoptosis, suggesting that 
down-regulation of DANCR can play a role in 
the anti-malignant phenotype of prostate cancer 
cells. Moreover, DANCR knockdown aggravat-

ed paclitaxel-induced proliferation inhibition and 
apoptosis production, which fully demonstrated 
that down-regulation of DANCR could increase 
the sensitivity of prostate cancer cells to pacli-
taxel. In our experiments, we found that DANCR 
can target the expression of miR-135a, and over-
expression of miRNA-135a increased the pacl-
itaxel sensitivity of prostate cancer cells, while 
deficiency of miR-135a reversed the down-regu-
lation of DANCR-mediated paclitaxel sensitivity 
in prostate cancer. These findings suggested that 
down-regulation of DANCR could enhance the 
paclitaxel sensitivity of prostate cancer cells by 
sponging miR-135a.

LncRNAs play important roles in the progres-
sion and chemoresistance of prostate cancer9,10. 
DANCR is a newly discovered lncRNA molecule 
related to tumors in recent years11. High expres-

Figure 5. The effect of miR-135a knockdown on silencing DANCR-mediated paclitaxel sensitivity in prostate cancer cells. 
DU145 cells were co-transfected with DANCR siRNA and miR-135a inhibitor (anti-miR-135a) or inhibitor control (anti-NC) 
and then treated with 30 nM paclitaxel for 48 hours. A, qRT-PCR was used to detect the expression of miR-135a in cells. B, 
Cell proliferation was measured in treated DU145 cells by MTT. C, D, The protein levels of Ki-67 and PCNA were measured 
in treated cells by Western blot. E, Cell apoptosis was detected in treated cells by flow cytometry. F, The protein levels of 
C-Caspase-3 and Bax were detected in treated DU145 cells by Western blot. *p < 0.05.
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sion of DANCR in rectal cancer patients was 
associated with poor tumor progression and prog-
nosis12. Furthermore, DANCR could also promote 
osteosarcoma and gliomas progression by acting 
as miRNA sponge or competitive endogenous 
RNA (ceRNA)13-15. In our research, we found that 
DANCR is highly expressed in prostate cancer, 
suggesting the carcinogenic role of DANCR in 
prostate cancer, which was revealed by which 
DANCR knockdown decreased proliferation and 
induced apoptosis. Moreover, silencing DANCR 
improved the sensitivity of prostate cancer cells 
to paclitaxel, which is also in agreement with 
that promoting chemoresistance other cancers16,17. 
These findings detected that down-regulation of 
DANCR may be one of the promising ways to 
increase chemotherapy outcomes of patients with 
prostate cancer.

LncRNA usually functions as ceRNA or 
sponge of miRNA to exhibit its role. This study 
first demonstrated that miR-135a was a target 
of DANCR. We found that DANCR and miR-
135a also have complementary binding sites and 
down-regulation of DANCR can increase the 
expression of miR-135a in prostate cancer cells. 
Previous studies have shown that miR-135a plays 
an important role in the progression of tumors, 
miR-135a is low-expressed in tumors and plays 
a protective role in the progression of tumors18-20. 
Our results showed that miR-135a expression was 
decreased in prostate cancer tissues and cells 
and its overexpression played anti-proliferation 
and pro-apoptotic roles in vitro, suggesting the 
tumor-suppressive role of miR-135a, which is 
also consistent with former works21-24. Moreover, 
previous study indicated that miR-135a could en-
hance drug sensitivity to cisplatin and paclitaxel 
in ovarian cancer25. Similarly, this research also 
showed that the sensitivity of prostate cancer 
cells to paclitaxel was also enhanced by miR-
135a. In addition, downregulation of DANCR 
increased-sensitivity of paclitaxel in prostate can-
cer was reversed by decreasing the expression 
of miR-135a, uncovering that DANCR regulated 
paclitaxel sensitivity by sponging miR-135a.

Conclusions

DANCR expression was elevated in prostate 
cancer. This study was the first to demonstrate 
DANCR knockdown as a sensitizer of paclitaxel 
in prostate cancer cells. Moreover, we explored 
a novel mechanism underlying that the func-

tion of DANCR was associated with miR-135a, 
which provides a new idea for improving pacl-
itaxel-based chemotherapy efficacy for prostate 
cancer patients.
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