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Background: Chemotherapy is one of the available options for prostate cancer (PC).
However, the acquisition of chemoresistance has become a major cause of chemotherapy
failure. The long noncoding RNA DANCR is demonstrated to serve as an oncogene in
various human cancers, including PC. However, the potential role of DANCR in docetaxel
(DTX) resistance of PC and its underlying mechanism remains unclear.

Methods: The abundance of DANCR, miR-34a-5p, and JAG1 mRNA was examined by
quantitative reverse transcription PCR. The Cell Counting Kit-8 (CCK8) was used to
determine the 50% inhibitory concentration value. Cell viability was evaluated by CCK8
and colony-formation assays. Transwells were utilized to analyze cell migration and invasion
ability. The protein levels of LRP, P-gp, MRP1, and JAG1 were measured by Western blot
assay. The target relationship between DANCR and miR-34a-5p, as well as miR-34a-5p and
JAGI, was demonstrated by dual-luciferase, RNA immunoprecipitation, and RNA pull-down
analysis. Tumor xenograft was undertaken to confirm the effect of DANCR on DTX
resistance in PC.

Results: DANCR and JAG1 were significantly upregulated, but miR-34a-5p was down-
regulated in DTX-resistant PC. Silencing of DANCR improved the DTX efficacy in DTX-
resistant PC cells. DANCR served as a competing endogenous RNA of miR-34a-5p, leading
to the derepression of miR-34a-5p target JAG1, which eventually triggered the resistance to
DTX in DTX-tolerated PC.

Conclusion: The DANCR/miR-34a-5p axis enhanced DTX resistance of PC via targeting
JAGI, providing a novel insight to improve chemotherapy for PC.
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Introduction

Prostate cancer (PC) is the second most commonly diagnosed malignancy in men
after lung cancer and remains one of the major causes of cancer-related death
among men around the world." Although great advances have been achieved in
early diagnosis and treatment, PC continues to pose a considerable public threat due
to the substantial morbidity and mortality.> Androgen deprivation therapy is
a highly effective approach to control the development of PC, but most patients
at the advanced stages ultimately evolve into castration-resistant PC, leading to
treatment failure of androgen deprivation therapy.” Docetaxel (DTX)-based che-
motherapy regimens have exhibited modest survival benefits for patients with
castration-resistant PC and applied as a standard treatment.* However, the
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acquisition of DTX resistance following repetitive cycles
of chemotherapy usually reduces the effectiveness of PC
treatment.” Thus, uncovering the underlying mechanism
involved in the development of DTX resistance and devel-
oping novel strategies to overcome this resistance is
imperative for PC treatment. With developments in the
area of molecular biology and cell biology, numerous
biomarkers responsible for the progression and chemore-
sistance of PC have been identified. As stated by Sanjay
et al,® overexpression of PTEN contributed to the apopto-
sis of PC cells by impeding the synthesis of oncogenic
protein. Also, Varambally et al’ reported that a high EZH2
level was associated with the poor prognosis of PC
patients, and knockdown of EZH2 by small interfering
RNA resulted in the inhibition of cell proliferation
CXCR4 AMD3100
enhanced DTX cytotoxicity in PC, hinting that inhibition

in vitro.” Moreover, inhibitor
of CXCR4 might be a promising therapeutic avenue for
PC patients with DTX resistance.’

Recently, the achievement of high-throughput sequen-
cing technology has enhanced our understanding of the
human transcriptome, revealing that only a small propor-
tion of human genomes have the potential to encode pro-
teins, and the majority of transcripts lack this function,
named noncoding RNAs.*? Long noncodiong RNAs
(IncRNAs) are a type of noncoding transcript larger than
200 nucleotides, which can modulate gene expression at
epigenetic, transcription, and post-transcription levels.'®!
To date, numerous IncRNAs have been confirmed to be
involved in the initiation and development of multiple
malignancies, highlighting the vital roles of IncRNAs as
diagnostic and therapeutic biomarkers in human cancers.'
Besides, there is increasing evidence that ectopic expres-
sion of some IncRNAs may regulate the chemotherapy
resistance of many types of cancers, including PC. As
presented by Gu et al,'® enforced abundance of IncRNA
HOXD-AS1 was correlated with the malignant pathologi-
cal phenotypes of PC patients, and enhanced cell prolif-
eration and chemoresistance via recruiting WDRS.

The IncRNA anti-differentiation noncoding RNA
(IncRNA DANCR)
a promising cancer-related IncRNA. Aberrant expression

located on chromosome 4 is

of DANCR plays a significant role in tumorigenesis of
various human cancers. Recently, emerging literature
proves that DANCR can be a potential biomarker for the
diagnosis and treatment of colorectal cancer patients.'®
DANCR contributes to cell migration and invasion by

silencing IncRNA-LET in gastric cancer.'” Moreover,

DANCR knockdown degrades the stem-cell properties
and results in the suppression of cell vitality and tumor-
igenesis in hepatocellular carcinoma.'® In PC, cell inva-
sion ability is induced by DANCR through epigenetically
suppressing TIMP2/3."7 However, the role of DANCR in
DTX resistance of PC remains unclear.

In this study, we report a stimulatory effect of DANCR
knockdown on the DTX sensitivity of PC. Furthermore,
we identify for the first time that DANCR functioned as
a competing endogenous RNA (ceRNA) of miR-34a-5p in
PC, leading to the derepression of miR-34a-5p target
JAGI. Thus, our findings provide a novel regulatory
mechanism of the DANCR/miR-34a-5p/JAG1 pathway in
the chemosensitivity of PC.

Materials and methods

Clinical samples

Thirty fresh PC specimens from patients who suffered
from surgical resection at the Fourth Hospital of Hebei
Medical University between June 2015 and July 2017
were collected following a standard protocol. All of
them received DTX-based chemotherapy without any
other preoperative treatment such as radiotherapy, immu-
notherapy, and hormone castration. PC patients were
divided into DTX-sensitive (n=15) or DTX-resistant
(n=15) groups depending on the outcomes following
DTX-based chemotherapy. After surgery, PC specimens
were instantly frozen in liquid nitrogen and preserved at
—80 °C for subsequent analysis. These experiments were
performed according to the Declaration of Helsinki
Principles with the approval of the Research Ethics
Committee of the Fourth Hospital of Hebei Medical
University, and written informed consents were obtained
from all participants.

Cell culture

Human PC cell lines DU145 and PC3 were purchased
from the cell bank of the Chinese Academy of Sciences
(Shanghai, People's Republic of China). DU145 cells
were cultured in minimal essential medium in the pre-
sence of 10% FBS. PC3 cells were cultivated in specific
Ham’s F-12K medium (Gibco; Thermo Fisher Scientific,
Waltham, MA, USA) containing 10% FBS (Gibco). All
cells were maintained at 37 °C in a humidified chamber
containing 5% CO, at 37 °C. DTX-resistant PC cell lines
DU145/DTX and PC3/DTX were generated by continu-
ous exposure with stepwise increased doses of DTX
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(Sigma-Aldrich Co., St Louis, MO, USA) for a period of
6 months. DU145/DTX and PC3/DTX cells were pre-
served in a 5 nmol/L final concentration of DTX to
maintain their resistance.

Plasmids and transfection

Small interfering RNA targeting DANCR (si-DANCR) or
JAGI (si-JAG1), miR-34a-5p mimics (miR-34a-5p), miR-
34a-5p inhibitor (anti-miR-34a-5p), DANCR-overexpression
plasmid pcDNA-DANCR, and negative control were pro-
vided by GenePharma Co., Ltd (Shanghai, People's Republic
of China). When the cells reached 80% confluence, oligonu-
cleotides or plasmids were transiently transfected into DU145/
DTX and PC3/DTX using Lipofectamine 2000 (Invitrogen;
Thermo Fisher Scientific). Forty-eight hours thereafter, cells
were harvested for subsequent analysis.

Quantitative reverse-transcription PCR
(qRT-PCR)

Total RNA in tumor tissues and cell lines was isolated using
RNAiso Plus reagent (TaKaRa, Dalian, People's Republic of
China) following the manufacturer’s instructions. The com-
plementary DNA (cDNA) for DANCR and JAG1 were
obtained using the M-MLV Reverse Transcriptase Kit
(Thermo Fisher Scientific), and cDNA for miR-34a-5p was
synthesized using the TagMan® miRNA reverse transcription
kit (Thermo Fisher Scientific). The RT primer sequence for
miR-34a-5p was 5-CTCAACTGGTGTCGTGGAGTCGGC
AATTCAG TTGAGAACAACCA-3'. To determine relative
gene expression, sequence-specific PCR primers for DANCR,
miR-34a-5p, or JAG1 were mixed with SYBR Green PCR
Master Mix (Thermo Fisher Scientific) and qRT-PCR analysis
was done on the Applied Biosystems 7500 Real-time PCR
System (Applied Biosystems; Thermo Fisher Scientific). The
results were analyzed using the 272" method with B-actin or
U6 small RNA as the internal control, respectively. qRT-PCR
primers were as follows: DANCR, 5-GCCACTATGT
AGAGGGTTTC-3' (forward) and 5'-ACCTGCGCTAAGA
ACTGAGG-3' (reverse); miR-34a-5p, 5-CTGGGAGGTGG
CAGTGTCTTAGC-3' (forward) and 5-TCAACTGGTG
TCGT GGAGTCGG-3" (reverse); JAG1, 5-CTCATC
AGCGGTGTCTCAAC-3' (forward) and 5'-GGCACACAC
ACTTAAATCCG-3' (reverse); B-actin, 5'-GGCATCGTGAT
GGACTCCG-3' (forward) and 5'-GCTGGAAGGTGGA
CAGCGA-3' (reverse); and U6, 5-GCTTCGGCAGCACA
TATACTAAAAT-3' (forward) and 5-CGCTTCACGAATT
TGCGTGTCAT-3' (reverse).

Cell proliferation and cytotoxic assays
For cytotoxic analysis, cells treated with different doses of
DTX (2, 5, 10, 20, 50, and 100 nmol/L) (Sigma-Aldrich Co.)
were seeded into 96-well plates and cultured in 100 pL med-
ium for 48 h. Then, 10 pL Cell Counting Kit-8 (CCK-8)
reagent (Beyotime, Shanghai, People's Republic of China)
was added into the medium and incubated at 37 °C for another
2 h and the absorbance at 450 nm was measured on
a Microplate Reader (Thermo Fisher Scientific). The cell
growth inhibition rate (IR) was calculated following the for-
mula: IR=(1-OD values of control group/OD values of drug
group)x100%. This was followed by estimation of the 50%
inhibitory concentration (IC50) value.

For cell proliferation analysis, transfected DTX-
resistant PC cells in 100 uL. medium were seeded into 96-
well plates and incubated for 0-96 h as described above.
The
a Microplate Reader (Thermo Fisher Scientific).

absorbance at 450 nm was determined on

Colony-forming assay

Transfected PC3/DTX and DU145/DTX cells were seeded
into 6-well plates at a density of 500 cells per well. Following
incubation at 37 °C, 5% CO, for 2 weeks, visible colonies
were fixed and stained with 0.1% crystal violet (Sigma-
Aldrich Co.), and the number of colonies was counted
under an inverted microscope (Olympus, Tokyo, Japan).

Cell migration and invasion assay

Cell migration and invasion ability were assessed using the
Transwell assay. For the migration assay, PC3/DTX and
DU145/DTX cells transfected with different oligonucleo-
tides or plasmids were resuspended in serum-free medium
and seeded into the upper chamber (Corning Incorporated,
Corning, NY, USA). Complete medium containing 10%
FBS was added to the bottom chamber as
a chemoattractant. After incubation at 37 °C for 16 h, the
nonmigratory cells on the upper surface were removed and
cells that migrated to the basal side of the membrane were
fixed and stained with 0.5% crystal violet. Finally, cells in
random five visual fields were counted under a microscope
(Olympus). For invasion assay, the upper chambers were
precoated with matrigel (BD Biosciences), followed by
evaluation of the invasion ability as described above.

Western blot assay
Cells washed with cold PBS were lysed in RIPA buffer
containing 1% protease inhibitor (Sigma-Aldrich Co.) for
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protein extraction, followed by the detection of protein
concentration using the Pierce BCA Protein Assay Kit
(Thermo Fisher Scientific) in accordance with the manu-
facturer’s procedures. Then, 30 pg of protein was divided
by SDS-PAGE gel and blotted onto PVDF membranes
(EMD Millipore, Billerica, MA, USA). Next, the mem-
branes were blocked with 5% nonfat milk powder and
incubated with primary antibodies against LRP, MDRI,
MRPI1, JAGI, and B-actin (Abcam, Cambridge, MA,
USA). After washing with Tris-buffered saline-Tween 20
buffer, the membranes were further incubated with horse-
radish
(Abcam). Protein blots were visualized using enhanced

peroxidase-conjugated  secondary  antibody
chemiluminescence (Beyotime) and quantified using
Image Lab software (Bio-Rad Laboratories

Hercules, CA, USA).

Inc.,

Dual-luciferase assay

The putative binding regions of DANCR and miR-34a-5p
or miR-34a-5p and JAGI were predicted by bioinfor-
matics analysis. Partial sequences of DANCR containing
wild-type or mutant binding sites of miR-34a-5p were
cloned into psiCHECK™-2 plasmid (Promega
Corporation, Fitchberg, WI, USA) to generate the wild-
type plasmid (DANCR-WT) or mutant-type plasmid
(DANCR-MUT). Similarly, wild-type or mutant plasmid
JAG 3'UTR-WT or JAG 3'UTR-MUT was also con-
structed as the same approach. Afterward, luciferase repor-
ter plasmid was transfected into DU145/DTX and PC3/
DTX cells together with miR-NC or miR-34a-5p. About
48 h after transfection, cells were harvested and luciferase
activity was assessed by the Dual-Luciferase Reporter
Assay System (Promega Corporation).

RNA immunoprecipitation (RIP)

RIP analysis was conducted in DU145/DTX and PC3/
DTX cells using the Magna RIP RNA-Binding Protein
Immunoprecipitation Kit (EMD Millipore) following
the manufacturer’s instructions. In brief, DU145/DTX
and PC3/DTX cells were transfected with miR-34a-5p
or miR-NC for 48 h. Then, cells were lysed in RIP
buffer and cell extraction was incubated with ProteinA/
G magnetic beads bounded with primary antibodies
against Ago2 (Abcam) or IgG (Abcam). The protein
and DNA in the immunoprecipitant complex were
removed, and enrichment levels of DANCR were mea-
sured by qRT-PCR.

RNA pull-down

The interaction between DANCR and miR-34a-5p was
examined using the Pierce Magnetic RNA-Protein Pull-
Down Kit (Thermo Fisher Scientific) in line with the man-
ufacturer’s protocols. Biotin-labeled wild-type DANCR
(Bio-DANCR WT) containing the putative miR-34a-5p
binding sites and the biotin-labeled mutant DANCR (Bio-
DANCR MUT) designed to disrupt the base-pairing
between DANCR and miR-34a-5p were mixed with protein
extracts of DU145/DTX and PC3/DTX cells and M-280
streptavidin-coated magnetic beads (Invitrogen). The beads
were subsequently washed with ice-cold lysis buffer, low-
salt buffer, and high-salt buffer. Following that, bound
RNAs were purified from the RNA—protein complex and
miR-34a-5p expression was determined by qRT-PCR.

Tumor xenograft

BALB/c nude mice (6 weeks old, male) were purchased from
Vital River Laboratory Animal Technology (Beijing,
People's Republic of China) and housed in specific pathogen-
free conditions with a 12-h light/dark cycle. 6x10° PC3/DTX
cells were transfected with si-NC or si-DANCR and then
subcutaneously injected into the nude mice. Tumors were
measured every 5 days and the volume was calculated using
the formula: volume (mm?) = (lengthxwidth?)/2. At the end
of implantation, tumors were harvested and weighed. This
study was performed according to the Guidelines for Care
and Use of Laboratory Animal with the approval of the
Ethics Committee of Animal Research of the Fourth
Hospital of Hebei Medical University.

Statistical analysis

All experiments in the present study were repeated in
triplicate. Statistical differences in groups were analyzed
by Student’s ¢ test or one-way ANOVA using SPSS 20
software (IBM Corporation, Armonk, NY, USA) and
results were displayed as the mean+SD. p<0.05 was
regarded as statistically significant.

Results
DANCR was upregulated in
DTX-resistant PC tissues and cells

Here, an elevated abundance of DANCR was observed in
DTX-resistant PC tissues by qRT-PCR assay (Figure 1A).
To further demonstrate whether DANCR was associated
with drug sensitivity, DTX-resistant PC cell lines DU-145/
DTX and PC3/DTX were established and DTX resistance
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Figure | DANCR was upregulated in DTX-resistant PC tissues and cell lines. (A) DANCR expression in DTX-sensitive or DTX-resistant PC tissues was examined by qRT-PCR assay.
(B and C) The IC50 value for DTX was assessed by CCK-8 assay. (D) The abundance of DANCR in DTX-sensitive or DTX-resistant PC cells was detected by qRT-PCR. *p<0.05.
Abbreviations: CCK-8, Cell Counting Kit-8; DANCR, anti-differentiation noncoding RNA; DTX, docetaxel; IC50, 50% inhibitory concentration; PC, prostate cancer; qRT-

PCR, quantitative reverse transcription PCR.

was evaluated by the IC50 value of DTX using the CCK-8
assay. Results showed that the IC50 value for DTX in DU-
145/PTX cells was 20.14 nmol/L, which is higher than that
in DU-145 cells at 5.56 nmol/L (Figure 1B). Likewise, the
IC50 value for DTX in PC3/PTX cells was 33.48 nmol/L,
which is markedly higher than that in PC3 cells at 1.16
nmol/L (Figure 1C), indicating the successful construction
of DTX-resistant PC cell lines DU-145/DTX and PC3/DTX.
Next, qRT-PCR assay further revealed that DANCR expres-
sion in DU-145/DTX and PC3/DTX cells was strikingly
higher than that in DU-145 and PC3 cells (Figure 1D).
These findings indicated that abnormal expression of
DANCR might play a key role in the DTX resistance of PC.

DNACR knockdown enhanced sensitivity

to docetaxel in DTX-resistant PC cells

We first confirmed that DANCR was underexpressed in si-
DANCR-transfected DU-145/DTX and PC3/DTX cells
compared with negative control (Figure 2A), indicating
that si-DANCR can be used for the following loss-of-
function analyses. The results of the CCK-8 assay revealed
that silencing of DANCR improved the DTX sensitivity of

DTX-resistant PC cells, as demonstrated by the decreased
IC50 value in DU-145/DTX and PC3/DTX cells compared
with the si-NC group (Figure 2B). Moreover, transfection
of si-DANCR in DU-145/DTX and PC3/DTX cells
resulted in reduced colony number (Figure 2C) and
decreased cell viability (Figure 2D and E), migration
(Figure 2F), and invasion (Figure 2G), which were
detected by colony-formation, CCK-8, or Transwell ana-
lyses. The protein levels of multidrug resistance associated
protein MRP1, multidrug resistance 1 gene (MDR1)-coded
protein P-gp, and lung resistance-related protein LRP
obviously declined in DU-145/DTX and PC3/DTX cells
after transfection with si-DANCR (Figure 2H and I). To
further verify the effect of DANCR on drug sensitivity of
DTX-resistant PC in vivo, PC3/DTX cells transfected with
si-NC or sh-DANCR were subcutaneously vaccinated into
BABL/c nude mice. As presented in Figure 2] and K,
knockdown of DANCR significantly blocked tumor
the
Collectively, DANCR depletion impeded tumor progres-

growth including tumor volume and weight.

sion and enhanced the sensitivity of DTX-resistant PC
to DTX.
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Abbreviations: CCK-8, Cell Counting Kit-8; DANCR, anti-differentiation noncoding RNA; DTX, docetaxel; IC50, 50% inhibitory concentration; PC, prostate cancer; qRT-
PCR, quantitative reverse transcription PCR; si-DANCR, small interfering RNA targeting DANCR.

DANCR directly targeted miR-34a-5p

and decreased its expression in PC

By performing bioinformatics analysis using DIANA-
LncBase online software, we observed the existence of puta-
tive binding sites between DANCR and miR-34a-5p
(Figure 3A). Next, we further verified the true interaction
between DANCR and miR-34a-5p. The luciferase reporter
assay showed that introduction of miR-34a-5p reduced the
luciferase activity of DANCR WT reporter in DU145/DTX
and PC3/DTX cells, whereas no significant change was
observed for DANCR MUT reporter (Figure 3B and C). The
results of the RIP assay revealed that enrichment of DANCR in
the Ago2 immunoprecipitation complex was obviously
enhanced in DU145/DTX and PC3/DTX cells after transfec-
tion with miR-34a-5p, while IgG failed to show any efficacy of
enrichment (Figure 3D). Moreover, RNA pull-down analysis
disclosed that Bio-DANCR WT could pull down miR-34a-5p
from the RNA—protein complex, but Bio-DANCR MUT was
devoid of this enrichment ability, supporting that miR-34a-5p

was a bona fide DANCR-targeting miRNA (Figure 3E and F).
After that, we performed qRT-PCR analysis to examine the
expression of miR-34a-5p in DTX-resistant PC cells. As
aresult, the expression of miR-34a-5p was markedly decreased
in DU145/DTX and PC3/DTX cells compared to control
groups (Figure 3G). Then, the effect of DANCR on miR-
34a-5p expression was investigated by qRT-PCR assay. As
a result, transfection of pcDNA-DANCR suppressed miR-
34a-5p expression in DUI45/DTX and PC3/DTX cells.
Inversely, knockdown of DANCR by transfection of si-
DANCR increased the miR-34a-5p level (Figure 3H and I).
Altogether, these data concluded that DANCR negatively
regulated miR-34a-5p expression via targeting this miRNA.

DANCR overturned miR-34a-5p-mediated
docetaxel sensitivity in DTX-tolerated PC

cells
To validate the modulation of the DANCR/miR-34a-5p
axis in the chemosensitivity of DTX-tolerated PC cells,
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Figure 3 DANCR directly targeted miR-34a-5p. (A) The putative binding sites of DANCR in miR-34a-5p were predicted using DIANA-LncBase software. (B and C)
Luciferase activity of wild-type or mutant DANCR in DU145/DTX and PC3/DTX cells following miR-NC or miR-34a-5p transfection was determined by luciferase reporter
assay. (D) The correlation between DANCR and miR-34a-5p in DUI145/DTX and PC3/DTX cells was detected by RNA immunoprecipitation (RIP) assay. (E and F) The
direct interaction between DANCR and miR-34a-5p was assessed by RNA pull-down assay. (G) The miR-34a-5p level in DTX-sensitive or DTX-resistant PC cells was
detected by qRT-PCR. (H and I) The expression of DANCR and miR-34a-5p in DU145/DTX and PC3/DTX cells, which were initially transfected with pcDNA, pcDNA-
DANCR, si-NC, or si-DANCR, was determined by qRT-PCR assay. *p<0.05.

Abbreviations: DANCR, anti-differentiation noncoding RNA; DTX, docetaxel; MUT, mutant; PC, prostate cancer; qRT-PCR, quantitative reverse transcription PCR; si-DANCR,
small interfering RNA targeting DANCR; WT, wild type.
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rescue experiments were carried out through transfection
of miR-NC, miR-34a-5p, miR-34a-5p+pcDNA, or miR-
34a-5p+pcDNA-DANCR into DU145/DTX and PC3/
DTX cells. The results of the qRT-PCR assay revealed
that transfection of miR-34a-5p mimics significantly sti-
mulated miR-34a-5p expression, which was reversed by
pcDNA-DANCR transfection (Figure 4A). Moreover,
forced expression of miR-34a-5p led to a marked decrease
of the IC50 value for DTX in DU145/DTX and PC3/DTX
cells. However, re-expression of DANCR strikingly abol-
ished the miR-34a-5p-mediated reduction in IC50 value
(Figure 4B). Meanwhile, we also found that exogenous
expression of miR-34a-5p suppressed colony formation
(Figure 4C), cell proliferation (Figure 4D and E), migra-
tion (Figure 4F), and invasion (Figure 4G), as well as
downregulating drug-resistant associated proteins P-gp,
MRP1, and LRP (Figure 4H and I) in DU145/DTX and

PC3/DTX cells. However, restoration of DANCR abro-
gated miR-34a-5p-mediated cell phenotypes and protein
expression in DTX-resistant PC cells (Figure 4C-I).
Taken together, these data indicated that DANCR attenu-
ated sensitivity to DTX via repressing miR-34a-5p in
DTX-resistant PC cells.

JAG| was downregulated in
DTX-resistant PC cells and targeted by
miR-34a-5p

miRTarBase and TargetScan software was applied to deter-
mine the downstream targets of miR-34a-5p associated with
the chemoresistance of human cancers. As a result, JAG1
was screened out as a putative target of miR-34a-5p due to
its involvement in drug resistance (Figure 5A). Afterward,
the luciferase assay was performed to verify the interaction
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Figure 4 DANCR weakened the stimulatory effect of miR-34a-5p on docetaxel sensitivity of DTX-tolerated PC cells. DUI45/DTX and PC3/DTX cells were transfected
with miR-NC, miR-34a-5p, miR-34a-5p+pcDNA, or miR-34a-5p+pcDNA-DANCR, followed by detection of miR-34a-5p expression (A), IC50 value for DTX (B), colony
number (C), cell proliferation (D and E), migration (F), invasion (G), and drug-resistance-related proteins LRP, P-gp, and MRP| expression (H and ). *p<0.05.
Abbreviations: DANCR, anti-differentiation noncoding RNA; DTX, docetaxel; IC50, 50% inhibitory concentration; PC, prostate cancer.
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between miR-34a-5p and JAGI1. The results showed that
overexpression of miR-34a-5p impaired the luciferase activ-
ity of JAG1 3'UTR-WT reporter in DU145/DTX and PC3/
DTX cells, while the luciferase activity of JAG1 3'UTR-
MUT reporter had no significant change (Figure 5B and C).
The following Western blot assay showed that JAG1 protein
expression in DU145/DTX and PC3/DTX cells was higher
than that in DU145 and PC3 cells (Figure 5D). Moreover,
miR-34a-5p supplement inhibited, while miR-34a-5p knock-
down promoted, the protein expression of JAG1 in DU145/
DTX and PC3/DTX cells (Figure SE). These data suggested
that miR-34a-5p negatively modulated JAG1 expression via
targeted binding.

DANCR knockdown enhanced docetaxel
sensitivity of DTX-resistant PC cells via

repressing JAGI via targeting miR-34a-5p
To clarify the correlation between miR-34a-5p and JAGI in
sensitivity of DTX-resistant PC cells,

drug rescue

A
hsa-miR-34a-5p 3

experiments were carried out by transfection of si-NC, si-
JAGI, si-JAGl+anti-miR-NC, or si-JAG1+anti-miR-34a-
5p into DUI145/DTX and PC3/DTX cells. Obviously
reduced abundances of JAG1 at mRNA and protein levels
were observed in DU145/DTX and PC3/DTX cells after
transfected with si-JAG1, while anti-miR-34a-5p introduc-
tion reversed the inhibitory effect of si-JAGI on JAGI
expression (Figure 6A and B). Furthermore, JAG1 knock-
down enhanced the sensitivity of DTX-tolerated PC cells to
DTX, demonstrated by the decreased IC50 value (Figure
6C) and colony number (Figure 6D), inhibited cell prolif-
eration (Figure 6E and F), migration (Figure 6G), and
invasion (Figure 6H), and low expression of drug-resistant
associated proteins P-gp, MRP1, and LRP (Figure 61 and J)
in DU145/DTX and PC3/DTX cells. However, inhibition of
miR-34a-5p established si-JAG1-mediated drug sensitivity
in DTX-resistant PC cells (Figure 4C-J). To explore
whether DANCR should be responsible for DTX resistance
via modulation of the miR-34a-5p/JAG]1 axis, si-DANCR
was transfected into DU145/DTX and PC3/DTX cells
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Figure 5 JAG| was targeted by miR-34a-5p. (A) The putative binding regions of miR-34a-5p within the 3’UTR of JAG| were predicted using miRTarBase and TargetScan
online software. (B and C) Luciferase activity of JAGI 3"UTR-WTor JAGI 3'UTR-MUT reporter in DU145/DTX and PC3/DTX cells transfected with miR-NC or miR-34a-
5p. (D and E) The protein levels of JAGI in nontransfected or transfected DU145/DTX and PC3/DTX cells. *p<0.05.

Abbreviations: DTX, docetaxel; MUT, mutant; WT, wild type.
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along with anti-miR-NC or anti-miR-34a-5p, followed by
detection of the JAG level. As a result, knockout of
DNACR significantly degraded JAGI expression, which
was restored by miR-34a-5p inhibition (Figure 6K).
Altogether, our findings indicated that the DANCR/miR-
34a-5p/JAG1 axis played a regulatory role in the DTX
resistance of DTX-resistant PC cells.

Ectopic expression of miR-34a-5p and

JAGI in DTX-resistant PC tissues

To explore the clinical relevance of DANCR, miR-34a-5p,
and JAG1, we further determined the levels of miR-34a-5p
and JAGI in DTX-sensitive and DTX-resistant PC tissues
by qRT-PCR assay. The results showed that miR-34a-5p
expression was significantly downregulated and JAG1 was
upregulated in DTX-resistant PC tissues compared to
DTX-sensitive tissues (Figure 7A and B). Next, we pre-
sented a diagram to illustrate the mechanism of the

Discussion

DTX is considered a promising chemotherapeutic option
for PC, but the emergence of DTX resistance has become
a primary obstacle for chemotherapy. Growing evidence
has demonstrated that misregulation of IncRNAs results in
tumorigenesis and chemoresistance in several types of
human cancers.'>'® Thereby, identification of a novel
IncRNA associated with the chemoresistance of PC is of
great significance for the development of IncRNA-targeted
therapy. Here, we initially proposed the viewpoint that
DANCR was highly expressed in DTX-resistant PC
DANCR knockdown
enhanced the sensitivity of DTX-resistant PC cells to
DTX by suppressing JAG1 through serving as a ceRNA
of miR-34a-5p.

Accumulated evidence has verified the regulatory role of

tumor tissues and cell lines.

DANCR in the progression and chemoresistance of various
cancers. Abnormal expression of DANCR has been reported

DANCR/miR-34a-5p/and JAGI axis in DTX resistance In several types of human malignancies, like
. . 19 20 - 15
in PC (Figure 7C). osteosarcoma, lung cancer, and gastric cancer.
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Figure 6 DANCR regulated docetaxel sensitivity of DTX-resistant PC cells via the miR-34a-5p/JAG| axis. DU145/DTX and PC3/DTX cells were transfected with si-NC, si-
JAGI, si-JAG|+anti-miR-NC, or si-JAG | +anti-miR-34a-5p, followed by the detection of JAGI| expression (A and B), IC50 value for DTX (C), colony number (D), cell
proliferation (E and F), migration (G), invasion (H), and LRP, P-gp, and MRPI proteins (I and J). (K) JAGI expression in DUI45/DTX and PC3/DTX cells following the
transfection of si-NC, si-DANCR, si-DANCR+anti-miR-NC, or si-DANCR+anti-miR-34a-5p. *p<0.05.

Abbreviations: DANCR, anti-differentiation noncoding RNA; DTX, docetaxel; IC50, 50% inhibitory concentration; PC, prostate cancer; si-DANCR, small interfering RNA

targeting DANCR.
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Figure 7 miR-34a-5p was downregulated and JAG| was upregulated in DTX-resistant PC tissues. (A and B) The levels of miR-34a-5p and JAGI in DTX-sensitive and
resistant PC tissues. (C) Schematic representation of DANCR/miR-34a-5p/JAG| in the modulation of docetaxel resistance in PC. *p<0.05.
Abbreviations: DANCR, anti-differentiation noncoding RNA; DTX, docetaxel; PC, prostate cancer.

Recently, emerging literature also revealed that DANCR
attenuates the sensitivity of glioma to cisplatin via activation
of the AXL/PI3K/Akt/NF-kB pathway.”' Consistent with
the previous study, we observed an elevated abundance of
DANCR in DTX-resistant PC tumor tissues and cell lines.
Functionally, DANCR knockdown improved sensitivity to
DTX in DTX-resistant PC in vitro and in vivo.

Numerous mechanisms have been validated in the inter-
action between IncRNA and miRNA in various aspects of
tumor biology. The IncRNA may serve as a ceRNA to
restrain the binding of miRNA and its target gene, eventually
leading to the derepression of mRNA. In our study, we
attempted to determine the mechanism of DANCR involved
in DTX resistance of PC. As a result, miR-34a-5p was
identified to be targeted by DANCR. Rescue experiments
further verified that miR-34a-5p sensitized DTX-resistant PC
to DTX, and the effect of miR-34a-5p was revered by
DANCR overexpression. In agreement with our data, reliable
evidence demonstrates that miR-34a-5p plays a central role
in the regulation of chemotherapy in PC. As reported by Wen

etal >

miR-34a enhanced paclitaxel chemotherapy in pacli-
taxel-resistant PC cells. Moreover, miR-34a attenuated DTX
resistance in prostate cancer through repressing RET.>
miRNAs are reported to degrade the expression of special
target genes through binding their 3'UTR. One of our jobs is to
identify the downstream target gene modulated by miR-34a-
5p. As aresult, JAG1 was affirmed as a potential target gene of
miR-34a-5p. JAGI is one of the canonical ligands that func-
tion prevailingly in the highly conserved Notch signaling
pathway. Recently, JAG1 has been reported to induce activa-
tion of the Notch signaling pathway via physically interacting
with Notch receptors, leading to the alteration of a series of cell
processes, including cell differentiation, proliferation, survi-
val, and apoptosis.** An increasing number of studies show
that JAGI plays a vital role in the progression and

chemoresistance of multiple kinds of cancers. High-level
coexpression of JAG1 and surface receptor Notchl was initi-
ally observed in breast cancer and signified a poor
prognosis.”>*® Following research confirmed that silencing
of JAGI blocks the metastasis of colorectal cancer and osteo-
sarcoma via inactivation of the Notch pathway.?”*® Moreover,
upregulation of JAG1 oncogene is observed in nilotinib and
imatinib-resistant myeloblastic leukemia cells.?’ miR-26b and
miR-128 contribute to the resistance of nasopharyngeal carci-
noma or glioma to cisplatin by downregulating JAG1.7%3!
Consistent with previous studies, we observed that knock-
down of JAGI enhanced the chemosensitivity of DTX-
tolerated PC cells to DTX, and the biological function of
JAGI1 was rescued by miR-34a-5p inhibitor. Furthermore,
silencing of DANCR repressed the expression of JAGI by
serving as a molecular sponge for miR-34a-5p.

Conclusion

Our study provides the first evidence that DANCR
enhances the resistance of DTX-tolerated PC cells to DTX
via the miR-34a-5p/JAGI axis, elucidating the mechanism
of how DANCR is involved in the DTX resistance of PC.
These findings prompt that DANCR may be an effective
therapeutic avenue for PC patients with DTX resistance.
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