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ABSTRACT This present study explored the functions of lncRNA DANCR on regulating sensitivity to 5-fluorouracil (5-
FU) in prostate cancer in vitro. The RT-qPCR examined RNA expressions of LNCRNA DANCR in RWPE-1, VCaP, PC3
and LNCaP cells, which also measured RNA levels of miR-577 in PC3 cells. DANCR was highly expressed in prostate cancer
cell lines. 5-FU (0, 1, 5 and 10¼M) treatment induced the decrease of PC3 cell viability and low RNA expressions of
DANCR but increased miR-577 in PC3 cells. The luciferase reporter test detected the binding between DNACR and miR-
577 . Interactions between DANCR and miR-577 were examined. Knockdown of DANCR downregulated DANCR and Bcl-
2 RNA expressions but accelerated cell viability and upregulated Bax, which were enhanced by the overexpression of miR-
577. Hence, DANCR might restrain sensitivity of prostate cancer cells to 5-FU by downregulating miR-577.
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INTRODUCTION

Prostate cancer (PCa), the most commonly di-
agnosed non-cutaneous cancer in developed coun-
tries, is the second most common cancer that oc-
curs in males and the fifth leading cause of cancer
deaths (Bray et al. 2018; Torre et al. 2015). There-
fore, screening and managing PCa in an early stage
is one of the most challenging and controversial
issues in all of medicine. As for risk factors of PCa,
race, advanced ages and family history of the pa-
tient have been already verified (Goggins and
Wong 2009; Grozescu and Popa 2017). Among
races, Africans have the highest mortality, fol-
lowed by Caucasians and the yellow race ranks
last (Goggins and Wong 2009; Winterich et al.
2009). Though Asian males have the lowest risk
of PCa, morbidity and mortality of PCa have been
gradually growing, which mainly occurs in peo-
ple over 65 years of age (Nath et al. 2012). Pros-

tate-specific antigen has been widely used for dis-
tinguishing PCa, but it still has problems in dif-
ferentiating inert carcinoma and aggressive can-
cer, which causes plenty of unnecessary inspec-
tions and treatments (Etzioni et al. 1998; Pren-
sner et al. 2012). Apart from surgery, androgen-
deprivation therapy, radiotherapy, ablation ther-
apy, chemotherapy and immunotherapy are used
as treatments of PCa (Evans 2018). In chemother-
apy, 5-fluorouracil has already been widely used.
Besides that, 5-FU alone or in combination with
other drugs were adapted in clinical treatments
for a variety of cancers including PCa (Satari et al.
2019; Wei et al. 2018). Unfortunately, cell toxic-
ity and resistance limit the use of 5-FU at the clin-
ical stage (Blondy et al. 2020; Chang et al. 2020;
Longley et al. 2003). Considering this condition,
it is urgent to discover new biomarkers to im-
prove efficacy of 5-FU and to reduce its toxicity
to PCa cells.

LncRNAs are abnormally expressed in many
kinds of human diseases, which can help morbid-
ity or maintain disease status (Prensner and Chin-
naiyan 2011). Furthermore, lncRNAs are consid-
ered to be an essential part in progressions of
cancers with participating biological processes



186 MINGHUA ZHANG, XIN XIAO, MINQIANG SHEN  ET AL.

Int J Hum Genet, 21(4): 185-192 (2021)

such as gene expression regulation, cell cycle
regulation, differentiation, transcription, etc. (Li
et al. 2014; Ponting et al. 2009; Zhang et al.
2013). Because of carcinogenic or tumour sup-
pressive function, lncRNAs have played an im-
portant role at almost every stage of PCa (Bolton
et al. 2014). DANCR enhanced the invasion of
PCa by suppressing TIMP2/3 (Jia et al. 2016).
Besides that, LncRNA DANCR facilitated drug
resistance of PCa to docetaxel with targeting miR-
34a-5p and JAG1 axis (Ma et al. 2019). Based on
previous studies, DANCR might be a promising
therapeutical target that regulates 5-FU sensitivity
in PCa cells.

MicroRNAs (miRNA) are endogenous non-
coding RNAs, which are small (21-22 nucle-
otides). MiRNAs mainly regulate gene expres-
sions through the degradation or translation sup-
pression of messenger RNA (Correia de Sousa et
al. 2019). As biomarkers, miRNAs were also used
to identify types of PCa (Abramovic et al. 2020;
Fabris et al. 2016). MiRNA-29b-3p not only sup-
pressed proliferation of PCa cells and induced
apoptosis in vitro, but also reduced xenograft
tumour growth in mice (Sur et al. 2019). MiR-
577 targeted SMURF1, causing decreased
SNHG3 expression, proliferation, invasiveness
and migration but facilitated apoptosis of PCa
cells (Li et al. 2020). Moreover, the negative
correlation between DANCR and miR-577 has
been reported in colorectal cancer detection and
osteoarthritis (Fan et al. 2018; Wang et al. 2018).
Nevertheless, their interaction was never men-
tioned in PCa. In order to enrich detections of
DANCR in PCa, miR-577 was applied for check-
ing the chemosensitivity of PCa to 5-FU with
DANCR expression.

Objectives

The present study aimed to examine RNA
expressions of lncRNA DANCR and miR-577 in
prostate cancer cells with 5-FU treatment and
changes of cell viability and apoptotic factors.

Experimental Data

Main Reagents

The main reagents used for the study includ-
ed RWPE-1 (ATCC, USA), VCaP (ATCC, USA),

PC3 (ATCC, USA), LNCaP (ATCC, USA), RPMI-
1640 medium (GibcoTM, USA), ten percent foet-
al bovine serum (GibcoTM, USA), pcDNA3.1 vec-
tor (Invitrogen, USA), Lipofectamine 3000 (In-
vitrogenTM, USA), TRIzolTM Reagent (Invitro-
genTM, USA), NGS Reverse Transcription Kit (Ion
TorrentTM, USA), 5-FU (Sigma-Aldrich, USA),
CCK-8 (Sigma-Aldrich, USA), and psiCHECKTM-2
vector (Promega, USA).

METHODOLOGY

Cell Culture

Human normal prostate epithelial cell line
RWPE-1 and prostate cancer cell lines (VCaP,
PC3 and LNCaP) were all acquired form ATCC
(USA). Later, the cells were all cultivated in
RPMI-1640 medium (GibcoTM, USA) contain-
ing ten percent foetal bovine serum (FBS) at 370C
and five percent CO

2
. Cells in log phase were

selected for further experiments.

Cell Transfection

Small interfering RNAs of DANCR were pro-
duced by GenePharma (Shanghai, China) called
siNC and siDANCR. MirVanaTM miRNA inhibi-
tor and mimics (InvitrogenTM, USA) were per-
formed to change levels of miR-577. Overex-
pression of DANCR was created by pcDNA3.1
vector from InvitrogenTM (USA). Then, PC3 cells
were applied for transfection with Lipofectamine
3000 (InvitrogenTM, USA). Cells were first incu-
bated in a 12-well plate with 1×105 cells per well
and transfection was conducted after cell con-
fluences reached fifty percent, cells were grouped
and transfected with siNC, siDANCR, NC inhib-
itor, miR-577 inhibitor, siDANCR with miR-577
mimics, oeNC and oeDANCR at 370C for 4 hours.
Later, cells were cultivated at RPMI-1640 medi-
um with ten percent FBS for 48 hours at 370C,
with five percent CO

2
. Expressions of DANCR

and miR-577 were quantified through RT-qPCR.

RT-qPCR

Total RNA was extracted from RWPE-1,
VCaP, PC3 and LNCaP cell lines following in-
structions of the TRIzolTM Reagent (InvitrogenTM,
USA). Later, reverse transcription was applied
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for obtaining cDNA using the NGS Reverse Tran-
scription Kit (Ion TorrentTM, USA). Thereafter,
PCR was processed for amplification. Conditions
were listed as following, that is, pre-denaturation,
950C, 5 minutes, denaturation, 950C, 30 seconds,
annealing and extension, 600C, 30 seconds, 35
cycles. Sequences of primers were displayed as,
DANCR, F (forward), 5’- GCCACTATGTA-
GAGGGTTTC-3’, and R (reverse), 5’- ACCT-
GCGCTAAGAA-3’ (Jia et al. 2016), miR-577, F,
5’- TGCGGTAGATAAAATATTGG-3’, and R,
5’- GTGCAGGGTCCGAGGT-3’ (Wang et al.
2018), Bcl-2, F, 5’- GAGTACCTGAACCG-
GCATCT-3’, and R, 5’- GGTATGCACCCA-
GAGTGATG-3’ (Li et al. 2017), Bax, F, 5’- CAG-
GATGCGTCCACCAAGAA-3’, and R, 5’- AG-
TAGAAGAGGGCAACCACG-3’ (Li et al. 2017),
GAPDH, F, 5’- ATGGGGAAGGTGAAGGTCGG-
3’, and R, 5’- GACGGTGCCATGGAATTTGC-
3’ (Jia et al. 2016), and U6, F, 5’- GCTTCGGCAG-
CACATATACTAAAAT-3’, and R, 5’- CGCT-
TCACGAATTTGCGTGTCAT-3’ (Wang et al.
2018). Relative expressions were calculated us-
ing 2-ΔΔCt methods, and GAPDH and U6 were in-
ternal references for DANCR and miR-577, re-
spectively. The experiment was repeated three
times.

Cell Toxicity Detection

After transfection, PC3 cells containing siNC,
siDANCR, NC inhibitor, miR-577 inhibitor, siD-
ANCR with miR-577 mimics, oeNC and oeD-
ANCR in log phase were gathered and treated by
5-FU (0, 1μM, 5μM and 10μM, Sigma-Aldrich,
USA) (Satari et al. 2019), and then seeded onto a
96-well plate with 1104 cells per well and kept
for culturing for 48 hours. Then, 10μl CCK-8
(Sigma-Aldrich) was added into each well and
incubated with cells for another 2 hours at 370C.
Finally, optical density (OD) values were analy-
sed at 450nm wavelength using the MultiskanTM

FC Microplate Photometer (Thermo ScientificTM,
USA).

Dual Luciferase Reporter Assay

Putative binding sites of DANCR with miR-
577 were provided by LncBase Predicted v.2
(http://carolina.imis.athena-innovation.gr). Af-
terwards, wild type sequences of DANCR with

putative binding sites of miR-577 and its mu-
tant type were inserted into psiCHECKμ-2 vec-
tor (Promega, USA) for creating DANCR-wt and
DANCR-mut. Then, miR-577 inhibitor with
DANCR-wt/mut and NC inhibitor with DANCR-
wt/mut were co-transfected into PC3 cells using
Lipofectamine 3000. Relative luciferase activi-
ties were quantified with GloMax® Discover
Microplate Reader (Promega, USA) for 48 hours
after transfection.

Statistical Analysis

All experiments were run in a triplicate and
data were displayed as mean ± SD. GraphPad
Prism 7 (USA) was applied to analyse data. Com-
parisons among groups were examined with Stu-
dent’s t-test and one-way ANOVA. P<0.05 was
considered to have statistical significance.

RESULTS

5-FU Downregulated Viability of Prostate
Cancer Cell and Inhibited Expression of
lncRNA DANCR

In order to confirm the role of DANCR, ex-
pressions of DANCR were first checked in
RWEP-1, VCaP, PC3 and LNCaP cell lines, which
showed that RNA levels of DANCR were in-
creased in PCa cell lines compared to REPE-1
cell line, especially in PC3 cell line (Fig.1A,
**P<0.05). Then, 5-FU was applied to treat PC3
cells for measuring suppression in cell viability.
With concentrations of 5-FU growing, cell via-
bilities of PC3 cells were reduced in a dose de-
pendent manner (Fig. 1B, **P<0.05). Meanwhile,
DANCR was declined in a dose dependent man-
ner with 5-FU densities growing (Fig. 1C,
**P<0.05). Considering DANCR was inhibited
with 5-FU application, overexpression of DAN-
CR was performed to check functions of DAN-
CR. After overexpression, the expression of
DANCR was upregulated compared to the con-
trol group after 5-FU (10ĕM) treatment (Fig. 1D,
**P<0.05). Then, toxicity of 5-FU to PC3 cells
with overexpressed DANCR were evaluated, in-
dicating that upregulation of DANCR reduced
5-FU toxicity (Fig. 1E, **P<0.05).
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MiR-577, the Target of lncRNA DANCR,
Expressed Higher in 5-FU-Treated PC3
Cells and Promoted Cell Toxicity

Through LncBase Predicted v.2, putative
binding sites of miR-577 with DANCR were pro-

vided (Fig. 2A). Furthermore, the binding be-
tween them was evaluated using luciferase re-
porter test, showing that miR-577 inhibitor and
DANCR-wt group showed the highest fluores-
cence compared with other three groups (Fig.
2B, **P<0.05). According to this, miR-577 ex-

Fig. 1. 5-FU downregulated viability of prostate cancer cell and inhibited expression of lncRNA DANCR
A: Relative RNA expression of lncRNA DANCR were measured using RT-qPCR in RWEP-1, VCaP, PC3 and
LNCaP cell lines, **P<0.05
B: Cell viabilities of PC3 cells with upregulated concentrations of 5-FU (0, 1μM, 5μM and 10μM) were evaluated
by CCK-8, **P<0.05
C: Expressions of DANCR in PC3 cells with 5-FU treatment (0, 1μM, 5μM and 10μM) were examined using RT-
qPCR, **P<0.05
D: RNA levels of DANCR after overexpression were assessed using RT-qPCR, **P<0.05
E: Toxicity of PC3 cells with the overexpression of DANCR were evaluated through CCK-8, **P<0.05. All results
were from three independent experiments
Source: Authors
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pression in PC3 cells with 5-FU (0, 1μM, 5μM
and 10μM) were detected, reminding that the
RNA level of miR-577 was upregulated dose de-
pendently (Fig. 2C, **P<0.05). Hence, suppressed
miR-577 was employed and miR-577 was re-
duced (Fig. 2D, **P<0.05). Later, cell toxicity of
5-FU in PC3 cells with miR-577 inhibitor was
measured, revealing that the toxicity was reduced
by the transfection of miR-577 inhibitor (Fig.

2E, **P<0.05). Each experiment was repeated
three times.

MiR-577 Hindered Roles of lncRNA DANCR
and Upregulated 5-FU Sensitivity in Prostate
Cancer Cells

As functions of DANCR and miR-577 and
their binding were measured, the interaction be-

Fig. 2. MiR-577 was the target of lncRNA DANCR and expressed higher in 5-FU treated prostate cancer cell line
A: Putative binding sites between miR-577 and DANCR were predicted by LncBase Predicted v.2 (http://
carolina.imis.athena-innovation.gr)
B: The binding between NC inhibitor+DANCR-wt/mut and miR-577+DANCR-wt/mut were determined us-
ing dual luciferase reporter assay, **P<0.05
C: Relative RNA expression of miR-577 in PC3 cells after 5-FU treatment (0, 1μM, 5μM and 10μM) were
validated by RT-qPCR, **P<0.05
D: Expressions of miR-577 with NC inhibitor and miR-577 inhibitor were detected in PC3 cells with 5-FU
(10μM) using RT-qPCR, **P<0.05
E: Toxicity of PC3 cells with 5-FU (10μM) and inhibitor of NC or miR-577 were evaluated using CCK-8,
**P<0.05
Source: Authors
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tween those two biomarkers was analysed. As
DANCR was upregulated and miR-577 was re-
pressed, knockdown of DANCR and overexpres-
sion of miR-577 were created to make a full-
scale cognition. After the transfection of inhibit-
ed DANCR and overexpressed miR-577, expres-
sion of miR-577 was upregulated while DANCR
level was obviously decreased (Fig. 3A, **P<0.05).
Meanwhile, toxicity was checked, showing that
toxicity was promoted by suppressed transfection
of DANCR, which was enhanced by miR-577
mimics (Fig. 3B, **P<0.05). Moreover, mRNA ex-
pression of Bcl-2 was reduced while Bax was up-
regulated with the transfection of siDANCR and
miR-577 mimics (Fig. 3C, **P<0.05). All experiments
were run in a triplicate.

DISCUSSION

Although extensive research of prostate can-
cer has been conducted, the mechanism of PCa

and its treatments are still mysterious (Grozescu
and Popa 2017). Besides that, over-diagnosis and
overtreatment increase risk in PCa treatment.
Therefore, it is necessary to find new biomarkers
to improve ways for dealing with this disease. 5-
fluorouracil (5-FU) is a kind of chemotherapeu-
tant for preventing cellular metabolism of can-
cer cells (Wigmore et al. 2010). Moreover, ef-
fects of 5-FU on PCa have been measured as well,
which showed that 5-FU could accelerate apop-
tosis and suppress proliferation of prostate can-
cer cells (Manogue et al. 2018). Therefore, 5-FU
was chosen for measuring its antiproliferative
capacity. According to the previous study of,
lncRNA NEAT1 facilitated 5-FU resistance in
colorectal cancer cells through promoting ex-
pressions of ALDH1 and c-Myc and chromatin
remodelling (Zhu et al. 2020). LncRNA DANCR
suppressed sensitivity to cisplatin in glioma cells,
in which DANCR upregulated AXL, causing the
activation of PI3K/Akt/NF-κB signaling path-

Fig. 3. MiR-577 upregulated 5-FU sensitivity in prostate cancer cells by restraining lncRNA DANCR
A: Relative RNA expressions of DANCR and miR-577 were assessed with RT-qPCR after DANCR inhibition and
miR-577 overexpression, **P<0.05
B: Toxicities of PC3 cells with DANCR inhibition and miR-577 overexpression were analysed by CCK-8, **P<0.05
C: Bcl-2 and Bax expressions in 5-FU-treated PC3 cells were examined by RT-qPCR after DANCR inhibition and
miR-577 overexpression, **P<0.05
Source: Authors
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way (Ma et al. 2018). As mentioned, lncRNA
DANCR could sponge miR-135a to regulate sen-
sitivity to paclitaxel in prostate cancer (Zhao et
al. 2019). Moreover, LncRNA DANCR promot-
ed JAG1 by competitively sponging miR-34a-
5p, resulting in increased resistance to docetax-
el in PCa cells (Ma et al. 2019). However, wheth-
er lncRNA DANCR can regulate 5-FU sensitivi-
ty has not been mentioned in prostate cancer.
Hence, this study would examine functions of
DANCR and its roles on regulating chemosensi-
tivity of 5-FU. First, expressions of DANCR were
higher in prostate cancer cell lines, especially in
PC3 cell line. Besides that, 5-FU treatment re-
duced cell viabilities and expressions of DAN-
CR in PC3 cells. Moreover, overexpressed Ln-
cRNA DANCR upregulated expression of DAN-
CR and reduced toxicity of 5-FU in PC3 cells.
Therefore, DANCR might be the biomarker that
alleviated chemosensitivity of 5-FU to prostate
cancer cells.

According to the research of Jiang et al.
(2017) miR-577 suppressed proliferation and
induced cell cycle arrest of colorectal cancer cells
and increased sensitivity to 5-FU (Jiang et al.
2017), whereas no studies have mentioned its
function in modulating 5-FU sensitivity in PCa.
In this study, through LncBase v.2, miR-577 was
verified to have putative binding sites with ln-
cRNA DANCR and following luciferase reporter
assay verified that the wild type of DANCR could
directly bind miR-577 in PC3 cells. Furthermore,
miR-577 expressions were significantly upregu-
lated with growing concentrations of 5-FU and
suppressed miR-577 downregulated its expres-
sion and so was the cell toxicity of PC3 cells.
Therefore, miR-577 was the target of DANCR,
which could upregulate sensitivity to 5-FU in
PC3 cells. Thereafter, interactions between miR-
577 and DANCR were detected, which showed
that miR-577 overexpression could enlarge the
downregulation DANCR after DANCR suppres-
sion. Moreover, the toxicity of 5-FU to PC3 cells
was facilitated with inhibition of DANCR, which
was magnified after miR-577 overexpression. Be-
sides that, Bcl-2 expression was downregulated but
Bax was promoted. Therefore, miR-577 might be
the promising biomarker that restrained functions
of DANCR in modulating 5-FU sensitivity in
prostate cancer cells.

CONCLUSION

LncRNA DANCR reduced chemosensitivity
of 5-FU in prostate cancer cells through directly
suppressing miR-577, suggesting that those two
biomarkers might be potential factors to regu-
late5-FU treatment in prostate cancer in vitro.
Nevertheless, in vivo and clinical detections are need-
ed for getting further knowledge about functions of
LncRNA DANCR and miR-577.

RECOMMENDATIONS

In prostate cancer cells, lncRNA DANCR was
upregulated, and its overexpression restrained
sensitivity to 5-FU. In contrast, miR-577, the tar-
get of DANCR, was upregulated by 5-FU treat-
ment, which enhanced sensitivity to 5-FU in pros-
tate cancer cells after knockdown of DANCR.
Hence, DANCR might be a target for 5-FU treat-
ment. This study provided a new biomarker for
increasing efficacy of 5-FU in PCa but further
detections were requested.

ABBREVIATION LIST

LncRNA DANCR: Long noncoding RNA
Differentiation Antagonising Non-protein
Coding RNA
5-FU: 5-Fluorouracil
MiR-577: MicroRNA-577
PCa: Prostate Cancer
ATCC: American Type Culture Collection
CCK-8: Cell Counting Kit-8
SD:  Standard Deviation
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