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Abstract: Objective: This research was designed to probe into the regulatory mechanism of long non-coding RNA 
(LncRNA) differentiation antagonizing non-protein coding RNA (DANCR) in potential applications and molecular 
mechanisms of prostate carcinoma (PC). Methods: The DANCR and miR-214-5p levels in PC tissues and cell lines 
were tested via real-time PCR, and those of transforming growth factor-β (TGF-β) signaling pathway related pro-
teins were evaluated via Western Blot (WB). Cell proliferation, migration, apoptosis and the regulatory relationship 
between target genes were assessed via MTT method, scratch test, flow cytometry, dual-luciferase report, RNA 
co-immunoprecipitation and RNA pull-down test, respectively. Results: DANCR was up-regulated in PC patients’ 
serum and cell lines, while miR-214-5p was opposite, showing negative correlation. Besides, DANCR was signifi-
cantly correlated with PSA, Gleason score and T stage in PC patients. The area under the curve (AUC) of DANCR and 
miR-214-5p for diagnosing PC was not less than 0.850, while the AUC for predicting poor prognosis was more than 
0.800. Cox analysis results also revealed that the two might be prognostic indicators of PC patients. We found that 
DANCR high levels or miR-214-5p low levels were related to PC patients’ poor prognosis. Up-regulating DANCR or 
down-regulating miR-214-5p could promote PC cells’ malignant proliferation and migration, prevent apoptosis, and 
activate TGF-β signaling pathway, while reverse treatment of DANCR or miR-214-5p can reverse the above results. 
DANCR regulates miR-214-5p in a targeted manner, and DANCR over-expression can reduce the cancer inhibitory 
effect of miR-214-5p on PC cells. Conclusion: DANCR-miR-214-5p-TGF-β axis regulatory network plays a key regula-
tory part in PC progression. It may provide new strategies for the screening and treatment of patients. 
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Introduction

Prostate cancer (PC) is a common reproductive 
tumor in men all over the world, and metastatic 
castration-resistant PC still has very high cure 
difficulty [1, 2]. According to the epidemiologi-
cal data, at least 650,000 men are diagnosed 
as PC every year, which accounts for 10% of the 
new cases of male cancer in the world, and up 
to 30% of patients relapse after surgery [3]. At 
the moment, PC faces a dilemma of highly het-
erogeneous molecular phenotype and no rec-
ognition of early symptoms, which is very unfa-
vorable for early curative treatment of PC 
patients [4]. The early treatment methods of PC 
include radical resection, radiotherapy and 
androgen deprivation therapy, which are harm-

ful to men to varying degrees [5]. In addition, 
due to the high heterogeneity of tumors, high-
risk patients often need multiple repeated biop-
sies to receive treatment, which brings great 
harm to the body of PC patients and puts for-
ward great demands for high-efficiency non-
invasive serum biological indicators [6]. The- 
refore, it quite remarkable to explore highly  
sensitive molecular indicators and related mo- 
lecular mechanisms in PC progression for 
improving the screening methods and progno-
sis of patients.

Long non-coding RNA (LncRNA) adjusts gene 
expression in multiple stages such as trans- 
cription, post-transcription, post-translation, 
etc., thus playing a regulatory part in malignant 
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development mechanisms such as tumor 
development, progression, metastasis, etc. 
Therefore, finding LncRNA highly correlated 
with PC will help us to explore the development 
mechanism of PC [7-9]. LncRNA GAS5 is re- 
ported to regulate PC progression by mediating 
AKT/mTOR signaling pathway and sponge miR-
103 [10]. LncRNA HOXD-AS1 was found to be 
associated with PC proliferation and chemical 
resistance; and it was effective through recruit-
ment of WDR5 [11]. Differentiation antagonist 
non-protein coding RNA (DANCR) is a carcino-
genic LncRNA that is highly correlated with 
tumors. Its abnormal imbalance is manifested 
in various cancer scenarios such as hepatocel-
lular carcinoma, breast cancer, glioma, etc. 
[12]. A recent study has shown that DANCR is 
also relevant to PC invasion and can be effec-
tive by epigenetic negative regulation of 
TIMP2/3 expression [13]. In addition, it can 
also act as a molecular sponge of miR-214-5p 
to play an oncogene role in pancreatic cancer 
[14]. It is reported that miR-214-5p acts as  
a cancer suppressor to suppress PC cell pro-
gression through targeted regulation of CRMP5 
[15]. Transforming growth factor-β (TGF-β) sig-
nal pathway is a highly correlated signal regula-
tory pathway in tumor microenvironment. Its 
regulatory range not only involves the occur-
rence and apoptosis of early tumors, but also 
includes the proliferation, infiltration and angio-
genesis of late cancers [16]. Song [17] and oth-
ers pointed out that activating TGF-β signal 
pathway was beneficial to castration-resistant 
PC progression, suggesting that research on 
targeted regulation of this signal pathway was 
beneficial to finding anti-PC molecular regula-
tory axis. We further explored the potential rela-
tionship between TGF-β signal pathway and 
DANCR, miR-214-5p. Cao et al. [18] confirmed 
that DANCR regulated the activity and metas- 
tasis of tumor cells through ERK-SMAD path-
way, which coincided with the related response 
molecules of TGF-β signal pathway (TGF-β R1, 
p-SMAD3, SMAD3, etc.); it suggested that  
there was a secret relationship between DANCR 
and TGF-β signal pathway. In addition, Qi et al. 
[19] confirmed that miR-214-5p played a part 
in the adipogenic differentiation of bone mar-
row stem cells in postmenopausal osteoporo-
sis patients by regulating TGF-β signal pathway; 
and it can be seen that miR-214-5p was also 
related to this pathway. 

We suspect that DANCR-miR-214-5p-TGF-β 
axis regulatory network is involved in PC pro-

gression. The specific research and report were 
as follows. 

Materials and methods

Collection of tissue samples

From February 2012 to February 2015, 53 PC 
patients (PC group) and 47 healthy persons 
(normal group) were included. They were 
(45.62±6.23) years old on average, and their 
ages were comparable (P<0.05). All patients 
and their families were willing to take part in  
the experiment, and they signed an informed 
consent form. It was approved by the Hospital 
Ethics Committee of the Second Xiangya 
Hospital, Central South University, and tissue 
samples were collected in accordance with the 
Declaration of Helsinki. Inclusion criteria were 
as follows: those confirmed by pathological 
diagnosis as PC [20]; first treatment; those who 
had not taken hormone or other drugs within 
half a year; those with normal cognition and no 
communication problems. Exclusion criteria 
were as follows: those with other prostate dis-
eases; those with other malignancies; those 
with serious organ or systemic diseases; those 
with severe infectious diseases.

Follow-up

We conducted a 5-year follow-up visit to 
patients by telephones, visiting and inquiring 
medical records, once every three months. The 
overall survival (OS) was from the day of diagno-
sis to the death of the patients or the end of the 
last follow-up.

Cell culture and transfection

We purchased human PC cell lines DU145, 
22Rv1, RC-92a, PC-3M and normal prostate 
epithelial cells RWPE-1 (Xuanke Biotechnology 
Co., Ltd., Shanghai, China, XK-XB-1390, XK-XB-
2018, XK-XB-2864, XK-XB-2441, XK-XB-1339). 
They were cultivated at 37°C, 5% CO2 in DMEM 
medium (Beinuo Biotechnology Co., Ltd., 
Shanghai, China, Gibco12800-017) with 10% 
PBS, 100 units/ml penicillin and 100 μg/ml 
streptomycin (Xiangsheng Xingye Technology 
Co., Ltd., Beijing, China, 15140148).

The cells were transfected by targeted inhibi-
tion of DANCR (si-DANCR) or over-expression of 
DANCR (DANCR), negative control RNA (si-NC), 
miR-214-5p over-expression sequence (miR-
214-5p), miR-214-5p inhibition sequence (anti-
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miR-214-5p), miR negative control (miR-NC) 
and anti-miR negative control (anti-miR-NC) 
with Lipofectamine™ 2000 kit (BioMag 
Biotechnology Co., Ltd., Wuxi, China, 1166- 
8019).

Real-time quantitative PCR

Firstly, the total RNA in tissues and cells was 
extracted with Trizol reagent (Shanran Bio- 
technology Co., Ltd., Shanghai, China, 10296-
010). Then, 5 μg total RNA was employed to 
transcribe cDNA based on the reverse tran-
scription kit instructions (Yuduo Biotechnology 
Co., Ltd., Shanghai, China, YDJ2547); 1 μL syn-
thesized cDNA was employed in the amplifica-
tion system: cDNA 1 μL, upstream and down-
stream primers 0.4 μL each, 2× TPCnsScript® 
Tip Green qPCR SuperMix 10 μL, Passive 
Reference Dye (50×) 0.4 μL, Nuclease-free 
Water added to 20 μL. mRNA used GADPH as 
internal reference, miRNA used U6 as internal 
reference. All data were assessed via 2-ΔΔct.

WB test

The cultured PC cells were extracted via RIPA 
lysis method, and the concentration was tested 
via BCA kit (Junrui Biotechnology Co., Ltd., 
Shanghai, China, LCB004). The dilution ratio of 
primary antibodies such as TGF-β, TGF-β R1, 
SMAD3, p-SMAD3, β-Actin, etc. were all 1: 
1000. All primary antibodies were detected 
with rabbit polyclonal antibody. The antibodies 
were bought from Shanghai Qiming Biotech 
Co., Ltd. Each membrane was potched 3 times 
with PBS (Yanjin Biotech Co., Ltd., Shanghai, 
China, SH30256.01B), 15 min each time, and 
then cultivated with horseradish peroxidase 
labeled goat anti-rabbit secondary antibody. 
Excess liquid was absorbed by Filter paper. The 
protein bands were developed in a dark room 
under ECL reagent and the gray value was 
evaluated.

Cell viability is tested by MTT assay 

Cell proliferation was tested via MTT kit (Yiyan 
Biotechnology Co., Ltd., Shanghai, China, 
EY-19002). Cells were inoculated on 96-well 
plates 24 h after transfection, and the density 
was changed to 4×103 cells/well. They were 
incubated 0, 24, 48 and 72 h at 37°C. Next,  
20 μL MTT solution (5 μmg/mL) was added at 
each time point and cultured 4 h at 37°C, and 

then 200 μL dimethyl sulfoxide was added to 
each well. The OD values of cells were mea-
sured at 450 mm wavelength using Q-drop 
spectrophotometer (Houze Biotechnology Co., 
Ltd., Hangzhou, China, XY-381-07341).

Cell migration is detected by scratch test

We diluted the cells to 3×105 cells/ml and inoc-
ulated them in a 6-well plate. After observing 
that they grew to 85%, we divided them into a 
cell-free area in the center culture plate by 
using a 200 μl sterile loading gun. We washed 
the divided cells with PBS and added a new 
medium. About 0 h (W0) and 24 h (W24) later, 
the cell migration was assessed by microscope 
for scratches at three different positions. 

Apoptosis is tested by flow cytometry  

Transfected cells were digested with 0.25% 
trypsin and washed twice with PBS after  
digestion. Next, 100 μL binding buffer was 
added. It was prepared into 1×106/mL suspen-
sion, sequentially added with AnnexinV-FITC 
and PI 10 μL each, and finally cultivated 5 min 
at room temperature. The results were tested 
with FACSCalibur flow cytometry (Shiwei Ex- 
perimental Instrument Technology Co., Ltd., 
Shanghai, China) and averaged over 3 times.

Dual-luciferase report assay

Complementary DNA fragments consisting of 
DANCR wild-type (DANCR-Wt) or DANCR mu- 
tant (DANCR-Mut) fragments were subcloned 
downstream of the luciferase gene in psi-
CHECK2 luciferase reporting vector. The miR-
214-5p mimetic was co-transfected with the 
DANCR-Wt or DANCR-Mut report vector using 
transfection reagents. Forty-eight hours after 
transfection, fireflies and renin luciferase ac- 
tivities in cell lysates were continuously tested 
with a dual-luciferase reporter kit (Qunji Bio- 
technology Co., Ltd., Shanghai, China, KA3784).

RNA immunoprecipitation

Based on RNA immunoprecipitation (RIP), we 
confirmed whether DANCR and miR-214-5p 
could interact or bind with the potential binding 
protein Ago2. It was strictly in view of the 
instructions of EZMagna RIP kit (Taizejiaye 
Technology Development Co., Ltd., Beijing, 
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China, 17-701). Cells were lysed and cultivated 
with protein A magnetic beads conjugated to 
antibodies at 4°C. Six hours later, the beads 
were cleaned with washing buffer, and then  
cultivated 30 min with 0.1% SDS/0.5 mg/ml 
protease K at 55°C. In the end, the immunopre-
cipitated RNA was analyzed via qRT-PCR to 
prove the existence of DANCR and miR-214-5p 
using specific primers. 

RNA pull-down experiment

PC cells were transfected with biotinylated  
miR-214-5p-Wt, miR-214-5p-Mut and negative 
control Bio-NC, respectively. Forty-eight hours 
later, the cell lysate was cultivated with 
Streptomyces M-280 magnetic beads in line 
with the production instructions; the DANCR 
level in the RNA complex bound to the beads 
was tested via qRT-PCR.

Statistical methods

All data were analyzed and figures were drawn 
by GraphPad 6. The inter-group comparison 
was evaluated by independent-samples t test. 
The comparison among multiple groups was 
assessed by one-way analysis of variance 
(ANOVA) and represented as F. The post-event 
comparison was performed by LSD-t test. 
Multi-time point indicators were compared by 
repeated measures ANOVA and represented as 
F, and Bonferroni was employed for back test-
ing. AUC for PC identification was evaluated 
through receiver operating characteristic (ROC) 
curve. The correlation was assessed through 
Pearson test. P<0.05 was statistically dif- 
ferent.

Results

DANCR may be carcinogenic in PC patients 

The DANC and miR-214-5p expression in serum 
of PC patients (n=53) and healthy subjects 
(n=47) were detected, so as to explore their 
potential relationship with PC development and 
progression. The DANCR expression in serum 
of PC patients was higher than that of normal 
group, while the miR-214-5p expression was 
different from the former. The AUCs of the two 
discrimination PC were 0.852 and 0.863, 
respectively, and they also had negative corre-
lation (r=-0.626, P<0.001). The above results 
had statistical significance (P<0.05) (Figure 1). 

DANCR is significantly correlated with PSA, 
Gleason score and T stage in PC patients

The relationship between DANCR and patho-
logical data of PC patients (n=53) were ana-
lyzed, so as to probe into the potential relation-
ship between DANCR and PC pathological 
parameters. It manifested that DANCR was 
obviously related to PSA, Gleason score, T 
stage, N stage and M stage of PC patients 
(P<0.05). Among them, PSA and Gleason 
scores were positively correlated with the 
degree of PC malignancy or disease risk [21, 
22] (Table 1).

DANCR and miR-214-5p may be prognostic 
indicators for PC patients

Based on the expression data of serum DANCR 
and miR-214-5p in PC patients (n=53), their 
relationship with patients’ prognosis was ana-
lyzed to verify whether they were prognostic 
indicators. Fifty-three PC patients were fol-
lowed up for 5 years. Thereinto, those survived 
were taken as a good prognosis group (GPG) 
(n=38), while those died were regarded as a 
poor prognosis group (PPG) (n=15). OS in this 
study was 71.70% (38/53) in 5 years. In the 
PPG, there were higher levels of DANCR and 
lower levels of miR-214-5p, and AUCs for pre-
dicting poor prognosis of PC patients were 
0.846 and 0.868, respectively. We took the 
best cut-off value of ROC parameters for pre-
dicting poor prognosis as the cut-off point for 
high and low expression, and plotted the sur-
vival curve. We found that DANCR high level or 
miR-214-5p low level were associated with 
lower 5-year OS in PC patients. Cox regression 
analysis found that N stage, M stage, pathologi-
cal differentiation degree, DANCR and miR-
214-5p were their independent prognostic fac-
tors. All results were statistically remarkable 
(P<0.05) (Figure 2; Table 2).

Up-regulating DANCR can promote PC cell pro-
gression

DANCR’s effect on the proliferation, migration, 
apoptosis and other biological functions of PC 
cell lines, and TGF-β signal pathway were ana-
lyzed, in order to explore the molecular effects 
of DANCR on PC progression. First of all, the 
DANCR expression in PC cell lines was test- 
ed; it in DU145 and PC-3M was dramatically 
higher. Then, these two PC cells were further 
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Figure 1. DANCR may be carcinogenic in PC patients. A, B. The levels of DANCR and miR-214-5p in serum of PC patients (n=53) and healthy subjects (n=47) are 
detected by RT-PCR. C. ROC curve was drawn to evaluate the diagnostic value of DANCR and miR-214-5p for PC. D. The correlation between the two is analyzed by 
Pearson correlation coefficient. Note: **P<0.01.
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analyzed. Through transfection, we respective-
ly carried out up-regulation and down-regula-
tion of DANCR expression. Cell behavior analy-
sis manifested that PC cell proliferation and 
migration were enhanced, apoptosis level 
reduced, and TGF-β, TGF-β R1, and p-SMAD3 
protein levels increased after DANCR up-regu-
lation. However, the down-regulation of DANCR 
was different from the above results. The above 
results had statistical remarkable (P<0.05) 
(Figure 3). 

DANCR and miR-214-5p have target control 
relationship

The molecular mechanism of DANCR in PC was 
assessed through biological analysis. Speci- 
fically, there was a targeted binding site be- 
tween miR-214-5p and DANCR through Star- 
base (http://starbase.sysu.edu.cn/index.php). 
Dual-luciferase activity signified that up-regula-
tion of miR-214-5p only reduced the luciferase 
activity of DANCR 3’UTR-Wt (instead of DANCR 
3’UTR-Mut). In RIP experiment, the DANCR and 
miR-214-5p levels precipitated by Ago2 anti-

was different from the above results. The above 
results had statistical significance (P<0.05) 
(Figure 5). 

Up-regulating or down-regulating DANCR and 
miR-214-5p can eliminate this promotion ef-
fect

To further verify the molecular regulatory mech-
anism of DANCR-miR-214-5p axis in PC devel-
opment, we conducted a co-transfection study. 
After up-regulating or down-regulating DANCR 
and miR-214-5p at the same time, the prolifer-
ation, migration, apoptosis and TGF-β signal 
pathway related protein levels of PC cells had 
no remarkable difference compared with si-NC 
(P>0.05). However, compared with those cells 
that up-regulated DANCR, the proliferation and 
migration as well as TGF-β, TGF-β R1 and 
p-SMAD3 protein levels were obviously inhibit-
ed, and the apoptosis was enhanced. Compar- 
ed with down-regulation of DANCR, the above 
results were all contrary, and the difference 
was statistically remarkable (P<0.05) (Figure 
6). 

Table 1. Relationship between DANCR and pathological 
data of PC patients [n (%), mean ± SD]
Factors n=53 DANCR t/F value P value
Age (year) 1.379 0.174
    <45 24 1.70±0.12
    ≥45 29 1.75±0.14
PSA (ng/mL) 11.164 <0.001
    <4 10 1.59±0.08
    4-10 16 1.68±0.13
    >10 27 1.80±0.14
Gleason score (point) 4.800 <0.001
    <7 25 1.63±0.15
    ≥7 28 1.85±0.18
T stage 5.522 <0.001
    T1/T2 27 1.62±0.14
    T3/T4 26 1.84±0.15
N stage 8.146 <0.001
    N0 21 1.51±0.12
    N1 32 1.89±0.19
M stage 10.271 <0.001
    M0 30 1.55±0.17
    M1 23 1.96±0.10
Note: DANCR, differentiation antagonizing non-protein coding RNA; 
PC, prostate cancer; PSA, prostate-specific antigen; T, tumor; N, node; 
M, metastasis.

body were dramatically higher than IgG. 
In RNA pull-down experiment, DANCR 
was only pulled down by biotin-labeled 
miR-214-5p-Wt. WB analysis found that 
the DANCR expression in PC cells was 
inhibited after miR-214-5p was up-regu-
lated. The above results had statistical 
significance (P<0.05) (Figure 4). 

Down-regulating miR-214-5p promotes 
PC cell progression

In view of the targeted relationship 
between DANCR and miR-214-5p, we 
also further analyzed DANCR’s effects on 
proliferation, migration, apoptosis and 
other biological functions of PC cells, as 
well as TGF-β signal pathway, so as to 
explore the relationship between DANCR 
and PC progress. Similarly, we found 
lower levels of miR-214-5p in DU145 and 
PC-3M. We further analyzed these two 
PC cells. And cell function analysis mani-
fested that after miR-214-5p was down-
regulated, PC cell proliferation and migra-
tion levels increased, while apoptosis 
levels decreased, and TGF-β, TGF-β R1, 
and p-SMAD3 protein levels increased. 
However, up-regulation of miR-214-5p 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/gleason-score
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Figure 2. Low level of DANCR or high level of miR-214-5p is associated with poor prognosis of PC patients. A. The levels of DANCR and miR-214-5p are markedly 
higher in patients with poor prognosis (n=15) and those with good prognosis (n=38) confirmed by RT-PCR. B. ROC curve is used to evaluate the value of the two 
methods in predicting poor prognosis of PC patients. C, D. The effect of DANCR and miR-214-5p on 5-year OS of PC patients is evaluated by survival curve. Note: 
*P<0.05 v.s. good prognosis group.
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Table 2. Univariate and multivariate Cox regression analysis

Indicators
Single factors Multiple factors

HR (95% CI) P HR (95% CI) P
Gender 1.214 (0.790-2.172) 0.220
Age 1.176 (0.441-3.025) 0.759
T stages 1.791 (1.213-2.658) 0.022 1.101 (0.887-1.542) 0.096
N stages 1.962 (2.008-2.163) 0.017 1.644 (1.447-2.968) 0.012
M stages 2.308 (1.397-3.798) 0.001 1.830 (1.084-3.057) 0.024
Degree of pathological differentiation 0.577 (0.189-8.274) 0.001 0.352 (1.210-6.447) 0.006
DANCR 3.655 (0.859-12.349) <0.001 7.052 (1.547-9.244) 0.003
miR-214-5p 2.214 (1.205-3.781) 0.009 5.098 (1.196-3.781) 0.026
Note: T, tumor; N, node; M, metastasis; DANCR, differentiation antagonizing non-protein coding RNA; miR, microRNA.

Discussion

PC is the main cause of human mortality and 
morbidity in the world. Although the mortality 
has shown a downward trend, the morbidity 
has increased [23]. LncRNA is regarded as an 
anti-cancer target due to its close participation 
in human physiological and pathological pro-
cesses [24]. While we pay close attention to the 
potential clinical application value and regula-
tion mechanism of DANCR, hoping to supply 
new directions for prevention and treatment. 

More and more researchers are interested in 
regulating DANCR in PC. For example, Ma and 
others [25] pointed out that DANCR mediated 
PC chemical sensitivity by regulating miR-34a-
5p/JAG1 molecular signal. However, Lu [26] 
and others studied that DANCR was abnor- 
mally up-regulated in PC patients; knocking 
down the DANCR expression was helpful to  
prevent PC cell lines’ survival. DANCR was also 
up-regulated in various diseases, playing a 
potential carcinogenicity. For example, in osteo-
sarcoma, it can promote tumor progression by 
adjusting miR-33a-5p-AXL-Akt molecular sig-
nal; in breast cancer, it can mediate the inflam-
matory phenotype and malignant behavior of 
tumor cells by regulating EZH2-SOCS3 axis; in 
hepatic cellular cancer (HCC), the positive feed-
back signal of IL-6-STAT3 can be activated to 
enhance the resistance of sorafenib, so as to 
exert carcinogenicity [27-29]. Besides, the pre-
viously mentioned DANCR molecular target 
miR-214-5p has also been found to have poten-
tial targeted binding sites in Starbase online 
target gene prediction website, suggesting that 
miR-214-5p may be a downstream tumor regu-
lator of DANCR. Liu and others [30] also point-
ed out that miR-214-5p could mediate the pro-

gression of ovarian cancer, which was also a 
reproductive tumor, and it undertook cancer 
suppression work. In addition, it has been 
reported that miR-214-5p has cancer suppres-
sive function in HCC, cervical cancer, glioma 
and other tumors [31-33].

In this research, we first evaluated the DANCR 
and miR-214-5p levels in PC patients’ serum, 
and found that DANCR was up-regulated while 
miR-214-5p was down-regulated; it indicated 
that the former might play a carcinogenic part 
in PC progression, while the latter might inhibit 
cancer. In addition, the AUC of both diagnosis 
PC was not less than 0.850, indicating that 
both might be biological molecular screening 
indicators. Correlation analysis signified that 
there was a remarkable negative correlation 
between the two, showing that the two might 
play an antagonistic part in PC progression. We 
found that DANCR was significantly correlated 
with PSA, Gleason score, T stage, N stage and 
M stage of PC patients, suggesting that it had  
a certain value in the above clinical parame-
ters. Prognostic results manifested that high-
level of DANCR or low-level of miR-214-5p  
existed in the PPG. The AUC for predicting poor 
prognosis of PC patients by both of them 
exceeded 0.800, and high-level of DANCR or 
low-level of miR-214-5p were dramatically cor-
related with lower 5-year OS, suggesting that 
both might be prognostic indicators of PC. Cox 
analysis results showed that N stage, M stage, 
pathological differentiation degree, DANCR, 
and miR-214-5p were independent prognostic 
indicators for PC patients. Research showed 
that the 5-year OS of PC patients was 58.5-
81.5%, and married men had an average high-
er level. In this study, the 5-year OS was 71.70% 
[34].
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Figure 3. Up-regulating DANCR can promote PC cell progression. A, B. The expression and transfection efficiency of DANCR are detected by RT-PCR. C-E. The effects 
of DANCR on proliferation, migration and apoptosis of PC cells are evaluated through MTT assay, scratch test and flow cytometry. F, G. The effect of DANCR on TGF-β 
signal pathway in PC cells is evaluated by Western blot analysis. Note: *P<0.05, **P<0.01 v.s. RWPE-1 cells/si-NC; ##P<0.01 v.s. DANCR.
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We then analyzed the PC molecular mecha- 
nism of DANCR and miR-214-5p. It manifested 
that there were also up-regulated DANCR and 
down-regulated miR-214-5p in PC cells, and 
the expression was most remarkable in PC cell 
lines DU145 and PC-3M. We will carry out sub-
sequent transfection experiments with DU145 
and PC-3M. Functional analysis of PC cells 
identified that up-regulating DANCR or down-
regulating miR-214-5p was helpful to boost PC 
cell proliferation and migration, activate TGF-β 
signaling pathway, and inhibit apoptosis, while 
reverse treatment (down-regulation of DANCR 
or up-regulation of miR-214-5p) reverses the 
above results; it indicated that down-regulating 
DANCR or up-regulating miR-214-5p expres-
sion was helpful to improve its progression, and 
both might have carcinogenicity and carcinoge-
nicity in PC respectively by mediating TGF-β  
signal pathway. The key members of TGF-β sig-
nal pathway are TGF-β, TGF-β R1, SMAD3, etc. 

In PC progression, this signal pathway is often 
activated, which is manifested by increased 
levels of TGF-β, TGF-β R1, and p-SMAD3 pro-
teins, which are consistent with the results of 
this study [35]. Jin [36] and others reported 
that TGF-β signal pathway could reduce PC cell 
invasiveness under negative regulation of miR-
15a/miR-16 clusters, suggesting that inhibit- 
ing this pathway was helpful to improve PC. 
Lowering DANCR or increasing miR-214-5p also 
inhibits TGF-β signal pathway and reverses PC 
progression. What’s more, inhibitng TGF-β sig-
nal pathway has therapeutic significance in 
various tumor diseases, such as glioma, breast 
cancer, PC bone metastasis [37-39].

LncRNA usually plays a negative regulatory part 
as a molecular sponge of miRNA, and exerts 
influence on tumor development by the cross-
talk structure of LncRNA-miRNA [40]. Chen et 
al. [41] reported that miR-214-5p could be reg-

Figure 4. DANCR has target-con-
trolled relationship with miR-214-
5p. A. The target sites of DANCR and 
miR-214-5p are discovered through 
Starbase (http://starbase.sysu.edu.
cn/index.php). B-E. The target rela-
tionship between the two is verified 
by relative luciferase activity-dual 
luciferase report, rip and RNA pull-
down tests. F. The effect of miR-
214-5p on DANCR expression in PC 
cells is assessed by RT-PCR. Note: 
**P<0.01 v.s. miR-NC; #P<0.05, 
##P<0.01 v.s. Anti-IgG/Bio-NC/anti-
miR-214-5p.
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Figure 5. Down-regulating miR-214-5p can promote PC cell progression. A, B. The expression and transfection efficiency of miR-214-5p are analyzed by RT-PCR. C-E. 
The effects of miR-214-5p on proliferation, migration and apoptosis of PC cell lines are analyzed by MTT assay, scratch test and flow cytometry. F, G. The effect of 
miR-214-5p on TGF-β signal pathway in PC cell lines is analyzed via Western blot analysis. Note: *P<0.05, **P<0.01 v.s. RWPE-1 cells/si-NC; ##P<0.01 v.s. DANCR.
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Figure 6. Co-transfection experiment. A-C. The effects of DANCR and miR-214-5p co-expression on proliferation, migration and apoptosis of PC cell lines are ana-
lyzed by MTT assay, scratch test and flow cytometry. D, E. The effects of DANCR and miR-214-5p co-expression on TGF-β signal pathway in PC cell lines are analyzed 
by Western blot analysis. Note: *P<0.05, **P<0.01 v.s. si-NC; ##P<0.01 v.s. DANCR.
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ulated by DANCR and reverse the carcinogenic 
effect of DANCR in NSCLC by combining with 
downstream factor CIZ1. We have proved 
whether DANCR in PC miRNA’s molecular 
sponge. Dual-luciferase report, RIP and RNA 
pull-down experiments have all confirmed that 
DANCR and miR-214-5p have a target control 
relationship; it suggests that DANCR, as endog-
enous RNA, participates in the pathological 
mechanism of PC through sponge miR-214-5p. 
We also conducted co-transfection experi-
ments. The results showed that up-regulating 
or down-regulating DANCR and miR-214-5p 
simultaneously would eliminate the promotion 
of PC progression and activation of TGF-β sig-
nal pathway when the two were up-regulated or 
down-regulated. This proved once again that 
the existence of DANCR-miR-214-5p-TGF-β 
molecular regulatory axis had regulatory effect 
on PC progression. The above research results 
inspire us that the development of DANCR 
inhibitor or miR-214-5p promoter may have 
extraordinary clinical value. 

This study reported that DANCR competitively 
binds miR-214-5p and activates TGF-β signal 
pathway to promote PC progression. However, 
there is still room for improvement. Firstly, we 
can investigate whether DANCR has the value 
of diagnosing the clinical pathological parame-
ters of PC patients. Secondly, we can supple-
ment whether DANCR influences PC chemical 
resistance and clarifies the potential regulation 
mechanism on its chemical sensitivity. More- 
over, we can add DANCR’s potential value in 
predicting PC recurrence. 

Overall, up-regulating DANCR in PC has certain 
value for PC screening and prognosis predic-
tion, and down-regulating it can inhibit the 
molecular progression. We also first propose 
that DANCR-miR-214-5p-TGF-β molecular re- 
gulatory axis is involved in proliferation, migra-
tion and apoptosis of PC cells, which may pro-
vide a new scheme of clinical application for 
treatment.
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