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Abstract: Non-small cell lung cancer (NSCLC) is one of the most frequent cancers worldwide. The abnormal expres-
sion of long non-coding RNAs (lncRNAs) has been reported to be closely associated with the progression of human 
cancers, including NSCLC. Here, we demonstrated that differentiation antagonizing noncoding RNA (DANCR) was 
overexpressed in NSCLC tissues. Upregulation of DANCR expression was significantly associated with larger tumor 
size, advanced TNM stage and lymph node metastasis, and also predicted poor prognoses of patients with NSCLC. 
Functional experiments showed that DANCR enhanced NSCLC growth and metastasis both in vitro and in vivo. 
Further investigation revealed that DANCR could compete with the Sox4 mRNA to bind with miR-138, thus affecting 
Sox4 expression. In addition, we found that Sox4 bound to the promoter regions of DANCR gene to activate DANCR 
expression, suggesting a positive feedback loop of DANCR/miR-138/Sox4 in NSCLC. Taken together, these results 
provide a comprehensive analysis of the roles of DANCR as a competing endogenous RNA (ceRNA) in NSCLC pro-
gression.
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Introduction

Lung cancer is the most frequent cause of can-
cer-related death worldwide [1]. Non-small cell 
lung cancer (NSCLC) accounts for approximate-
ly 80% of all lung cancer cases [2]. Though the 
therapeutic advances in diagnosis and clinical 
treatment for NSCLC have been achieved, the 
5-year overall survival rate of NSCLC patients is 
still less than 15% due to tumor metastasis and 
recurrence [3]. Therefore, better understanding 
of tumor progression is of great importance for 
the advance of early detection, prevention, and 
exploring novel effective therapies for NSCLC 
patients.

Long noncoding RNAs (lncRNAs) are a class of 
RNA transcripts larger than 200 nucleotides in 
length, which cannot encode proteins. Increa- 
sing evidence demonstrates a critical role for 
lncRNAs in various different cellular processes, 
including cell proliferation, migration, invasion 
and stemness [4, 5]. MicroRNAs (miRNAs) are 
an abundant class of endogenous and short 

(21-24 nucleotides in length) non-coding RNAs, 
which can induce translational repression or 
degradation of target mRNAs via binding their 
3’-untranslated region (3’-UTR) [6]. Emerging 
studies demonstrated that lncRNAs could func-
tion as competing endogenous RNAs (ceRNA) to 
regulate gene expression through competitively 
binding common microRNAs [7]. For example, 
LINC01133 suppresses gastric cancer progres-
sion through acting as a ceRNA of APC and sup-
pressing the Wnt/β-catenin pathway [8]. HCC-
associated lncRNA (HCAL) functions as a ceRNA 
of LAPTM4B to facilitate growth and metastasis 
of liver cancer [9]. Recently, the lncRNA differ-
entiation antagonizing noncoding RNA (DANCR), 
locates on chromosome 4, was shown to be 
upregulated in several human cancers and 
modulate the growth and metastasis of cancer 
cells [10, 11]. DANCR exerts oncogenic effects 
by sponging some microRNAs, such as miR-
758, miR-335, miR-577 and miR-33a [12-14]. 
However, the biological functions and influenc-
es of DANCR as a ceRNA in NSCLC progression 
remain largely unclear.
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Increasing evidence reported that miR-138 is 
dramatically downregulated and functions as 
an important tumor suppressor in several 
human cancers. In specific, miR-138 inhibits 
proliferation, migration and invasion through 
suppression of Sox12 expression [15]. miR-
138 also targets EZH2 and then inactivates 
PI3K-AKT signaling pathway to regulate growth 
in laryngeal squamous cell carcinoma [16]. 
Downregulation of miR-138 expression was 
found in NSCLC tissues and indicated poor 
prognosis of patients. miR-138 suppresses 
proliferation, migration, invasion, epithelial-me- 
senchymal transition (EMT), chemoresistance 
and gefitinib resistance via targeting GPR124, 
GIT1, SEMA4C and ZEB2 [17-19]. Hence, the 
suppressive influence of miR-138 in NSCLC 
progression deserves further investigation.

Members of the Sox (Sry-related high-mobility 
group box) family of transcription factors are 
critical for many developmental processes reg-
ulating both the maintenance of stem cells and 
controlling terminal differentiation of a wide 
variety of cell types [20]. Sox4 acts as a onco-
gene in a wide variety of solid tumors, such as 
colorectal cancer, prostate cancer, hepatocel-
lular carcinoma (HCC), gastric cancer, lung can-
cer and endometrial cancer [21]. Increased 
expression of Sox4 modulates malignant phe-
notypes of cancer cells, including inhibition of 
apoptosis, increased cell invasion and metas-
tasis, and maintenance of cancer-initiating 
cells [22]. Recent studies showed that deregu-
lation of miR-138 are responsible for the over-
expression of Sox4 in human cancers [23-26]. 
However, to date, the regulatory mechanism of 
Sox4 via lncRNAs in NSCLC remains largely 
unknown. Here, online prediction driving DA- 
NCR to arouse our attention for its similar 
microRNA response elements (MREs) which 
might be provided for miR-138 as Sox4 did. 
Moreover, we found that DANCR interacted with 
miR-138 to regulate Sox4 expression via the 
ceRNA mechanism. In the present study, we 
focused on the ceRNA network which is com-
prising of DANCR, miR-138 and Sox4, and 
revealed the functional roles of DANCR in 
NSCLC growth and metastasis.

Materials and methods

Tissue samples

Paired NSCLC and adjacent normal lung tis-
sues were obtained from 64 patients who 

underwent primary surgical resection in the 
Department of Respiratory, The First Affiliated 
Hospital of Zhengzhou University. Diagnosis 
was based on pathological evidence, and col-
lected tissue samples were immediately snap-
frozen in liquid nitrogen and stored at -80°C 
until used. All patients were not received pre- 
operative treatments for cancer, such as ra- 
diotherapy, chemotherapy or immunotherapy. 
Written informed consent was obtained from all 
participants. The study was approved by the 
Ethics Committee of The First Affiliated Hospital 
of Zhengzhou University.

Cell culture

The normal human bronchial epithelial cells 
(NHBE) and HEK-293T cells were purchased 
from the Type Culture Collection of the Chinese 
Academy of Sciences (Shanghai, China). The 
NSCLC cell lines (A549, H1299, H460, SK- 
MES-1, and Calu-3) were purchased from the 
American Type Culture Collection (ATCC, Man- 
assas, USA). All cells were cultured in Dulbecco’s 
modified Eagle medium (DMEM, Hyclone) sup-
plemented with 10% fetal bovine serum (FBS, 
Invitrogen) and 1% penicillin/streptomycin. All 
cells were cultured in a humidified incubator at 
37°C with 5% CO2.

Transfection

The miR-138 mimics, miR-138 inhibitor (anti-
miR-138) and corresponding negative control 
miR (miR-NC, anti-miR-NC) were purchased 
from RiboBio (Guangzhou, China). The Sox4 
siRNA (siSox4) and corresponding negative 
control siRNA (siNC) were also purchased from 
RiboBio (Guangzhou, China). The target sequ- 
ence of siSox4 was shown as follow: siSox4-1: 
GCGACAAGATCCCTTTCAT, siSox4-2: CGACAAG- 
ATCCCTTTCATT. Transfection was performed by 
using Lipofectamine 2000 (Invitrogen) follow-
ing the manufacturer’s protocol.

Overexpression or knockdown of DANCR

For overexpression of DANCR, the full-length 
human DANCR gene was PCR amplified and 
subcloned into the lentiviral vector pLV (Add- 
gene). Lentiviral preparations were generated 
by transient transfection of HEK-293T cells by 
using pLV-DANCR, psPAX2 and pMD2.G. For 
knockdown of DANCR, DANCR shRNA was 
inserted into lentiviral vector pLKO.1 (Addgene). 
The target sequences for DANCR were shown 
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as follows: shDANCR-1: AGCCAACTATCCCTTCA- 
GT; shDANCR-2: GAGCTAGAGCAGTGACAAT. Len- 
tiviral preparations were generated as above. 
Lentiviruses were harvested at 48 hr after 
transfection and then filtered. Cells were infect-
ed with above lentiviruses in the presence of 8 
μg/ml polybrene (Sigma-Aldrich). After 48 h, 
stable cells were selected by puromycin (2 μg/
mL) for 1 week.

RNA isolation and quantitative real-time PCR 
(qRT-PCR)

TRIzol reagent (Invitrogen) was used to extract 
total RNA from tissues or cells in accordance 
with the manufacturer’s instructions. One mi- 
crogram total RNA was reverse transcribed 
using TransScript first-strand cDNA synthesis 
SuperMix (TransGen, Beijing, China). qRT-PCR 
assay was performed by SYBR green qPCR 
SuperMix (Applied Biosystems Life Technolo- 
gies, Foster, CA, USA) in ABI prism 7500 se- 
quence detection system (Applied Biosystems 
Life Technologies). The results were normalized 
to GAPDH. Fold changes of each gene were cal-
culated by 2-ΔΔCt (cycle threshold). The specific 
primers used for qRT-PCR were as following: 
Sox4-forward: CATGGTGTGGTCGCAGAT, Sox4-
reverse: GGGATCTTGTCGCTGTCTTT; DANCR-
forward: CTGCATTCCTGAACCGTTATCT, DANCR-
reverse: GGGTGTAATCCACGTTTCTCAT.

Cell proliferation detection

Cell proliferation was examined by Cell Counting 
Kit-8 (Dojindo, Beijing, China). 2 × 103 cells in 
100 μL medium were seeded into a 96-well 
plate in quadruplicate. 10 μL of Cell Counting 
Kit-8 (CCK-8) (Dojindo; Kumamoto, Japan) was 
added to each well at 24, 48, 72 and 96 h after 
the cells were seeded. The absorbance was 
measured at a wavelength of 450 nm.

Transwell assays

For the cell invasion assay, 24-well Transwell™ 
plates with 8.0-μm-pore Matrigel™-coated me- 
mbranes were used (Corning, NY). 1 × 105 cells 
were seeded into the upper chambers with 
serum-free medium. The lower chambers were 
filled with medium containing 20% FBS. After 
24 h of incubation, cells were fixed by 4% para-
formaldehyde and stained with crystal violet. 

The migration assay was performed similarly 
without coating the membranes with Matrigel™. 
The cells that had invaded through the mem-
brane to the lower surface were photographed 
and counted under a microscope in 10 random 
fields.

Apoptosis analysis 

Cells were resuspended at a concentration of 1 
× 106 cells/mL and then stained with 5 μL of 
propidium iodide (PI) and 5 μL of Annexin V-FITC 
from the FITC-Annexin V Apoptosis Detection 
Kit (BD Biosciences). Apoptosis were analyzed 
with a BD FACS Calibur™ flow cytometer. Data 
analysis was performed using FlowJo (Tree 
Star, San Carlos, CA).

Cell cycle analysis

For cell cycle analysis, cells were harvested and 
fixed with 70% cold ethanol at 4°C overnight. 
Then, cells were incubated with PI for 10 min, 
and the DNA content was determined by flow 
cytometry. Data analysis was performed using 
FlowJo (Tree Star, San Carlos, CA).

Xenograft model

5 × 106 cells were separately subcutaneously 
inoculated into the left and right flank in the 
dorsal of the nude mice for in vivo xenograft 
assay. Tumor size was measured every 5 days 
for 30 days. The tumor volume was calculated 
by the formula (length × width2)/2. For lung 
metastasis detection, 5 × 105 cells were inject-
ed into the lateral tail vein of the nude mice. 
After 8 weeks, mice were sacrificed, and the 
lung tissues of each mouse were obtained and 
followed by H&E staining. The number of pulmo-
nary metastasis in each mouse was counted 
under a microscope. All experimental proce-
dures were approved by the Animal Ethics 
Committee of The First Affiliated Hospital of 
Zhengzhou University. 

RNA immunoprecipitation (RIP)

A549 cells were co-transfected with pCMV-
MS2, pCMV-DANCR-MS2 or pCMV-DANCR-mut-
MS2 and pMS2-GFP (Addgene). After 48 hrs, 
RIP assay was performed by using a GFP an- 
tibody (Abcam) or negative IgG antibody (Mi- 
llipore) and the Magna RIP™ RNA-Binding Pr- 
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Figure 1. The DANCR is upregualted in NSCLC tissues and predicts poor prognosis of NSCLC patients. A. qRT-PCR 
analysis was used to investigate DANCR expression in 64 pairs of NSCLC tumor tissues compared with adjacent 
normal tissues. B. qRT-PCR analysis was used to investigate DANCR expression in NSCLC cell lines (A549, H1299, 
H460, SK-MES-1, and Calu-3) compared with that in normal human bronchial epithelial cells (NHBE). C. Kaplan-
Meier analyses of the correlations between DANCR expression level and overall survival of 64 patients with NSCLC. 
The median expression level was used as the cutoff. Patients with DANCR expression values below the 50th percen-
tile were classified as high group. Patients with DANCR expression values above the 50th percentile were classified 
as low group.

Table 1. The association between DANCR expression and 
clinicopathological features of NSCLC patients

Characteristics
Expression of DANCR

P value
Low (N = 32) High (N = 32)

Sex 0.451
    Male 16 13
    Female 16 19
Age 0.802
    ≤60 15 16
    >60 17 16
Histological grade 0.200
    Middle or low 24 28
    High 8 4
Histological classification 0.617
    Squamous cell carcinoma 17 15
    Adenocarcinoma or other 15 17
TNM stage 0.002
    I and II 7 19
    III and IV 25 13
Lymph node metastasis 0.012
    Negative 9 19
    Positive 23 13
Tumor size
    ≤3 cm 20 5 <0.0001
    >3 cm 12 27
History of smoking 0.316
    Ever 19 15
    Never 13 17

otein Immunoprecipitation Kit (Millipore, Bed- 
ford, MA) as the manufacturer’s instructions.

pofectamine 2000 (Invitrogen) following the 
manufacturer’s protocol. After 48 h, the lucifer-

Chromatin immunoprecipitation 
assay (ChIP)

The binding of Sox4 in DANCR pro-
moter was detected by ChIP assay. 
ChIP assays were performed by 
EZ-ChIP-Chromatin Immunopreci- 
pitation (Millipore) as the manuf- 
acturer’s instructions. Briefly, cells 
were cross-linked in 1% formalde-
hyde and then terminated by the 
addition of 125 mM (final concen-
tration) glycine. Sox4 antibodies 
(Abcam) or IgG antibodies (Millipo- 
re) were mixed with clear nuclear 
lysates for immunoprecipitation. 
Coprecipitated DNA was purified 
and the level of target genes was 
quantified using qRT-PCR. 

Luciferase reporter assay

The wild-type or mutant DANCR or 
3’-UTR of Sox4 mRNA were PCR-
amplified and subcloned into pm- 
irGLO vector. pmirGLO, pmirGLO-
DANCR or pmirGLO- DANCR-mut 
was cotransfected with miR-138 
mimics into cells by Lipofectami- 
ne 2000 (Invitrogen) following the 
manufacturer’s protocol. pmirGLO 
or pmirGLO-Sox4 was transfected 
into different stable cells by Li- 
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ase activity was detected with the Dual Lu- 
ciferase Assay Kit (Promega). Cells were lysed 
with lysis buffer. After centrifuge, the luciferase 
activity was determined by a Modulus TD20/20 
Luminometer (Turner Biosystems, CA). The rela-
tive luciferase activity was normalized to Renilla 
luciferase activity.

Western blot

Cells were lysed in RIPA Lysis Buffer (Beyotime, 
Beijing, China) supplemented with PMSF. Equal 
amounts of protein were separated by SDS-
PAGE and then transferred to PVDF membranes 
(Millipore). The membranes were blocked with 
5% non-fat milk and then incubated with pri-
mary antibodies for Sox4 (Cell Signal Tech- 

nology), and GAPDH (Cell Signal Technology) at 
4°C overnight. Subsequently, the membranes 
were exposed to horseradish peroxidase-la- 
beled IgG for 1 h, and the bands were visual-
ized using a Bio-Rad imaging system.

Statistical analysis

Statistical analysis was performed using SPSS 
19 software package (IBM SPSS Inc; Chicago, 
IL, USA). Student’s t test or ANOVA test was 
used to analyze the results expressed as mean 
± SD. The χ2 test was used to analyze the cor-
relation of DANCR expression and clinicopatho-
logical characteristics of NSCLC patients. The 
survival curves were plotted by Kaplan-Meier 
analysis, and the survival differences were 

Figure 2. DANCR promotes NSCLC cell proliferation, migration and invasion. A. The DANCR expression was overex-
pressed in H1299 cells. The relative DANCR expression in H1299 cells with DANCR overexpression was detected 
by qRT-PCR. B. The DANCR expression was silenced in A549 cells by two different shRNAs. The relative DANCR 
expression in A549 cells with DANCR knockdown was detected by qRT-PCR. C. DANCR knockdown inhibited cellular 
proliferation in A549 cells on the basis of CCK8 assays. D. DANCR overexpression promoted cellular proliferation in 
H1299 cells on the basis of CCK8 assays. E. Cell cycle was analyzed by flow cytometry after knocking down DANCR. 
The results showed that DANCR depletion led to G1 arrest in A549 cells. F. Cell cycle was analyzed by flow cytometry 
after overexpression DANCR. The results showed that DANCR overexpression drove progression beyond the G1/S 
transition in H1299 cells. G. Cell apoptosis was analyzed by flow cytometry after knocking down DANCR. Cells posi-
tive for Annexin V staining were counted as apoptotic cells, and the results showed that DANCR depletion induced 
cell apoptosis in A549 cells. H. Cell apoptosis was analyzed by flow cytometry after overexpressing DANCR. Cells 
positive for Annexin V staining were counted as apoptotic cells, and the results showed that DANCR overexpression 
inhibited cell apoptosis in A1299 cells. Date are presented as the means ± SD. *P<0.05.
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compared using the log-rank test. P<0.05 was 
regarded to be statistically significant.

Results

Upregulation of DANCR is associated with a 
poor overall survival time of NSCLC patients

To identify the role of DANCR in NSCLC progre- 
ssion, qRT-PCR analysis was used to investi-
gate DANCR expression in 64 pairs of NSCLC 
tissues compared with adjacent normal tis-
sues. Our results showed that DANCR expres-
sion in tumor tissues was significantly higher 
than those in the corresponding normal tissues 
(Figure 1A, P = 0.0018). We also examined the 
expression levels of DANCR in NSCLC cell lines. 
As shown in Figure 1B, DANCR expression was 
also significantly increased in NSCLC cell lines 
(A549, H1299, H460, SK-MES-1, and Calu-3) 
compared with that in normal human bronchial 
epithelial cells (NHBE). 

According to the median value of DANCR 
expression in NSCLC tissues, we defined 32 
patients with high level of DANCR expression 
and 32 patients with low level of DANCR expres-
sion. We analyzed the association between 
DANCR expression and the clinicopathological 
features of patients with NSCLC. As shown in 
Table 1, increased DANCR level was correlated 
to larger tumor size, advanced TNM stage and 
lymph node metastasis of NSCLC patients. 
However, no significant correlation between 
DANCR expression and other clinicopathologi-
cal factors was observed, including gender, 
age, histological grade, histological classifica-
tion or smoking status. Moreover, Kaplan-Meier 
analysis and log-rank test was performed to 
evaluate survival rate and the results revealed 
that NSCLC patients in high-level DANCR group 
had worse overall survival than those in low-
level DANCR group (Figure 1C). Overall, these 
results demonstrated that lncRNA DANCR was 
upregulated in NSCLC tissues and cells, and 
indicated the poor prognosis of NSCLC patients.

DANCR promotes proliferation and inhibits 
apoptosis of NSCLC cells in vitro

To understand the functional role of DANCR in 
NSCLC progression, both overexpression and 
knockdown experiments were utilized. Lenti- 
viruses for DANCR overexpression and control 
lentiviruses (Ctrl) were used to infect the H1299 

cells, whose DANCR expression was relatively 
low. Lentiviruses expressing specific shRNA tar-
geting DANCR (shDANCR) and negative control 
shRNA (shNC) were used in A549 cells, whose 
DANCR expression was relatively high. The 
increased or reduced expression of DANCR in 
these cell lines were confirmed by qRT-PCR 
(Figure 2A and 2B). The effect of DANCR on cell 
proliferation was evaluated by CCK-8 assays 
and the results showed that DANCR inhibition 
decreased cellular proliferation compared with 
the control group in A549 cells (Figure 2C), 
while overexpression of DANCR increased the 
proliferative rate of H1299 cells compared with 
the control cells (Figure 2D). Flow cytometry 
was performed to investigate the role of DANCR 
on NSCLC cells cycle. We found that DANCR 
knockdown induced an increase in the percent-
age of G0/G1-phase cells and a decrease in the 
percentage of S-phase cells (Figure 2E). Con- 
versely, DANCR overexpression drove progres-
sion beyond the G1/S transition in H1299 cells 
(Figure 2F). Moreover, we detected apoptosis 
by flow cytometry analysis in NSCLC cells 
stained for Annexin V and PI. It was found that 
DANCR-knockdown A549 cells had a signifi-
cantly higher percentage of Annexin V-positive 
cells than did in control cells (Figure 2G), 
whereas DANCR overexpression suppressed 
cell apoptosis in H1299 cells (Figure 2H). 

DANCR enhances cell migration and invasion, 
and induces EMT in NSCLC cells

A classical transwell assay was further utilized 
to assess the influence of DANCR on the migra-
tion and invasion. The results showed a notable 
decrease in the number of migrated and invad-
ed cells transfected with DANCR shRNA relative 
to the negative control shRNA group (Figure 
3A). On the contrary, DANCR overexpression 
significantly increased the migratory and inva-
sive ability of H1299 cell (Figure 3B). 

EMT is associated with tumor metastasis, 
which converts adherent epithelial cells into 
migratory cells. Therefore, we determined wh- 
ether EMT is responsible for DANCR-mediated 
change in cell motility. Depletion of DANCR in 
A549 cells induced the mRNA and protein 
expression of epithelial markers E-cadherin 
and α-catenin that was accompanied by a con-
comitant reduction of mesenchymal markers 
N-cadherin and Fibronectin (Figure 3C and 3E). 
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Conversely, overexpression of DANCR decrea- 
sed epithelial markers and upregulated mesen-
chymal markers (Figure 3D and 3E).

DANCR promotes NSCLC cell tumorigenicity 
and metastasis in vivo

To further prove the role of DANCR in vivo, a 
xenograft mouse model was used. Control and 

DANCR knockdown A549 cells were subcuta-
neously injected into nude mice. As shown in 
Figure 4A, tumors grown from DANCR stable 
knockdown A549 cells were smaller than tu- 
mors grown from control cell. The average 
tumor weight in the shDANCR group was also 
much lower than that in the control group 
(Figure 4B). Conversely, xenograft tumors 
grown from DANCR overexpressing H1299 cells 

Figure 3. DANCR promotes migration and invasin, and induces EMT. A. DANCR inhibition decreased the migration 
and invasion of A549 cells as determined by transwell assays. B. DANCR overexpression increased the migration 
and invasion of H1299 cells as determined by transwell assays. C. qRT-PCR showed a significant increase in the 
expression of the epithelial markers, E-cadherin and α-catenin, and a corresponding reduction of the mesenchymal 
markers, N-cadherin, and Fibronectin in DANCR-depleted A549 cells, relative to control. D. qRT-PCR showed a signifi-
cant decrease in the expression of the epithelial markers, E-cadherin and α-catenin, and a corresponding increase 
of the mesenchymal markers, N-cadherin, and Fibronectin in DANCR-overexpressed H1299 cells, relative to control. 
E. The protein expression of mesenchymal and epithelial markers in indicated stable cells was detected by western 
blot. Date are presented as the means ± SD. *P<0.05.
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had larger mean volumes and weights than 
tumors grown from control cells (Figure 4C and 
4D). 

In metastatic models, we injected A549 cells 
with stably DANCR knockdown into nude mice 
tail veins. After 8 weeks, both the incidence of 
lung metastasis and the number of lung meta-
static nodules in the A549-shDANCR group was 
significantly decreased, compared to that in the 
control group (Figure 4E and 4F). Conversely, in 
the H1299-DANCR group, all of the mice devel-
oped lung metastases; however, only 2 mice in 

the control group developed lung metastases 
(100% versus 25%, Figure 4G). The number of 
lung metastatic nodules in the H1299-DANCR 
group was also significantly increased, com-
pared to that in the control group (Figure 4H). 
The results above demonstrate that DANCR 
positively regulates the tumorigenicity and 
metastasis of NSCLC cells in vivo.

miR-138 is a target of DANCR

We next explored the underlying mechanism by 
which DANCR regulates NSCLC progression. 

Figure 4. DANCR promotes growth and metastasis of NSCLC cells in vivo. A and B. Effects of DANCR knockdown 
on tumor growth in vivo. Control and DANCR knockdown A549 cells were injected subcutaneously into nude mice. 
A. The tumor growth curves. B. Tumor weights. C and D. Effects of DANCR overexpression on tumor growth in vivo. 
Control and DANCR overexpressing H1299 cells were injected subcutaneously into nude mice. C. The tumor growth 
curves. D. Tumor weights. E and F. Control and DANCR knockdown A549 cells were injected into the lateral tail vein 
of the nude mice. After 8 weeks, the lung metastasis was detected. E. Incidence of lung metastasis in each group 
of nude mice. F. The numbers of hepatic and lung metastases per mouse were calculated. G and H. Control and 
DANCR overexpressing H1299 cells were injected into the lateral tail vein of the nude mice. After 8 weeks, the lung 
metastasis was detected. G. Incidence of lung metastasis in each group of nude mice. H. The numbers of hepatic 
and lung metastases per mouse were calculated. Date are presented as the means ± SD. *P<0.05.
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Increasing evidence suggested that lncRNA 
could act as ceRNAs to competitively binding 
microRNAs. To examine whether DANCR has a 
similar mechanism in NSCLC, we used star-
Base online tool to explore the association of 
DANCR and microRNAs. We found that miR-
138, a tumor suppressor microRNA, was pre-
dicted to interact with DANCR (Figure 5A). Next, 
to test the binding sites in DANCR, we sub-
cloned the wild-type DANCR transcript or its 

mutant sequence (mutant in the binding sites 
of miR-138) into a luciferase reporter construct, 
and then transiently cotransfected the reporter 
constructs with miR-138 or negative control 
mimics (miR-NC) into A549 cells. Results 
showed that miR-138 significantly inhibited the 
luciferase activities in A549 cells transfected 
with the wild type construct, but did not affect 
the luciferase activity in cells transfected with 
the mutant construct (Figure 5B). To further 

Figure 5. DANCR interacts with miR-138. A. Schematic representation of the miR-138 site in DANCR. B. Luciferase 
activity in A549 cells cotransfected with miR-NC or miR-138 and luciferase reporters containing DANCR or mutant 
DANCR (DANCR-mut). Data are presented as the relative ratio of firefly luciferase activity to renilla luciferase activ-
ity. C. A construct containing DANCR transcripts combined with MS2 binding site (MS2bs) elements. D. MS2-RIP 
followed by miR-138 qRT-PCR to examine miR-138 endogenously associated with DANCR or mutant DANCR. E. The 
DANCR expression in A549 cells transfected with miR-NC or miR-138. F. AGO2-RIP followed by DANCR qRT-PCR to 
assay DANCR level after miR-138 overexpression. G. The miR-138 expression in H1299 cells with overexpression 
of DANCR or mutant DANCR. H. The miR-138 expression in A549 cells with or without DANCR knockdown. Date are 
presented as the means ± SD. *P<0.05.
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confirm the direct association between DANCR 
and miR-138, we carried out an anti-MS2 RIP 
assay. As MS2-binding protein (MS2bp) specifi-
cally binds RNA containing MS2-binding sequ- 
ences (MS2bs), we generated a construct co- 
ntaining DANCR transcripts combined with 

The functional roles of miR-138 in NSCLC pro-
gression were then determined. A549 and 
H1299 cells were transfected with miR-138 
mimics (Figure S1A). The CCK-8 assays sh- 
owed that overexpression of miR-138 signifi-
cantly suppressed proliferation in both A549 

Figure 6. DANCR upregulates Sox4 expression by competitively binding miR-
138. A. The H1299 cells were cotranfected with DANCR and miR-138, and 
the Sox4 mRNA expression was then detected by qRT-PCR. B. The H1299 
cells were cotranfected with DANCR and miR-138, and the Sox4 protein ex-
pression was then detected by western blot. C. The A549 cells were cotran-
fected with DANCR shRNA and miR-138 inhibitor, and the Sox4 mRNA ex-
pression was then detected by qRT-PCR. D. The A549 cells were cotranfected 
with DANCR shRNA and miR-138 inhibitor, and the Sox4 protein expression 
was then detected by western blot. E. Luciferase activity of Sox4-3’UTR in 
H1299 cells cotransfected with DANCR and miR-138. Data are presented 
as the relative ratio of firefly luciferase activity to Renilla luciferase activity. 
F. Luciferase activity of Sox4-3’UTR in A549 cells cotransfected with DANCR 
shRNA and miR-138 inhibitor. Data are presented as the relative ratio of 
firefly luciferase activity to Renilla luciferase activity. Date are presented as 
the means ± SD. *P<0.05.

MS2bs elements and cotran- 
sfected into NSCLC cells with 
a plasmid expressing MS2bp-
GFP. Then, the RIP assay was 
carried out using an anti-GFP 
antibody (Figure 5C). The re- 
sult of MS2-RIP showed that 
the wild-type DANCR could be 
significantly enriched by miR-
138 compared with the empty 
vector (MS2) and DANCR with 
mutations in miR-138 target-
ing sites (DANCR-mut) (Figure 
5D). However, we found no sig-
nificant difference in DANCR 
levels after overexpression of 
miR-138, indicating that miR-
138 could not induce the deg-
radation of DANCR (Figure 
5E). microRNAs bind their ta- 
rget mRNAs and cause pos- 
ttranscriptional repression in 
an AGO2-dependent manner. 
To determine whether DANCR 
was regulated by miR-138 in 
this manner, we performed 
anti-AGO2 RIP in A549 cells 
transiently transfected with 
miR-138 or miR-NC mimics. 
Endogenous DANCR was spe-
cifically enriched in A549 cells 
transfected with miR-138 mi- 
mics (Figure 5F), indicating 
that DANCR and miR-138 
were in the same RNA-indu- 
ced silencing complex (RISC). 
Moreover, overexpression of 
wild-type DANCR WT, but not 
its mutant, decreased the 
miR-138 expression in H1299 
cells (Figure 5G), while knoc- 
kdown of DANCR upregulated 
miR-138 level in A549 cells 
(Figure 5H). Together, these 
data demonstrate that DANCR 
physically binds with miR-138 
and may function as a ceRNA.
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and H1299 cells (Figure S1B). Moreover, A549 
and H1299 cells with upregulation of miR-138 
showed higher migratory and invasive capaci-
ties than control cells (Figure S1C). 

To explore the underlying mechanism of miR-
138-mediated phenotypes, we searched for 
potential targets of miR-138. The prediction of 
TargetScan showed that Sox4 may be a direct 
target of miR-138 (Figure S1D). Then, luciferase 
reporter vectors containing 3’-UTR of Sox4 
mRNA was constructed. It was observed that 
miR-138 significantly decreased the luciferase 
activity of Sox4 3’UTR, while miR-138 did not 
exert an obvious effect on the empty vector or 
the mutant Sox4 3’UTR (Sox4-mut, mutation in 
miR-138-targeting sites) (Figure S1E). Additi- 
onally, miR-138 suppressed Sox4 expression 
as proved by qRT-PCR and western blot (Figure 
S1F and S1G). 

DANCR positively regulates Sox4 expression 
via sponging miR-138

As Sox4 is an important regulators involving in 
tumor growth and metastasis and a direct tar-

with DANCR. Overexpression of wild-type DA- 
NCR, but not the mutant, increased the lucif- 
erase activity of Sox4 3’UTR. Transfection of 
miR-138 mimics attenuated this increase 
(Figure 6E). In contrast, knockdown of DANCR 
reduced the luciferase activity of Sox4 3’UTR, 
which was abolished by miR-150 inhibitor 
(Figure 6F). These results suggest that DANCR 
upregulates Sox4 expression by competitively 
binding miR-138. 

DANCR promotes NSCLC progression partly 
through miR-138-Sox4 axis

We then investigated whether DANCR regulat- 
es NSCLC progression through miR-138-Sox4 
axis. Overexpression of wild-type DANCR, but 
not its mutant, promoted cell proliferation, 
migration and invasion in H1299 cells. Ectopic 
expression of miR-138 or Sox4 knockdown 
partly abolished this effect (Figure 7A and 7B). 
Inversely, the depletion of DANCR reduced the 
proliferative, migratory and invasive capacities 
of A549 cells, which were partially abrogated by 
inhibition of miR-138 or Sox4 overexpression 
(Figure 7C and 7D).

Figure 7. DANCR promotes NSCLC progression partly through miR-138-Sox4 
axis. (A and B). Upregulatin of miR-138 or inhibition of Sox4 partly abol-
ished the increase of proliferation (A), migration and invasion (B) mediated 
by DANCR overexpression in H1299 cells. (C and D). Inhibition of miR-138 or 
Sox4 overexpression partly rescued the decrease of proliferation (C), migra-
tion and invasion (D) mediated by DANCR knockdown in A549 cells. Date are 
presented as the means ± SD. *P<0.05.

get of miR-138, we hypothe-
sized that DANCR could mo- 
dulate NSCLC progression via 
functioning as a ceRNA of 
Sox4. Ectopic expression of 
DANCR led to an increase in 
the mRNA and protein level  
of Sox4 in A1299 cells, whe- 
reas overexpression of mut- 
ant DANCR did not influen- 
ce the Sox4 level. Transfecti- 
on of miR-138 mimics abro-
gated DANCR-mediated upre- 
gulation of Sox4 (Figure 6A 
and 6B). Inversely, depletion 
of DANCR repressed Sox4 ex- 
pression level in A549 cells, 
while inhibition of miR-138 ov- 
ercame this decrease (Figure 
6C and 6D).

To further confirm whether 
this observed effect depends 
on the modulation of the Sox4 
3’UTR, luciferase reporter as- 
say was performed after cotr- 
ansfection of luciferase plas-
mid containing Sox4 3’UTR 
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Sox4 activates DANCR transcription

Recently, it has been reported that lncRNA 
could form a positive feedback loop with tran-
scription factors [27]. To assay whether tran-
scription factor Sox4 could regulate DANCR 
expression in turn, we silenced Sox4 expres-
sion in A549 and H1299 cells. We found that 
knockdown of Sox4 induced a suppression of 
DANCR expression (Figure 8A). Using the JA- 
SPAR online tool (http://jaspar.genereg.net/), 
we found that Sox4 is predicted to be bound to 
the DANCR promoter region. We designed two 

primers that covered the Sox4 binding sites 
and performed chromatin immunoprecipitation 
(ChIP) assays to validate whether Sox4 could 
bind to these sites. The results showed that 
Sox4 could bind to both sites (Figure 8B). To 
clarify which element was critical for the Sox4-
mediated upregulation of DANCR expression, 
the two predicted Sox4-binding sites were indi-
vidually deleted. We found that upregulation of 
Sox4 promoted DANCR transcriptional activity, 
and E1 or E2 absence downregulated DANCR 
promoter activity in part (Figure 8C), indicating 
that both E1 and E2 are involved in Sox4-

Figure 8. Sox4 activates DANCR transcription. A. siRNAs against Sox4 were transfected into A549 and H1299 cells, 
and the relative expression of Sox4 and DANCR was detected by qRT-PCR. B. The ChIP was used to determine the 
binding of Sox4 in DANCR promoter. IgG was taken as a negative control. C. The luciferase activity of full-length, 
E1-only or E2-only promoter of DANCR in 293T cell transfected with empty vector or Sox4. D. Summary of the posi-
tive feedback regulation of DANCR/miR-138/Sox4 in NSCLC progression. Date are presented as the means ± SD. 
*P<0.05.
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induced DANCR transcription. These findings 
suggest that there exists a positive feedback 
regulation between Sox4 and lncRNA DANCR, 
which may continuously enhance their onco-
genic functions.

Discussion

Dysregulation of lncRNAs has been closely 
linked to the tumorigenesis and progression  
of human cancers, including NSCLC [28, 29].  
In this study, we demonstrated that DANCR 
expression was frequently increased in NSCLC 
tissues, relative to adjacent normal tissues. 
DANCR overexpression was correlated with 
larger tumor size, advanced TNM stage and 
lymph node metastasis of NSCLC patients. 
Additionally, NSCLC patients with high-level 
DANCR expression had worse prognoses than 
did patients with low-level DANCR expression. 
These clinical data suggest that DANCR con-
tributes to the malignant progression of NSCLC 
and may be used as a promising prognostic 
biomarker.

Mounting evidences discovered the role of 
lncRNAs in various cancers. DANCR was firstly 
found to increase stemness features of hepato-
cellular carcinoma by association of DANCR 
with CTNNB1 mRNA and blocking the repress-
ing effect of miR-214, miR-320a, and miR-199a 
on CTNNB1 mRNA [30]. Moreover, DANCR has 
been proved to exert oncogenic effect in other 
cancers, such as colorectal cancer, prostate 
cancer, and osteosarcoma [13, 14, 31, 32]. In 
consistent with our observations, Wang et al. 
[12] found that DANCR acts as a oncogene in 
NSCLC cells. Using loss-of-function and gain-of-
function assays, we demonstrated that DANCR 
plays a critical role in NSCLC cell proliferation, 
migration and invasion. Knockdown of DANCR 
significantly decreased NSCLC cell growth, 
induced apoptosis and cell cycle arrest, and 
inhibited migration and invasion, whereas over-
expression of DANCR exerted the opposite 
effects. These findings suggest that DANCR 
functions as an oncogene in NSCLC, and its 
overexpression contributes to the initiation and 
progression of NSCLC.

Increasing studies showed that lncRNAs could 
act as ceRNAs to posttranscriptionally regulate 
mRNA expression. The association between 
lncRNAs and miRNAs suppresses the inhibito- 
ry effect on target mRNAs of microRNAs. For 

example, lncRNA ZFAS1 upregulated ZEB1, 
MMP14 and MMP16 expression to facilitate 
growth and metastasis by sponging miR-138 in 
liver cancer [33]. Li et al. [34] found that lncRNA 
MALAT1 acted as a ceRNA by targeting miR-
124 and increased STAT3 expression in NSCLC. 
However, whether DANCR affected NSCLC pro-
gression through ceRNA mechanism has not 
yet been reported. In the present study, the 
results of luciferase reporter and RIP assays 
proved that miR-138 acted as an inhibitory tar-
get of DANCR. Moreover, our data showed that 
DANCR functioned as a ceRNA of Sox4 through 
competitively binding miR-138. However, over-
expression of miR-138 or knockdown of Sox4 
did not completely abolish the proliferation, 
migration and invasion increased by DANCR 
overexpression, indicating that other mecha-
nisms were involved in this procedure. A previ-
ous study demonstrated that DANCR could 
sponge miR-738 to promote NSCLC cell prolif-
eration, migration and invasion [12], suggest-
ing that DANCR may regulate NSCLC progres-
sion through inhibition of a number of different 
miRNAs.

Recent studies have demonstrated that lnc- 
RNAs expression can be regulated in a manner 
which is similar to protein coding genes. For 
example, transcription factor E2F1 activates 
lncRNA ANRIL expression in gastric cancer 
[35], and SP1 triggers lncRNA LINC00673 tran-
scription [36]. However, the regulators respon-
sible for lncRNA DANCR upregulation in human 
cancers remain unclear. Here, the results of 
luciferase and ChIP assay showed that tran-
scription factor Sox4 could bind to the promot-
er region of DANCR gene and then activate its 
transcription. Collectively, DANCR upregulates 
Sox4 expression through acting as a ceRNA, 
and Sox4 trigger DANCR transcription in turn, 
revealing a positive feedback regulatory loop 
between lncRNA DANCR and Sox4 (Figure 8D). 
Similar regulatory manner between lncRNA and 
its target was also observed in other cancers. 
For example, in gastric cancer, lncRNA PVT1 
directly interacts with the signal transducer 
activator phospho-STAT3 to increase its protein 
stability. Meanwhile, activated STAT3 can occu-
py the PVT1 promoter to facilitate its transcrip-
tion [27]. LINC01296 harbored miR-598 to 
upregulate Twist1, and Twist1 can transacti-
vate LINC01296 expression in turn, indicating 
a positive feedback loop of LINC01296/miR-
598/Twist1 [37].
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In conclusion, we elucidated that DANCR can 
stimulate growth and metastasis via regulating 
miR-138-Sox4 axis in NSCLC. Thus, these find-
ings shed new light on the oncogenic roles of 
DANCR, and DANCR may be a novel therapeutic 
target for NSCLC treatment.
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Figure S1. Sox4 is suppressed by miR-138. A. A549 and H1299 cells were tranfected with miR-NC or miR-138 
mimics. B. The proliferation of A549 and H1299 cells with miR-138 overexpression was detected by CCK-8 assay. 
C. The migration and invasion of A549 and H1299 cells with miR-138 overexpression was detected by Transwell as-
say. D. Schematic representation of the miR-138 site in Sox4 3’UTR. E. Luciferase activity in A549 and H1299 cells 
cotransfected with miR-NC or miR-138 and luciferase reporters containing Sox4 or mutant Sox4 3’UTR (Sox4-mut). 
Data are presented as the relative ratio of firefly luciferase activity to renilla luciferase activity. F. The Sox4 mRNA 
levels in A549 and H1299 cells with miR-138 overexpression were assessed by qRT-PCR. G. The Sox4 protein levels 
in A549 and H1299 cells with miR-138 overexpression was assessed by western blot. Date are presented as the 
means ± SD. *P<0.05.


