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Abstract 

Long noncoding RNAs (lncRNAs) play an important role in the development and progression of 
cancers. However, the clinical significances of lncRNAs and their functions and mechanisms in 
nasopharyngeal carcinoma (NPC) remain largely unclear. 
Methods: Quantitative RT-PCR was used to determine DANCR expression and Kaplan-Meier 
curves were used to evaluate its prognostic value. RNA sequencing followed by bioinformatic 
analysis was performed to determine the potential function of DANCR. In vitro and in vivo 
experiments were conducted to investigate its biological effects. DANCR-interacting proteins were 
identified by RNA pull-down assay followed by mass spectrometry and western blotting, and then 
confirmed by RNA immunoprecipitation (RIP) assays. 
Results: Our previous microarray analysis identified a metastasis-associated lncRNA DANCR. 
Here, we found that DANCR was upregulated in NPC, especially in those with lymph lode 
metastasis, and its upregulation could predict poor survival. We then constructed a prognostic 
predictive model. RNA sequencing followed by bioinformatic analysis revealed that DANCR was 
responsible for NPC metastasis and hypoxia phenotype. Functional studies showed that DANCR 
promoted NPC cell invasion and metastasis in vitro and in vivo. Further investigation suggested that 
DANCR could increase HIF-1α mRNA stability through interacting with the NF90/NF45 complex. 
Additionally, overexpression of HIF-1α in DANCR knockdown cells restored its suppressive effects 
on NPC cell migration and invasion.  
Conclusions: Taken together, our results suggest that DANCR acts as a prognostic biomarker and 
increases HIF-1α mRNA stability by interacting with NF90/NF45, leading to metastasis and disease 
progression of NPC. 
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Introduction 
Nasopharyngeal carcinoma (NPC), which 

originates from the nasopharynx epitheliums, is one 
of the most prevalent malignancies in Southeast Asia 

and Southern China [1, 2]. With the advent of 
intensity-modulated radiotherapy and combined 
chemoradiotherapy, local and regional controls have 
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been substantially improved, and distant metastasis 
becomes the major cause of treatment failure and 
cancer-related death in NPC [3, 4]. Moreover, the 
outcomes of salvage treatment for NPC patients that 
have developed distant metastasis remain frustrating 
[5], with a median survival about 12 months [6]. 
Therefore, a predictive biomarker and an 
understanding of its specific mechanisms in NPC 
metastasis are urgently required for the development 
of individualized therapy for NPC patients. 

To data, tumor-node-metastasis (TNM) staging 
system is regarded as the key principle for clinical 
therapeutic decisions based on risk stratification and 
prognostic prediction. However, this anatomic-based 
staging system cannot reflect an individual's tumor 
heterogeneity and thus it is imperfect and inaccurate 
for predicting NPC patients who will develop distant 
metastasis [7, 8]. It is worth noting that growing 
evidence suggests that molecular biomarkers can 
serve as prognostic indicators and guide treatment 
decision for cancer patients. A great amount of effort 
has been made to seek for biomarkers for predicting 
metastasis of NPC, such as EBV-DNA, LDH, miRNA 
or gene expression signatures [3, 9-11]. However, 
there is still a need to identify novel biomarkers to 
guide individualized therapy for NPC patients.  

Long non-coding RNAs (lncRNAs) are a group 
of RNA molecules that are longer than 200 
nucleotides and lack protein-coding capacity. They 
can act as signals, guides, scaffolds or decoys of other 
biological molecules [12] and regulate various 
biological processes, such as cell proliferation, 
apoptosis, invasion and stem cell pluripotency 
[13-16]. Growing evidence indicates that lncRNAs 
exhibit aberrant expression in numerous cancers and 
are correlated with tumor progression and metastasis 
[17, 18]. In a recent study, based on genome-wide 
lncRNA expression analysis, we found that lncRNA 
DANCR (differentiation antagonizing non-protein 
coding RNA) was upregulated in high metastatic 
NPC cell lines [19]. DANCR was firstly identified as a 
suppressor in the progression of epidermal cell 
differentiation [20], and it functions as an oncogenic 
driver in several types of cancers [21, 22]. However, 
the biological functions and clinical significance of 
DANCR in NPC have not been established yet.  

In this study, we found that DANCR was 
upregulated in NPC, especially in those with lymph 
node metastasis, and it could predict poor survival. 
We then constructed a prognostic model based on 
DACNR expression and N stage. RNA-sequencing 
followed by bioinformatic analysis revealed that 
DANCR was responsible for metastasis and hypoxia 
phenotype. Furthermore, DANCR promoted NPC cell 
invasion and metastasis through interacting with 

NF90/NF45 complex to increase HIF-1α mRNA 
stability. Thus, we establish a novel DANCR 
regulation mechanism promoting NPC development 
and provide a prognostic factor as well as a promising 
therapeutic target for NPC. 

Methods 
Clinical specimens 

This study was approved by the Institutional 
Ethical Review Boards of the Sun Yat-sen University 
Cancer Center (GZR2017-059) and written informed 
consents were obtained from all patients. Nine freshly 
frozen normal nasopharyngeal epithelial tissues and 
14 NPC biopsy tissues were collected from Sun 
Yat-sen University Cancer Center (Guangzhou, 
China). In addition, a total of 212 formalin-fixed 
paraffin-embedded (FFPE) NPC specimens were also 
obtained from the Sun Yat-sen University Cancer 
Center between January 2006 and December 2009. All 
of the patients were diagnosed as non-metastatic NPC 
and none of them received any anti-tumor therapy 
before biopsy. All of the patients were restaged 
according to the 8th edition of the American Joint 
Committee on Cancer (AJCC) staging manual. 
Detailed information about clinicopathological 
characteristics of all patients were collected and the 
median follow-up time was 73.4 months (range, 2.6 to 
114.9 months). 

Cell culture  
Human NPC cell lines (SUNE-1, HONE-1, 

CNE-1, CNE-2, HNE-1, 5-8F, 6-10B and C666-1) were 
provided by Professor Musheng Zeng (Sun Yat-sen 
University Cancer Center, Guangzhou, China) and 
maintained in RPMI-1640 (Gibco, Life Technologies, 
Carlsbad, CA, USA) supplemented with 10% fetal 
bovine serum (FBS; Gibco). The other two human 
NPC cell lines (S18 and S26) were obtained from 
Professor Chaonan Qian (Sun Yat-sen University 
Cancer Center), and cultured in DMEM (Invitrogen, 
Grand Island, NY, USA) supplemented with 10% FBS. 
The human immortalized nasopharyngeal epithelial 
cell line (NP69) was grown in 
keratinocyte/serum-free medium (Invitrogen) 
supplemented with bovine pituitary extract (BD 
Biosciences, San Diego, CA, USA). 293FT cells were 
maintained in DMEM supplemented with 10% FBS. 

RNA extraction, reverse transcription and 
quantitative PCR 

TRIzol reagent (Invitrogen) was used to extract 
total RNA from NPC cell lines and freshly-frozen 
NPC samples. QIAGEN FFPE RNeasy kit (QIAGEN 
GmbH, Hilden, Germany) was used to extract total 
RNA from FFPE NPC samples. The RNA amount and 
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quality were measured using a NanoDropND-2000 
spectrophotometer (Thermo Scientific, Rockford, IL, 
USA). Reverse transcription was performed using 
reverse transcriptase (Promega, Madison, WI, USA) 
and random primers (Promega) for lncRNAs and 
mRNAs. Then, quantitative PCR reactions were 
conducted with SYBR Green qPCR SuperMix-UDG 
reagents (Invitrogen) on the CFX96 Touch sequence 
detection system (Bio-Rad, Hercules, CA, USA). 
GAPDH and β-actin were used as the normalization 
controls for NPC cell lines and freshly frozen 
specimens or FFPE samples, respectively. The relative 
expression levels were calculated using 2-ΔΔCT method 
[23]. Specific primers for lncRNAs and mRNAs are 
shown in Table S1. 

Oligonucleotide and plasmid transfection and 
stable cell line generations 

Effective siRNA oligonucleotides that targeted 
DANCR, NF45 or NF90 were purchased from RiboBio 
(Guangzhou, China). LV3 lentiviral vectors that 
encode short hairpin RNA (shRNA) targeting 
DANCR or non-specific control were constructed by 
GenePharma (Suzhou, China). The siRNA and 
shRNA sequences are shown in Table S1. The 
pENTER-vector, pENTER-DANCR and pENTER- 
HIF-1α plasmids were purchased from Vigene 
Biosciences (Jinan, China). All of the plasmids were 
confirmed through DNA sequencing. 

The synthesized short hairpin RNA targeting 
DANCR (shDANCR) or control shRNA were cloned 
into pSuper-retro-puromycin vectors (Addgene, 
Cambridge, MA, USA). NPC cells were transfected 
with oligonucleotides (100 nM) or plasmids (2 μg) 
using Lipofectamine 3000 or Lipofectamine 2000 
reagents (Invitrogen). The cells were harvested for 
assays 48 h after transfection. SUNE-1 cell lines stably 
expressing shDANCR or vector were generated after 
lentiviral infection by 293FT cells and selected by 0.5 
μg/mL puromycin. 

RNA sequencing and bioinformatic analysis  
Total RNA was isolated from SUNE-1 

transfected with siDANCR-1 or scramble control and 
the RNA quality was evaluated using Agilent 
Bioanalyzer 2100 (Agilent technologies, CA, USA). 
Qualified RNA was then purified by RNA Clean XP 
Kit (Beckman Coulter, CA, USA) and RNase-Free 
DNase Set (QIAGEN). Next, we constructed Illumina 
sequencing libraries according to the modified 
strand-specific RNA sequencing protocol. Briefly, we 
isolated non-coding RNA and coding RNA from 3 μg 
of purified total RNA using a ribo-zero kit for rRNA 
removal. After isolation, we eluted and fragmented 
the RNA samples at 94 °C for 8 min with 

Elute-Prime-Fragment Mix. Subsequently, we 
synthesized the first-strand cDNA using SuperScript 
II (Invitrogen). Then, the product mixed with Second 
Strand Marking Master Mix was incubated at 16 °C 
for 1 h to synthesize the second-strand cDNA. After 
3’ends adenylation, we ligated the DNA fragments 
with TruSeq adapters and the product was amplified 
using TruSeq PCR primers. Then, the libraries were 
loaded on cBot (Illumina, San Diego, CA, USA) to 
generate a cluster and subsequently sequenced on the 
HiSeq X ten (Illumina) platform at the Longsee 
medical Corporation (Guangzhou, China). 

RNA-seq reads were mapped to the human 
reference genome sequence (hg38) assembly by Hisat2 
(Version 2.1.0). Stringtie (version 1.3.3) was used to 
count the number of fragments of each known gene 
downloaded from Ensembl (Homo sapiens GRCh38). 
After mapping, we removed genes with fewer than 10 
fragments in all of the samples and identified 
differentially expressed genes using R/Bioconductor 
package edge R (version 3.0.8). Thresholds of P < 0.05 
and fold change ≥ 1.5 were used to identify 
differentially expressed genes. 

The differentially expressed genes were used to 
perform KEGG (Kyoto Encyclopedia of Genes and 
Genomes) pathway analysis and GO (Gene ontology) 
analysis using DAVID software (https:// 
david.ncifcrf.gov/). Two-sided or Bonferroni- 
corrected Fisher’s exact tests were used to calculate 
the P-values of KEGG pathways or GO terms, 
respectively. Furthermore, we performed gene set 
enrichment analysis (GSEA) to identify the biological 
function enriched in NPC with DANCR knockdown. 
H collection (hallmark gene sets, n=50) and C2 
collection of chemical and genetic perturbations 
(n=3409) from Molecular Signatures Database– 
MsigDB (http://www.broad.mit.edu/gsea/msigdb/ 
index.jsp) were used for enrichment analysis. A 
threshold of P < 0.05 and FDR ≤ 0.25 was used to 
select significant items. All of the data were deposited 
in the Gene Expression Omnibus of National Center 
for Biotechnology Information (GSE117415). 

Wound healing, Transwell migration and 
invasion assays 

For the wound healing assays, transfected NPC 
cells were grown to near confluence in six-well plates 
and then subjected to serum-free medium for 24 h. 
Artificial wounds were scratched on the monolayers, 
and images were captured at 0 h and 24 h. Cell 
migrative and invasive abilities were detected with 
Transwell chambers (8-μm pores; Corning, Corning, 
NY, USA) that coated without or with Matrigel (BD 
Biosciences). NPC cells (5×104 or 1×105) suspended in 
serum-free medium were plated in the upper 
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chambers. Medium supplemented with 10% FBS was 
placed in the lower chambers. After incubation for 16 
or 24 h, the migrated or invaded cells were fixed, 
stained and counted through an inverted microscope. 

CCK8 and colony formation assays 
For CCK-8 assay, 1×103 cells in 100 μL medium 

were cultured per well in 96-well plates. Then, 10 μL 
CCK-8 solution (DOJINDO, Japan) was added into 
each well. After the plates were incubated for 2 h, we 
used a spectrophotometric plate reader (BioTek 
ELX800, USA) to measure the absorbance at 450 nm 
for each sample. For colony formation assay, 400 cells 
in 2 mL medium were seeded in 6-well plates and 
cultured for 7 or 12 days. Cell colonies were then 
washed, fixed, stained and counted. 

RNA pull-down assay and mass spectrometry 
analysis 

Full-length sense and antisense of DANCR RNA 
or its fragments (1-300, 301-904, 1-600 and 601-904) 
were in vitro transcribed with MEGAscript™ T7 
Transcription Kit (Thermo Fisher Scientific, Waltham, 
MA, USA). The transcripts were then labeled with 
biotin using Pierce™ RNA 3’ End 
Desthiobiotinylation Kit (Thermo Fisher Scientific). 
After obtaining the whole lysates from SUNE-1 cells, 
we performed a pull-down assay using Pierce™ 
Magnetic RNA-Protein Pull-Down Kit (Thermo Fisher 
Scientific) according to the manufacturer’s protocol. 
Mass spectrometry was performed by Huijun 
Biotechnology (China). 

Western blotting assay 
We harvested cells and extracted proteins from 

NPC cells. Samples were then separated in 10-14% 
SDS-PAGE gels and transferred to PVDF membranes 
(Merck Millipore, Billerica, MA, USA). After blocking 
in 5% defatted milk, the membranes were incubated 
with primary antibodies overnight at 4 °C. Following 
incubation with secondary antibodies, signals were 
detected using the ECL detection system (Thermo 
Fisher Scientific). The antibodies used in western 
blotting assays can be found in Table S2.  

RNA immunoprecipitation 
Magna RIPTM RNA-Binding Protein 

Immunoprecipitation Kit (Merck Millipore) was used 
for RNA immunoprecipitation (RIP) assays according 
to the manufacturer’s instructions. NF45 and NF90 
antibodies used for RIP are displayed in Table S2. The 
co-precipitated RNAs were quantified through 
standard quantitative RT-PCR. The primers used for 
detecting DANCR and HIF-1α are shown in Table S1. 
 

In vivo xenograft tumor models 
All of the animal experiments were performed 

according to guidelines approved by the Institutional 
Animal Care and Use Ethics Committee of the Sun 
Yat-sen University Cancer Center (L102012017004W). 
Six-week-old female BALB/c nude mice were 
obtained from the Medical Experimental Animal 
Center of Guangdong Province (Guangzhou, China). 
To establish an inguinal lymph node metastasis 
model, 30 μL PBS containing 2×105 SUNE1 cells stably 
expressing shDANCR or control shRNA was 
transplanted into the foot pads of nude mice (n=6 per 
group). After 6 weeks, mice were sacrificed and their 
inguinal lymph nodes and primary tumors were 
dissected. For the in vivo lung metastasis colonization 
model, 200 μL PBS containing 1×106 SUNE1 cells 
stably expressing shDANCR or control shRNA was 
injected into the mice by the tail vein (n=5 per group). 
After 8 weeks, the mice were sacrificed and their lung 
tissues were detached. All of the dissected tissue 
samples were paraffin-embedded, sectioned and 
stained with H&E. Additionally, 
immunohistochemistry (IHC) staining was performed 
on the inguinal lymph nodes using an 
anti-pan-cytokeratin antibody (Thermo Fisher 
Scientific, Waltham, MA, USA). 

Statistical analysis  
All of the data are presented as the mean ± SD 

from at least 3 independent experiments. Student’s 
t-test was used to compare continuous variables and 
χ2 or Fisher’s exact tests were used to compare 
categorical variables. Receiver operating characteristic 
(ROC) curve analysis was performed to determine the 
optimal cutoff value for the classification of high or 
low DANCR expression. The Kaplan-Meier method 
was used to estimate overall, disease-free and distant 
metastasis-free survivals, and the P-values were 
calculated using the log-rank test. Cox proportional 
hazards regression model was used to determine the 
independent prognostic factors. P < 0.05 were 
considered significant. The above statistical analyses 
were conducted with SPSS software version 22.0 
(IBM, Chicago, IL, USA). 

Results 

LncRNA DANCR is upregulated in NPC and is 
associated with poor prognosis 

Based on our previous genome-wide analysis of 
lncRNA expression (GSE89804) [19], we found that 
lncRNA DANCR was upregulated in NPC cell lines 
with high metastatic potential (5-8F and S18) 
compared with those with low metastatic potential 
(6-10B and S26, Figure S1A), which was confirmed by 
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quantitative RT-PCR (Figure S1B). We then 
quantified the expression level of DANCR in an 
immortalized nasopharyngeal epithelial cell line 
NP69 and 10 NPC cell lines. Significantly, high 
expression of DANCR was found in the NPC cell lines 
compared with NP69 (Figure 1A, P<0.05). 
Furthermore, we examined the expression level of 
DANCR in 9 freshly-frozen normal nasopharyngeal 
epithelial tissues and 14 NPC tissue samples. DANCR 
was found to be remarkably overexpressed in NPC 
tissues, especially in those with lymph node 
metastasis (Figure 1B-C, P<0.05). These findings 
indicate that DANCR might function as an oncogenic 
lncRNA that is involved in NPC metastasis.  

To test whether the expression status of DANCR 
has clinical value in NPC, we performed quantitative 

RT-PCR in 212 paraffin-embedded NPC biopsy tissue 
samples. Based on the ROC analysis, 74 (34.9%) 
patients had low DANCR expression and 138 (65.1%) 
had high DANCR expression. As shown in Table S3, 
high DANCR expression was significantly associated 
with distant metastasis (P=0.011) and death (P=0.023). 
However, there were no obvious associations between 
DANCR expression and other clinical features (all 
P>0.05). Furthermore, patients with high DANCR 
expression had poorer overall survival, disease-free 
survival and distant metastasis-free survival than 
those with low DANCR expression (all P<0.05; Figure 
1D-F). Multivariate Cox regression analysis found 
that DANCR expression and N stage were 
independent prognostic factors for NPC patients 
(Table S4).  

 

 
Figure 1. LncRNA DANCR is upregulated in NPC and is associated with poor prognosis. (A) Relative expression of DANCR measured by qRT-PCR in 
NP69 and 10 NPC cell lines. The experiments were independently repeated 3 times. Data are presented as mean ± SD; Student’s t-tests; *P<0.05. (B) Relative 
expression of DANCR in normal nasopharyngeal epithelial (n=9) and NPC tissues (n=14). (C) Relative expression of DANCR in NPC tissues with (n=9) or without 
(n=5) lymph node metastasis. GAPDH was used as an internal control. Data are presented as mean ± SD; Student’s t-tests; *P<0.05. (D-F) Relative DANCR 
expression via qRT-PCR in a cohort of 212 NPC tissues. Kaplan-Meier analysis of overall (D), disease-free (E) and distant metastasis-free survival (F) in NPC patients 
with low DANCR expression (n=74) and high DANCR expression (n=138). (G-I) Kaplan-Meier analysis of overall (G), disease-free (H) and distant metastasis-free 
survival (I) according to the prognostic prediction model in patients with low risk (low DANCR expression and early N stage, n=44), intermediate-risk (high DANCR 
expression or advanced N stage, n=107) and high-risk (high DANCR expression and advanced N stage, n=61). β-actin was used as the internal control. Log-rank test; 
*P<0.05.  
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Figure 2. LncRNA DANCR promotes NPC cell migration and invasion in vitro. (A) Heatmap showing the genes altered (≥1.5-fold change) in SUNE-1 cells 
transfected with DANCR siRNA or scramble control, with 3 replicates. Gene expression is shown as RPKM after normalization. (B) KEGG pathway analysis for all 
dysregulated genes in SUNE-1 cells transfected with DANCR siRNA or scramble control. Cancer and metastasis-related terms were among the significant pathways 
for the genes dysregulated in the DANCR-silenced NPC cells. (C) Metastasis-related biological function enriched using gene set enrichment analysis (GSEA) in 
SUNE-1 cells transfected with DANCR siRNA or scramble control. P < 0.05, FDR ≤ 0.25. NES: normalized enrichment score. (D-E) Representative and 
quantification results of the wound healing (D) and Transwell migration and invasion assays (E) in HONE-1 and SUNE-1 cells transfected with DANCR siRNA or 
scramble control. (F-G) Representative and quantification results of the wound healing (F) and Transwell migration and invasion assays (G) in NP69 cells transfected 
with DANCR-overexpressing plasmid or vector. Scale bar, 100 μm. Data are presented as mean ± SD; Student’s t-tests; *P<0.05. The experiments were 
independently repeated 3 times. 

 
We then constructed a prognostic prediction 

model based on DANCR expression status and N 
stage. Patients were stratified into 3 groups: 44 

(20.7%) patients in the low-risk group (low DANCR 
expression and early N stage), 107 (50.5%) patients in 
the intermediate-risk group (high DANCR expression 
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or advanced N stage) and 61 (28.8%) patients in the 
high-risk group (high DANCR expression and 
advanced N stage). K-M Survival analysis showed 
that patients in these 3 groups exhibited significantly 
different survival prospects (all P<0.05; Figure 1G-I). 
Collectively, our findings indicate that the 
combination of DANCR expression with N stage is a 
promising signature to predict prognosis of NPC. 

LncRNA DANCR downregulation is correlated 
with NPC metastasis  

To determine whether DANCR plays a role in 
NPC tumorigenesis, we firstly transfected SUNE1 
cells with DANCR-specific siRNA (siDANCR-1) or a 
scramble control (siSCR), and then compared their 
gene expression differences using RNA sequencing. 
The results showed that 1875 genes were upregulated 
and 1515 genes were downregulated (≥1.5-fold) in 
SUNE-1 cells with DANCR knockdown (Figure 2A). 
KEGG and GO analyses were utilized to investigate 
the involved pathways activated by DANCR. The 
results revealed that the above differentially 
expressed genes were enriched in cancer- and 
metastasis-related terms (Figure 2B and Figure 
S2A-C). Moreover, GSEA found that the gene set 
related to Odonnell_Metastasis_DN (downregulated 
genes for lymph node metastasis in head and neck 
squamous cell carcinoma) was positively correlated 
with DANCR downregulation (Figure 2C). These data 
suggest that DANCR might be a vital regulator 
involved in NPC metastasis.  

LncRNA DANCR promotes NPC cell 
migration and invasion in vitro 

To functionally confirm the above findings, we 
transiently transfected HONE-1, SUNE-1, 5-8F, and 
HNE-1 cells with DANCR siRNAs or scramble 
control, or transfected NP69,6-10B, and S26 cells with 
the DANCR-overexpressing plasmid or a vector 
control (Figure S3A-G). Then, wound healing and 
Transwell assays with or without Matrigel were 
performed. The data showed that silencing of 
DANCR significantly suppressed the migrative 
(Figure 2D-E and Figure S4A-D, P<0.05) and invasive 
(Figure 2E and Figure S4B, D, P<0.05) abilities of 
NPC cells. In contrast, overexpression of DANCR 
promoted the migration (Figure 2F-G and Figure 
S4E-H, P<0.05) and invasion (Figure 2G and Figure 
S4F, H, P<0.05) of NP69, 6-10B and S26 cells. 
Furthermore, CCK8 and colony-formation assays 
revealed that knockdown of DANCR had minimal 
influences on cell proliferation (Figure S5, P>0.05). 
These data suggest that DANCR promotes NPC cell 
migration and invasion but has little effect on cell 
proliferation. 

LncRNA DANCR binds to NF90 and NF45 
Recent studies have demonstrated that lncRNAs 

may exert their function by interactions with specific 
proteins [24, 25]. To explore the underlying regulatory 
mechanism of DANCR, we did a biotin RNA 
pull-down assay followed by mass spectrometry to 
identify DANCR-interacting proteins (Figure 3A-B). 
The results showed that NF90 was the most enriched 
DANCR-binding partner; meanwhile, NF45, which 
can form an RNA-binding complex with NF90, was 
also identified (Table S5-6). Western blotting results 
validated that both NF90 and NF45 were abundant in 
DANCR-pull-down lysates (Figure 3C). 

Then, deletion-mapping analysis was performed 
to learn about which region of DANCR is required for 
its binding to NF90/NF45. We found that the deletion 
transcripts close to the 3’ region of DANCR exhibited 
stronger binding abilities to NF90/NF45 than those 
near the 5’ region (Figure 3D, lower panel). It should 
be noted that more AU-rich elements, which are the 
canonical NF90 target sequences [26, 27], were present 
in the transcripts close to the 3’ region of DANCR 
than in the 5’ and central regions (Figure 3D, upper 
panel), indicating that the 3’ region of DANCR might 
be more necessary for its interaction with 
NF90/NF45. 

Furthermore, we validated the interaction 
between DANCR and NF90/NF45 though RNA 
immunoprecipitation (RIP) with antibodies against 
NF90 or NF45 in SUNE-1 cells. We found that 
DANCR RNA was significantly enriched using the 
NF90 and NF45 antibodies (Figure 3E). RIP-PCR also 
revealed that knockdown of DANCR obviously 
abolished the interaction between DANCR and 
NF90/NF45 (Figure 3F-G, P<0.05). However, 
knockdown of DANCR had little effect on the 
expression of NF90 and NF45 (Figure 3H and Figure 
S6). Silencing NF90 or NF45 also didn’t affect the 
expression level of DANCR (Figure 3I, P> 0.05). 
Altogether, our findings demonstrate a direct 
interaction between DANCR and NF90/NF45. 

LncRNA DANCR stabilizes HIF-1α through 
interacting with NF90 

Subsequently, to explore the functional 
relevance of the interaction between DANCR and 
NF90/NF45, we performed GSEA using the 
RNA-sequencing data from SUNE-1 cells that had 
been transfected with DANCR-specific siRNA or a 
scramble control. Importantly, we found that the 
hypoxia phenotype was positively correlated with 
DANCR expression (Figure 4A-B and Figure S7). 
Actually, a substantial subset of genes involved in 
hypoxia pathways were dysregulated after DANCR 
knockdown, including HIF-1α. HIF-1α functions as a 
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core regulator of hypoxia response by activating gene 
transcription. Interestingly, a gene set containing 
genes that are transcriptionally regulated by HIF-1α 
(SEMENZA_HIF1_TARGETS) was also found to be 
associated with DANCR expression (Figure 4C). 
These results suggest that HIF-1α may play a causal 
role in the DANCR regulation network. 

To confirm the above findings, we firstly did 
quantitative RT-PCR and western blotting assays, and 
found that both the mRNA and protein of HIF-1α 
were obviously decreased in HONE1 and SUNE1 cells 

after knockdown of DANCR under hypoxic 
environment (Figure 4D-E). Then, to explore whether 
DANCR regulates HIF-1α mRNA level through 
increasing its stability, we treated NPC cells with 
RNA synthesis inhibitor actinomycin D and obtained 
RNAs at 0 h, 1 h, and 2 h. We found that HIF-1α 
mRNA degraded more quickly in the DANCR 
knockdown groups than the scramble control group 
(Figure 4F-G), suggesting that depletion of DANCR 
reduced the HIF-1α mRNA stability.  

 

 
Figure 3. LncRNA DANCR binds to NF90 and NF45. (A) Schematic flow of the RNA pull-down assay for identification of DANCR-associated proteins. 
DANCR and anti-DANCR RNA were biotinylated, refolded, and incubated with SUNE-1 cell lysates. (B) Silver staining of biotinylated DANCR-associated proteins. 
Specific bands were excised and analyzed through mass spectrometry. NF90 and NF45 were identified as the bands unique to DANCR. (C) Western blot analysis of 
the specific association of NF90 and NF45 with DANCR from RNA pull-down assay. (D) Schematic of the full-length and deletion fragments of DANCR used for the 
precipitation of NF90 and NF45 from SUNE-1 cell lysates. AU-rich elements in DANCR transcript are shown in red (upper panel). Associated NF90 and NF45 
proteins were detected by western blotting (lower panel). (E) RNA immunoprecipitation (RIP) assays were performed using NF90 or NF45 antibodies. Specific 
primers were used to detect DANCR or GAPDH, and RIP enrichment was determined relative to an input control. (F-G) Knockdown of DANCR decreased the 
interaction of DANCR with NF90 (F) and NF45 (G), as detected by RIP assay using NF90 and NF45 antibodies. (H) NF90 and NF45 expression levels were measured 
through western blotting after knockdown of DANCR. (I) DANCR expression level was measured by quantitative RT-PCR after knockdown of NF90 or NF45. Data 
are presented as mean (n=3) ± SD; Student’s t-tests; *P<0.05. 
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Figure 4. LncRNA DANCR stabilizes HIF-1α through interacting with NF90. (A-C) Hypoxia- and HIF-1α-related biological function enriched using gene 
set enrichment analysis (GSEA) in SUNE-1 cells transfected with DANCR siRNA or scramble control. P < 0.05, FDR ≤ 0.25. NES: normalized enrichment score. 
(D-E) The protein (upper panel) and mRNA (lower panel) levels of HIF-1α in HONE-1 (D) and SUNE-1 (E) cells transfected with DANCR-siRNAs, NF45-siRNAs, 
NF90-siRNAs or scramble control under hypoxic conditions. (F-G) Reduction of HIF-1α mRNA stability in DANCR knockdown HONE-1 (F) and SUNE-1 (G) cells 
as compared to control cells. Cells were treated with 1 μg/mL actinomycin D and RNA was isolated at 0 h, 1 h and 2 h. (H) RNA immunoprecipitation (RIP) assays 
were performed using NF90 or NF45 antibodies. Specific primers were used to detect HIF-1α or GAPDH, and RIP enrichment was determined relative to an input 
control. (I) Knockdown of DANCR decreased the interaction of HIF-1α with NF90, as detected by RIP assay using NF90 antibody. Data are presented as mean ± SD; 
Student’s t-tests; *P<0.05. The experiments were independently repeated 3 times. 

 
NF90, as the most-enriched DANCR-binding 

protein, is a double-stranded RNA-binding protein 
and can complex with NF45 to stabilize mRNA and 
regulate gene expression [28]. Thus, we proposed a 
hypothesis that DANCR might stabilize HIF-1α 
mRNA stability through interacting with NF90/NF45. 
Indeed, western blotting and quantitative RT-PCR 

revealed a remarkable reduction of HIF-1α expression 
in HONE-1 and SUNE-1 cells after knockdown of 
NF90 or NF45 under hypoxic environment (Figure 
4D-E). Additionally, RIP assay confirmed the 
interaction between NF90/NF45 and HIF-1α (Figure 
4H). Furthermore, we performed an RIP assay using 
NF90 antibody in SUNE-1 cells stably transfected with 
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DANCR shRNA or vector control and found that 
DANCR knockdown led to a 2.1-fold decrease in 
HIF-1α enrichment (Figure 4I). Taken together, our 
results suggest that DANCR increases HIF-1α mRNA 
stability through interacting with NF90/NF45 
complex. 

LncRNA DANCR promotes NPC cell 
migration and invasion via HIF-1α 

To study whether DANCR-mediated HIF-1α 
upregulation contributes to its promotion on NPC cell 
migration and invasion, we did wound healing and 
Transwell assays with or without Matrigel under 

hypoxic conditions. The results showed that hypoxia 
significantly increased the migrative (Figure 5A-B, 
P<0.05) and invasive (Figure 5C, P<0.05) abilities of 
NPC cells. We restored HIF-1α expression in NPC 
cells with silenced DANCR. Strikingly, the results 
revealed that HIF-1α co-transfection remarkably 
abolished the suppressive effects of DANCR 
depletion on hypoxia-induced NPC migration (Figure 
5A-B, P<0.05) and invasion (Figure 5C, P<0.05). Our 
findings demonstrate that HIF-1α is the functional 
target of DANCR in NPC. 

 

 
Figure 5. LncRNA DANCR promotes NPC cell migration and invasion via HIF-1α. (A-C) Representative and quantification results of the wound healing 
(A), Transwell migration (B) and invasion (C) assays for HONE-1 and SUNE-1 cells under hypoxic conditions. Hypoxia induced the migration and invasion of NPC 
cells. The migrative and invasive abilities of NPC cells under hypoxic conditions were blocked by DANCR knockdown, and these blocked migrative and invasive 
abilities of NPC cells were rescued by HIF-1α overexpression. Scale bar, 100 μm. Data are presented as mean ± SD; Student’s t-tests; *P<0.05. The experiments were 
independently repeated 3 times. 
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Figure 6. LncRNA DANCR promotes NPC cell invasion and metastasis in vivo. (A-E) SUNE-1 cells stably expressing shDANCR or control shRNA were 
transplanted into the foot pads of nude mice (n=6 per group) to construct an inguinal lymph node metastasis model. (A) Representative image of primary tumor in 
foot pads and metastatic inguinal lymph node. (B) Representative images of microscopic primary foot pad tumors (×200) stained with H&E. Scale bar, 50 μm. (C) 
Representative image (upper panel) and quantification (lower panel) of the volumes of the inguinal lymph nodes. Data are presented as mean ± SD; Student’s t-tests; 
*P<0.05. (D) Representative images of immunohistochemistry (IHC) staining with pan-cytokeratin in inguinal lymph nodes (left panel ×40, right panel ×200). Scale bar, 
100 μm. (E) Inguinal lymph node metastatic ratios. Chi-square test. (F-G) SUNE-1 cells stably expressing shDANCR or control shRNA were injected into the tail 
veins of nude mice (n=5 per group) to construct a lung metastasis colonization model. (F) Representative images and quantification of macroscopic metastatic nodules 
on the lung surfaces. Data are presented as mean ± SD; Student’s t-tests; *P<0.05. (G) Representative images and quantification of microscopic metastatic nodules in 
the lung tissues stained with H&E (×100 and ×400). Scale bar, 50 μm. Data are presented as mean ± SD; Student’s t-tests; *P<0.05. 

 

LncRNA DANCR promotes NPC cell invasion 
and metastasis in vivo 

To evaluate the effect of DANCR on NPC 
metastasis in vivo, we constructed an inguinal lymph 
node metastasis model by transplanting SUNE1 cells 
stably expressing shDANCR or control shRNA into 

the foot pads of nude mice (n=6 per group, Figure 
S3F). Six weeks later, the primary tumors and 
inguinal lymph nodes were dissected and analysed 
(Figure 6A). H&E staining showed that the primary 
tumors in the DANCR depletion group had sharp 
edges that expanded as spheroids and exhibited a less 
aggressive phenotype with invasion of the tumor cells 
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towards the skin, muscle and even into the lymphatic 
vessel (Figure 6B). Strikingly, the volumes of the 
inguinal lymph nodes in the DANCR depletion group 
were significantly smaller (Figure 6C, P<0.05) and 
had fewer pan-cytokeratin-positive tumor cells 
(Figure 6D). The metastatic inguinal lymph nodes 
ratio was remarkably lower in the DANCR silencing 
group (100.0%) than the control group (16.7%; P<0.01; 
Figure 6E). 

We further constructed a lung metastatic 
colonization model by inoculating SUNE-1 cells stably 
expressing shDANCR or control shRNA into the tail 
veins of mice (n=5 per group). The nude mice were 
sacrificed 8 weeks later and the lung tissues were 
obtained. We found that the number of metastatic 
nodules on the lung surfaces was significantly lower 
in the DANCR silencing group than the control group 
(Figure 6F, P<0.05). In addition, H&E staining showed 
that the DANCR knockdown group had fewer and 
smaller microscopic metastatic tumor nodules (Figure 
6G, P<0.05). Moreover, IHC assay showed that 
knockdown of DANCR had little effect on NF90 and 
NF45 expression (Figure S8). Taken together, these 
results suggest that DANCR promotes NPC cell 
invasion and metastasis in vivo. 

Discussion 
In the present study, we evaluated the DANCR 

expression status and found that DANCR was 
upregulated in NPC, especially in those with lymph 
node metastasis. We also found that DANCR was 
associated with poor patient survival and constructed 
a prognostic predictive model in NPC. In vitro and in 
vivo functional experiments indicated that DANCR 
promoted NPC cell migration, invasion and 
metastasis, which was consistent with the function 
predicted by GSEA analysis. We further identified 
DANCR-binding proteins, NF90 and NF45, through 
which DANCR increased HIF-1α mRNA stability, 
leading to NPC metastasis. Our findings elucidated 
the clinical value and function of DANCR in NPC, 
and mechanistically revealed that it may regulate 
gene expression at the post-transcriptional level. 

Accurate prognostic prediction can efficiently 
guide individualized therapy for NPC, and the search 
for effective biomarkers warrants further studies. 
LncRNAs are emerging as a group of promising 
biomarkers for cancers because of their tissue and 
disease specificities [17, 29, 30]. However, the 
potential utilization of lncRNAs as biomarkers in 
NPC remains largely unknown. Here, we detected 
DANCR expression levels by quantitative RT-PCR in 
FFPE NPC tissue samples. Although the RNAs from 
the FFPE tissues were degraded to small pieces, they 
are irreplaceable for translational medicine research 

because of the sufficient clinical data. Since 
amplification product amplicon size can influence the 
quantification of mRNAs and lncRNAs in FFPE 
samples and amplification of shorter amplicon can 
increase the quantification efficiency and reliability 
[31-33], we designed primers to generate short 
amplicons (~60 bp) for DANCR quantification. 
Survival analysis showed that NPC patients with high 
DANCR expression had poorer survival. 
Furthermore, we constructed a prognostic predictive 
model based on DANCR expression status and N 
stage. These findings suggest that DANCR is a 
promising prognostic biomarker, which can guide 
personalized therapy for NPC patients. 

Recent studies report that lncRNAs are involved 
in the development and progression of NPC. LncRNA 
HOTAIR has been reported to predict poor prognosis 
of NPC patients [34] and promote angiogenesis by 
directly activating VEGFA as well as by indirect 
pathways [35]. Oncogenic PVT1 can induce 
radioresistance through regulating NPC cell apoptosis 
and act as a prognostic biomarker [36]. In this study, 
we found that DANCR was upregulated in NPC, 
especially in those with lymph node metastasis. Then, 
RNA sequencing followed by bioinformatic analysis 
revealed that the dysregulated genes after 
knockdown of DANCR were enriched in cancer 
metastasis-related terms. Functional studies showed 
that silencing of DANCR suppressed NPC cell 
migration and invasion, while overexpression of 
DANCR promoted NPC cell migration and invasion 
in vitro. Furthermore, knockdown of DANCR reduced 
both the inguinal lymph node metastasis and the lung 
metastatic colonization formation of NPC in vivo. 
Therefore, our results suggest that DANCR can 
function as an oncogenic lncRNA in NPC. 

NF90, as a double-stranded RNA-binding 
protein, is transcribed from the interleukin enhancer 
binding factor 3 (ILF3) gene. Studies demonstrate that 
the NF90/NF45 complex can regulate gene expression 
and mRNA stability and plays an important role in 
RNA metabolism and viral replication [37, 38]. Here, 
we performed RNA pull-down assay followed by 
mass spectrometry analysis and found that the most 
enriched DANCR-binding protein was NF90 and its 
partner NF45. NF90, which is a specific AU-binding 
protein, can be recruited to the AU-rich elements 
(AREs) in 3´UTR of several mRNAs and then lead to 
mRNA degradation, stabilization or translation [26, 
27, 37]. Our results showed that the deletion 
transcripts near the 3´region of DANCR with more 
AREs exhibited stronger binding potential to 
NF90/NF45 than those in the central and 5´ regions, 
indicating that the AREs in the 3´ region of DANCR 
might be more required for its interaction with 
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NF90/NF45. We also acknowledged that it is better to 
perform structure analysis or mutation assays to 
further confirm that NF90/NF45 actually binds to 
AREs in the DANCR transcript. Then, we validated 
the direct interaction between DANCR and 
NF90/NF45; they had no effect on the expression 
levels of each other.  

To date, clinical data reveal that primary tumors 
arising from the nasopharynx are mostly hypoxic [39, 
40], indicating that hypoxic environment may play a 
crucial role in NPC progression. In the present study, 
GSEA analysis showed that hypoxia phenotype was 
positively correlated with DANCR expression. 
Furthermore, HIF-1α, a core regulator of hypoxia 
response [41, 42], was downregulated after DANCR 
depletion. Additionally, our data showed that the 
depletion of DANCR reduced HIF-1α mRNA 
stability. NF90, as the most enriched DANCR-binding 
protein, can complex with NF45 to stabilize mRNA. 
Thus, we proposed a hypothesis that DANCR might 
increase HIF-1α mRNA stability through interacting 
with NF90/NF45. Indeed, RIP assay confirmed the 
physical interaction between NF90/NF45 and HIF-1α 
and found that DANCR could enhance this 
interaction. Our findings suggest that DANCR 
increases HIF-1a mRNA stability by interacting with 
NF90/NF45 complex. NF90 has also been reported to 
cooperate with HuR and hnRNP L to increase VEGF 
mRNA stability [27] or compete with destabilizing 
proteins to regulate IL2 mRNA stability [43]. NF90 
can be promoted to degrade by lncRNA-LET and then 
affect HIF-1α expression [44]. NF90 can also form a 
specific complex with VEGFA mRNA to enable its 
mRNA translation [45]. Thus, our current study 
enriches our understanding of the mechanisms of 
NF90 involvement in regulating tumorigenesis and 
progression.  

In conclusion, we identified DANCR as a 
metastasis-specific oncogenic lncRNA in NPC and 
further uncovered a novel pathway in which DANCR 
stabilized HIF-1α mRNA through interacting with 
NF90/NF45 complex, leading to NPC metastasis. Our 
results also evaluated the prognostic value of DANCR 
and then constructed a prognostic predictive model, 
which would guide a more personalized therapy for 
NPC patients. 
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