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Abstract: ANRIL (CDKN2B antisense RNA 1, CDKN2B-AS1) is involved in the progression of various cancers. How-
ever, its role in head and neck squamous cell carcinoma (HNSCC) remains unclear. In this study, we found that 
ANRIL expression was upregulated in HNSCC and correlated with tumor progression. Further functional analysis 
showed that knockdown of ANRIL significantly inhibited proliferation in vivo and in vitro. ANRIL functioned as a ceR-
NA (competing endogenous RNAs) for miR-125a-3p and upregulated FGFR1 (fibroblast growth factor receptor-1), 
which could promote tumor growth. Moreover, we confirmed that ANRIL promoted HNSCC activity via FGFR1 with a 
FGFR1 inhibitor in vivo and in vitro. Thus, it could be concluded that ANRIL promoted the progression of HNSCC via 
miR-125a-3p/FGFR1/MAPK signaling, which might provide a new target for the diagnosis and treatment of HNSCC.
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Introduction

Head and neck squamous cell carcinoma (HN- 
SCC) is the sixth most common malignant 
tumor worldwide [1]. Despite recent treatment 
advances, the overall 5-year survival rate of 
HNSCC remains less than 50%, and many 
HNSCC patients will eventually develop meta-
static recurrence [2]. Although a number of risk 
factors, such as smoking, alcohol consump-
tion, human papilloma virus (HPV) and Epstein-
Barr virus (EBV) infection, adverse work envi-
ronment and poor nutrition, have been iden- 
tified, the mechanism of HNSCC carcinogene-
sis remains elusive. Clearly, a better under-
standing of the mechanism that facilitates 
HNSCC progression is essential to improve the 
treatment of HNSCC. Long non-coding RNAs 
(lncRNAs), a newly discovered class of ncRNAs, 
are non-protein coding molecules of more than 

200 nucleotides (nt) in length. However, althou- 
gh more than 3000 human lncRNAs have been 
identified, less than 1% of them have been 
characterized [3]. There is increasing evidence 
that lncRNAs play an essential role in various 
physiological cellular processes, such as de- 
coys, scaffolds for interacting proteins, and 
functions in chromatin remodelling and post-
transcriptional modifications [4]. Upregulated 
lncRNA expression has been implicated in the 
pathogenesis of many types of cancers. For 
example, MALAT1 is upregulated in lung [5] and 
colorectal cancers [6], and overexpression of 
MALAT1 is also associated with increased cell 
proliferation, cell migration and tumor metasta-
sis [6-8]. HOTAIR can function as an oncogene 
for predicting the prognosis of non-small cell 
lung cancer (NSCLC) and determining whether  
a patient can benefit from chemotherapy [9, 
10].

http://www.ajcr.us
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The lncRNA ANRIL (CDKN2B antisense RNA 1, 
CDKN2B-AS1) is transcribed as a 3.8-kb lnc- 
RNA that binds to the Polycomb Repressor 
Complex (PRC) [11]. Recent studies have shown 
that dysregulation of ANRIL could participate in 
the progression of many human diseases [11-
13]. Zhang et al. found that ANRIL knockdown 
inhibited the proliferation and invasion and  
promoted the apoptosis of cervical cancer cells 
by sponging miR-186 [14]. ANRIL was overex-
pressed in pancreatic cancer, which could pro-
mote epithelial-mesenchymal transition by ac- 
tivating the ATM-E2F1 signaling pathway both 
in vitro and in vivo [15]. Chai et al. showed that 
ANRIL could modulate the carcinogenesis of 
oral cancer and the relationship between AN- 

ms for sampling and molecular analysis. The 
clinical data of patients are shown in Table 1.

Cell culture

CAL-27 and SCC-9 cell lines were obtained from 
the Cell Bank of the Type Culture Collection of 
the Chinese Academy of Sciences (Shanghai, 
China). HN4, HN6 and HN30 cell lines were 
obtained from the US National Institutes of 
Health. Normal oral epithelial cells (Normal) 
were isolated from adjacent normal tissues of 
HNSCC patients by primary culture. All cells 
except SCC-9 were cultured in Dulbecco’s mod-
ified Eagle’s medium (DMEM; GIBCO-BRL, USA) 
supplemented with 10% heat-inactivated FBS 

Table 1. Relationship between lncRNA ANRIL expression and 
their clinicopathologic parameters in 49 of HNSCC patients

Clinicopathologic parameters Number 
of cases

Median expression of 
lncRNA ANRIL

Mean ± s.d. P-value
Gender
    Male 28 1.6992±0.3211 0.7
    Female 21 1.4165±0.3091
Ages, years
    ≤ 59 24 1.6667±0.3402 0.336
    > 59 25 1.4753±0.2951
T stage, TNM
    T1+T2 37 1.3665±0.2247 0.005
    T3+T4 12 1.7262±0.4983
Clinical stage
    I-II 18 1.2038±0.2692 0.058
    III-IV 31 1.7124±0.3181
Lymph node metastasis
    Absent 26 1.1078±0.2173 0.001
    Present 23 1.6925±0.3529
Alcohol drinking
    Absent 27 1.4706±0.2830 0.427
    Present 22 1.7131±0.3652
Smoking
    Absent 30 1.6199±0.2958 0.335
    Present 19 1.4911±0.3421
Location
    Lips 12 1.8201±0.5256
    Cheek 5 1.0918±0.4883 0.304
    Buccal mucosa 13 1.2690±0.3520
    Tongue 19 1.6466±0.3778
Abbreviations: HNSCC, head and neck squamous cell carcinoma; TNM, 
tumor node metastasis. P-value represents the probability from a Student’s 
t-test for lncRNA ANRIL expression between variable subgroups.

RIL and miR-125a in vitro, and it 
might sponge miR-125a in OSCC 
[16]. However, the biological func-
tion of ANRIL in vivo and the me- 
chanism of downstream regulation 
through miR-125a in OSCC remain 
unclear. 

In the present study, we investigat-
ed the expression of ANRIL and its 
biological function in HNSCC in vitro 
and in vivo. Then, we explored the 
ceRNA network potentially involved 
in regulating tumorgenesis in HPV 
negative HNSCC. The results indi-
cated that ANRIL could be novel 
biomarkers and therapeutic strate-
gies for HNSCC.

Materials and mathods

Patients

Fresh HNSCC tissues and adjacent 
normal tissues were collected post-
operatively from 49 HPV negative 
patients treated in the Department 
of Oral and Maxillofacial Head and 
Neck Oncology from April 2011 to 
January 2015. Tumors were classi-
fied according to the tumor-node-
metastasis (TNM) system of classi-
fication (2010 version). This study 
was approved by the Human Re- 
search Ethics Committee of the 
Ninth People’s Hospital, Shanghai 
Jiao Tong University School of Me- 
dicine (Shanghai, China). All pati- 
ents signed informed consent for- 
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(GIBCO-BRL), penicillin (100 units/mL), and 
streptomycin (100 μg/mL) at 37°C in a humidi-
fied 5% CO2 atmosphere, while SCC-9 cells 
were maintained in DMEM/F12 medium con-
taining 10% FBS. In addition, normal primary 
head and neck epithelial cells were cultured in 
keratinocyte serum-free medium (KSF; GIBCO-
BRL, USA) with 0.2 ng/mL recombinant epider-
mal growth factor (rEGF; Invitrogen, USA).

Cell transfection

ANRIL siRNA, control siRNA, ANRIL overexpres-
sion (ANRIL OE), control ANRIL overexpression 
(ANRIL OE NC), miR-125a-3p mimic, control 
mimic (NC-mimic), miR-125a-3p inhibitor, con-
trol inhibitor (NC-inhibitor), and FGFR1 siRNA 
were synthesized by GenePharma Co. (Shang- 
hai, China). Stably transfected cells were gr- 
own in 6-well plates and transfected using Li- 
pofectamine 2000 according to the manufac-
turer’s instructions. Cells were collected for 
real-time PCR or western blot analyses 48 h 
after transfection. The final concentrations of 
miRNAs and plasmids used in this study were 
as follows: ANRIL siRNA/control siRNA 30 nM/
ml, ANRIL OE/ANRIL OE NC 30 nM/ml, miR-
125a-3p mimic/NC mimic 120 nM/ml, miR-
125a-3p inhibitor/NC-inhibitor 200 nM/ml, and 
FGFR1 siRNA 30 nM/ml. The lentiviral shRNA 
clones targeting human ANRIL, GGUCAUCUC- 
AUUGCUCUAU, was purchased from Gene- 
Pharma (Shanghai, China). Transfected cell 
lines were screened for stable expression of 
shANRIL using puromycin in the culture medi-
um for 10 d. 

Luciferase reporter assay

PmirGLO, pmirGLO-NC-wt, pmirGLO-ANRIL-wt 
and pmirGLO-ANRIL-mut were co-transfected 
with miRNA-125a-3p mimics or miRNA NC into 
shANRIL CAL27 cells in a 6-well dish using 
Lipofectamine 2000 reagent (Invitrogen, USA) 
according to the manufacturer’s instructions, 
respectively. PmirGLO, pmirGLO-FGFR1-wt and 
pmirGLO-FGFR1-mut were transfected into sh- 
ANRIL CAL27 cells using Lipofectamine 2000 
reagent (Invitrogen, USA) according to the man-
ufacturer’s instructions, respectively. The rela-
tive luciferase activity was normalized to the 
Renilla luciferase activity 48 h after transfec-
tion. Cells were co-transfected with the pPenil- 
la Renilla luciferase reporter to normalize for 
transfection efficiency. The transfection medi-

um was replaced with fresh medium 6 h later, 
and cells were cultured for another 24 h. Cells 
were pre-treated with external stimulus for 12 h 
and harvested in passive lysis buffer. Finally, 
the luciferase activity was measured using the 
Dual Luciferase System (Promega, USA).

RNA preparation, RT and qPCR

The total RNA was extracted from tissues and 
cells using TRIzol reagent (Invitrogen) and then 
reverse transcribed into cDNAs using the 
Primer-Script One Step RT-PCR kit (TaKaRa, 
Dalian, China). The cDNA template was ampli-
fied by real-time RT-PCR using the SYBR Premix 
Dimmer Eraser kit (TaKaRa). Gene expression 
in each sample was normalized to the GADPH 
expression. The primer sequences used were 
as follows: for GAPDH, 5’-GTCAACGGATTTGGT- 
CTGTATT-3’ (forward) and 5’-AGTCTTCTGGGTG- 
GCAGTGAT-3’ (reverse); for ANRIL, 5’-CTTATT- 
TTATTCCTGGCTCCCCT-3’ (forward) and 5’-AT- 
CATTCTCCTCAAATTACAGAG-3’ (reverse). Real-
time PCR was performed in triplicate on the 
ABI7300 system (Applied Biosystems, Carls- 
bad, CA, USA). The relative expression fold 
change of mRNAs was calculated by the 2-ΔΔCt 
method, and the primers used in this study 
were listed in Supplementary Table 1.

Cell fractionation 

Cells were grown in 15-cm dishes (NUNC). One 
million cells were harvested for each sample 
and nuclear/cytoplasmic fractionation was per-
formed using Nuclei EZ Lysis Buffer (Sigma) 
according to the manufacturer’s instructions.  
In the ANRIL siRNA knockdown experiments, 
CAL27 cells were harvested 48 h after trans- 
fection.

Real-time qPCR of mature miRNAs

Primers were designed on the basis of mature 
miRNA sequences. The total RNA was isolated 
from cells by TRIzol extraction (Invitrogen, 
Shanghai, China) on ice in an RNA-free environ-
ment and then subjected to reverse transcrip-
tion using the miRcute miRNA first-stand cDNA 
Kit (TIANGEN, Shanghai, China) according to 
the manufacturer’s instructions. Poly (A) poly-
merase was used to add a poly (A) tail to the 
total RNA before reverse transcription. Real-
time PCR was performed in triplicate under the 
following conditions: degeneration at 95°C for 



LncRNA ANRIL promotes progression of HNSCC via miR-125a-3p/FGFR1/MAPK signaling

2299 Am J Cancer Res 2018;8(11):2296-2310

5 min, 40 cycles of annealing at 60°C for 30 s, 
and extension at 72°C for 30 s. miRNA expres-
sion was analyzed using SYBR Green methods 
and a miRcute miRNA qPCR kit according to  
the manufacturer’s instructions (TIANGEN, Sh- 
anghai, China). Small nuclear RNA U6 was used 
as the internal control. The relative expression 
fold change of mRNAs was calculated by the 
2-ΔΔCt method.

Western blotting

Cells from each group were detached with tryp-
sin, centrifuged, and washed twice with pre-
chilled PBS. Cell lysis buffer was added and 
incubated on ice for protein extraction. The  
protein concentration was determined using a 
BCA Protein Assay Kit (Beyotime, China). Equal 
amounts of proteins were separated via 8% 
SDS-PAGE and then transferred to a PVDF 
membrane (Millipore Corporation, Billerica, MA, 
USA). The membrane was soaked in 10% skim 
milk in PBS containing 0.1% Tween-20 (pH 7.2) 
for 2 h and incubated with an appropriate 
amount of primary antibody at 4°C overnight. 
Bound antibodies were detected by peroxida- 
se-conjugated secondary antibodies (KPL, Gai- 
thersburg, MD, USA) and chemiluminescence 
(Millipore Corporation). GAPDH was used as a 
control. Antibodies (1:1000) for FGFR1, AKT, 
p-AKT, ERK, and p-ERK were purchased from 
Cell Signaling Technology (Boston, MA, USA).

Cell viability assay

Cell proliferation was determined 24 h after 
transfection by a Cell Counting Kit-8 (CCK-8, 
Dojindo Laboratories, Kumamoto, Japan) ac- 
cording to the manufacturer’s instructions. 
ANRIL siRNA-transfected CAL27 and HN6 cells 
were seeded into 96-well plates at a density of 
1 × 103 cells per well with 100 μl of medium 
and incubated at 37°C. At the indicated time 
points, 10 μl of CCK-8 solution was added to 
each well. After incubation at 37°C for 1 h, the 
absorbance was measured with a plate reader 
at 450 nm, and the growth curves were exam-
ined to determine the growth rates.

Colony forming assay

A total of 1000 ANRIL siRNA-transfected/ANRIL 
OE-transfected CAL27 and HN6 cells were 
placed in fresh 6-well plates and maintained in 
medium containing 10% FBS, and the medium 

was replaced every 3 days. After 14 days, cells 
were fixed with methanol and stained with  
0.1% crystal violet (Sigma-Aldrich, St. Louis, 
MO, USA). Visible colonies were manually count-
ed. Wells were assessed in triplicate for each 
group.

Flow cytometric analysis

Cells transfected with the desired plasmid and 
negative control were plated in 6-well plates, 
respectively. After 48 h of incubation, cultures 
were incubated with propidium iodide for 30 
min in dark, and then they were collected for 
the analysis of cell cycle using a flow cytome- 
ter (FACSCalibur, BD Biosciences, San Jose,  
CA, USA) after propidium iodide staining. The 
results were expressed as the percentages of 
cells in the G0/G1, S and G2/M phases of the 
cell cycle.

Gene ontology (GO) analysis

GO analysis was performed to determine the 
biological implications of unique genes in the 
significant or representative profiles or the tar-
get genes of miR-125a-3p. We downloaded  
the GO annotations from NCBI (http://www.
ncbi.nlm.nih.gov/), UniProt (http://www.uniprot.
org/) and Gene Ontology (http://www.geneon-
tology.org/) database. Significant GO catego-
ries were identified by Fisher’s exact test, and 
FDR was used to correct the P-values.

RNA immunoprecipitation (RIP) assay

RIP assay was performed by the EZ-Magna RIP 
RNA-binding protein immunoprecipitation kit 
(Millipore, Billerica, MA, USA). Cells were lysed 
in complete RIP lysis buffer, and then 100 μl of 
cell lysate was incubated with RIP buffer con-
taining magnetic beads conjugated with human 
anti-Ago2 antibody (1:50 dilution, Millipore) and 
negative control normal mouse IgG. Samples 
were incubated with Proteinase K buffer, and 
then target RNA was extracted for future use.

Immunohistochemistry (IHC)

IHC was performed on paraformaldehyde-fixed 
paraffin sections using Ki-67 antibody (Ab- 
cam) by the streptavidin peroxidase-conjugat- 
ed method. The percentage of positive tumor 
cells was graded according to the following cri-
teria: 0, < 10%; 1, 10-30%; 2, 31-50%; 3, > 
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50%, and then patients were divided into low- 
(0 or 1) and high-Ki-67 expression group (2 or 
3).

Xenograft mouse model

CAL27 cells (1 × 106) stably expressing LV-NC 
or LV-shANRIL were subcutaneously injected 
into either side of the flank area of 6-week-old 
female athymic nude mice (n = 8 per group). 
Tumor volumes were measured (0.5 × length × 
width2) on a weekly basis. After 3 weeks, mice 
were killed and tumors were excised and sub-
jected to immunohistochemical analysis of 
ki67 and western blot analysis of FGFR1, AKT, 
p-AKT, ERK and p-ERK. All animal experiments 
were performed in the Animal Laboratory Cen- 
tre of the Ninth People’s Hospital, Shanghai 
Jiao Tong University School of Medicine (Shang- 
hai, China) in accordance with the Guide for the 
Care and Use of Laboratory Animals published 

by the US National Institutes of Health (NIH 
publication number 85-23, revised 1996). The 
study protocol was approved by the Animal 
Care and Use Committee of the Ninth People’s 
Hospital.

Statistical statistics

All statistical analyses were performed using 
SPSS 20.0 (SPSS, Chicago, IL, USA). The ex- 
pression differences between HNSCC and ma- 
tched normal tissues were analysed using pair- 
ed samples t-tests. Pearson correlation analy-
sis was also performed. The expression differ-
ences between high/low stages, expression 
changes after transfection, S-phase fraction 
and cell proliferation assay results were anal-
ysed using independent samples t-tests. A two-
sided P value less than 0.05 was considered 
statistically significant.

Figure 1. ANRIL expression levels in HNSCC and its clinical significance. A. Difference in ANRIL expression levels be-
tween HNSCC tissues and matched normal tissues. The ANRIL expression was normalized to GADPH. Significant dif-
ferences between samples were analysed with paired samples t tests (n = 49, P < 0.0001). B. Relationship between 
ANRIL expression and primary tumor growth (P < 0.0001). The ANRIL expression in T1+T2/T3+T4 stage tumors was 
normalized to corresponding paired normal tissues. C. Relationship between ANRIL expression and lymph node me-
tastasis (P < 0.0001). The ANRIL expression in N1+2/N0 stage tumors was normalized to the corresponding paired 
normal tissues. D, E. HNSCC patients with high ANRIL expression in tumor tissues showed significantly poorer 
recurrence-free survival and overall survival than those with low ANRIL expression. F. The ANRIL expression levels 
in five HNSCC cell lines (HN4, HNz6, HN30, CAL27 and SCC9) and normal oral epithelial cells (titled Normal). The 
ANRIL expression was normalized to that in Normal. The relative expression fold change of mRNAs was calculated 
by the 2-ΔΔCt method. Horizontal lines in the box plots represent the medians; the boxes represent the interquartile 
range; and the whiskers represent the 2.5th and 97.5th percentiles. *P < 0.05; **P < 0.01; n.s., not significant.
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Table 2. Univariate and multivariate analysis of factors for predicting poor prognosis in HNSCC pa-
tients (Cox proportional hazards regression model)

Variables
Univariate analysis Multivariate analysis

HR 95% P value HR 95% P value
Gender (Male vs. Female) 0.987 0.465-2.085 0.972 - - -
Ages, years (≤ 59 vs. ≥ 59) 2.001 0.932-4299 0.075 - - -
T stage, TNM (T1+T2 vs. T3+T4) 7.018 2.721-18.104 < 0.001 6.549 2.092-20.500 0.001
Clinical stage (Grade I-II vs. Grade III-IV) 2.123 0.935-4.822 0.072 - - -
Lymph node metastasis (Absent vs. Present) 7.917 3.206-19.552 < 0.001 14.554 4.686-45.207 < 0.001
Alcohol drinking (Absent vs. Present) 0.696 0.323-1.502 0.356 - - -
Smoking (Absent vs. Present) 1.388 0.647-2.978 0.400 - - -
lncRNA ANRIL expression (Low vs. High) 2.257 1.553-3.280 < 0.001 1.939 1.278-2.944 0.002
HR, hazard ratio; CI, confidence interval.

Results

ANRIL expression in HNSCC and its relation-
ship with prognosis

The ANRIL levels in primary HNSCC and adja-
cent normal tissues were detected by qRT-PCR. 
ANRIL was significantly upregulated in HNSCC 
tissues compared with that in their normal 
counterparts (Figure 1A), and it was also ele-
vated in samples with a high tumor stage (T 
stage) and lymph node dissemination stage  
(N stage) (N1/2, T3+T4) compared with that 
with a low T/N stage (N0, T1+T2) in HNSCC 
(Figure 1B, 1C). To further elucidate the clinical 
significance of ANRIL in HNSCC, we investigat-
ed the relationships between ANRIL expression 
and patients’ clinicopathological features, as 
shown in Table 1. Patients with an ANRIL ex- 
pression higher than 50% in HNSCC tissues 
showed significantly poorer recurrence-free 
survival and overall survival (Figure 1D, 1E). 
Univariate Cox proportional hazards regression 
analyses revealed that the poor overall survival 
in HNSCC patients was associated with high 
ANRIL expression in HNSCC tissues (P < 0.001), 
high T stage (T3+T4; P < 0.001), and lymph 
node metastasis (P < 0.001) (Table 2). Mul- 
tivariate analysis identified the high ANRIL ex- 
pression in HNSCC tissues as an independent 
prognostic marker for the poor overall survival 
of HNSCC patients (Table 2). Then, we exam-
ined ANRIL expression in HNSCC cell lines, and 
the results showed that the ANRIL expression 
levels were increased in HNSCC cell lines com-
pared with that in normal oral epithelial cells 
(Titled Normal), which was consistent with the 
biopsy results (Figure 1F).

ANRIL was required for tumor proliferation of 
HNSCC cells

The functional role of ANRIL was evaluated 
using CAL27 and HN6 cells as they showed the 
highest ANRIL levels in HNSCC cells (Figure 
1F). The inhibitory and overexpression efficien-
cy was verified using qRT-PCR (Figure 2A). 
Knockdown of ANRIL significantly inhibited cell 
viability and proliferation in both HN6 and 
CAL27 cell lines (Figure 2B, 2C). Similarly, colo-
ny formation assays revealed that the clono-
genic survival was significantly decreased by 
the inhibition of ANRIL (Figure 2D, 2E). In con-
trast, lncRNA ANRIL overexpresson (OE) in 
HNSCC cells increased cell viability and prolif-
eration (Figure 2B-E). We further examined 
whether the effect of ANRIL on the proliferation 
of HNSCC cells was mediated by cell cycle pro-
gression. The results revealed that cell cycle 
progression was stalled at the G1-G0 phase 
(Figure 2F, 2G). Thus, we concluded that ANRIL 
could promote HNSCC proliferation in vitro.

CAL27 cells stably transfected with LV-shANRIL 
and LV-NC were injected subcutaneously into 
nude mice. Strikingly, depletion of ANRIL inhib-
ited tumorigenesis of these cells in vivo (Figure 
2H). The staining intensity of Ki-67 was signifi-
cantly decreased in the ANRIL-depleted group 
(Figure 2I). These results identified ANRIL as a 
potential therapeutic target for HNSCC.

Identification of potential ANRIL-targeted 
miRNAs

Previous studies have suggested that lncRNAs 
could serve as a ceRNAs to sponge miRNAs 
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and thus regulated gene expression in cancers 
[17, 18]. Here, we hypothesized that ANRIL 
might also act as a ceRNA to sponge miRNA. To 
test this hypothesis, we first examined expres-
sion levels and locations of ANRIL in HN6 and 

CAL27 cells. As shown in Figure 3A, a higher 
expression level of ANRIL was found in cyto-
plasm than in nucleus, suggesting that ANRIL 
interacted with miRNAs in cytoplasm and func-
tioned as an endogenous sponge for miRNAs.

Figure 2. ANRIL promoted the growth of HNSCC in vitro and in vivo. A. ANRIL-specific siRNA 1 and 2 reduced endog-
enous ANRIL mRNA levels in HN6 and CAL27 cells. ANRIL OE1 and OE2 increased endogenous ANRIL mRNA levels. 
B, C. Cell growth viability was assayed in ANRIL siRNA NC-, siRNA 1/2-transfected and ANRIL OE NC, OE 1/2 trans-
fected HN6 and CAL27 cells by CCK-8 assays. D, E. Representative results of colony formation assays of HN6 and 
CAL27 cells transfected with ANRIL siRNA NC, siRNA or ANRIL OE NC, OE. F, G. The cell cycle profile was examined in 
ANRIL siRNA NC- or siRNA 2-transfected HN6 and CAL27 cells by flow cytometry. H. Depletion of ANRIL inhibited the 
growth of subcutaneous tumors. Tumor volumes were measured every 3 d. Mice were killed at 21 d after injection 
for the excision of tumors. Scale bars, 1 mm. The results were represented by the mean ± s.d. of n = 8 mice in each 
group by the Mann-Whitney test. I. Representative images of Ki-67 IHC staining in HNSCC and normal tissues. Scale 
bar, 100 μm. Significant differences between groups were analysed using independent samples t test. Error bars 
represent the mean ± S.D. of triplicate experiments. *P < 0.05; **P < 0.01; n.s., not significant.
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Figure 3. Identification of miRNA-125a-3p as a target of ANRIL. A. Changes in the expression of ANRIL in cytoplasm 
and nucleus of ANRIL siRNA NC- or siRNA 1/2-transfected HN6 and CAL27 cells. B. Relative expression (miR-125a-
3p, miR-145-3p, miR-181d-5p, and miR-339-5p) in ANRIL siRNA- or OE-transfected HN6 and CAL27 cells. C. The 
correlation between ANRIL transcript level and miR-125a-3p mRNA level was measured in 49 HNSCC tissues. The 
ΔCt values (normalized to GADPH) were subjected to Pearson correlation analysis. D. The miR-125a-3p expression 
levels in normal oral epithelial cells (titled Normal), HN6 and CAL27 cells. E. Associations of miR-125a-3p and ANRIL 
with Ago2. HN6 and CAL27 cell lysates were collected for RIP using an anti-Ago2 antibody. miR-125a-3p and ANRIL 
were detected by qRT-PCR. F. Alignment of potential ANRIL base pairing with miR-125a-3p as identified by Starbase 
v2.0 (http://starbase.sysu.edu.cn/mirLncRNA.php). Mutant ANRIL at the putative binding site. Luciferase activity in 
CAL27 cells co-transfected with miR-NC or miR-125a-3p mimics and luciferase reporters containing nothing, ANRIL, 
NC mutant transcripts or ANRIL mutant transcripts. The results are presented as the relative ratio of firefly luciferase 
activity to Renilla luciferase activity. G. Change in miR-125a-3p expression levels in miR-NC-, miR-125a-3p mimic-, 
and miR-125a-3p inhibitor-transfected HN6 and CAL27 cells. Cell growth and viability were assayed in shANRIL NC-, 
shANRIL, shANRIL+miR-125a-3p mimic-NC-, shANRIL+miR-125a-3p mimic-, shANRIL+miR-125a-3p inhibitor-NC-, 
and shANRIL+miR-125a-3p inhibitor-transfected HN6 and CAL27 cells by CCK-8 and colony formation assays. H-J. 
*P < 0.05; **P < 0.01; n.s., not significant.
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Several miRNAs with ANRIL binding sites were 
identified using Starbase (http://starbase.sysu.
edu.cn/mirLncRNA.php). miR-125a-3p was sig-
nificantly increased after knockdown of ANRIL 
(Figure 3B); while lncRNA ANRIL overexpres-
sion decreased the expression of miR-125a-3p 
in cells (Figure 3B). Furthermore, the ANRIL 
transcript level was significantly negatively cor-
related with the miRNA-125a-3p expression 
level in HNSCC tissues (Figure 3C). The miR-
125a-3p expression levels were also deter-
mined in HNSCC cells (Figure 3D). To test the 
hypothesis, we performed RIP analysis with 
antibodies against AGO2, which was a vital 
component of the RNA-induced silencing com-
plex (RISC). Figure 3E showed that ANRIL and 
miR-125a-3p were increased by 6.5-9.4-fold 
following immunoprecipitation using the anti-
Ago2 antibody compared to IgG. Thus, ANRIL 
might be recruited to AGO2-related RISCs and 
functionally interacted with miR-125a-3p in 
HNSCC cells. We also investigated whether 
ANRIL bound to miR-125a-3p to exert its func-
tion. It was found that miR-125a-3p mimics 
reduced the luciferase activities of wild-type 
(WT) ANRIL reporter vectors, but the luciferase 
activities in cells transfected with NC or ANRIL 
mutant and miR-125a-3p mimics were compa-
rable to that of control cells (Figure 3F). The 
CCK-8 assay and colony formation assay sh- 
owed that miR-125-3p mimic significantly im- 
paired proliferation of CAL27 cells under ANRIL 
knockdown, which, however, could be recov-
ered by miR-125a-3p inhibitor (Figure 3H-J). 
Thus, ANRIL might act as a sponge of miR-
125a-3p to inhibit its expression by direct bind-
ing to miR-125a-3p.

MiR-125a-3p regulated ANRIL-induced prolif-
eration in HNSCC cells by targeting FGFR1

To elucidate the molecular mechanism underly-
ing the role of miR-125a-3p in tumorigenesis, 
we performed transcriptome sequencing of 
CAL27 cells with stable depletion of miR-125a-
3p, and identified 104 genes with significant 
expression changes compared with normal 
CAL27 cells. GO analysis showed that these 
genes were associated with the mitogen-acti-
vated protein kinases (MAPK) signaling path-
way, supporting the role of miR-125a-3p in 
HNSCC proliferation (Figure 4A). Among these 
genes, 7 mRNAs were chosen as they had vital 
functions in cell proliferation (Figure 4B). qRT-

PCR analysis showed that FGF1 and FGFR1 
were downregulated in ANRIL depleted cells. 
However, only FGFR1 was further downregulat-
ed in ANRIL depleted cells by miR-125a-3p 
mimic, and its expression was upregulated 
when miR-125a-3p was inhibited (Figure 4C).

Our results revealed that ANRIL and FGFR1 
shared the same miRNA-responsive element in 
their sequences and showed the same miR-
125a-3p-dependent regulation pattern (Figure 
4D). To explore whether the observed effects 
depended on the regulation of the 3’ untrans-
lated regions (3’-UTR) of FGFR1, we cloned the 
sequence of the FGFR1 3’-UTR region with the 
miR-125a-3p predicted binding sites down-
stream of a luciferase reporter and co-trans-
fected it into CAL27 cells with miR-125a-3p mi- 
mic, miR-125a-3p inhibitor or the respective 
scrambled control. Figure 4D showed that 
ANRIL knockdown decreased the luciferase ac- 
tivity of WT FGFR1 reporter vectors transfected 
CAL27 cells, which was recovered by the miR-
125a-3p inhibitor but amplified by the miR-
125a-3p mimics. The luciferase activities in 
cells transfected with FGFR1 mutant transfect-
ed CAL27 cells were comparable to that of con-
trol cells. We also found that FGFR1 protein 
levels were decreased by miR-125a-3p mimic 
but increased by miR-125a-3p inhibitor in 
CAL27, HN6, shANRIL-CAL27 and shANRIL-HN6 
cells (Figure 4E). Thus, FGFR1 could be a poten-
tial target of miR-125a-3p.

ANRIL enhanced HNSCC proliferation by regu-
lating the miR-125a-3p/FGFR1/MAPK signal-
ing pathway

Previous studies showed that FGFR-mediated 
reactivation of MAPK signaling pathway attenu-
ated the antitumor effects of imatinib in gastro-
intestinal stromal tumors [19]. We found that 
knockdown of FGFR1 significantly inhibited via-
bility and proliferation of both HN6 and CAL27 
cell lines compared with that of control cells 
(Figure 5A-C). The percentage of S-phase cells 
and the number of colonies were also reduced 
after FGFR1 knockdown (Figure 5D-G). Then, 
we investigated the expression of MAPK-related 
proteins (P-p38, P-ERK and P-AKT) in ANRIL 
depleted HNSCC cells. We found that FGFR1 
knockdown decreased MAPK-related protein 
expression levels in ANRIL depleted HNSCC 
cells, while the opposite was true in FGFR1 
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Figure 4. FGFR1 was the target gene of miR-125a-3p in HNSCC. A. GO analysis of miR-125a-3p-regulated gene 
expression. Fisher’s exact P values for each enriched functional category were shown. B. Changes in the expression 
of target genes (ELK1, FGF1, GRB2, NF1, FGFR1 and FGFR2) after knockdown of ANRIL. C. Identification of the 
target genes of miR-125a-3p in HN6 or CAL27 cells by transfecting miR-125a-3p mimics or inhibitor. D. Luciferase 
activity in CAL27 cells transfected with luciferase reporters containing or not containing FGFR1 3’-UTR. The results 
were represented as the relative ratio of firefly luciferase activity to Renilla luciferase activity. E. The protein levels 
of FGFR1 were confirmed by western blot analysis of shANRIL NC-, shANRIL-, shANRIL+miR-125a-3p mimic-NC-, 
shANRIL+miR-125a-3p mimic-, shANRIL+miR-125a-3p inhibitor-NC-, shANRIL+miR-125a-3p inhibitor-transfected 
HN6 and CAL27 cells. Error bars represent the mean ± S.D. of triplicate experiments. *P < 0.05; **P < 0.01; n.s., 
not significant.

overexpressed cells (Figure 5H). All these 
results implied that ANRIL promoted HNSCC 
proliferation by regulating the miR-125a-3p/
FGFR1/MAPK signaling pathway in vitro.

FGFR1 inhibitor inhibited HNSCC tumor growth 
in vivo

To further determine the tumorigenic potential 
of FGFR1 in vivo, we inoculated CAL27 cells 

transfected with LV-NC or LV-shANRIL into  
nude mice, and then injected PBS or FGFR1 
inhibitors (PD173074, MCE; 25 mg/kg, i.p.). A 
reduction in tumor volume was found at the 
end of the experiment in mice injected with 
inhibitors compared with those with PBS 
(Figure 6A-C). Western blot analysis of tumor 
tissues resected from PBS-injected mice sh- 
owed that ANRIL expression was positively cor-
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related with FGFR1, p-p38, p-ERK and p-AKT; 
but negatively correlated with p38, ERK and 
AKT (Figure 6D). These results further verified 
that ANRIL promoted HNSCC tumorigenesis  
by activating the FGFR1/MAPK signaling path-
way in vivo (Figure 6E).

Discussion

lncRNAs have been reported to be involved in 
various human diseases, especially cancers 

[20-22]. Dysregulated lncRNAs are significantly 
related to tumorigenesis, metastasis, progno-
sis and diagnosis [23, 24]. Thus, more efforts 
should be made to clarify the biological and 
molecular mechanisms of lncRNAs in cancers. 
lncRNA ANRIL has been reported to promote 
proliferation of numerous solid tumors [25, 26]. 
It also indicated a poor prognosis of cervical 
cancers, and the ANRIL/miR-186 axis might 
advance carcinogenesis via the PI3K/Akt path-

Figure 5. FGFR1 promoted the growth of HNSCC cells by activating MAPK signaling. A. FGFR1-specific siRNA 1 and 
2 reduced endogenous FGFR1 mRNA levels in HN6 and CAL27 cells. B, C. Cell viability was assayed in FGFR1 siRNA 
NC- or siRNA 1-transfected HN6 and CAL27 cells by CCK-8 assays. D, E. Representative results of colony formation 
assays of HN6 and CAL27 cells transfected with FGFR1 siRNA NC or siRNA 1. F, G. Cell cycle profile was examined 
in FGFR1 siRNA NC- or siRNA 1-transfected HN6 and CAL27 cells by flow cytometry. H. The protein levels of a panel 
of core factors in MAPK signaling were evaluated in FGFR1 knockdown or overexpression shANRIL HN6 and CAL27 
cells. *P < 0.05; **P < 0.01; n.s., not significant.
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ways [14]. Moreover, ANRIL overexpression 
enhanced cell proliferation and migration th- 
rough the let-7a/TGF-β1/Smad cascade [27] 
and inhibited apoptosis by interacting with 
KLF2 and P21 [28]. Our study showed that 
ANRIL was highly expressed in HNSCC biop-
sies, and K-M analysis showed that ANRIL 
expression was positively correlated with poor 
prognosis. Knockdown of ANRIL significantly 
inhibited cell proliferation and stalled cell cycle 
progression at the G1-G0 phase in HN6 and 
CAL27 cells. Thus, ANRIL may play an oncogen-
ic role in HNSCC and holds great promise as a 
novel diagnostic and prognostic biomarker for 
HNSCC. 

There is evidence that a widespread interaction 
network of ceRNAs is involved in carcinogene-

sis, in which ncRNAs could regulate modulatory 
RNAs by binding and titrating them off their 
binding sites on protein-coding mRNAs [1, 29]. 
Previous studies have confirmed that ANRIL 
could act as a molecular sponge by binding 
miR-125a to modulate tumorigenesis, metasta-
sis and invasion of hepatocellular carcinoma 
cells [30]. MiR-125a-3p, a tumor-suppressor 
microRNA, has been reported to be involved  
in several solid tumors, such as non-small cell 
lung carcinoma [31], glioma [32] and gastric 
cancer [33]. Reduced miR-125a-3p could in- 
crease the expression of endogenous MTA1 
and initiate docetaxel acquired resistance in 
prostate cancer cells [34]. MiR-125a-3p also 
played a vital role in mediating colorectal can-
cer cell proliferation, migration, invasion and 
pathological angiogenesis via the PI3K-Akt 

Figure 6. FGFR1 inhibitor inhibited the growth of subcutaneous tumors. Tu-
mor volumes were measured every 3. Mice were killed at 24 d after injec-
tion of cells and FGFR1 inhibitor, and the tumors were excised (A-C). Scale 
bars, 1 mm. The results were represented as the mean ± s.d. of n = 8 mice 
in each group by the Mann-Whitney test. (D) The protein levels of a panel 
of core factors in MAPK signaling were reduced in shANRIL NC or shAN-
RIL tumor tissues. (E) A schematic of the proposed mechanism of ANRIL in 
HNSCC. ANRIL functioned as a ceRNA to sponge miR-125a-3p and upregu-
lated the expression of FGFR1 as well as FGFR1 downstream effector that 
promoted HNSCC progression. *P < 0.05; **P < 0.01; n.s., not significant.
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pathway [35]. In our study, we identified several 
miRNA binding sites of ANRIL through a public 
database, and RIP assays and luciferase as- 
says confirmed that ANRIL might act as a 
sponge of miR-125a-3p to inhibit the expres-
sion of certain miRNAs by direct binding in 
HNSCC cells. Thus, ANRIL may regulate onco-
genesis of HNSCC through a ceRNA network via 
the ANRIL/miR-125a-3p axis.

FGFR1 is expected to be a potential prognostic 
biomarker and therapeutic target in HNSCC 
[36]. FGFR1 expression level was associated 
with sensitivity to a FGFR inhibitor (NVP-
BGJ398) and predicted tyrosine kinase inhibi-
tor sensitivity of PDX models in FGFR-specific 
inhibitor clinical trials [37]. FGFR1 could be 
regulated by miRNAs in some malignancies, 
including NSCLC [38], gastric carcinoma [39] 

and colorectal carcinoma [40]. We observed 
opposite correlations between mRNA or protein 
expression of FGFR1 and the miR-125a-3p lev-
els in HNSCC cell lines, and luciferase assays 
confirmed that FGFR1 was a direct target of 
miR-125a-3p. Since MAPKs are the primary sig-
naling cascade activated downstream of FGFR 
signaling [18, 19], the expression levels of 
FGFR1 and MAPK-related proteins were elevat-
ed and miR-125a-3p was downregulated in 
ANRIL-overexpressed HNSCC cell lines. These 
findings indicated that ANRIL could regulate 
HNSCC growth by miR-125a-3p/FGFR1/MAPK 
signaling. 

In summary, we first showed that ANRIL might 
serve as an oncogene by promoting prolifera-
tion of human HNSCC. Notably, we revealed a 
novel ANRIL/miR-125a-3p/FGFR1/MAPK sig-
naling pathway regulatory network in HNSCC. 
These results may lead to the development of 
novel biomarkers and therapeutic strategies 
for HNSCC. 
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Supplementary Table 1. Sequence of the primers used in this study
Primer Sequences
ANRIL Forward Primer 5’-CTTATTTTATTCCTGGCTCCCCT-3’

Reverse Primer 5’-ATCATTCTCCTCAAATTACAGAG-3’
GAPDH Forward Primer 5’-GTCAACGGATTTGGTCTGTATT-3’

Reverse Primer 5’-GTCAACGGATTTGGTCTGTATT-3’
Has-miR-125a-3p 5’-ACAGGTGAGGTTCTTGGGAGCC-3’
Has-miR-143-3p 5’-CCCTGAGATGAAGCACTGTAGCTC-3’
Has-miR-181d-5p 5’-CAACATTCATTGTTGTCGGTGGGT-3’
Has-miR-339-5p 5’-TCCCTGTCCTCCAGGAGCTCACG-3’
U6 Forward Primer 5’-CTCGCTTCGGCAGCACA-3’

Reverse Primer 5’-AACGCTTCACGAATTTGCGT-3’
FGFR1 Forward Primer 5’-CCCGTAGCTCCATATTGGACA-3’

Reverse Primer 5’-TTTGCCATTTTTCAACCAGCG-3’
FGFR2 Forward Primer 5’-GGTGGCTGAAAAACGGGAAG-3’

Reverse Primer 5’-AGATGGGACCACACTTTCCATA-3’
FGF1 Forward Primer 5’-ACACCGACGGGCTTTTATACG-3’

Reverse Primer 5’-CCCATTCTTCTTGAGGCCAAC-3’
GR2 Forward Primer 5’-CTGGGTGGTGAAGTTCAATTCT-3’

Reverse Primer 5’-GTTCTATGTCCCGCAGGAATATC-3’
NF1 Forward Primer 5’-AGATGAAACGATGCTGGTCAAA-3’

Reverse Primer 5’-CCTGTAACCTGGTAGAAATGCGA-3’
ELK1 Forward Primer 5’-AATCGGAAGAGCTTAATGTG-3’

Reverse Primer 5’-CTTGGTGGTTTCTGGCACAA-3’


