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Downregulation of lncRNA ANRIL inhibits proliferation, induces apoptosis,
and enhances radiosensitivity in nasopharyngeal carcinoma cells through
regulating miR-125a
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ABSTRACT
Increasing evidence demonstrated that long non-coding RNA ANRIL serves as a fatal oncogene in many
cancers, including nasopharyngeal carcinoma (NPC). However, little is known whether ANRIL regulated
NPC cell radioresistance. Quantitative real-time PCR (qRT-PCR) was performed to examine the expression
of lncRNA ANRIL and miR-125a in NPC tissues and cell lines. MTT assay was conducted to measure the cell
viability of CNE2 and HONE1 cells. The apoptotic rate of CNE2 and HONE1 cells was determined by flow
cytometry analysis. Colony survival was determined by clonogenic assay. Luciferase reporter assay was
performed to verity the direct target of miR-125a. LncRNA ANRIL was evidently elevated in NPC tissues
and cell lines. ANRIL inhibition suppressed proliferation, induced apoptosis, and enhanced radiosensitivity
in NPC. Moreover, ANRIL could negatively modulate miR-125a expression. Furethermore, ANRIL
upregulation reserved the inhibited proliferation, induced apoptosis, and enhanced radiosensitivity
triggered by miR-125a overexpression. The expression of lncRNA ANRIL was upregulated in NPC tissues
and cells. Moreover, knockdown of ANRIL repressed proliferation, promoted apoptosis, and improved
radiosensitivity in NPC via functioning as a miR-125a sponge.

KEYWORDS
ANRIL; apoptosis;
proliferation; miR-125a;
radiosensitivity; NPC

Introduction

Nasopharyngeal carcinoma (NPC) is a highly metastatic and
invasive malignancy, prevalent in South Asia, North Africa and
Southern China.1 So far, radiotherapy is still the preferred treat-
ment of NPC patients. Although great advances have been made
in radiation techniques and radiotherapeutic strategies, the out-
comes in NPC patients remain unsatisfactory, which results from
the radioresistance. Increasing literatures have shown that some
RNA and protein molecules could influence radioresistance by
regulating radioresistance-associated processes, including cell
cycle arrest, apoptosis, DNA repair capacity, epithelial to mesen-
chymal transition and protective autophagy.2 However, the pre-
cise molecular mechanisms underlying radioresistance in NPC
remain largely unknown. Therefore, it is still urgent to identify
molecules involved in NPC radioresistance, providing novel ther-
apeutic targets for NPC patients.

Long non-coding RNAs (lncRNAs) are transcripts greater
than 200 nucleotides in length without obvious protein-coding
functions.3 LncRNAs play vital regulatory roles in several biologic
processes, including genomic imprinting, gene expression, cell
metastasis, and so on.4 Accumulating evidence indicates that
lncRNAs are commonly deregulated in the malignant transforma-
tion and progression of various cancers, including NPC.5-7 These
lncRNAs function as tumor suppressors or oncogenes in can-
cers.8,9 Recently, Ren et al. identified a novel lncRNA n375709 by
next generation deep sequencing, which was overexpressed and

led to paclitaxel resistance in NPC.10 LncRNA ANRIL (CDKN2B
antisense RNA 1) was located a 42-kb stretch on the chromosome
9p21, which was originally identified from familial melanoma
patients with germline deletion in the INK4B-ARFINK4A gene
cluster.11,12 Subsequently, accumulating documents have indicated
that ANRIL is deregulated in various malignancies, such as lung
cancer, breast cancer, gastric cancer.13-15 Moreover, a recent study
demonstrated that ANRIL was overexpressed in NPC cell lines
and NPC tissues and promoted NPC progression through
improving cell proliferation, reprograming cell glucose metabo-
lism and inducing side-population stem-like cancer cells.16 Grow-
ing evidence suggests that ANRIL functions as a fatal oncogene in
many cancers, however, limited knowledge is available concerning
whether lncRNA ANRIL affects the radiosensitivity of NPC.

MicroRNAs (miRNAs) are a class of small non-coding RNAs,
which could regulate the post-transcriptional level of gene expres-
sion through binding to target mRNAs, leading to target mRNA
degradation or translation suppression.17 Many miRNAs have
been showed to be abnormally expressed in NPC, such as miR-
21, miR-26a, miR-1 and miR-125a, which play vital roles in many
processes of NPC carcinogenesis, including cell proliferation, inva-
sion and angiogenesis.18-21 Consequently, miRNAs could serve as
critical therapeutic targets for NPC treatment.22 miR-125a is
located on chromosomes 19, 11 and 21. Previous studies have
demonstrated that miR-125a is involved in the proliferation, apo-
ptosis, migration and invasion in numerous cancers. Moreover,
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miR-125a was crucial for paclitaxel sensitivity in colon cancer23

and cisplatin sensitivity in NPC.24 However, whether miR-125a
could affect the radiosensitivity in cancers has not been studied.

In the present study, we aimed to explore the function and
underlying molecular mechanism of lncRNA ANRIL in NPC.

Materials and methods

Tissue specimens and cell culture

Thirty-five NPC patient tissue samples and 35 normal naso-
pharyngeal tissue samples were obtained from Huaihe Hospital
of Henan University. This study was approved by the Huaihe
Hospital Ethic Review Committees.

The human nasal epithelial cell (HNEpC) and nasopharyn-
geal carcinoma cell lines 5–8F, CNE1, CNE2 and HONE1 was
derived from the American Type Culture Collection (ATCC).
All cells were cultured in RPMI-1640 (Invitrogen, Carlsbad,
CA, USA) containing 10% fetal bovine serum (FBS) (Invitro-
gen) and 1% penicillin/streptomycin (Invitrogen) in a humidi-
fied 5% CO2 incubator at 37�C.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from the tissue samples and NPC cell
lines using the TRIzol reagent (Invitrogen). The cDNA of
ANRIL was generated using a high capacity cDNA reverse
transcription kit (Applied Biosystems, Foster City, CA, USA).
MiR-125a cNDA was generated by TaqMan miRNA Reverse
Transcription Kit (Applied Biosystems). A SYBR Premix Ex
TaqTM kit (Takara Bio, Otsu, Japan) was used to examine
ANRIL and b-actin expression, while TaqMan miRNA assays
(Applied Biosystems) was performed to detect miR-125a and
U6 expression. qRT-PCR was conducted on the 7500 Real
Time PCR System (Applied Biosystems).

Cell transfection

ANRIL was amplified from the cDNA of CNE2 and HONE1
cells and cloned into the pcDNA3.1 plasmid. Two ANRIL siR-
NAs, Si-control, miR-125a mimic and miR-control were pur-
chased from GenePharma (Shanghai, China). Cells transfection
was conducted using Lipofectamine 2000 (Invitrogen).

Cell proliferation assay

CNE2 and HONE1 cells were seeded in 96-well plates and cul-
tured for 24 h. After transfection for 24 h, 48 h and 72 h, MTT
assay (Sigma, St. Louis, Missouri, USA) was performed to
determine the cell viability. The optical density was determined
at 450 nm using a microtiter plate reader (Molecular Devices,
Sunnyvale, CA, USA).

Apoptosis assay

CNE2 and HONE1 cells were plated in 6-well plates. At 24 h
after transfection, the cells were harvested and stained with
Annexin V-FITC and propidium iodide (PI) (BD Biosciences,
San Jose, CA, USA). Then, the flow cytometry data was ana-
lyzed by BD FACSDiva software V6.1.3 (BD Biosciences).

Clonogenic assay

The cells were seeded into 6-well plates. After 24 h, they were
exposed to different radiation doses (0, 2, 4, 6 and 8 Gy). After
an incubation period of 14 days, the colonies were fixed with
methanol and stained with crystal violet. Colonies of more than
50 cells were counted and analyzed.

Luciferase reporter assays

CNE2 and HONE1 cells were co-transfected with miR-control
or miR-125a and the wild type or mutant ANRIL (ANRIL-WT
or ANRIL-MUT) reporter plasmid using lipofectamine 2000
reagent (Invitrogen). The luciferase activities were measured
using the Dual-Glo luciferase reporter assay kit (Promega,
Madison, WI, USA) 48 h post transfection.

Statistical analysis

Statistical analyses were performed using SPSS 19.0 software
(SPSS, Chicago, IL, USA). Results are expressed as means §
SD. Student’s t-test and one-way ANOVA were used to evalu-
ate the significance. Differences were considered to be signifi-
cant when P < 0.05.

Results

The ANRIL level is negatively correlated with miR-125a
expression in NPC tumor tissues

Real-time PCR assay was conducted to detect lncRNA ANRIL
and miR-125a expression level in NPC patient samples (n D
35) and normal nasopharyngeal tissue samples (n D 35). The
result showed that ANRIL expression was markedly elevated
and the expression of miR-125a was significantly decreased in
NPC tumor tissues compared with normal tissues (Fig. 1A and
1B). Moreover, ANRIL expression was negatively correlated
with miR-125a expression in NPC tissues (Fig. 1C).

ANRIL expression is elevated while miR-125a expression is
downregulated in NPC cell lines

Additionally, the expression level of ANRIL and miR-125a was
examined in NPC cell lines (5–8F, CNE1, CNE2 and HONE1)
and HNEpC. qRT-PCR analysis revealed that the ANRIL level
was evidently increased and miR-125a expression was drastically
lowered in all NPC cell lines compared with HNEpC (Fig. 2A
and 2B). All these data suggested that aberrant ANRIL and miR-
125a expression may play important roles in NPC tumorigenesis.

ANRIL knockdown inhibits proliferation of NPC cells

Considering CNE2 and HONE1 cells had higher ANRIL expres-
sion among NPC cell lines, we chose CNE2 and HONE1 cells for
further study. To explore the function of ANRIL in NPC, the
ANRIL knockdown CNE2 and HONE1 cells were established
through transfection with si-ANRILs. The interference effect was
shown in Fig. 3A and 3B. It was reported that ANRIL silencing
repressed the proliferation of NPC cells.16 In our study, the
results of MTT assay also revealed that ANRIL knockdown led to
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Figure 2. ANRIL expression is upregulated and miR-125a expression is downregulated in NPC cell lines. (A) ANRIL expression was examined by qRT-PCR analysis in 5–8F,
CNE1, CNE2 and HONE1 cells or HNEpC. (B) qRT-PCR analysis was conducted to determine the expression of miR-125a in 5–8F, CNE1, CNE2 and HONE1 cells or HNEpC.
�P < 0.05 vs. HNEpC.

Figure 1. Negative Correlation between ANRIL and miR-125a in NPC tumor tissues. (A and B) qRT-PCR analysis of ANRIL and miR-125a expression in NPC patient tumor
tissue samples (n D 35) and normal nasopharyngeal tissue samples (n D 35). (C) The ANRIL level and miR-125a expression had a negative correlation in NPC tumor tis-
sues. �P < 0.05 vs. NC.

Figure 3. ANRIL knockdown inhibits proliferation of NPC cell lines CNE2 and HONE1. CNE2 and HONE1 cells were transfected with si-control or si-ANRIL. (A and B) The
level of ANRIL was detected by western blot in CNE2 and HONE1 cells. (C and D) MTT assay was performed to detect the cell viability at 24, 48 and 72 h after transfection
in CNE2 and HONE1 cells. �P < 0.05 vs. si-control.
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the proliferation inhibition of NPC cells (Fig. 3C and 3D). All
these data revealed that downregulation of ANRIL suppressed
proliferation of NPC cells.

ANRIL knockdown induces apoptosis, and enhances
radiosensitivity in NPC cells

To further explore the effect of ANRIL knockdown on the
apoptosis of NPC cells, flow cytometry analysis was per-
formed. The result indicated that the cell apoptosis was
induced when knockdown of ANRIL in CNE2 and HONE1
cells (Fig. 4A and 4B). The colony survival assay is consid-
ered as a canonical standard to determine radiosensitivity25

(miR-124 radiosensitizes human glioma cells by targeting
CDK4). Therefore, the effect of ANRIL knockdown on the

colony survival of NPC cells was explored in the presence
of ionizing radiation (IR). Clonogenic assay revealed that
si-ANRIL could enhance the radiosensitivity of CNE2 and
HONE1 cells (Fig. 4C). All these results demonstrated that
downregulation of ANRIL induced apoptosis, and enhanced
radiosensitivity in NPC cells.

ANRIL inhibits miR-125a expression in NPC cells

Recent studies indicated that lncRNAs could function as
miRNA sponges and modulated miRNAs expression. miR-
NAs with the binding site of ANRIL were predicted by star-
Base v2.0. As shown in Fig. 5A, miR-125a was a predicted
target of ANRIL. Then, luciferase reporter assay was con-
ducted to confirm whether the miR-125a binding site on

Figure 4. ANRIL downregulation induces apoptosis, and enhances radiosensitivity in NPC cell lines CNE2 and HONE1. CNE2 and HONE1 cells were transfected with si-con-
trol or si-ANRIL. (A and B) Cell apoptosis was determined by flow cytometry analysis at 48 h after transfection in CNE2 and HONE1 cells. (C) The colony survival was deter-
mined by clonogenic assay in CNE2 and HONE1 cells treated with IR (0, 2, 4, 6 and 8 Gy). �P < 0.05 vs. si-control.
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ANRIL was functional. The results suggested that co-trans-
fected with miR-125a and ANRIL-WT strongly reduced the
luciferase activity, while other groups did not change the
luciferase activity (Fig. 5B). Further, qRT-PCR analysis was
performed to explore the effect of ANRIL on miR-125a
expression. ANRIL overexpression led to the reduction in
miR-125a expression while downregulation of ANRIL
caused the increased miR-125a expression in CNE2 and
HONE1 cells (Fig. 5C and 5D). Taken together, these
results revealed that ANRIL suppressed miR-125a expres-
sion in NPC cells.

ANRIL reverses the effect of miR-125a on proliferation,
apoptosis, and radiosensitivity of NPC cells

Considering that ANRIL could repress the expression of miR-
125a, we further confirmed whether ANRIL exerted its function
in NPC by regulating miR-125a expression. MTT assay sug-
gested that miR-125a overexpression resulted in the prolifera-
tion inhibition in CNE2 and HONE1 cells, while the inhibitory
effect of miR-125a was abolished when ANRIL expression was
upregulated (Fig. 6A). Moreover, flow cytometry analysis
revealed that overexpressed miR-125a could induce the cell

Figure 5. ANRIL represses the miR-125a expression in CNE2 and HONE1 cells. (A) Putative miR-125a binding sequence of ANRIL was shown. (B) The relative luciferase
activity was detected in CNE2 and HONE1 cells co-transfected with miR-125a mimic or miR-control and wt or mut ANRIL. (C and D) qRT-PCR analysis of miR-125a expres-
sion in si-ANRIL or pcDNA-ANRIL transfecting CNE2 and HONE1 cells. �P < 0.05 vs. controls.
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apoptosis of CNE2 and HONE1 cells, which was reversed by
ANRIL overexpression (Fig. 6B). Furthermore, clonogenic
assay illuminated that restoration of miR-125a expression
enhanced the radiosensitivity of CNE2 and HONE1 cells, how-
ever, co-transfected miR-125a and pcDNA-ANRIL could

inversed the enhancement effect of miR-125a on radiosensitiv-
ity (Fig. 6C). All these results demonstrated that downregula-
tion of ANRIL inhibited proliferation, induced apoptosis, and
enhanced radiosensitivity of NPC cells through negatively
modulating miR-125a expression.

Figure 6. Knockdown of ANRIL inhibits proliferation, induces apoptosis, and enhances radiosensitivity in NPC cells through negatively regulating miR-125a expression.
CNE2 and HONE1 cells were were transfected with miR-125a or co-transfected with pcDNA-ANRIL and miR-125a. (A) MTT assay was performed to determine the cell via-
bility of CNE2 and HONE1 cells. (B) Flow cytometry analysis was performed to measure the cell apoptosis of CNE2 and HONE1 cells at 48 h after transfection. (C) Clono-
genic assay was conducted to determine the colony survival in CNE2 and HONE1 cells treated with IR (0, 2, 4, 6 and 8 Gy). �P < 0.05 vs. controls.
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Discussion

Recently, emerging evidence suggested that aberrant expression
of lncRNA ANRIL may meaningfully affect the cell prolifera-
tion and apoptosis of tumor cells.26 NPC is a highly metastatic
and invasive malignancy and is usually resistant to radiother-
apy. Therefore, more efforts are urgently needed to elucidate
the mechanisms of radioresistance and provide effective molec-
ular therapy targets to sensitize NPC cells to radiotherapy.
However, current knowledge about the function of lncRNA
ANRIL in NPC is still preliminary. Therefore, defining whether
lncRNA ANRIL is essential for NPC tumorigenesis and radio-
resistance may provide a promising therapeutic target. Our
study found that lncRNA ANRIL expression was significantly
elevated in NPC tissues and cell lines when compared with
those in nasopharyngeal tissues and HNEpC. Functional and
mechanistic investigation demonstrated that silencing of
lncRNA ANRIL suppressed proliferation, induced apoptosis,
and enhanced radiosensitivity in NPC cells via functioning as a
miRNA sponge to negatively modulate miR-125a expression.

Increasing data have indicated that LncRNA ANRIL was
deregulated and functioned as an oncogene in various cancers.26

Silencing ANRIL expression usually suppressed cell proliferation,
migration and invasion and induced apoptosis in many cancers.
For instance, Zhang et al.15 confirmed that ANRIL was overex-
pressed in gastric cancer, which promoted cancer cell prolifera-
tion by epigenetic suppression of miR-449a/miR-99a through
binding to PRC2. In non-small cell lung cancer (NSCLC), ANRIL
was upregulated and knockdown of ANRIL suppressed NSCLC
cell migration, proliferation and invasion and promoted apopto-
sis.27,28 Downregulation of ANRIL repressed cell proliferation by
inhibiting Bcl¡2 expression and induced cell apoptosis via pro-
moting expression of PARP, cleaved caspase-9, Bax and Smac
and caspase-3, and the cytoplasmic cytochrome c in bladder can-
cer.29 Moreover, another study revealed that depletion of ANRIL
blocked ovarian cancer cell invasion and migration, which was
mediated by MMP3 and MET.30 Parallelly, our study found that
ANRIL was extremely elevated in NPC tissues and cell lines, and
knockdown of ANRIL suppressed proliferation and induced apo-
ptosis of NPC cells. In agreement with our results, Zou et al.
revealed that ANRIL was upregulated in NPC cell lines and tis-
sues, and ANRIL inhibition suppressed proliferation of NPC
cells.16 Moreover, our study also demonstrated that downregula-
tion of ANRIL enhanced radiosensitivity of NPC cells. To the
best of our knowledge, this was the first study revealed that
ANRIL was involved in the radioresistance of cancers. Coinciden-
tally, another lncRNA, LincRNA-RoR, was confirmed to promote
the radioresistance in human colorectal cancer through the nega-
tive regulation of p53/miR-145.31 Moreover, a recent study
revealed that upregulation of lncRNA HOTAIR enhanced breast
cancer radioresistance by targeting HOXD10.32 All the studies
suggested that lncRNAs exerted important role in the regulation
of cancer radioresistance, which opened up a new avenue for
investigating the molecular mechanisms underlying radioresist-
ance in cancers.

Recent studies have demonstrated that lncRNAs could nega-
tively regulate miRNA expression by acting as miRNA sponges.33

Although ANRIL was predicted to harbor the binding sites of
many miRNAs. we focused on miR-125a because of its inverse

expression and function compared with ANRIL in NPC as
reported in previous studies.16,34 In the present study, the lucifer-
ase activity assay confirmed the direct binding of miR-125a to
ANRIL. Moreover, functional analysis revealed that ANRIL sup-
pressed miR-125a expression. Furthermore, ANRIL overexpres-
sion reversed the inhibited proliferation, promoted apoptosis,
and enhanced radiosensitivity caused by miR-125a overexpres-
sion. All these data demonstrated that knockdown of lncRNA
ANRIL suppressed proliferation, promoted apoptosis, and
enhanced radiosensitivity in NPC through acting as a sponge to
negatively modulate miR-125a expression at the post-transcrip-
tional level. However, previous studies indicated that lncRNA
ANRIL could negatively regulate miR-99a/miR-449a expression
in epigenetic level by binding to PRC2.15,35 All these data revealed
that lncRNA ANRIL could modulate miRNA expression through
various mechanisms. In a previous study, lncRNA MALAT1
knockdown was confirmed to enhance the radiosensitivity of
NPC cells by sponing miR-1.36 Moreover, downregulation of
lncRNA NEAT1 sensitized NPC cells to radiation through nega-
tively modulating miR-204 expression.37 These studies together
with ours illuminated that lncRNAs could function as miRNA
sponges to modulate the radioresistance in NPC, which may be
underlying therapeutic targets for NPC radioresistance.

In summary, our findings suggested that ANRIL was overex-
pressed in NPC tissues and cell lines. Moreover, knockdown of
ANRIL inhibited proliferation, promoted apoptosis, and
enhanced radiosensitivity in NPC via negatively modulating
miR-125a. Furthermore, our data suggested that targeting the
ANRIL/miR-125a axis may be a novel therapeutic application
to NPC radioresistance.
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