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Abstract
Long noncoding RNAs (lncRNAs) have recently been verified to have significant regu-
latory functions in many types of human cancers. The lncRNA ANRIL is transcribed 
from the INK4b-ARF-INK4a gene cluster in the opposite direction. Whether ANRIL 
can act as an oncogenic molecule in cholangiocarcinoma (CCA) remains unknown. 
Our data show that ANRIL knockdown greatly inhibited CCA cell proliferation and 
migration in vitro and in vivo. According to the results of RNA sequencing analysis, 
ANRIL knockdown dramatically altered target genes associated with the cell cycle, 
cell proliferation, and apoptosis. By binding to a component of the epigenetic modifi-
cation complex enhancer of zeste homolog 2 (EZH2), ANRIL could maintain lysine res-
idue 27 of histone 3 (H3K27me3) levels in the promoter of ERBB receptor feedback 
inhibitor 1 (ERRFI1), which is a tumor suppressor gene in CCA. In this way, ERRFI1 
expression was suppressed in CCA cells. These data verified the key role of the epi-
genetic regulation of ANRIL in CCA oncogenesis and indicate its potential as a target 
for CCA intervention.
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1  | INTRODUC TION

Cholangiocarcinoma, the most frequently occurring biliary tract can-
cer, accounts for 3% of all gastrointestinal malignancies and originates 
from the ductal epithelial cells lining the intrahepatic and extrahepatic 
biliary ducts.1,2 Cholangiocarcinoma is a destructive malignancy with 
an extreme overall 5-year survival rate of less than 10%.3 These pa-
tients have a median survival of 24 months after diagnosis, which indi-
cates that CCA has a poor prognosis.4 Although surgical resection and 
liver transplantation are possible curative treatment choices for ear-
ly-stage CCA patients, the median 5-year survival after R0 resection 
is approximately 30%.5 However, because of the destructive nature 
of CCA, most patients already have advanced disease at diagnosis.3 
What is more, patients with CCA are insensitive to conventional 
chemotherapy or radiotherapy.6 Therefore, there are no potentially 
curative clinical therapeutic interventions for CCA, and no targeted 
molecular therapies have been adopted for use in CCA.

Long noncoding RNAs are over 200 nucleotides in length and 
represent an enormous RNA family. Long noncoding RNAs have 
limited protein coding potential and lack detectable ORFs, which 
are necessary for protein coding potential.7-11 Recently, lncRNAs 
have been reported to serve as pivotal regulators in many biological 
processes, such as cellular proliferation, development, and differ-
entiation. Long noncoding RNAs can alter the expression of genes 
involved in diverse biological functions12 by binding to transcription 
factors,13 chromatin-modifying factors,14-16 or heterogeneous nu-
clear ribonucleoproteins.17 Long noncoding RNAs can act as reg-
ulators of the alternative splicing, translation, or stability of host 
mRNAs by posttranscriptional mechanisms; they can also serve 
as scaffolds or guides to regulate protein-protein or protein-DNA 
interactions18,19 and can act as endogenous microRNA sponges to 
modulate microRNA targets.20-22 Notably, abnormal lncRNA ex-
pression has been proven in many cancers, including CCA.23-30

Among them, the lncRNA ANRIL (CDKN2B antisense RNA 1), 
which is transcribed from the INK4b-ARF-INK4a gene cluster in the op-
posite direction, has been identified as a shared genetic susceptibility 
locus associated with intracranial aneurysm,31,32 coronary disease,33 
and various types of cancer. In particular, this susceptibility locus has 
been associated with the invasive pathophysiology of ovarian can-
cer,34 nasopharyngeal carcinoma,35 hepatocellular carcinoma,36 lung 
cancer,37,38 epithelial ovarian cancer,34 colorectal cancer,39,40 cervical 
cancer,41 and gastric cancer.42 Regarding the underlying molecular 
mechanism, ANRIL can be induced by the ATM-E2F1 signaling path-
way43 and is required for silencing the p15(INK4B) tumor suppressor 
gene.44 In non-small cell lung cancer, ANRIL promotes non-small cell 
lung cancer cell proliferation and inhibits apoptosis by silencing KLF2 
and P21 expression by binding to PRC2.38 In hepatocellular carcinoma, 
ANRIL regulates cell apoptosis by epigenetically silencing KLF2.38

We speculated that many lncRNAs remain unexplored in CCA, 
particularly those with dysfunctional expression patterns. To compre-
hensively characterize aberrantly expressed lncRNAs in CCA, we an-
alyzed TCGA CCA and normal tissue RNA sequencing data (9 normal 
and 36 cancer samples) and 1 independent microarray dataset from 

the Gene Expression Omnibus database (GSE76297; 92 cancer tissue 
samples and 91 normal tissue samples). We discovered a CCA-specific 
upregulated lncRNA termed ANRIL that was expressed at higher levels 
in CCA tissues than in normal tissues. The functional association be-
tween the underlying molecular mechanism and ANRIL overexpression 
in CCA had not been determined. Our data showed that ANRIL knock-
down greatly inhibited CCA cell proliferation and migration in vitro and 
in vivo. According to the RNA-seq analysis results, ANRIL knockdown 
dramatically altered target genes associated with the cell cycle, cell pro-
liferation, and apoptosis. By binding to a component of EZH2, ANRIL 
could maintain H3K27me3 levels in the promoter of ERRFI1, which was 
verified to act as a tumor suppressor gene in CCA. In this way, ANRIL 
expression was suppressed in CCA cells. These data verified the key 
role of the epigenetic regulation of the lncRNA ANRIL in CCA oncogen-
esis and indicate its potential as a target for CCA intervention.

2  | MATERIAL S AND METHODS

2.1 | Tissue collection and ethics statement

A total of 17 samples were collected during resection for CCA at 
the Second Affiliated Hospital of Nanjing Medical University. After 
removal, all specimens were instantly frozen in tubes with RNAlater 
and stored in liquid nitrogen until RNA extraction. Our research was 
approved by the Ethics Committee of Nanjing Medical University, 
and written consent was obtained from every patient.

2.2 | RNA extraction and qRT-PCR analyses

All RNA was obtained from cultured cells or specimens with TRIzol 
reagent (Invitrogen). For RT-qPCR, 1 μg RNA was reverse tran-
scribed into cDNA with a Reverse Transcription Kit (Takara). Real-
time PCR analyses were carried out with SYBR Green (Takara). The 
findings were normalized to the expression of GAPDH. The primer 
sequences are shown in Table S1.

2.3 | Cell culture

The CCA cell lines HuCCT1 and RBE were obtained from the 
Institute of Biochemistry and Cell Biology of the Chinese Academy 
of Sciences (Shanghai, China). All cell lines were maintained in 
DMEM (Life Technologies) with 10% FBS (Sciencell), 100 mg/mL 
streptomycin, and 100 U/mL penicillin (Invitrogen) in humidified air 
at 37°C with 5% CO2.

2.4 | Cell line transfection

Cholangiocarcinoma cells were plated in 6-well plates and trans-
fected the next day with particular siRNAs (100 nmol/L) or si-SC 
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(100 nmol/L; Invitrogen) using Lipofectamine 2000 (Invitrogen) ac-
cording to the manufacturer’s protocol. A lentiviral shRNA vector 
targeting ANRIL was generated by inserting stand oligonucleotides 
into the pENTRTM/U6 vector, HuCCT1 cells were infected with the 
sh-ANRIL vectors and selected with puromycin (5 μg/mL) to establish 
stable shRNA-ANRIL cell lines. The siRNA and shRNA sequences are 
shown in Table S1.

2.5 | Subcellular fractionation

Nuclear and cytosolic fractions were separated with a PARIS Kit (Life 
Technologies) according to the manufacturer’s instructions.

2.6 | Cell proliferation analysis

Cell viability was determined with CCK-8 assays according to the man-
ufacturer’s suggestions. HuCCT1 and RBE cells transfected with siRNA 
or si-SC (3000 cells/well) were cultivated in 5 96-well plates with 6 
replicate wells. For the colony formation assays, 500 transfected cells 
were plated in a 6-well plate and maintained in media with 10% FBS 
for 2 weeks. The medium was replaced every 4 days. Then colonies 
were treated with methanol and dyed with a 0.1% crystal violet solu-
tion (Sigma-Aldrich) for 15 minutes. The number of visibly stained colo-
nies was counted for colony formation. The wells were independently 
measured in triplicate for the different treatment groups.

2.7 | Cell migration assays

For the migration assays, after 24 hours of transfection, 
3.5 × 104 cells in media with 1% FBS were put into the upper 
chamber of an insert (Millipore), and medium with 10% FBS was 
put into the lower chamber. After 24 hours of incubation, the re-
maining cells on the upper layer of the membrane were removed, 
while those cells that had migrated through the membrane were 
dyed with methanol and a 0.1% crystal violet solution and imaged 
with an IX71 inverted microscope (Olympus). This experiment was 
carried out in triplicate.

2.8 | Flow cytometric analysis

Flow cytometry assays were carried out as previously reported in 
Xu et al.45 After the cells were transfected with siRNAs for 48 hours, 
we harvested the cells and then undertook FITC-annexin V and pro-
pidium iodide staining using an FITC-annexin V Apoptosis Detection 
Kit (BD Biosciences) according to the manufacturer’s instructions. 
Cell cycle analysis was determined by propidium oxide staining using 
a CycleTest Plus DNA Reagent Kit (BD Biosciences) according to the 
manual. The results were evaluated with a FACScan flow cytometer. 
The numbers of cells in each phase were assessed.

2.9 | Western blot assay and Abs

Cell protein lysates were separated by 10% SDS-PAGE and trans-
ferred onto 0.22-µm nitrocellulose blotting membranes (Sigma-
Aldrich). The membranes were incubated with the indicated Abs. 
Densitometry (Quantity One software; Bio-Rad) was used to quan-
tify the autoradiograms. A GAPDH Ab was used as a control. An anti-
EZH2 Ab was purchased from Proteintech, and an anti-ERRFI1 Ab 
was purchased from Genetex.

2.10 | In vivo tumor formation assay

Four-week-old athymic male mice from the Animal Center of Nanjing 
University (Nanjing, China) were kept in specific pathogen-free con-
ditions. HuCCT1 cells were stably transfected with shRNA or empty 
vector and harvested from cell culture plates. The cells were then 
washed with PBS and resuspended at 2 × 107 cells/mL. Next, these 
cells were xenografted into BALB/c male nude mice. The tumor sizes 
were measured every 3 days, and the volumes were calculated as 
follows: length × width2 × 0.5. At 16 days postinjection, the mice 
were subjected to CO2 asphyxiation, and the tumors were weighed 
and examined. The study was carried out strictly in accordance with 
the Guidelines for the Care and Use of Laboratory Animals of the 
NIH. The protocol was approved by the Committee on the Ethics of 
Animal Experiments of Nanjing Medical University.

2.11 | RNA immunoprecipitation assays

To study whether ANRIL could interact with EZH2, we under-
took a RIP experiment with a Magna RIP RNA-Binding Protein 
Immunoprecipitation Kit (Millipore) following the manufacturer’s in-
structions. The Ab used for the EZH2 RIP assays was obtained from 
Millipore (Cat. #17-662).

2.12 | Chromatin immunoprecipitation assays

The ChIP assays were carried out with an EZ-ChIP Kit according to the 
manufacturer’s recommendations (Millipore). EZH2 Abs (Cat. #17-662) 
and H3K27me3 Abs (Cat. # 07-449) were purchased from Millipore. 
The sequences of the ChIP primers are shown in Table S1. The equa-
tion used for calculating the ChIP data as a proportion relative to the 
DNA input was as follows: 2(Input Ct − Target Ct) × 0.1 × 100.

2.13 | Deep sequencing of the whole transcriptome

Total RNA from ANRIL knockdown and control HuCCT1 cells was 
separated and quantified. The concentrations for each specimen 
were measured with a NanoDrop 2000 (Thermo Scientific) and 
evaluated with an Agilent2200 (Agilent). The sequence library for 
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each RNA specimen was created with an Ion Proton Total RNA-
Seq Kit version 2 according to the manufacturer’s instructions (Life 
Technologies). The data are shown in Table S2.

2.14 | Statistical analysis

Statistical analyses were carried out with GraphPad Prism 5 
(GraphPad Software). The statistical significance of differences be-
tween various groups was calculated by Student’s t test or the χ2 
test as appropriate. All data are expressed as the means ± SD, and 
2-sided P values of .05 were used to indicate statistical significance.

3  | RESULTS

3.1 | ANRIL is upregulated in human CCA tissues

To comprehensively characterize aberrantly expressed lncRNAs in 
CCA, we analyzed TCGA CCA and normal tissue RNA sequencing 
data (9 normal and 36 cancer samples) (Figure 1A) and 1 independ-
ent microarray dataset from the Gene Expression Omnibus database 
(GSE76297; 92 cancer tissue samples and 91 normal tissue samples) 

(Figure 1B). The results showed that ANRIL was differentially ex-
pressed in CCA tissues and normal tissues (P value = 9.95 * 10−5), 
which provided a clue for our research. ANRIL, a 3857 nt lncRNA, is 
transcribed from the antisense strand of the INK4A-ARF-INK4B gene, 
which was overexpressed in many other cancers, such as prostate 
cancer,46 cervical cancer,41 and breast cancer,47 so we wanted to val-
idate whether it is also important in CCA. To further verify the infor-
matics data, we detected ANRIL expression in a cohort of 17 paired 
CCA tumors and adjacent tissues by qRT-PCR. The results confirmed 
that ANRIL expression was remarkably higher in carcinoma tissues 
than in normal tissues (Figure 1C). Our data indicated that upregu-
lated ANRIL expression is related to human CCA.

3.2 | ANRIL knockdown in CCA cell lines inhibits cell 
proliferation and migration

We first investigated the effects of increased ANRIL expression 
in CCA. The qRT-PCR results showed that ANRIL expression was 
significantly lower in the siRNA-mediated knockdown group than 
in the si-SC group for the HuCCT1 and RBE cell lines (Figure 2A). 
Both siRNA and ASO are interference technologies of lncRNA.48,49 
Although it is possible that ASO has a better interference efficiency 

F I G U R E  1   Increased long noncoding RNA (lncRNA) ANRIL levels in cholangiocarcinoma (CCA) tissues. A, Hierarchical clustering analysis 
of lncRNAs that were differentially expressed (P < .05) in CCA tissues and normal tissues from The Cancer Genome Atlas (TCGA) database. 
B, ANRIL was overexpressed in Gene Expression Omnibus datasets (GSE76297). C, ANRIL was detected in 17 pairs of CCA tissues by 
quantitative RT-PCR. ANRIL levels are significantly higher in CCA tissues than in nontumorous tissues. Error bars indicate means ± SD. 
***P < .001
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for lncRNA in the nucleus than siRNA, qPCR detection after siRNA 
interference showed that siRNA could efficiently inhibit the expres-
sion of ANRIL. Therefore, siRNA was used for interference in this 
project. The CCK-8 assays revealed that, compared to control cells, 
ANRIL knockdown cells had significantly lower cell viability for both 
the HuCCT1 and RBE cell lines (Figure 2B). Additionally, the clono-
genic formation number was significantly lower in the ANRIL knock-
down cells than in the 2 CCA cell lines (Figure 2C). Furthermore, 
Transwell assays showed that ANRIL knockdown dramatically re-
pressed the migration of cells (Figure 2D). These data showed that 
ANRIL plays a vital role in CCA cell proliferation and migration.

3.3 | ANRIL depletion leads to increased cell 
apoptosis and delayed cell cycle in CCA cell lines

To further study whether ANRIL could affect apoptosis in CCA cell 
lines, flow cytometry was carried out. The findings revealed that 
HuCCT1 and RBE cell lines transfected with ANRIL siRNA showed 
higher apoptotic rates than the control cells (Figure 3A). Next, to de-
termine whether the effects of ANRIL on CCA cell proliferation and 
apoptosis are caused by ANRIL-mediated alterations to cell cycle pro-
gression, we undertook flow cytometry assays for both HuCCT1 and 
RBE cell lines. The flow cytometry assays revealed that the numbers 

F I G U R E  2   ANRIL promotes cell proliferation and migration in cholangiocarcinoma (CCA) cells. A, Quantitative RT-PCR was used to detect 
ANRIL expression in HuCCT1 and RBE cell lines after siRNA transfection. B, CCK-8 assays were used to determine cell viability in si-ANRIL-
transfected CCA cells. C, Colony formation assays were used to determine the cell colony formation ability of si-ANRIL-transfected cells. D, 
Transwell assays showed that ANRIL knockdown inhibits CCA cell migration. Error bars indicate means ± SD. *P < .05, **P < .01; ***P < .001. 
si-SC, scrambled negative control siRNA
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of cells in the G0/G1 phase were higher and that the numbers of cells 
in the S and G2/M phases were lower in ANRIL knockdown cells than 
in control cells (Figure 3B). Thus, ANRIL could accelerate cell prolif-
eration, inhibit apoptosis, and regulate cell cycle progression in CCA 
cell lines.

3.4 | ANRIL knockdown inhibits CCA cell 
tumorigenesis in vivo

To determine whether ANRIL influences CCA tumorigenesis in vivo, 
HuCCT1 cells transfected with sh-ANRIL or control vector were in-
jected into nude mice. At 16 days postinjection, the tumors estab-
lished in the sh-ANRIL group were dramatically smaller than those in 
the control group (Figure 4A,B). Correspondingly, the average tumor 

volumes and weights at the final time point were obviously lower in 
the sh-ANRIL group than in the control vector group (Figure 4C,D). 
Our results showed that silencing ANRIL could repress CCA tumor 
growth in vivo, indicating that the lncRNA ANRIL plays a significant 
role in CCA tumor growth.

3.5 | Cell proliferation and apoptosis pathways 
altered by ANRIL siRNAs

To determine the target genes that could be regulated by ANRIL in 
CCA, RNA transcriptome sequencing was carried out using control 
and siRNAs against ANRIL. A set of 1383 mRNAs had a minimum of 
1.5-fold increase in abundance, whereas 1350 genes had a decrease 
in abundance (less than 1.5-fold) after ANRIL silencing (Figure 5A, 

F I G U R E  3   ANRIL depletion increases cell apoptosis and delays the cell cycle in cholangiocarcinoma (CCA) cell lines. A, FACS analysis 
of the effect of ANRIL on cell apoptosis. B, FACS analysis of the effect of ANRIL on cell cycle progression. Error bars indicate means ± SD. 
*P < .05, **P < .01; ***P < .001; n.s., not significant; si-NC, negative control siRNA; si-SC, scrambled negative control siRNA
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Table S2). An in-depth investigation of the gene ontology analysis in-
dicated that the most markedly overrepresented biological process 
pathways involved the cell cycle, cell proliferation, and cell apopto-
sis (Figure 5B). To prioritize the most strongly ANRIL-related genes, 
attention was paid to those most highly expressed following ANRIL 
knockdown. Prospectively, among the most highly expressed genes, 
many well-known genes related to proliferation and migration (eg 
PTPRH, CXCL2, G0S2, ERRFI1, GDF15, ANGPTL4, and SPRY4) were in-
cluded. Some of these genes were verified by qRT-PCR after ANRIL 
knockdown in HuCCT1 and RBE cells (Figure 5C,D).

3.6 | ANRIL epigenetically silenced ERRFI1 
transcription through EZH2-mediated H3K27me3 
demethylation

Recent studies have reported that many lncRNAs cooperate with 
chromatin-modifying enzymes to accelerate epigenetic activation 
and thus silence target gene expression.50 In particular, PRC2, a clas-
sical methyltransferase that comprises EZH2, EED, and SUZ12, can 
serve as a catalyst in both the dimethylation and trimethylation of 
H3K27me3 to epigenetically repress target gene expression.51,52 In 
our study, to investigate the mechanism of ANRIL-mediated regula-
tion, we first carried out subcellular fractionation location assays, 
which verified ANRIL localization to mainly the nucleus (Figure 6A). 
In addition, the probability of interaction between EZH2 and ANRIL 

was predicted on the RNA-Protein Interaction Prediction website, 
and the result showed that EZH2 could bind well with ANRIL (random 
forest = 0.7, support vector machine = 0.97) (http://pridb.gdcb.iasta 
te.edu/RPISe q/index.html) (Figure 6B). As revealed in Figure 6C, en-
dogenous ANRIL was amplified in the anti-EZH2 RIP fraction relative 
to the input; the IgG fraction of HuCCT1 and RBE cell lines with an 
Ab against enhancer of EZH2 was used for comparison. Taken to-
gether, these results confirmed that ANRIL could interact with EZH2.

Subsequently, we hypothesized that EZH2 could coregulate the 
suppression of these ANRIL-mediated genes by binding with ANRIL. 
We first investigated the expression of ANRIL-suppressed genes with 
EZH2 absent or present using qRT-PCR. The results showed that the 
ANRIL-suppressed genes were increased by also knocking down 
EZH2 (Figure 6D,E) in HuCCT1 and RBE cell lines. Subsequently, a 
correlation analysis of the GSE76297 dataset (92 pairs of cancer and 
91 normal tissue samples) from the Molecular Signature Database 
revealed that ERRFI1 was significantly negatively correlated with 
EZH2 (Figure 6F). Moreover, ERRFI1 protein levels were increased 
by knocking down EZH2 (Figure 6G) and ANRIL (Figure 6H). To fur-
ther determine whether ANRIL suppressed the expression of ERRFI1 
by interacting with EZH2, a ChIP analysis was carried out. The ChIP 
assays revealed that ANRIL knockdown reduced the binding of EZH2 
to the promoters of ERRFI1 as well as H3K27me3 levels (Figure 6I). 
These results indicated that EZH2 could bind directly to the pro-
moter of ERRFI1 and then repress ERRFI1 expression directly by me-
diating H3K27me3 demethylation modifications.

F I G U R E  4   ANRIL promotes cholangiocarcinoma cell tumor growth in vivo. A, B, Scrambled (sh-SC) or sh-ANRIL was stably transfected 
into HuCCT1 cells, which were then injected into nude mice. C, Tumor volumes were calculated every 4 days after injection. Bars indicate 
SD. D, Tumor weights represent means ± SD *P < .05; **P < .01

http://pridb.gdcb.iastate.edu/RPISeq/index.html
http://pridb.gdcb.iastate.edu/RPISeq/index.html
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3.7 | Overexpression of ERRFI1 suppresses CCA 
cell proliferation and metastasis, and ERRFI1 is a 
confirmed target of ANRIL

ERRFI1, also known as Mig-6 and RALT, can inhibit cancer cell pro-
liferation and migration, including in non-small cell lung cancer,53,54 
endometrial cancer,55,56 hepatocellular carcinoma,57,58 endometrial 
cancer,59 and papillary thyroid cancer.60 In addition, hypermethyla-
tion of the ERRFI1 promoter region has been reported to contrib-
ute to ERRFI1 transcription inactivation.61 However, no report has 
proven that ERRFI1 is a tumor suppressor gene in CCA. Therefore, 

to test this hypothesis, we first analyzed the GSE76297 dataset 
(92 pairs of cancer and 91 normal tissue samples) and found that 
ERRFI1 expression was lower in CCA tissues than in normal tis-
sues (Figure 7A). Subsequently, we detected ERRFI1 expression and 
found that ERRFI1 levels were lower in CCA tumor tissues than in 
neighboring tissues according to qRT-PCR of a cohort of 17 pairs of 
CCA tumor tissues and adjacent tissues (Figure 7B). Subsequently, 
ERRFI1 overexpression substantially suppressed the proliferation 
of HuCCT1 and RBE cell lines (Figure 7C,D); moreover, ERRFI1 
overexpression partially reversed ANRIL-mediated proliferation 
(Figure 7E).

F I G U R E  5   RNA sequencing after ANRIL knockdown in HuCCT1 cholangiocarcinoma cells. A, Mean-centered, hierarchical clustering 
of the 2733 transcripts altered (≥1.5-fold change) in scrambled negative control siRNA (si-SC)-treated cells and siRNA-ANRIL-treated cells 
with 2 repeats. B, Gene ontology analysis for all genes with altered expression. C, D, Altered mRNA levels were selectively confirmed by 
quantitative RT-PCR in ANRIL knockdown cells. Error bars indicate means ± SD. *P < .05; **P < .01; ***P < .001
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The probability of interaction between EZH2 and ANRIL was pre-
dicted on the RNA-Protein Interaction Prediction website, and the 
result showed that EZH2 could bind well with ANRIL. For the RIP 
experiment, endogenous ANRIL was amplified in the anti-EZH2 RIP 
fraction relative to the input. These results confirmed that ANRIL 
could interact with EZH2. In addition, ChIP assays revealed that 
ANRIL knockdown reduced the binding of EZH2 to the promoters 
of ERRFI1 as well as H3K27me3 levels, leading to increased lev-
els of ERRFI1, which could decelerate CCA growth (Figure 7F). In 

conclusion, our results indicated that ANRIL promotes CCA malig-
nancy by binding to EZH2 and then epigenetically repressing ERRFI1 
expression in the nucleus.

4  | DISCUSSION

Recent advances in high-throughput biotechnologies have led to the 
exponential growth of high-resolution lncRNA profiles of specimens 

F I G U R E  6   ANRIL binds to EZH2 in the nucleus to epigenetically silence ERRFI1. A, After nuclear and cytosolic separation, RNA expression 
levels were measured by quantitative (q)RT-PCR. GAPDH was used as a cytosolic marker, and U1 was used as a nuclear marker. B, Interaction 
probabilities for EZH2 and ANRIL (http://pridb.gdcb.iasta te.edu/RPISe q/index.html). RF, random Forest; SVM, support vector machine. C, RIP 
experiments for EZH2 were carried out, and the coprecipitated RNA was subjected to qRT-PCR for ANRIL (GAPDH as the internal control). D, 
qRT-PCR was used to detect EZH2 expression in HuCCT1 and RBE cell lines after si-EZH2 transfection. E, Methylation-related genes were 
detected by qRT-PCR in HuCCT1 and RBE cell lines after EZH2 knockdown. F, Correlation between EZH2 and ERRFI1 expression was detected 
by analyzing GSE76297 data. G, Altered protein levels of ERRFI1 after EZH2 knockdown were selectively confirmed by western blotting. H, 
Altered protein levels of ERRFI1 after ANRIL knockdown were selectively confirmed by western blotting. I, ChIP-qPCR of EZH2/H3K27me3 and 
in ERRFI1 promoter region after transfection with scrambled negative control siRNA (si-SC) or ANRIL siRNAs in HuCCT1 cells. Enrichment was 
quantified with the anti-IgG Ab as an internal control. Error bars indicate means ± SD. *P < .05; **P < .01; ***P < .001; n.s., not significant

http://pridb.gdcb.iastate.edu/RPISeq/index.html
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F I G U R E  7   EFFRI1 overexpression suppresses cholangiocarcinoma (CCA) cell proliferation and metastasis, and ERRFI1 is a confirmed 
target of ANRIL. A, ERRFI1 expression levels in CCA according to GSE76297 data analysis. B, ERRFI1 was detected in 17 pairs of CCA tissues 
by quantitative RT-PCR. ERRFI1 levels were significantly lower in CCA tissues than in nontumorous tissues. C, CCK-8 assays were used to 
determine the cell viability of pcDNA-ERRFI1-transfected CAA cells. D, Colony formation assays were used to determine the cell colony 
formation ability of pcDNA-ERRFI1-transfected cells. E, HuCCT1 and RBE cells transfected with vector/pcDNA-ERRFI1/pcDNA-ANRIL were 
transfected with ANRIL followed by ERRFI1. After transfection, the cells were analyzed by CCK-8 assays. F, Proposed model in which ANRIL 
interacts with EZH2 to suppress ERRFI1 expression and promote CCA tumor growth. Error bars indicate means ± SD. *P < .05; **P < .01; 
***P < .001
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from various types of cancer. These newly detectable lncRNAs have 
proven to be critical players in diverse human diseases, particularly 
human cancers. Research has shown that ANRIL levels are much 
higher in CCA tissues than in matched nontumor tissues. This led us 
to hypothesize that ANRIL might play a significant role in CCA malig-
nancy. In fact, ANRIL has been identified as part of a shared genetic 
susceptibility locus associated with intracranial aneurysm,31,32 coro-
nary disease,33 and various types of cancers, particularly the invasive 
pathophysiology of ovarian cancer,34 nasopharyngeal carcinoma,35 
hepatocellular carcinoma,36 lung cancer,37,38 epithelial ovarian can-
cer,34 colorectal cancer,39,40 cervical cancer,41 and gastric cancer.42

We discovered that silencing ANRIL could inhibit CCA cell prolif-
eration and migration in vitro and in vivo. Although ANRIL has been 
proposed to have oncogenic functions in diverse types of cancer, the 
global genes regulated by ANRIL have not been discovered. Through 
RNA-seq, we noted that the gene ontology analysis results were 
particularly related to proliferation and migration, which agreed 
with the prevention of proliferation and migration in CCA cell lines 
with ANRIL knockdown. Recent studies have shown that many ln-
cRNAs cooperate with chromatin-modifying enzymes to stimulate 
epigenetic activation and thus silence the expression of the target 
genes.50 For instance, the lncRNA PVT1 can interact with enhancer 
of EZH2, which is needed to suppress p15 and p16 in gastric can-
cer.62 Moreover, lncRNAs can serve as scaffolds for protein com-
plexes.63-65 For example, the lncRNA CCAT1 can act as a scaffold 
for double epigenetic modification complexes (the 5′- domain of 
CCAT1 binding PRC2 with the 3′- binding domain of SUV39H1) and 
then mediate histone methylation at the promoter locus of SPRY4 in 
esophageal squamous cell carcinoma.66 Our results show that ANRIL 
could bind to EZH2, a type of histone methylation modification com-
plex in the nucleus, and thus regulate the expression of a series of 
target genes, including ERRFI1, a novel tumor suppressor in CCA.

In particular, previous studies have shown that ERRFI1 can act as 
a tumor suppressor gene in many types of cancers.67 Nevertheless, 
the function of ERRFI1 in the tumorigenesis of CCA remains un-
known. Our data revealed that histone methylation (H3K27me3) 
modulated by ANRIL could facilitate the lower expression of ERRFI1 
in CCA cell lines. In combination with these findings, the functional 
interaction between ANRIL and EZH2 that we characterized in this 
study further emphasizes the centrality of lncRNAs in regulating 
gene expression, including that of ERRFI1, a novel tumor suppressor. 
Our results also suggest that interaction with chromatin-modifying 
complexes is an important mechanism by which ANRIL exerts its 
functions in CCA.

In summary, our study revealed the regulatory mechanism of 
ANRIL in tumorigenesis. ANRIL promotes CCA malignancy through 
epigenetically regulating ERRFI1 transcription in the nucleus, thus 
facilitating cell survival and metastasis in CCA. To this end, rapid 
advances in oligonucleotide/nanoparticle technology support the 
development of siRNA-based therapeutics to regulate lncRNA levels 
in vivo. In light of our findings, further investigation into the poten-
tial of ANRIL as an informative biomarker and therapeutic target for 
patients with CCA is warranted.
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