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Long noncoding RNA LINC01296 promotes tumor growth and
progression by sponging miR-5095 in human cholangiocarcinoma
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Abstract. The aim of the present study was to elucidate whether,
and how, long intergenic non-protein coding RNA 1296
(LINCO01296) is involved in the modulation of human
cholangiocarcinoma (CCA) development and progression.
Microarray data analysis and reverse transcription-quanti-
tative polymerase chain reaction analysis demonstrated that
LINCO01296 was significantly upregulated in human CCA
compared with nontumor tissues. Furthermore, the expression
of LINCO01296 in human CCA was positively associated with
tumor severity and clinical stage. Knockdown of LINC01296
dramatically suppressed the viability, migration and invasion
of RBE and CCLP]1 cells, and promoted cell apoptosis in vitro.
Furthermore, LINC01296 knockdown inhibited tumor growth
in a xenograft model. Mechanistically, LINC01296 was
demonstrated to sponge microRNA-5095 (miR-5095), which
targets MYCN proto-oncogene bHLH transcription factor
(MYCN) mRNA in human CCA. By inhibition of miR-5095,
LINCO01296 overexpression upregulated the expression of
MYCN and promoted cell viability, migration and invasion
in CCA cells. The results reveal that the axis of LINC01296/
miR-5095/MYCN may be a mechanism to regulate CCA
development and progression.

Introduction

Cholangiocarcinoma (CCA) is a highly invasive and metastatic
cancer with diagnostic difficulties and high mortality (1). In
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recent years, the incidence and mortality of CCA in the world are
increasing rapidly, according to epidemiological studies (1,2).
However, the pathogenesis of CCA still remains unclear (3).
The male/female ratio in incidence of CCA is 1.4:1, and it
often occurs in men aged between 50 and 70 years old (4,5).
Hepatitis B and hepatitis C infection is potentially associated
with the occurrence of CCA (6). Surgery is the main effective
treatment for CCA; however, the postoperative recurrence rate
is high, and the 5-year survival rate is only 5% (7,8). For the
majority of patients with terminal CCA, surgical treatment and
liver transplantation are not the ideal treatment. Conventional
radiotherapy and chemotherapy exhibit limited therapeutic
effect on patients with CCA. Therefore, it is imperative to seek
effective treatments and identify sensitive biomarkers for early
diagnosis of CCA. Molecular targeted therapy possesses wide
application potentially with highly targeted and fewer adverse
reactions, which may control cancer cell proliferation, and
prevent or delay recurrence metastasis (9). Therefore, there is
an urgent need to understand of the molecular mechanisms
underlying carcinogenesis and progression of CCA, which
contribute to finding novel diagnosis markers and novel thera-
peutic targets.

Inrecent years,noncoding RNAs, including long noncoding
RNASs (IncRNAs) and microRNAs (miRNAs/miRs), have been
demonstrated to have important functions in various biological
processes, particularly in cancers (10-15). The research of
oncogenes and noncoding RNAs has been useful for further
investigation of the pathogenesis of CCA and novel molecular
targeted therapy (16,17). Recent evidences demonstrated that
IncRNAs can regulate tumor development and progression by
acting as competing endogenous RNAs in various cancers.
For instance, the long noncoding RNA taurine upregulated 1
acts as a competing endogenous RNA to sponge miR-132 in
hepatocellular carcinoma (18). Long non-coding RNA metas-
tasis associated lung adenocarcinoma transcript 1 (MALAT1)
sponges miR-144-3p to promote metastasis and proliferation
in osteosarcoma cells (19). miRNAs are a group of small
(19-25 nucleotides) endogenous non-coding RNA molecules,
which act as gene regulators by binding to partially comple-
mentary target sites in mRNA 3' untranslated regions (3'UTRs)
that results in degradation of the target mRNAs or transla-
tional repression of the encoded proteins (20). Wang et al (21)
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reported that downregulation of miR-138 enhanced the
proliferation, migration and invasion of CCA cells through
the upregulation of RhoC/phospho-ERK/matrix metallopro-
teinase-2/9. However, the roles of noncoding RNAs in CCA
still remain largely unknown.

In this study, the expression patterns of long intergenic
non-protein coding RNA 1296 (LINCO01296) and its biological
functions in CCA were investigated. The further investiga-
tions were conducted to determine the molecular mechanism
by which LINCO01296 regulates CCA development. Finally, it
was demonstrated that LINCO0129 interacted with miR-5095
to enhance the expression of MYCN proto-oncogene bHLH
transcription factor (MYCN) and promoted CCA development
and progression.

Materials and methods

Patient and tissue samples. Paired CCA tissues (n=57) and
matched peritumor samples were obtained from a tissue bank
of samples collected from patients that underwent surgical
treatment between January 2010 and December 2016 at the
Second Affiliated Hospital of Guangzhou Medical University
(Guangzhou, China) (Table I). Tissue samples were snap frozen
in liquid nitrogen immediately following surgical resection and
stored at -80°C. Written informed consent was obtained from
all patients. This study did not include patients that had received
radiotherapy and/or immunotherapy prior to or following surgical
treatment. The study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki, and was approved by The
Second Affiliated Hospital of Guangzhou Medical University.

Fluorescence in situ hybridization (FISH). A FISH kit was
purchased from Guangzhou Boye Biological Technology Co.,
Ltd. (Guangzhou, China) and fluorescein isothiocyanate
(FITC)-conjugated LINC01296 DNA probe (5'-TATGGG
AAGGGGACTGTCTG-3") was used for RNA-FISH as previ-
ously described (22). In brief, CCA tissues were fixed in
4% paraformaldehyde for 48 h at 37°C. Paraffin sections (7 pm
in thickness) were processed by dewaxing, protein removal
and pre-hybridization, and then hybridized with probe. DAPI
staining was performed and observed with a FV1000 confocal
laser microscope (Olympus Corporation, Tokyo, Japan).

In situ hybridization (ISH). ISH was performed as previously
described (23). In brief, samples were fixed and embedded in
paraffin. Then, sample sections were incubated in graded alco-
hols and incubated in 3% hydrogen peroxide (H,0,) for 30 min.
Biotin-conjugated probes and streptavidin-horseradish peroxi-
dase conjugate were used for ISH. The samples were finally
stained with hematoxylin and observed with a light microscope
(Nikon Corporation, Tokyo, Japan). The LINC01296 DNA
probe sequence was 5'-CTCCCTCAAATCAGGATGGG-3'

Cell culture and transfection. CCA cell lines, including HIBEC
noncancerous cholangiocyte cell line, and RBE, CCLPI,
HuCCT1 and HCCC-9810 cholangiocarcinoma cell lines,
were purchased from the Chinese Academy of Sciences Cell
Bank (Shanghai, China). All cells were cultured in RPMI-1640
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
supplemented with 10% fetal bovine serum (FBS; Invitrogen;
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Table 1. Association between clinicopathological features and
LINCO01296 expression in 57 patients with cholangiocarci-
noma.

LINCO01296 expression
Feature Low High P-value
All cases 35 22
Age (year) 0.553
<60 34 20
=60 1 2
Sex 0.789
Male 19 13
Female 16 9
Size (cm) 0.003
<3 21 4
>3 14 18
Lymph node metastasis 0.031
No 22 7
Yes 13 15
TNM 0.024
v 26 9
/v 9 13

The mean expression level was used as the cutoff. For analysis of
association between LINC01296 levels and clinical features, Pearson's
y* tests were used. LINC01296, long intergenic non-protein coding
RNA 1296; TNM, tumor node metastasis stage.

Thermo Fisher Scientific, Inc.) in humidified 5% CO, at 37°C.
miR-5095 mimics (5'-UUACAGGCGUGAACCACCGCG-3'"),
inhibitor (5'-CGCGGTGGTTCACGCCTGTAA-3"), short
hairpinRNA (shRNA) which targeted LINC0129 (shLINCO0129,
5'-GGUUCAUCUGUGUUGCUCU-3") and relative controls
(5-AATTCTCCGAACGTGTCACGT-3") were obtained from
GenePharma Co., Ltd. (Shanghai, China). The transfection was
conducted by using Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) in 5x10° cells at a final concentration of
50 nM. Subsequent assays were performed at 48 h after transfec-
tion. To overexpress LINC01296, CCA cells were transfected
with pCDNA3-LINCO01296 using Lipofectamine® 2000. After
transfection for 24 h, expression of LINC01296 was validated
by reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR).

RT-gPCR. Total RNA was extracted from 1x107 CCA and
noncancerous cholangiocyte cells using the TRIzol reagent
(Thermo Fisher Scientific, Inc.) according to the manufacturer's
instructions. For miRNA analysis, RT-qPCR was performed
using the TagMan MicroRNA Reverse Transcription kit, TagMan
Universal PCR Master Mix (Applied Biosystems; Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions with
corresponding primers: Universal miRNA RT-qPCR primer,
5-AACGAGACGACGACAGAC-3" 5-GCAAATTCGTGAAG
CGTTCCATA-3' for U6; and 5"TACAGG CGTGAACCACC-3'
for miR-5095. For mRNA analysis, RT-qPCR was performed
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using the TagMan High-Capacity cDNA Reverse Transcription
Kit, TagMan Fast PCR Master Mix (Applied Biosystems;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
instructions with corresponding primers. GAPDH was used as
an internal control to normalize MYCN. The RT-qPCR protocol
included an initial denaturation step (95°C for 5 min) and
40 cycles of denaturation (95°C for 10 sec), annealing (60°C for
20 sec) and extension (72°C for 10 sec). The relative expression
levels were calculated using 2424 method as previously
described (24). The primer sequences were as follows:
LINC01296 (forward, 5-GAGAAGCAGTGGTGGGTTCC-3'
and reverse, 5'-GAGCAACACAGATGAACCGC-3"), MYCN
(forward, 5'-ACTGTAGCCATCCGAGGACA-3' and reverse,
5'-CAAGCCCTGCTCCTTACCTC-3") and GAPDH (forward,
5“TCCTCTGACTTCAACAGCGACAC-3' and reverse, 5-CAC
CCTGTTGCTGTAGCCAAATTC-3".

Cell proliferation assay. Cells were seeded at 5,000 cells per
well in 96-well plates at 24 h after transfection. Cell prolif-
eration was measured using the Cell Counting Kit-8 (CCKS,;
Dojindo Molecular Technologies, Inc., Kumamoto, Japan) at
24,48 and 72 h after the cells were seeded. Absorbance was
determined at 450 nm using a microplate spectrophotometer
(Thermo Fisher Scientific, Inc.).

Cell cycle analysis. Cells were harvested at 48 h after transfec-
tion. The cells were washed with PBS and fixed in ethanol
at -20°C. The cells were then washed with PBS, rehydrated
and resuspended in propidium iodide (PI; 10 ul)-RNase A
solution (Sigma-Aldrich; Merck KGaA) at 37°C for 30 min.
The stained cells (1x10%) were then analyzed for DNA content
with a flow cytometer (BD Biosciences, Franklin Lakes, NJ,
USA). The results were analyzed with FlowJo 7.6.1 software
(FlowJo LLC, Ashland, OR, USA).

Cell apoptosis analysis. Cells were harvested, washed with
ice-cold PBS, and stained with Annexin V-FITC apoptosis
detection kits (Nanjing KeyGen Biotech Co., Ltd., Nanjing,
China). Cell apoptosis was analyzed using a flow cytometer
(BD Biosciences). The results were analyzed with FlowJo 7.6.1
software.

Cell migration and invasion assay. Cell migration was
evaluated using a wound-healing assay. In brief, at 48 h after
transfection, cells were cultured in 6-well plates (5x10* cells
per well). At 90-95% confluence, the monolayer of cells was
scratched with using a sterile plastic micropipette tip, and
then cell were cultured under standard conditions for 24 h.
Following several washes, recovery of the wound was observed
and imaged using an X71 inverted microscope (Olympus
Corporation).

A Transwell invasion assay was performed to determine cell
invasion. Transfected cells (1x10°) were seeded into the upper
chamber of Matrigel-coated inserts with free-serum medium.
Medium with 10% FBS was added to the lower chamber as
chemoattractant. The cells were allowed to invade for 48 h at
37°C with 5% CO,. Then cells invaded to the lower surface of
filter were fixed in 70% ethanol for 30 min and stained with
0.1% crystal violet for 10 min at 25°C. The number of cells
that migrated to the lower side was counted in five randomly
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selected fields under an X71 inverted microscope (Olympus
Corporation).

Luciferase activity assay. Wild-type LINC01296 or MYCN
3'UTR sequences were amplified from a human cDNA library.
Mutations of the miR-5095 binding site were introduced by site-
directed mutagenesis using a fast mutation kit (New England
BioLabs, Inc., Ipswich, MA, USA). The PCR fragment was
cloned into psiCHECK-2 vector (Addgene, Inc., Cambridge,
MA, USA) downstream of the firefly luciferase coding region
within Xhol and Notl (Takara Bio, Inc., Otsu, Japan). psiCHECK-
2-control was used as internal control. The psiCHECK-2
reporter plasmids (1 pg per well) were tranfected into 1x10°
CCA cells using Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.). At 48 h after transfection, the luciferase
activity was measured as previously described (25). The primer
sequences for LINC01296 or MYCN cloning were as follows:
LINCO01296 (forward, 5'-CCCTGCAGCAGCAGCGGCGTG-3'
and reverse, 5'-ACACTCACACACACTCCCACC-3") and
MYCN (forward, 5'-ACGCTTCTCAAAACTGGACAG-3' and
reverse, S-~AGCTATTTATTTTCATAAACATG-3").

Western blot analysis. Total protein lysates were resolved
by 10% SDS-PAGE and transferred to polyvinyl difluo-
ride membranes (EMD Millipore, Billerica, MA, USA).
Following blocking in Tris-buffered saline containing
0.1% Tween-20 (TBS-T) with 5% nonfat dry milk for 30 min
at 37°C, membranes were washed four times in TBS-T and
incubated with primary antibodies overnight at 4°C. Primary
antibodies were all obtained from Abcam (Cambridge, MA,
USA) and used at the following dilutions: Anti-caspase-3
(1:300; cat. no. 3550914; BD Biosciences), Twistl (1:500;
cat. no. 46702), anti-GAPDH (1:1,000; cat. no. 5174),
anti-Cyclin D1 (1:1,000; cat. no. 2978), anti-matrix metallopro-
teinase-2 (1:1,000; cat. no. 87809) and anti-MYCN (1:2,000;
cat. no. 84400) (all from CST Biological Reagents Co., Ltd.).
Following extensive washing, membranes were incubated with
horseradish peroxidase-linked goat polyclonal anti-rabbit IgG
secondary antibody (cat. no. 7074; CST Biological Reagents
Co., Ltd.) at a dilution of 1:2,000 for 1 h at room temperature.
Immunoreactivity was detected by enhanced chemilumines-
cence (Pierce; Thermo Fisher Scientific, Inc.) and visualized
using a ChemiDoc XRS imaging system and analysis software
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). GAPDH
served as the loading control.

In vivo xenograft experiments. Male BALB/c nude mice
(6-week-old; n=6) were purchased from Beijing HFK
Bioscience Co. Ltd. (Beijing, China) and maintained under
pathogen-free conditions with approval by the Committee
of the Second Affiliated Hospital of Guangzhou Medical
University. For tumor propagation analysis, 1x10” RBE
tumor cells were subcutaneously injected into BALB/c nude
mice. Tumor volume was calculated using the formula:
volume = ab*/6 (a, tumor length; b, tumor width) at indica-
tive time points. Tumor weight was measured at week 4
post-injection. Animal experiments were performed in accor-
dance with relevant guidelines and regulations of the Animal
Care and Use Committees at the Second Affiliated Hospital
of Guangzhou Medical University, and a signed document
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Figure 1. LINC01296 is upregulated in human CCA. (A) LINC01296 upregulation in human CCA samples by bioinformatics analysis according to the dataset
(GSE61850). (B) Analysis of LINC01296 expression levels in 57 paired human CCA samples and nontumor tissue by RT-qPCR, “"P<0.001. (C) Fluorescent
in situ hybridization and (D) in situ hybridization probing for LINC01296 in CCA and nontumor samples. (E) Expression levels of LINC01296 in CCA cell lines
(RBE, CCLP1, HuCCT1 and HCCC-9810) and noncancerous cholangiocyte cell line (HIBEC) were determined by RT-qPCR. "P<0.05 and ""P<0.01 vs. HIBEC.
(F) Survival rates of patients with CCA with high and low LINC01296 by Kaplan-Meier survival analysis. Data are presented as the mean + standard deviation.
CCA, cholangiocarcinoma; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; LINC01296, long intergenic non-protein coding RNA 1296.

issued by the Animal Care and Use Committees that granted
approval was obtained.

Cohort analysis. Online-available data set (GSE61850) was
downloaded from NCBI (ncbi.nlm.nih.gov/gds/?term'4).
R language (r-project.org) and Bioconductor (biocon-
ductor.org/) were used for background correction,
normalization, expression calculation and annotation. The
gene expression profiles were evaluated for further analyses
using Excel (Microsoft Corporation, Redmond, WA, USA),
SPSS 19.0 statistical software (version 19.0; IBM Corp.,
Armonk, NY, USA) or GraphPad Prism 5 software (GraphPad
Software, Inc., La Jolla, CA, USA).

Colony formation assays. Colony formation assays were used
to assess clonogenic ability of transfected cells. CCA cells
(2x10%/well) were trypsinized in a single-cell suspension and
seeded in 6-well dishes. Subsequently, the cells were maintained
in RPMI-1640 supplemented with 10% fetal bovine serum for
about 2 weeks. The visible colonies were fixed in 4% parafor-
maldehyde for 4 h at 37°C and stained with 0.5% crystal violet
for 2 h at 37°C (Beyotime Institute of Biotechnology, Haimen,
China). Colony numbers were counted under a light microscope
(Olympus Corporation).

Statistical analysis. Data from at least three independent
experiments are expressed as the mean + standard deviation.
Statistical analysis was performed using IBM SPSS 19.0
statistical software. Statistical analysis was performed using
Student's t-test or ANOVA. Pearson's x* tests were used
for analysis of the correlation between clinicopathological

features and LINC01296 expression in CCA patients. Kaplan-
Meier survival analysis was used for analysis of survival rate
and P-value was calculated by the log-rank test. Spearman's
correlation analysis was used to determine the correlations
between the levels of LINC01296 and miR-5095 in CCA
tissues. P<0.05 was considered to indicate a statistically
significant difference.

Results

LINCO01296 is upregulated in human CCA. To explore impor-
tant IncRNAs in human CCA, an online dataset (GSE61850)
was analyzed and a functionally undefined IncRNA
LINCO1296 that was greatly upregulated in human CCA
tissues was identified (Fig. 1A). To validate this analysis, the
expression levels of LINC01296 were measured in 57 pairs of
human CCA samples by RT-qPCR, and LINC01296 expres-
sion was significantly upregulated in CCA tissues compared
with nontumor tissues (Fig. 1B). Additionally, FISH and ISH
assays were performed with pairs of CCA samples, which
demonstrated that the expression of LINC01296 was higher
in tumor tissues than nontumor tissues (Fig. 1C and D).
Furthermore, RT-qPCR also showed that the expression of
LINCO01296 was higher in CCA cell lines (RBE, CCLPI,
HuCCT1 and HCCC-9810) compared with HIBEC noncan-
cerous cholangiocyte cell line (Fig. 1E). To further investigate
the clinicopathological significance of LINC01296 level
in patients with CCA, The 57 patients were divided into
2 subgroups based on the mean value: Low LINCO01296
group (35 cases) and a high LINC01296 group (22 cases). As
presented in Table I, LINCO01296 levels in CCA tissues were
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Figure 2. LINC01296 knockdown suppresses cell proliferation and promotes cell apoptosis. (A) RBE and CCLP1 cells were transfected with shLINC01296,
followed by reverse transcription-quantitative polymerase chain reaction detection of LINC01296 expression. Cell proliferation was determined in (B) RBE
and (C) CCLP!I cells transfected with shCtrl or shLINC01296 by CCKS assay and colony formation assay. (D) Cell cycle distribution was determined by
flow cytometry. (E) Cell apoptosis was measured in RBE and CCLP1 cells transfected with shCtrl or shLINC01296 by staining with Annexin V/PI. Data are
presented as the mean + standard deviation. "P<0.05, “P<0.01 and “"P<0.001 vs. shCtrl. LINC01296, long intergenic non-protein coding RNA 1296; sh, short

hairpin RNA; Ctrl, control; PI, propidium iodide.

positively associated with advanced clinical stages and lymph
node metastasis. Furthermore, patients with higher expression
of LINCO01296 had a lower survival rate (Fig. 1F).

LINCO01296 knockdown suppresses cell proliferation and
promotes cell apoptosis. LINC01296 expression was highest
in RBE and CCLP1 cells among the CCA cell lines (Fig. 1E).
Thus, these two cell lines were selected for use in subsequent
experiments. To explore whether LINC01296 influences the
proliferation of RBE and CCLP1 cells, LINC01296 was knocked
down by transfection with shLINC01296 plasmid (Fig. 2A).
CCKS8 and colony formation assays demonstrated that
LINCO01296 knockdown significantly suppressed the viability
and proliferation of RBE and CCLP1 cells (Fig. 2B and C). To
further investigate the mechanism through which LINC01296
inhibited cell proliferation, the effects of LINC01296 on
cell cycle distribution were determined. Flow cytometry
analysis demonstrated that the percentage of cells in S phase
was decreased in RBE and CCLP1 cells transfected with
shLINC01296 compared with control shRNA (Fig. 2D), which
suggested that LINC01296 promoted cell proliferation by
regulating the cell cycle. Furthermore, Annexin V/PI staining

demonstrated that LINC01296 knockdown significantly
promoted the apoptosis of RBE and CCLP1 cells (Fig. 2E).

LINCO01296 knockdown inhibits the migration and inva-
sion of RBE and CCLPI cells. To further define the effects
of LINC01296 on tumor metastasis, wound healing assay
and Transwell invasion assay were performed. LINC01296
knockdown significantly inhibited cell motility (Fig. 3A) and
suppressed cell invasion (Fig. 3B) compared with control
shRNA. These data suggested that LINC01296 inhibited
metastatic capacity of RBE and CCLP1 cells.

LINCO01296 interacts with miR-5095 in RBE and CCLPI
cells. To explore the molecular mechanism by which
LINCO01296 inhibit CCA progression, the target miRNAs of
LINCO01296 were predicted with computational algorithms,
including TargetScan (targetscan.org/vert_71/) and miRanda
(34.236.212.39/microrna/getGeneForm.do). Among all candi-
dates,miR-5095 rankedtop. The predicted miR-5095 interaction
site in LINCO01296 is illustrated in Fig. 4A. RT-qPCR demon-
strated that overexpression of LINCO01296 reduced the level
of miR-5095, while the miR-5095 mimic reduced LINCO01296
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Figure 4. LINC01296 interacts with miR-5095 in RBE and CCLPI cells. (A) miR-5095 binding sites in LINC01296 predicted by bioinformatics analysis.
(B) Analysis of miR-5095 expression levels in RBE and CCLP1 cells transfected with LINC01296 overexpressing plasmid or miR-5095 inhibitor by RT-qPCR.
(C) Analysis of LINC01296 expression levels in RBE and CCLP1 cells transfected with shLINC01296 or miR-5095 mimic by RT-qPCR. ““P<0.001 vs. oeVec.
(D) Luciferase reporter assays were performed using RBE cells co-transfected with the miR-5095 mimic or inhibitor and LINC01296-wt or LINC01296-mut
reporter plasmid. “P<0.01. (E) The expression levels of miR-5095 were determined in CCA cell lines (RBE, CCLP1, HuCCT1 and HCCC-9810) and non-
cancerous cholangiocyte cell line (HIBEC) by RT-qPCR. "P<0.05 and “P<0.01 vs. HIBEC. (F) The expression of miR-5095 in CCA samples and nontumor
tissues was determined by RT-qPCR. “"P<0.001. (G) Spearman's correlation analysis was used to determine the correlations between the levels of LINC01296
and miR-5095 in human CCA (n=57). Data are presented as the mean + standard deviation. RT-qPCR, reverse transcription-quantitative polymerase chain
reaction; CCA, cholangiocarcinoma; LINC01296, long intergenic non-protein coding RNA 1296; WT, wild-type; Mut, mutated; miR, microRNA; oeVec,
overexpression empty vector; 0eLINC01296, LINC01296 overexpression vector; sh, short hairpin RNA; Ctrl, control; NC, negative control; inh, miR inhibitor.

levels in RBE and CCLPI cells (Fig. 4B and C). To further  of the reporter containing wild-type LINC01296 in RBE
validate the interaction between LINC01296 and miR-5095,a  cells, while it failed to repress the reported with mutated
dual-luciferase reporter assay was performed. Overexpression ~ miR-5095 binding site (Fig. 4D). miR-5095 inhibitor also
of miR-5095 significantly decreased the luciferase activity = produced similar results (Fig. 4D). Furthermore, RT-qPCR
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binding to target mRNA. (B) Luciferase reporter assays were performed using RBE cells co-transfected with the miR-5095 mimic or inhibitor and MYCN-WT-
3'UTR or MYCN-Mut-3'UTR reporter plasmid. (C) mRNA and (D) protein levels of MYCN in RBE and CCLP1 cells transfected with the miR-5095 mimic
or inhibitor were determined by RT-qPCR. (E) Expression of MYCN in cholangiocarcinoma samples and nontumor tissues was determined by RT-qPCR.
(F) Spearman's correlation analysis was used to determine the correlations between the levels of MYCN and miR-5095 in human CCA (n=57). Data are
presented as the mean + standard deviation. "P<0.01 and ““P<0.001. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; MYCN, MYCN
proto-oncogene bHLH transcription factor; WT, wild-type; miR, microRNA; Mut, mutated; NC, negative control; inh, miR inhibitor; Ctrl, control.
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Figure 6. Restoration of MYCN reverses LINC01296 knockdown-induced inhibition of cell proliferation, migration, and invasion of RBE and CCLP1 cells.
(A) Knockdown of LINC01296 or miR-5095 inhibited the level of MYCN protein in RBE and CCLP1 cells as demonstrated by western blot analysis. (B) Cell
viability, (C) apoptosis, (D) migration and (E) invasion were determined in RBE and CCLP1 cells transfected with shLINC01296, miR-5095 mimic, shMYCN,
miR-5095 inhibitor or MYCN-overexpressing plasmid by CCK8, flow cytometry, wound-healing, and invasion assays, respectively. Data are presented as the
mean + standard deviation. ‘P<0.05, “P<0.01 and ““P<0.001 vs. Ctrl. Ctrl, control; sh, short hairpin RNA; LINCO01296, long intergenic non-protein coding
RNA 1296; miR, microRNA; MYCN, MYCN proto-oncogene bHLH transcription factor; oe, overexpression vector.

demonstrated that miR-5095 expression was lower in CCA tissues (Fig. 4F). Finally, in CCA tissues, miR-5095 expres-
cell lines than in HIBEC cells (Fig. 4E), and the expression of  sion was also inversely correlated with LINC01296 expression
miR-5095 was lower in CCA tissues compared with nontumor  (P<0.001, Spearman's rank test) (Fig. 4G).
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Figure 7. LINC01296 promoted tumor growth in vivo by activation of MYCN. (A) Tumor growth curves were established by measuring tumor volume every
7 for 28 days after injection. (B) Tumor weights isolated from nude mice in each treatment group were determined on day 28 after injection. (C) Relative
LINCO01296 and miR-5095 expression in xenograft tumors was determined by reverse transcription-quantitative polymerase chain reaction. (D) MYCN
protein expression in xenograft tumors was determined by western blot. GAPDH was served as a loading control. Data are presented as the mean + standard
deviation "P<0.05 and “P<0.01 vs. shCtrl. sh, short hairpin RNA; Ctrl, control; LINC01296, long intergenic non-protein coding RNA 1296; miR, microRNA;
MYCN proto-oncogene bHLH transcription factor; MMP2, matrix metalloproteinase-2.

MYCN is a target of miR-5095. To further explore the down-
stream target genes of miR-5095, prediction of miR-5095
targets was performed with computational algorithms,
including TargetScan and miRanda. MYCN was selected.
MYCN has been proven to promote tumor initiation and
metastasis in various cancer types (26-28). The predicted
miR-5095 interaction site in the MYCN 3'UTR is illustrated
in Fig. 5A. To further validate the interaction between
miR-5095 and MYCN, dual-luciferase reporter assay was
performed. miR-5095 mimic significantly decreased the lucif-
erase activity of the wild-type MYCN 3'UTR in RBE cells,
while it failed to repress luciferase activity of the reported with
mutated MYCN 3'UTR, and the miR-5095 inhibitor had the
opposing effect (Fig. 5B). RT-qPCR and western blot analysis
demonstrated that miR-5095 mimic suppressed the expres-
sion of MYCN in RBE and CCLP1 cells, and the miR-5095
inhibitor had the opposing effect (Fig. 5C and D). Furthermore,
the expression of MYCN was upregulated in CCA samples
compared with nontumor tissues (Fig. SE). Additionally,
in CCA tissues, miR-5095 expression was inversely corre-
lated with MYCN expression (P<0.001, Spearman's rank
test) (Fig. 5SF).

Restoration of MYCN reverses LINC01296 knockdown-
induced inhibition of cell viability, migration, and invasion
of RBE and CCLPI cells. To investigate whether the regula-
tion of cell proliferation, migration and invasion of RBE and
CCLP1 cells by LINC01296 is MYCN-dependent, knockdown
of LINCO01296, miR-5095, MYCN and/or overexpression of

MYCN were performed (Fig. 6A). Cell viability, apoptosis,
migration and invasion were analyzed using CCK8, flow
cytometry and Transwell assays, respectively. Knockdown
of LINC01296 or MYCN and overexpression of miR-5095
suppressed cell viability, migration and invasion in RBE and
CCLPI cells, while miR-5095 inhibition or overexpression of
MYCN reversed LINC01296 knockdown-induced inhibition
of cell viability, migration and invasion (Fig. 6B-E).

LINC01296 promoted tumor growth in vivo by activation of
MYCN. The biological effects of LINC01296 on CCA devel-
opment were evaluated in a xenograft mouse model. RBE
cells transfected with shCtrl or shLINC01296 were implanted
subcutaneously into nude mice. Then tumor growth was
evaluated every 7 days. LINC01296 knockdown significantly
delayed tumor growth in vivo (Fig. 7A). At 5 weeks post-
implantation, the nude mice were sacrificed, and tumors were
harvested and weighed. LINC01296 knockdown significantly
decreased the tumor size and weight (Fig. 7B). Subsequently,
the expression levels of LINC01296, miR-5095 and MYCN
were determined in tumor tissues by RT-qPCR and western
blot analysis, respectively. Tumors derived from shLINC01296
cells exhibited a significant decrease in LINC01296 and
MYCN expression, and an increase in miR-5095 expres-
sion (Fig. 7C and D). Furthermore, LINC01296 knockdown
significantly inhibited the expression of proteins associated
with tumor cell proliferation, migration and invasion, and
increased the expression of caspase-3, which is crucial for cell
apoptosis (Fig. 7D).
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Discussion

In recent decades, various diagnostic advances and therapeutic
strategies have been used to treat CCA. However, the overall
survival rates of patients with CCA remain low due to tumor
recurrence and metastasis (17). Thus, in order to develop novel
and effective therapeutic approaches for CCA treatment, there
is an urgent need to fully understand the molecular mecha-
nisms that regulate CCA initiation and progression.

Recent evidence has indicated that 97% transcripts
produced from the human genome are short or IncRNAs
with no, or limited, protein-coding potential (29). The role
of IncRNAs in human cancer has been a developing field in
the recent years. A large number of studies demonstrated that
IncRNAs are closely associated with the development and
progression of various tumor types, including CCA (16). For
instance, the IncRNA HOX transcript antisense RNA activates
the Hippo pathway in renal cell carcinoma (30). IncRNA
HOXA cluster antisense RNA 3 promotes tumor progression
and predicts poor prognosis in glioma (31). However, the func-
tions of the majority of IncRNAs in CCA remain elusive. In
the current study, LINC01296 was significantly upregulated
in CCA. A previous study reported that LINC01296 is asso-
ciated with poor prognosis in prostate cancer and promotes
cancer cell proliferation and metastasis (32). LINC01296 was
also demonstrated to promote colorectal cancer and bladder
cancer progression in vitro (33,34). However, the functions
of LINC01296 in CCA have not been defined. In the current
study, LINC01296 knockdown significantly inhibited cell
proliferation, migration and invasion, and led to increased cell
apoptosis in CCA. These findings suggested that LINC01296
may have an oncogenic role in CCA progression.

A previous study reported that IncRNAs can exert
biological functions via a variety of mechanisms, including
transcriptional and post-transcriptional regulation. For
example, lymphocyte-specific protein 1 pseudogene recruited
DNA-binding protein SATBI to initiate transcription of hes
family bHLH transcription factor 6 and promote hepatocellular
carcinoma progression (13). Additionally, IncRNA MALATI1
acted as a competing endogenous RNA of miR-144-3p
to promote metastasis and proliferation in osteosarcoma
cells (19). Zhu et al (22) reported that Inc-f-Catm interacts
with B-catenin to prevent it degradation and then sustains liver
cancer stem cell self-renewal. In the current study, LINC01296
was predicted to interact with miR-5095 by computational
algorithms. A luciferase activity reporter assay then validated
that LINC01296 sponged miR-5095 in CCA cells. Additionally,
expression of LINC01296 was negatively correlated with
miR-5095 in CCA. miRNAs can target the 3'UTR of mRNAs
for degradation and then regulate gene expression. The func-
tions of miR-5095 were unknown prior to the current study.
Computational algorithms predicted that MYCN, an oncogene
in various types of human cancer (28,35,36), was a potential
target of miR-5095. Luciferase activity assay, RT-qPCR and
western blot, demonstrated that miR-5095 bound to the 3'UTR
of MYCN and downregulated its expression in CCA. Finally,
restoration of MYCN expression in RBE and CCLP1 cells
rescued the LINC01296 knockdown-induced inhibition of cell
viability, migration and invasion. Therefore, our findings indi-
cated that LINC01296 promoted cell proliferation, migration
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and invasion by sponging miR-5095 to upregulate MYCN
expression.

In summary, the results of the current study demonstrated
that LINCO01296 was significantly upregulated in CCA
tumors and cell lines compared with normal tissue and cells,
and LINCO01296 was associated with cell growth, migration
and invasion in vitro and in vivo. The present study revealed
a novel mechanism of a LINC01296/miR-5095/MYCN axis
that regulates CCA development and progression. The study
demonstrated that LINC01296 may act as a novel diagnostic and
prognostic indicator, and a therapeutic target for CCA treatment.
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