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Background: As a highly malignant tumor, cholangiocarcinoma poses a serious threat to
human life and health, so exploring the mechanisms of its development and progression at
a molecular level is of great significance to the diagnosis and treatment of the disease.
Objective: This study was aimed at investigating the effects and related mechanisms of
LncRNA TUGI on cholangiocarcinoma cells.

Methods: Cholangiocarcinoma tissues and adjacent tissues (n=82 each), human cholangio-
carcinoma cell lines (RBE, QBC939, HuH28), and a human normal biliary epithelial cell line
(HIBE) were collected. miR-29a-mimics, miR-29a-inhibitor, miR-NC, si-TUG1, pcDNA3.1
TUG], and NC were transfected into the cholangiocarcinoma cells. qRT-PCR was performed
to detect TUGl and miR-29a expression in the cholangiocarcinoma tissues and cells.
Western blotting (WB) was conducted to detect the expression of Bax, Caspase-3, and
Bcl-2 in the cells. CCK-8 assay, Transwell, and flow cytometry were carried out to detect
cell proliferation, invasion, and apoptosis. Dual luciferase reporter gene assay (DLRGA) was
performed to confirm the correlation of TUG1 with miR-29a.

Results: TUG1 was highly expressed while miR-29a was poorly expressed in cholangio-
carcinoma cells. TUG1 expression was negatively correlated with miR-29a expression, and
TUGI1 had a relatively high diagnostic value for cholangiocarcinoma. Cell experiments
showed that inhibiting TUG1 expression or up-regulating miR-29a expression could inhibit
cholangiocarcinoma cells from proliferation and invasion, and promote their apoptosis, while
up-regulating TUG1 or inhibiting miR-29a could promote the proliferation and invasion but
inhibit the apoptosis. Rescue experiment showed that overexpressing miR-29a could reverse
the effects of high TUG1 expression on cholangiocarcinoma cells. DLRGA confirmed that
there was a regulatory relationship between TUG1 and miR-29a.

Conclusion: TUGI is highly expressed in cholangiocarcinoma tissues. It can promote the
growth and metastasis of cholangiocarcinoma cells by inhibiting miR-29a, so it may be
a new target for diagnosing and treating cholangiocarcinoma.

Keywords: LncRNA TUGI, miR-29a, cholangiocarcinoma, proliferation, invasion,
apoptosis

Introduction

As a highly heterogeneous malignant tumor of the biliary tract, cholangiocarcinoma
appears anywhere in the biliary tree and its global incidence has been rising in
recent years, so it is a great threat to human life and health.' At present, surgical
treatment is still the most effective method for treating patients with the disease.
However, cholangiocarcinoma has unapparent symptoms in its early stage, and it
has been usually in its advanced stage when diagnosed. As a result, many patients
with the disease have lost their opportunities for operation.* Cholangiocarcinoma
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cells are highly invasive and metastatic, and are easy to
metastasize far away through blood, lymph, and other
channels. Therefore, even after surgical treatment, some
patients may have a poor prognosis due to tumor
metastasis.” For this reason, exploring the mechanisms of
cholangiocarcinoma cells’ growth and metastasis has
important significance for improving the therapeutic effect
on cholangiocarcinoma and the prognosis of patients.

LncRNAs are non-coding RNAs over 200nt long. With
the development of molecular biology in recent years,
their roles in the development and progression of tumors
and many others diseases have been gradually valued.®
Their roles in cholangiocarcinoma have also been reported
more. For example, the high expression of LncRNA H19
in the disease indicates patients’ poor prognoses and pro-
motes cancer cells’ migration and invasion.” It has been
confirmed that as a LncRNA located at chromosome
22ql2.2, taurine up-regulated gene 1 (TUGI) plays
a pivotal role in the development and progression of
many cancers.® For instance, it promotes the development
and progression of pancreatic cancer through the targeted
regulation of miR-29¢.’ Its epigenetic characteristics for
osteosarcoma make it possible to become a target for
personalized drug therapy.'® This gene may also play
a carcinogenic role in cholangiocarcinoma, and its high
expression is possibly related to the prognosis of the dis-
ease, but the mechanism has not been thoroughly
explored."!

Therefore, in this study, the mechanism of action of
TUGTI in cholangiocarcinoma was further investigated, so
as to provide a new target direction for diagnosing and

treating the disease.

Materials and Methods

General Information

Eighty-two patients who underwent cholangiocarcinoma
resection at our hospital from January 2015 to 2017 were
enrolled. With their consent, their cholangiocarcinoma
tissues and adjacent tissues (n=82 each) were taken out
during the operation for detection. Inclusion criteria:
patients who were confirmed with cholangiocarcinoma
by pathology; patients who were diagnosed with cholan-
giocarcinoma for the first time. Exclusion criteria: patients
who had been treated with radiotherapy and chemother-
apy; patients complicated with other malignant tumors;

patients with severe renal dysfunction or serious infectious

diseases; patients who had refused to provide experimental
specimens.

The research was conducted according to the principles
of the World Medical Association Declaration of Helsinki.
This
Committee

study was approved by the Ethical Medical
of the Affiliated to
University of Chinese Academy of Sciences. All patients

Cancer Hospital
and their family members had consented to participation in
the experiment and had signed the informed consent form.

Experimental Materials and Reagents

A human normal biliary epithelial cell line (HIBE) and
human cholangiocarcinoma cell lines (RBE, QBC939,
HuH28) were purchased from ATCC. gRT-PCR and
reverse transcription kits were purchased from TransGen
Biotech, Beijing, China. CCK-8 assay kits were purchased
from Promega, USA. Transwell kits were purchased from
Shanghai Yantuo Biotechnology Co., Ltd. Phosphate buf-
fer solution (PBS) and fetal bovine serum (FBS) were
purchased from Gibco, Rockville, MD, USA. Trizol
reagents were purchased from Beijing Biolab Science
and Technology Co., Ltd. Dual-luciferase reporter gene
assay (DLRGA) kits were purchased from Beijing Biolab
Science and Technology Co., Ltd. Bax, Bcl-2, Caspase-3,
and B-Actin antibodies were purchased from Cell
USA.
Goat anti-rabbit IgG secondary antibody was purchased
from Thermo Fisher Scientific, Shanghai. RIPA and BCA
protein assay kits were purchased from Thermo Fisher
Scientific, Waltham, MA, USA. An ECL developing solu-
tion was purchased from Thermo Fisher Scientific,
Waltham, MA, USA. All primers were designed and
synthesized by Sangon Biotech (Shanghai) Co., Ltd.

Signaling Technology, Boston, Massachusetts,

Cell Culture and Transfection
RBE, QBC939, HuH28, CCLPI1, and HIBE cells were
placed in a DMEM (10% PBS) for culture (37°C, 5%
CO,). After adherently growing and fused to 85%, they
were digested with 0.25% pancreatin. Next, they were
continuously cultured in the medium for passage. TUGI
and miR-29a expression in the cells was detected. After
that, QBC939 and HuH28 cells were selected and then
respectively transfected with miR-29a-inhibitor (suppres-
sion sequence), miR-29a-mimics  (overexpression
sequence), miR negative control (miR-NC), targeted inhi-
bition TUG1 RNA plasmids (si-TUG1), and targeted over-
expression TUG1 RNA plasmids (pcDNA3.1 TUGI)
2000 kits,use  Si-NC

using Lipofectamine™ and
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pcDNA3.1 empty vectors as controls. Operating steps
were strictly carried out according to the kit instruction.

Real-Time Quantitative PCR (RT-qPCR)

The Trizol reagents were first used to extract total RNA
from the tissues and cells, and then the RNA (5 pg each)
was taken out for the reverse transcription into cDNA
based on the kit instruction. The synthesized cDNA (1
pL) was taken out for PCR amplification. Conditions for
the reaction were pre-denaturation at 95°C for 10 s and
then cycling (denaturation at 94°C for 10 s, and annealing
and extension at 60°C for 30 s) for 40 times. Each sample
was provided with 3 same wells. The experiment was
repeatedly performed for 3 times. U6 and B-Actin were
the internal references of miR-29a and TUGI, respec-

2722 was used to analyze the data. (See Table 1)

tively.
Cell Proliferation

The proliferation of QBC939 and HuH28 cells was assessed
by the CCK-8 assay kits. After the cells (transfected for 48
hours) were collected, they were inoculated into a 96-well
plate at 1x10* cells/well, and then cultured at 37°C and with
5% CO,. After the cells adherently grew, each well was added
with CCK-8 solution (10 pL) at 0, 24, 48 and 72 hours,
respectively. Then, the cells were continuously cultured in
an incubator (37°C, 5% CO,) for 2 hours. Finally, optical
value (OD) values at 450 nm were determined by a microplate
reader to detect cell proliferation and plot the growth curve.
The experiment was repeatedly conducted for 3 times.

Cell Invasion

The Transwell kits were used to determine cell invasion. The
upper chamber was added with DMEM culture solution (200
uL; containing 3x10* cells), while the lower one was added
with DMEM (500 mL; containing 20% FBS), both of which
were cultured at 37°C for 48 hours. The matrix and cells that
did not penetrate the membrane surface in the upper chamber
were wiped off. After the cells were washed with PBS for 3
times, they were fixed with paraformaldehyde for 10 min,
cleaned with double distilled water for 3 times, and finally

Table | Primer Sequences

stained with 0.1% crystal violet after they were dried. The
cell invasion was observed by a microscope.

Cell Apoptosis

After digested with 0.25% trypsin, the cells were rinsed
with PBS for twice, and then added with binding buffer
(100 pL) to prepare a 1*10° cells/mL suspension. Next,
the suspension was sequentially added with AnnexinV-
FITC and PI, and then incubated in dark for 5 min at
room temperature. The FACSVerse flow cytometer system
was used for detection, and the experiment was conducted
for 3 times to obtain the average value.

Western Blotting (WB)

Total protein was first extracted from the cells using RIPA
lysis buffer, and then the BCA method was used to detect its
concentration. The protein was separated with 12% SDS-
PAGE and then transferred to the PVDF membrane, after its
concentration was adjusted to 4 pg/pL. Next, the membrane
was sealed with 5% skimmed milk powder for 2 hours, and
then added with primary antibodies [Bax (1: 500), Bel-2 (1:
500), Caspase-3 (1: 500),B-actin (1: 1000)] for sealing at 4°
C all night. After washed to remove the antibodies, it was
added with a horseradish peroxidase-labeled secondary anti-
body [goat anti-rabbit (1: 1000)], incubated at 37°C for
1 hour, and then rinsed with PBS over 5 min for 3 times.
After developed in a dark room, the membrane luminesced
with the ECL developing solution and was developed, after
excess liquid on it was absorbed dry with filter papers.

DLRGA

The starBase v2.0 bioinformatics database (http://star
base.sysu.edu.cn/index.php) was applied to search for
miRNAs that could bind to TUGI.
Subsequently, oligonucleotides that contained target

candidate

sequences for TUGI were first amplified and then
cloned into pmirGLO plasmids (WT). pmirGLO-TUG1
-3'UTR wild type (Wt) and pmirGLO-TUG1-3'UTR
mutant (Mut) were respectively established and then
transferred into the downstream of luciferase reporter

Forward Primers

Reverse Primers

TUGI 5-TAGCAGTTCCCCAATCCTTG-3’

miR-29a 5'-CGCGGATCCTGGATTTAGTAAGATTTGGGC-3
ué 5-CTCGCTTCGGCAGCACATATACT-3’

B-Actin 5-GACCTCTATGCCAACACAGT-3

5-CACAAATTCCCATCATTCCC-3
'~CCGGAATTCACATGCAATTCAGGTCAGTG-3’

5-ACGCTTCACGAATTTGCGTGTC-3

5-AGTACTTGCGCTCAGGAGGA-3’
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genes, so as to sequence and identify the constructed
plasmids. The Lipofectamine 2000 was used to co-
transfect luciferase reporter plasmids and miR-29a-
mimics or miR-NC into HuH28 cells. After the cells
were cultured for 24 hours, they were collected and their
luciferase activities were tested by the luciferase repor-
ter gene assay kits. The results were statistically

analyzed.

Statistical Methods

In this study, SPSS19.0 was used to statistically analyze the
collected data. GraphPad 7 was used to plot the required
figures. The comparison between groups was conducted by
an independent 7 test, and the comparison between multiple
groups was conducted by one-way analysis of variance
(ANOVA), with post hoc pairwise comparison conducted by
LSD-¢ test. The comparison of expression between multiple
time points was conducted by repeated measures ANOVA,
and Bonferroni was used for post hoc test. Pearson
Correlation Coefficient was used for correlation analysis.
When P<0.05, the difference was statistically significant.

Results
TUGI Overexpression in

Cholangiocarcinoma Tissues and Cells
According to the qPCR, compared with adjacent tissues,
TUGI was highly expressed (P<0.05), while miR-29a was
lowly expressed in cholangiocarcinoma tissues and cells
(P<0.05). Moreover, TUGI expression in QBC939 and
HuH28 cells was higher than that in other cholangiocarcinoma
cells, so the two cells were selected for follow-up experiments.
According to the receiver operating curve (ROC), the area
under the curve (AUC) of TUG] for diagnosing cholangio-
carcinoma was 0.942. Results of the correlation analysis
showed that TUG1 expression was negatively correlated
with miR-29a expression (r=—0.722, P<0.05). See Figure 1.

Effects of TUGI on Proliferation,
Invasion, and Apoptosis of

Cholangiocarcinoma Cells
QBC939 and HuH28 cells were transfected with Si-
TUGI and pcDNA3.1 TUGI. Compared with the Si-
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Figure | Expression and significance of TUGI in cholangiocarcinoma tissues and cells. (A) TUGI expression in cholangiocarcinoma tissues. (B) miR-29a expression in
cholangiocarcinoma tissues. (C) TUGI expression in cholangiocarcinoma cells. (D) miR-29a expression in cholangiocarcinoma cells. (E) The correlation analysis of TUGI
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NC group, TUGI1 expression was remarkably lower in
the Si-TUGI group.Compared with the pcDNA3.1
group,TUG1 expression was remarkably higher in the
pcDNA3.1 TUGI1 group. According to the detection of
cell biological behaviors, compared with those in the
Si-NC group, cell proliferation and invasion remark-
ably reduced, the apoptotic rate remarkably increased,
and Bax and Caspase-3 expression remarkably
increased, as well as Bcl-2 expression remarkably
decreased in the Si-TUG! group (P<0.05);.Compared
with the pcDNA3.1 group, the proliferation and inva-
sion remarkably increased, the apoptotic rate remark-
ably decreased, and Bax and Caspase-3 expression
remarkably decreased, as well as Bcl-2 expression
remarkably increased in the pcDNA3.1 TUGI1 group

(P<0.05). See Figure 2.

Effects of miR-29a on Proliferation,
Invasion, and Apoptosis of

Cholangiocarcinoma Cells

Compared with those in the miR-NC group, miR-29a expres-
sion was remarkably lower in the miR-29a-inhibitor group, but
remarkably higher in the miR-29a-mimics group. According
to the detection of cell biological behaviors, compared with
those in the miR-NC group, cell proliferation and invasion
remarkably reduced, the apoptotic rate remarkably increased,
and Bax and Caspase-3 expression remarkably increased, as
well as Bcl-2 expression remarkably decreased in the miR-
29a-mimics group (P<0.05); the proliferation and invasion
remarkably increased, the apoptotic rate remarkably
decreased, and Bax and Caspase-3 expression remarkably
decreased, as well as Bcl-2 expression remarkably increased

in the miR-29a-inhibitor group (P<0.05). See Figure 3.
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Figure 2 Effects of TUGI on proliferation, invasion, and apoptosis of cholangiocarcinoma cells. (A) TUGI expression in cholangiocarcinoma cells after transfection. (B)
Effects of TUGI on the proliferation of cholangiocarcinoma cells. (C) Effects of TUGI on the invasion of cholangiocarcinoma cells. (D) Effects of TUGI on the apoptotic rate
of cholangiocarcinoma cells. (E) Effect of TUGI on the expression of apoptosis-related proteins in cholangiocarcinoma cells. * indicates P<0.05.
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Regulatory Relationship Between TUGI
and miR-29a

According to the bioinformatics prediction, TUG1 may have
a direct effect on miR-29a, and their binding sequences had
a similar binding site. For verifying whether TUGI1 could
bind to miR-29a 3'UTR, the two genes were co-transfected
into HuH28 cells. According to the DLRGA, the luciferase
activity of miR-29a remarkably reduced after the co-
transfection, which suggested that TUGI could specifically
bind to miR-29a 3'UTR and regulate its expression activity
and levels. Besides, we compared the expression of endo-
genous miR-29a between the miR-NC and si-TUGT1 groups,
and found that miR-29a expression increased in the QBC939
and HuH28 cells with TUG] inhibition. See Figure 4.

Rescue Experiment
For further confirming that TUG1 affects cholangiocarci-
noma cells by regulating miR-29a, we co-transfected

Il miR-29a-mimics

pcDNA3.1 TUG! and miR-29a-mimics or si-TUG1 and
miR-29a-inhibitor into QBC939 and HuH28 cells.
According to the results, pcDNA3.1 TUGI reversed the
effects of miR-29a-mimics on inhibiting the cells’ prolif-
eration and invasion and on promoting their apoptosis,
while si-TUG1 could offset the effects of miR-29a-
inhibitor on the promotion. See Figure 5.

Discussion

With a very high mortality rate, cholangiocarcinoma is
a malignant solid tumor of the digestive tract and is
one of the most fatal cancers.'? Although the effects of
surgical treatment have been effective in recent years,
the easy metastasis and strong invasion of the disease
possibly cause many treated patients to have a poor
prognosis due to tumor metastasis.'>'* Therefore, it is
of great significance to explore the mechanisms of
development and progression of cholangiocarcinoma.
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Figure 3 Effects of miR-29a on proliferation, invasion, and apoptosis of cholangiocarcinoma cells. (A) miR-29a expression in cholangiocarcinoma cells after transfection. (B)
Effects of miR-29a on the proliferation of cholangiocarcinoma cells. (C) Effects of miR-29a on the invasion of cholangiocarcinoma cells. (D) Effects of miR-29a on the
apoptotic rate of cholangiocarcinoma cells. (E) Effect of miR-29a on the expression of apoptosis-related proteins in cholangiocarcinoma cells. * indicates P<0.05.
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P<0.05.

With the development of molecular biology in recent
years, LncRNAs have been gradually valued by the med-
ical community, so the role and mechanism of LncRNA
TUGI in cholangiocarcinoma were explored. In our study,
TUGI was abnormally overexpressed in cholangiocarci-
noma tissues and cells, and the further analysis found that
it had a high diagnostic value for the disease. It has been
reported that TUGI1 is a LncRNA that is abnormally
expressed in various tumor diseases. For example, it is
highly expressed in acute myeloid leukemia and its up-
regulation is related to the poor prognosis of patients.'’
Additionally, it is highly expressed in pancreatic cancer
according to gene sequencing.'® These findings are con-
sistent with our conclusions. For further exploring the
effects of TUGI on cholangiocarcinoma cells, we inter-
vened its expression in them. Their proliferation and inva-
sion were remarkably inhibited after inhibiting TUG1
expression, and their apoptotic rate remarkably increased,
but reverse cell phenotypes were obtained after overex-
pressing TUGI1. These findings show that TUGI plays
a role as an oncogene in cholangiocarcinoma. TUGI1 has
been found to play the role in many studies. For instance,
it promotes the proliferation and inhibits the apoptosis of
ovarian cancer cells through regulating AURKA,'” and
promotes the proliferation and migration of renal carci-
noma cells through regulating YAP.'"® These findings are
similar to the roles of TUGI in our study. However, the

specific mechanism of action of this gene in cholangiocar-
cinoma remains unclear.

Previous studies have found that LncRNAs exert their
effects on cells through competitively binding to
miRNAs."*?° Therefore, for further analyzing the mechan-
ism of action of TUG! in cholangiocarcinoma, we predicted
a binding site between LncRNA TUGI and miR-29a
through the online database Starbase. It has been previously
confirmed that miR-29a plays the role of a tumor suppressor
gene in many tumors. It inhibits glioblastoma cells from
growth by regulating PDGF,?' and inhibits the proliferation,
invasion, and migration of thyroid papillary cancer cells
through targeting DPP4.%% Our study showed that miR-29a
was lowly expressed in cholangiocarcinoma tissues and
cells. After miR-29a was overexpressed in the cells, their
proliferation and invasion were remarkably inhibited, but
there were opposite cell phenotypes after inhibiting miR-
29a expression. This indicates that miR-29a functions as
a tumor suppressor gene in cholangiocarcinoma. Its role in
the disease has been previously discussed. For example, it is
poorly expressed in cholangiocarcinoma and affects its
pathogenesis by targeting HDAC4,%® which is consistent
with our conclusions. In a study on the mechanism of action
of miR-29a in the disease, this miR inhibits the development
and progression of tumors by inhibiting hedgehog signals
and inflammatory pathways, but its upstream mechanism

has not been discussed.?* After that, the DLRGA was
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Figure 5 Rescue experiment. (A) Effects of TUGI and miR-29a co-transfection on the proliferation of cholangiocarcinoma cells. (B) Effects of TUGI and miR-29a co-
transfection on the invasion of cholangiocarcinoma cells. (C) Effects of TUGI and miR-29a co-transfection on the apoptotic rate of cholangiocarcinoma cells. (D) Effects of
TUGI and miR-29a co-transfection on apoptosis-related proteins in cholangiocarcinoma cells. * was compared with #, P<0.05; ** indicates P<0.05.

performed to further confirm the correlation of TUG1 with
miR-29a. The luciferase activity of miR-29a remarkably
decreased after the co-transfection of TUGI and miR-29a,
and miR-29a expression up-regulated after inhibiting TUG1
expression. Subsequent co-transfection experiment showed
that overexpressing miR-29a could reverse the effects of
high TUG1 expression on cholangiocarcinoma cells.

In summary, TUGI1 promotes the proliferation and inva-
sion of cholangiocarcinoma cells and inhibits their apoptosis
through the regulation of miR-29a expression, so it may be
a new therapeutic target for cholangiocarcinoma. However,
there are still deficiencies in this study. Firstly, experiments
of tumor formation in nude mice were not conducted to
explore the effects of TUGl on tumor growth in vivo.
Secondly, the downstream mechanism of miR-29a was not
further verified. Therefore, we will conduct more basic
experiments to further supplement our experiments.
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