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LncRNA DANCR affected cell growth, EMT and
angiogenesis by sponging miR-345-5p through
modulating Twist1 in cholangiocarcinoma
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Abstract. - OBJECTIVE: LncRNA DANCR has
been reported to play an important role in vari-
ous cancers. Therefore, this study aimed at ex-
ploring the function and regulatory mechanism
of DANCR in Cholangiocarcinoma (CCA).

PATIENTS AND METHODS: gRT-PCR was
used to measure the expression of DANCR,
miR-345-5p in tissues and cells. Western blot
was applied to measure the protein expression
of Twist, N-cadherin, Vimentin, E-cadherin,
VEGF-A, VEGF-C, PCNA and C-caspase 3. The
relationship between DANCR and miR-345-5p
was determined by luciferase reporter assay.
MTT assay and flow cytometry were used to as-
sess cell proliferation and apoptosis, respec-
tively. Transwell assay was performed to detect
cell invasion and migration.

RESULTS: We found that the expression of
DANCR was significantly induced in CCA tis-
sues and cells. Inhibition of DANCR remarkably
suppressed CCA cell proliferation, migration,
invasion, EMT and angiogenesis as well as in-
duced cell apoptosis in vitro and in vivo. Lucif-
erase reporter assay determined that DANCR
directly targeted miR-345-5p and Twist1 was a
target mRNA of miR-345-5p. Otherwise, miR-
345-5p down-expression partially reversed the
effect induced by the suppression of DANCR in
CCA. Moreover, the suppressive effects of high
miR-345-5p expression on CCA cells were re-
versed by improving Twist1 expression.

CONCLUSIONS: In this study, we verified that
LncRNA DANCR affected cell proliferation, mi-
gration, invasion, angiogenesis, epithelial-mes-
enchymal transition (EMT) and induced apopto-
sis through modulating miR-345-5p/Twist1 axis
in Cholangiocarcinoma.
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Introduction

Cholangiocarcinoma (CCA) is a common pri-
mary hepatobiliary carcinoma which is composed
of mutant biliary medial epithelial cells '. Surgery
is one of the primary means for treating CA A, but
the recurrence rate of CCA is high and the prog-
nosis is poor >3, Therefore, there is an urgent need
to understand the pathogenesis of CCA and find
new therapeutic targets for CCA patients.

LncRNAs play roles in CAA proliferation,
which are closely involved in cell proliferation,
invasion, migration, apoptosis, angiogenesis and
chemosensitivity*®. LncRNAs has been verified
to sponge miRNA in 3’'UTR to modulate the bi-
ological behavior of tumor cells'*'"*. Consistently,
IncRNA CASC2 inhibited cell viability and in-
duced cell apoptosis in hepatocellular carcino-
ma cells through targeting miR-24-3p". IncRNA
MALATI modulated CCA proliferation, migra-
tion and invasion through interacting with miR-
204'°. Zhang et al” reported that CCAT1 con-
tributed to cell migration, invasion and EMT in
CAA through inhibiting miR-152 expression. In
our study, we found that DANCR expression was
significantly induced in CCA tissues compared
with normal tissues in agreement with previous
study’®. However, the function of DANCR in
CCA has not been fully understood.

In this study, we explored the role of DAN-
CR in CCA and our results showed that DANCR
was associated with cell proliferation, invasion,
migration, epithelial-mesenchymal transition
(EMT) and angiogenesis in CCA. Bioinformat-
ics predicts that miR-345-5p is a potential target
miRNA for DANCR, thus we aimed to investi-
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gate the regulatory mechanism of DANCR and
miR-345-5p in CCA.

Patients and Methods

Patients and Samples

A total of 40 CAA tissues and 40 matched tu-
mor-adjacent tissues were obtained from 40 CAA
patients at Linyi Cancer Hospital (Linyi, Shan-
dong, China). The written informed consent was
signed by all participants. This study obained
the approval of the Research Ethic Committee of
Linyi Cancer Hospital.

Cell Cultured and Transfection

CAA cell lines (HuH28, HuCCT1 and SG231)
and normal cell line (H69) were purchased from
the Institute of Biochemistry and Cell Biology
(Chinese Academy of Science, Shanghai, China).
Then, cells were cultured in Roswell Park Memo-
rial Institute-1640 (RPMI-1640) medium (Invitro-
gen, Carlsbad, CA, USA) with 10% fetal bovine
serum (FBS) at 37°C with 5% of CO,.

Si-NC, si-DANCR, pcDNA-DANCR, pcD-
NA-NC, anti-NC, anti-345-5p, sh-NC, sh-DAN-
CR, vector and pcDNA-Twistl (Twistl) plasmid
were purchased from GenePhama (Shanghai,
China). All miRNA inhibitors and plasmids were
transfected into HuCCT1 and SG231 cells using
Lipofectamine 2000 (Invitrogen).

gRT-PCR

Total RNA was extracted from tissues and cells
using TRIzol reagent (Invitrogen) according to the
manufacturer’s instructions. For miRNA, cDNA
was reverse transcribed using TagMan miRNA Re-
verse Transcription Kit (Applied Biosystems, Fos-
ter City, CA, USA). For mRNA, cDNA was reverse
transcribed using M-MLV Reverse Transcriptase
(Promega, Madison, W1, USA). Real-time PCR was
performed using a SYBR premix ExTaq kit (TaKa-
Ra, Dalian, China) in an ABI 7500 system (Applied
Biosystems). GAPDH and U6 were employed as ref-
erence gene for mRNA and miRNA, respectively.
The expression of miRNA and mRNA was calculat-
ed using the 24T method. Primer sequences are as
follows: GAPDH forward: 5-AACGTGTCAGTG-
GTGGACCTG-3’, and reverse: 5>-AGTGGGTGTC-
GCTGTTGAAGT-3’;, DANCR Forward: 5-CG-
GAGGTGGATTCTGTTAGG-3, and reverse:
5 TCGGTGTAGCAAGTCTGGTG-3" Twistl For-
ward: 5-CCACTGAAAGGAAAGGCATC-3’, and
reverse: 5’-CTATGGTTTTGCAGGCCAGT-3" U6
forward: 5-CTCGCTTCGGCAGCACA-3’, and
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reverse, 5-AACGCTTCACGAATTTGCGT-3".
miR-345-5p looped reverse primer, 5’-CTCAACT-
GGTGTCGTGGAGTCGGCAATTCAGTTGAG-
GAGCCCTG-3".

Western Blot

Cells were washed with Tris-buffered saline
(TBS) and added with the RIPA buffer (Ther-
mo-Fisher Scientific, Inc., Waltham, MA, USA). To-
tal proteins were separated by SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred
onto nitrocellulose membranes (Millipore, Biller-
ica, MA, USA). Next, membranes were incubated
with primary antibodies anti-Twistl, anti-VEGF-A,
anti-VEGEF-C, anti-N-cadherin, anti-Vimentin, an-
ti-E-cadherin and anti-GADPH (1:1500, Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA) at 4°C
overnight. After washing membranes with TBST,
they were incubated with peroxidase-conjugated
AffiniPure Goat Anti-Mouse IgG (1:1000, Santa
Cruz Biotechnology Inc.). The blot was measured
using the Pierce™ ECL Western blotting substrate
(Thermo Fisher Scientific, Waltham, MA, USA) ac-
cording to the manufacturer’s recommendation.

Cell Proliferation

Cell proliferation was measured using the
3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazoli-
um bromide (MTT) assay kit (Abcam, Cambridge,
MA, USA) according to the manufacturer’s protocol.
Cells were seeded into 96-well plates at a density of
2x10° cells per well. After that, 50 ul MTT solution
was added into each well and the plate was incu-
bated at 37°C with 5% of CO, for 4 h. 150 uL MTT
solvent (4 mM HCI, 0.1% NP40 in isopropanol) were
added into each well and following incubation for 3
h at 37°C with 5% of CO,. The optical density was
determined using a spectrophotometric microplate
reader (Beyotime Institute of Biotechnology, Shang-
hai, China) at the wavelength of 450 nm.

Cell Migration and Invasion

Cell invasion was detected using transwell in-
vasion assay. The transwell (Corning, NY, USA)
and Matrigel (BD Biosciences, Franklin Lakes, NJ,
USA) were used to detect the cell invasion following
manufacturer’s protocol. Cell migration was detect-
ed using Transwell migration assay. Cell invasion
was detected using transwell without Matrigel. Cells
were seeded in the upper chamber. After they were
incubated at 37°C with 5% of CO, for 24 h, invasion
cell numbers through the Matrigel was counted and
migration cell numbers were counted using a Leica
DM3000 microscope (Leica, Wetzlar, Germany).
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Cell Apoptosis

The Annexin V-FITC/PlI Apoptosis Detec-
tion Kit (BD Biosciences) was used to detect
cell apoptosis according to the manufacturer’s
instructions. After cells were transfected for 48
h, they were digested with trypsin and washed
with PBS. Then, the binding buffer was added
to resuspend the cells followed with adding the
Annexin VFITC and propidium iodide (PI). Flow
cytometry was performed to assess cell apoptosis.

Luciferase Reporter Assay

The wild type (DANCR-wt) and mutant type
(DANCR-mut) were amplified by PCR and insert-
ed into pMIR-REPORT™ (Thermo-Fisher Scientif-
ic) according to the manufacturer’s protocols. Then
DANCR-wt or DANCR-mut was co-transfected
with NC or miR-345-5p mimics (miR-345-5p) in-
to HuCCT1 and SG231 cells using Lipofectamine
2000 (Invitrogen). The wild type (Twistl-wt)
and mutant type (Twistl-mut) were amplified by
PCR and inserted into pMIR-REPORT™ (Ther-
mo-Fisher Scientific) according to the manufac-
turer’s protocols. Then Twistl-wt or Twistl-mut
was co-transfected with NC or miR-345-5p mimics
(miR-345-5p) into HuCCT1 and SG231 cells using
Lipofectamine 2000 (Invitrogen).

Tumor Formation in Nude Mice Models

HuCCT1 cells stably with DANCR down-ex-
pression (sh-DANCR) or the negative control (sh-
NC) were subcutaneously injected into the same
athymic male BALB/c nude mice at 4-5 weeks of
age. Each group has six mice. After injection for
5 weeks, the mice were sacrificed, and the growth
of tumor was measured. The tumor tissues were
stored at -80°C for the analysis of qRT-PCR and
Western blot. All animal experiments were ap-
proved by the Clinical Research Ethics Commit-
tees of Linyi Cancer Hospital.

Statistical Analysis

The analysis of the results was displayed using
GraphPad Prism 7.0 (GraphPad Software, San Di-
ego, CA, USA). All data were presented as mean
+ SD (standard deviation). All comparisons were
analyzed using Student’s 7-tests. Statistical signif-
icance was defined as *p<0.05.

Results

DANCR Expressed High in CCA Tissues
and Cells

To explore the biological function of DANCR
in the pathogenesis of CCA, we firstly detected
DANCR expression in 35 pairs of CCA tissues
and adjacent normal tissues using qRT-PCR. The
analysis showed that the expression of DANCR
was significantly induced in CAA tissues in com-
parison to adjacent normal tissues (Figure 1A).
Then we measured the expression of DANCR in
CAA cell lines (HuH28, HuCCT1 and SG231)
and normal cell line (H69) for further identifica-
tion. The results showed that DANCR expression
in CAA cells lines was significantly more than
that in normal cell lines (Figure 1B). Due to the
least expression, we selected HuCCT1 and G231
cell line for the next experiments. More than that,
compared with patients with low expression of In-
cRNA DANCR, the survival rate of patients with
high expression of IncRNA DNACR was signifi-
cantly reduced (Figure 1C). In addition, analysis
of clinical case characteristics showed that the
expression of IncRNA DANCR was significantly
positively correlated with tumor size, TNM state
and lymph node metastasis in CCA (Table I).
These findings showed that perhaps DANCR was
associated with the pathogenesis and metastasis
of CCA.
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Figure 1. DANCR expressed high in CCA tissues and cells. (A) qRT-PCR was used to detect the expression of DNACR
in CAA tissues and adjacent normal tissues. (B) qRT-PCR was used to detect the expression of DNACR in CAA cell lines
(HuH28, HuCCT1 and SG231) and normal cell line (H69). (C) Kaplan-Meier survival curves of CCA for patients with high
(n=20) and low (n=20) IncRNA DANCR expression. *p<0.05.
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Table I. Correlation between LncRNA DANCR expression and clinicopathological parameters of Cholangiocarcinoma patients (n=40).

LncRNA DANCR
Clinicopathologic feature n High Low p-value
Age 0.3422
>60 21 9 12
<60 19 11 8
Gender 0.5250
Man 22 12 10
Woman 18 8 10
Tumor site 0.7233
Intrahepatic 11 6
Extrahepatic 29 15 14
Tumor size 0.0252
>3 cm 23 15 8
<3 cm 17 5 12
TNM state 0.0058
I-11 12 2 10
II-1v 28 18 10
Lymph node metastasis 0.0033
Negative 15 3 12
Positive 25 17 8

Down-expression of DANCR Inhibited
Cell Proliferation, Migration, Invasion,
EMT, Angiogenesis and Induced
Apoptosis in CAA Cells

To further investigate the function of DANCR
in CAA, we down-expressed DANCR in HuCCT1
and SG231cells (Figure 2A). The analysis of MTT
assay displayed that si-DANCR transfection sig-
nificantly inhibited cell proliferation compared
with NC and control in HuCCT1 and SG23lcells
(Figure 2B). Flow cytometry analyzed that cell
apoptosis in si-DANCR groups was remarkably
higher than that in control and NC groups in
HuCCT1 and SG231cells (Figure 2C). Transwell
assay was applied to determine CAA cell inva-
sion and migration. The results showed that cell
migration and invasion of si-DANCR group ob-
servably decreased compared with control and
NC groups in HuCCT1 and SG23lcells (Figure
2D and 2E). VEGF-A and VEGF-C are import-
ant regulatory factors in angiogenesis. Moreover,
si-DANCR transfection inhibited the protein
level of VEGF-A and VEGF-C in HuCCT1 and
SG23Icells (Figure 2Fa-b). As shown in Figure
2@, si-DANCR transfection significantly inhibit-
ed N-cadherin and Vimentin protein level and in-
creased E-cadherin protein level in HuCCT1 and
SG231 cells. Therefore, these data revealed that
down-expression of DANCR inhibited cell prolif-
eration, migration, invasion, EMT, angiogenesis
and induced apoptosis in CAA cells.
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miR-345-5p Was a Target miRNA
of DANCR

To further explore the regulatory mechanism of
DANCR, we predicted the target miRNA of DAN-
CR using ENCORI and found that miR-345-5p was
a potential target miRNA of DANCR because the
3’'UTR of DANCR contained complementary se-
quences of miR-345-5p (Figure 3A). Luciferase
reporter assay was performed to verify the target
relationship of between DANCR and miR-345-5p.
As shown in Figure 3B, luciferase activity was sig-
nificantly decreased when the miR-345-5p bound to
the DANCR-wt, but there was no change in lucif-
erase activity when combined with DANCR-mut in
HuCCT1 and SG231 cells. In addition, we detect-
ed the expression of miR-345-5p in HuCCT!1 and
SG231 cells transfected with pcDNA-DANCR and
anti- DANCR, respectively. The results showed that
enhanced DANCR expression inhibited miR-345-5p
expression, whereas reduced its expression enhanc-
ing miR-345-5p expression in HuCCT1 and SG231
cells (Figure 3C). Furthermore, the analysis of qRT-
PCR determined that the expression of miR-345-
Sp was down-regulated in CCA tissues and cells
(Figure 3D and 3E). In addition, Pearson’s related
analysis showed that the expression of DANCR was
negatively associated with miR-345-5p expression
in CCA tissues (Figure 3F). Taken together, these
results indicated that DANCR regulated the expres-
sion of miR-345-5p and miR-345-5p was a target
miRNA of DANCR in CAA cells.



HuCCT1
o
g 15

*
< —
oc
<210
z 0
x$
-
S¢o
=1 X 05
PR
3
=]
3
£ oo
Control si-NC si-DANCR

HuCCT1

HuCCT1

N-cadherin

Vimentin

E-cadherin

GAPDH

Relative LncRNA DANCR

HuCCT1

B C Control si-NC si-DANCR
A HucCT1 SG231
$G231 HuCCT1 $G231 g - " 2 N
@ ; @ . —_ H
15 1.0q9 -e- Control 1.07 -~ Control & }i|
—* sl = SFNC 0al = sine 015
S0 g | ™ SFDANCR * o | = siDANCR Y| i e M e,
7 Zos Zos T $G231 g1
o > > Control si-NC si-DANCR 2
&05 8 0.4 8 0.4 w 1 w g. 5
o @ ,. @ o
0.2 0.2 <
0 0. T T T 0.0 T T T A > >
Control  si-NC si-DANCR 24 48 72 2 48 72 & "‘Q\xc’q. & o\“o\xc’q.
i . , 5 oo“ PR <.)o“ F
Time(h) Time(h) E P - 9\.0 ‘}9
Annexin V-FITC
E HuCCT1 Fa
Asi-DéNC_R ) Control Si-NC si-DANCR
: HuCCT1  _SG231 3¢ ; HuCCT1  SG231 c HuCCT1
E3 * — —_— g
g 120 H [ \ng.&g 5 100 P [} 3 20
£ . -] HuCCT1 o
2 s "'fz‘m‘i “{ §° g s
= L ¥ 2w VEGF-A WS aw o
s sc;231 3 F 10
2 40 Control si-NC Si-DANCR @ 4 VEGF-C = " = g
- 9 ' ..’ D
g Ty ) ' '5?' g 2 o 0.5
2 SRy B GAPDH | Wma.
TR o F ; L g 00
L& O ‘ l by : L & ST S > L & x
ST SRS \.‘,* j "5' L ST SSE & & & p
S .S \‘ ‘ 4 ) ~
5 R » = & G 30 : & & & & ¢
Fy
SG231
HuCCT1 $G231 $G231
§ : 5 * 5
£ 51 mm Necadherin *,  N-cadherin SRS £ \cahern H 2
o Vimentin o Vimentin o
s ) - . s
% 2 ER E-cadherin Vimentin | SRS S < | gx E-cadherin H
= £ £
[ . [ [
] E-cadherin | s sl S °
1 24 2
[ o o
3 @ o 9
2 2 9 2
5, NININE: L) GAPDH SRR NNN g
] ° X
E S OL SO L SO & £ o0 L% SLE OO & y O & 2 >
EFF EEF S L O & EFF SEF S S ¥ & CE E¢
& ".:9"‘) o ":9"‘\ e e:?“e &° B ovél & EF O S & ¥ .,‘}\ & "o‘s & "o‘;\
) ) 2 foxd & o o o &

Figure 2. Down-expression of DANCR inhibited cell proliferation, migration, invasion, EMT, angiogenesis and induced apoptosis in CAA cells. (A) qRT-PCR was used to detect
the expression of DNACR in control, si-NC and si-DNACR groups in HuCCT 1 and SG231 cells. (B) MTT assay was applied to measure cell proliferation in control, si-NC and
si-DNACR groups in HuCCT1 and SG231 cells. (C) Flow cytometry was performed to detected cell apoptosis in control, si-NC and si-DNACR groups in HuCCT1 and SG231 cells.
(D and E) Transwell migration and invasion assays were used to measured cell migration (D) and invasion (E) in control, si-NC and si-DNACR groups in HuCCT1 and SG231
cells (100x). (F) Western blot was applied to measure the protein expression of VEGF-A and VEGF-C in control, si-NC and si-DNACR groups in HuCCT1 and SG231 cells. (G)
Western blot was used to detect the protein expression of N-cadherin, Vimentin and E-cadherin in control, si-NC and si-DNACR groups in HuCCT1 and SG231 cells. *p< 0.05.
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Figure 3. miR-345-5p was a target miRNA of DANCR.
(A) The predicted binding sites of DNACR to miR-345-5p
sequence. (B) Luciferase reporter assay was used to deter-
mine the target relationship between DNACR and miR-345-
5p in HuCCT1 and SG231 cells. (C) QRT-PCR was used to
detect the expression of miR-345-5p in pcDNA-NC, pcD-
NA-DNACR, si-NC and si-DNACR groups in HuCCT1 and
SG231 cells. (D) qRT-PCR was used to detect the expression
of miR-345-5p in CAA tissues and adjacent normal tissues.
(E) qRT-PCR was used to detect the expression of miR-345-
Sp in CAA cell lines (HuH28, HuCCT1 and SG231) and
normal cell line (H69). (F) Pearson's correlation analysis
was displayed to ensure the relationship between DNACR
and miR-345-5p in CCA tissues. *p< 0.05.
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DANCR Regulated Cell Progression, EMT
and Angiogenesis Through Targeting
MiR-345-5p in CAA Cells

To prove whether DANCR affected cellular
processes by regulating miR-345-5p expression,
si-DANCR was co-transfected with anti-miR-
345-5p or anti-NC into HuCCT1 and SG231 cells.
Next, we detected the expression of miR-345-5p
in 8i-NC, si-DANCR, si-DANCR + anti-NC and
si-DANCR+anti-miR-345-5p groups in HuCCT1
and SG231 cells. As expected, the expression
of miR-345-5p was significantly induced by
si-DANCR transfection, which was reversed by
inhibiting miR-345-5p expression in HuCCT1
and SG231 cells (Figure 4A). Additionally, cell
proliferation, migration and invasion of si-DAN-
CR groups, was significantly enhanced through
anti-miR-345-5p transfection (Figure 4B, 4D and
4E), but cell apoptosis of si-DANCR groups was
significantly inhibited through anti-miR-345-5p
transfection (Figure 4C) in HuCCT1 and SG231
cells. More than that, the protein of VEGF-A
and VEGF-C was decreased by downregulating
DANCR, which was impaired by inhibition of
miR-345-5p in HuCCT1 and SG231 cells (Fig-
ure 4F). More than that, si-DANCR transfection
inhibited N-cadherin and Vimentin protein and
induced E-cadherin protein, which was reversed
by reducing miR-345-5p expression. In conclu-
sion, these results determined that DANCR reg-
ulated cell progression, EMT and angiogenesis
through targeting miR-345-5p in CAA cells.

MiR-345-5p Directly Targeted Twist1
In CAA Cells

To further determine the regulatory mecha-
nism of DNACR and miR-345-5p, Twist was pre-
dicted as a potential mRNA of miR-345-5p by
using ENCORI (Figure 5A). Luciferase reporter
assay showed that when the miR-354-5p binds
to the Twistl-wt 3’UTR, luciferase activity was
significantly decreased in HuCCT1 and SG231
cells (Figure 5B). RIP assay also showed that the
relative enrichment of Twist was significantly
increased in miR-345-5p groups compared with
that in NC group in HuCCT1 and SG231 cells
(Figure 5C). Interestingly, Twistl expression
was inhibited by miR-345-3p transfection, which
was reversed by upregulating DANCR expres-
sion in HUCCT1 and SG231 cells (Figure 5D).
Moreover, the mRNA and protein expression of
Twist]l was remarkably enhanced in CCA tissues
and cells compared with Normal groups (Fig-
ure S5E, F and G). In addition, we found that the

expression of Twistl was negatively correlated
with the expression of miR-345-5p and positive-
ly correlated with the expression of DANCR in
CAA tissues (Figure SH and 5I). These results
showed that Twistl was a target of miR-345-3p
and involved in the regulatory mechanism of
DANCR/miR-345-3p axis in CCA.

Upregulation of Twist] Reversed the
Effects of High MiR-345-5p Expression
on CCA Cells

Next, the rescue experiment was applied to de-
termine the relationship between miR-345-5p and
Twistl in CCA. As shown in Figure 6A, the ex-
pression of Twistl was inhibited by miR-345-5p
transfection, while the promotion of Twistl could
reverse its effects in HuCCT1 and SG231 cells.
Moreover, upregulated Twistl expression im-
proved cell proliferation inhibited by overexpres-
sion of mIR345-5p in HuCCT1 and SG231 cells
(Figure 6B). Cell apoptosis was induced by miR-
345-5p transfection, which was reversed by high
expression of Twistl in cells (Figure 6C). Other-
wise, the capacity of cell invasive and migration
reduced by overexpressing miR-345-5p was in-
creased by enhancing Twistl expression (Figure
6D and 6E). More than that, the protein expres-
sion of VEGF-A, VEGF-C, N-cadherin and Vi-
mentin was obviously suppressed while the pro-
tein expression of E-cadherin was increased via
increasing miR-345-5p. However, these effects
were alleviated by improving Twistl expression
in cells (Figure 6F and 6G). Thus, these results
showed that miR-345-3p affected cell progression,
EMT and angiogenesis through regulating Twistl
expression in CCA.

Silenced DANCR Expression Inhibited
Tumor Growth In Vivo

To further investigate the function of DAN-
CR in tumor of CCA, sh-NC or sh-DANCR
was transfected into HuCCT1 cells and then
injected into the mice. As shown in Figure
7A and 7B, we found that tumor volume and
weight of sh-DANCR transfection were signifi-
cantly inhibited compared with that of sh-NC
transfection. Additionally, sh-DANCR trans-
fection decreased DANCR expression (Figure
7C). More than that, the protein expression of
VEGF-A, VEGF-C and PCNA was inhibited
and C-caspase 3 was induced by suppression
of DANCR (Figure 7D). Therefore, these data
suggested that silenced DANCR expression in-
hibited tumor growth in vivo.
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Figure 5. miR-345-5p directly targeted Twistl in CAA
cells. (A) The predicted binding sites of Twistl to miR-
345-5p sequence. (B) Luciferase reporter assay was used to
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345-5p in HuCCT1 and SG231 cells. (C) RIP assay was de-
tected to measure the relative enrichment of Twistl in CCA
cells. (D) Western blot was used to detect the expression
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and SG231 cells. (E and F) qRT-PCR and Western blot were
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(HuH28, HuCCT1 and SG231) and normal cell line (H69). (H) Pearson's correlation analysis was displayed to ensure the
relationship between Twist and miR-345-5p in CCA tissues. (I) Pearson's correlation analysis was displayed to ensure the
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Discussion

LncRNAs and miRNAs have been demonstrat-
ed to participate in cell growth, EMT and angio-
genesis in multiple cancers, such as gastric can-
cer, thyroid cancer, breast cancer, bladder cancer
and non-small cell lung cancer'®*. Importantly,
IncRNA MALATI1, FOXMI, miR-15a/16, miR-

342-3p and miR-542-3p have been verified to be
involved in angiogenesis***’, which might also be
related with cell proliferation, cell cycle and cell
growth?32. More than that, IncRNA UCALI could
promote EMT through activating Wnt/beta-cat-
enin signaling pathway* and so on. Therefore,
IncRNAs and miRNAs were important regulators
in cell development and progression.
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In CCA, some IncRNAs and miRNAs have
also been verified to be associated with cell pro-
liferation and chemoresistance, such as TUGI,
ASAPI-IT1, AFAP1-AS1, CCAT2, miR-199-3p,
miR-25°3438 VEGF-A and VEGF-C have been
determined to be upregulated in various cancers
and combined with receptors on vascular endo-
thelial cells, directly promoting the formation of
blood vessels in tumors and eventually leading
to the growth, invasion and metastasis of tu-
mors*-#. N-cadherin, Vimentin and E-cadherin
are the essential proteins in EMT of cancer cells,
reflecting the metabolicness of cancer cells. In
this study, DANCR expression was significantly
increased in CCA tissues and cells and inhibi-
tion of DANCR could inhibit CCA cell prolifer-
ation, migration and invasion, and induced cell
apoptosis. Moreover, reduced DANCR could
inhibit tumor growth in vivo. DANCR played
an important role in cell progression of various

cancers, which was a biomarker in the diagnosis
of cancers***6. Of note, we also found that sup-
pressed DANCR expression inhibited EMT and
angiogenesis in CCA.

To further investigate the regulatory mecha-
nism of DANCR, luciferase reporter assay was
applied to determine that miR-345-5p was a target
miRNA of DANCR. More than that, miR-345-
5p has been reported to be a tumor suppressor in
pancreatic cancer”. In this study, we found that
miR-345-5p expression was decreased in CCA tis-
sues and cells consistent with Yu et al**. Inhibited
miR-345-5p expression could reverse the suppres-
sive effects of si-DANCR on cell growth, EMT
and angiogenesis in CCA, implying that DANCR
regulated CCA cell growth, EMT and angiogene-
sis through targeting miR-345-5p.

Twist-related protein 1 (TWIST1) is a basic
helix-loop-helix transcription factor in humans,
which has been associated with cell determina-
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tion and differentiation®. Twistl, acts as an on-
cogene, and plays an important role in metastasis
and invasion of cancer cells**-*2. Moreover, Twistl
has been reported to be highly expressed in var-
ious cancers and participates in a variety of cell
progressions, such as apoptosis, invasion EMT,
angiogenesis, inflammation and proliferation®-.
Twistl could enhance the ability of invasive via
mesenchymal changes in human glioblastoma®.
In addition, as a target gene, Twistl interacted
with miRNA to affect cell growth and drug re-
sistance, including miR-720, miR-181a, and miR-
381%™, More than that, Twistl was a target gene
of miR-186 in CCA and affects cell progression®.
In this study, Twistl was upregulated in CCA
tissues and cells, consistent with previous stud-
ies®92, Otherwise, overexpression of Twistl ex-
pression could reverse the suppressive effects of
miR-345-5p transfection on cell growth, EMT and
angiogenesis in CCA, implying that miR-345-5p
regulated cell growth via targeting Twistl. Based
on the above results, DANCR/ mir-345-5p/Twistl
axis is an essential regulatory pathway in the cel-
lular progression of CCA.

Although our results identified the function and
a regulatory network of DANCR in CCA, there
must be another regulatory network of DANCR,
which has not been fully explored. In other can-
cers, DANCR has been reported to participate
in cell cycle, chemoresistance and tumor devel-
opment*%* However, further investigations of
DANCR in CCA are needed to investigate the
chemoresistance, prognostic and underlying reg-
ulatory mechanism of CCA.

Conclusions

We demonstrated that DANCR was upregulat-
ed in CCA tissues and cells and affected cell pro-
liferation, invasion, migration, apoptosis, EMT
and angiogenesis by modulating miR-345-5p/
Twistl axis, providing a new regulatory network
and a novel therapy target in CCA.
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