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Abstract: Background: Cholangiocarcinoma (CCA) is a biliary malignancy, which is notoriously difficult to diag-
nose and associated with poor survival. Accumulating evidence indicates that long non-coding RNA Nicotinamide 
Nucleotide Transhydrogenase-antisense RNA1 (NNT-AS1) is overexpressed in several tumors and plays a crucial 
role in the development of neoplasm. However, the expression pattern and functional role of NNT-AS1 in CCA remain 
largely unknown. Methods: NNT-AS1 expression was assessed by RT-qPCR and In Situ Hybridization (ISH) assay. 
The clinical relevance of NNT-AS1 was analyzed using a CCA tissue microarray with follow-up data. The function role 
of NNT-AS1 and its underlying molecular mechanisms were evaluated using both in vitro/in vivo experiments and 
bioinformatics analysis. Luciferase reporter assay, western blot and RT-qPCR were conducted to identify the miRNA/
target gene involved in the regulation of CCA progression. Results: LncRNA NNT-AS1 was found highly expressed in 
CCA. Upregulated NNT-AS1 expression was tightly associated with clinical malignancies and predicted poor progno-
sis of CCA patients. Functional studies showed that NNT-AS1 knockdown inhibited cell proliferation, migration and 
invasion of CCA cells in vitro. Conversely, NNT-AS1 overexpression showed the opposite biological effects. In a tumor 
xenograft model, we confirmed that NNT-AS1 knockdown could significantly inhibit the growth of CCA, while NNT-
AS1 overexpression promoted CCA development. Mechanistically, we demonstrated that NNT-AS1 might function as 
a ceRNA in regulating HMGA2 (high mobility group AT-hook 2) through competitively binding to miR-142-5p in CCA. 
Moreover, we showed that NNT-AS1 regulated epithelial-mesenchymal transition in CCA. Conclusion: In summary, 
these findings suggest the potential prognostic and therapeutic value of NNT-AS1/miR-142-5p/HMGA2 axis in CCA 
patients.
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Introduction

Cholangiocarcinoma (CCA) is the second most 
common neoplasm arising in intrahepatic, peri-
hilar, and extrahepatic biliary tree. Its incidence 
has significantly increased in recent decades 
worldwide [1]. Most patients are diagnosed 
with advanced stages which are not suitable to 
potentially curative surgical therapies [2]. To 
date, patients with CCA have poor survival 
despite treatment with chemotherapy. Dismal 
clinical outcome of CCA is due to, at least in 
part, aggressive biologic behaviors and high 
rate of tumor recurrence [3]. Thus, further eluci-
dation of the underlying molecular mechanism 

of CCA is an important step toward developing 
more novel and effective biomarker and treat-
ment strategies.

Long non-coding RNAs (lncRNAs) are a new 
class of noncoding RNA molecules over than 
200 nt [4]. Over the past decade, mounting evi-
dence has demonstrated that lncRNAs play 
critical roles in human diverse biological pro-
cesses [5]. Additional, lncRNA dysregulation 
has been documented to contribute to neo-
plasm initiation, development and metastasis 
[6]. For example, AFAP1-AS1 was reported sig-
nificantly overexpressed in CCA and promo- 
ted tumor progression through regulating the 
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expression of MMP-2 and MMP-9 [7]. Jiang et 
al. reported that upregulated lncRNA CCAT1 
was significantly associated with aggressive 
malignant behavior and was an independent 
prognostic biomarker for CCA [8]. In addition, 
lncRNA H19 and HULC could promote cell 
migration and invasion in CCA through function-
ing as competing endogenous RNAs (ceRNAs) 
[9]. However, the precise role and underlying 
mechanism of lncRNAs in the CCA develop-
ment and progression remain unknown.

Long non-coding RNA NNT-AS1 locates at 
human chromosome 5p12 with 3 exons. Accu- 
mulating evidence indicated that NNT-AS1 was 
commonly overexpressed in several aggressive 
tumors, including osteosarcoma, cervical can-
cer and colorectal cancer [10-12]. High level of 
NNT-AS1 expression was associated with 
malignancies and poor prognosis, and could 
promote cancer cell proliferation and metasta-
sis [10, 13]. However, neither the biological role 
nor functional mechanism of NNT-AS1 has 
been reported in the progression of cholangio-
carcinoma so far.

axis plays a crucial role in CCA progression and 
serve as potential biomarkers for diagnosis and 
therapeutic target in human CCA treatment.

Materials and methods

Patients and specimens

This study was approved by the research ethics 
committee of the First Affiliated Hospital of 
Zhengzhou University. A total of 98 primary  
CCA samples and matched normal tumor adja-
cent specimens used to analyze NNT-AS1 
expression were obtained from patients who 
received surgical resection at the First Affiliated 
Hospital of Zhengzhou University, China (here-
inafter referred to as the ZZU cohort). All 
patients were informed with consent and com-
pleted follow-up data records. Diagnoses and 
grading were confirmed by two experienced 
independent pathologists based on the 2010 
CCA staging system of the AJCC. The clinico-
pathological features of CCA ZZU cohort were 
listed in Table 1.

Table 1. Correlation of clinico-pathological features with NNT-AS1 
expression in CCA TMA cohort

Clinicopathological variables 
features

NNT-AS1 expression
P-valueLow expression 

(n=42)
High expression 

(n=47)
Age (years) ≤55 22 (52.4) 21 (44.7) 0.486

>55 20 (47.6) 26 (55.3)
Gender Male 25 (59.5) 24 (51.1) 0.423

Female 17 (40.5) 23 (48.9)
Liver Cirrhosis NO 15 (35.7) 16 (34.0) 0.869

YES 27 (64.3) 31 (66.0)
TNM stage Stage I/II 29 (69.0) 20 (42.6) 0.012

Stage III 13 (31.0) 27 (57.4)
Tumor size (cm) ≤5 26 (61.9) 28 (59.6) 0.822

>5 16 (38.1) 19 (40.4)
Intrahepatic metastasis No 28 (66.7) 21 (44.7) 0.037

Yes 14 (33.3) 26 (55.3)
Vascular invasion Absent 26 (61.9) 15 (31.9) 0.004

Present 16 (38.1) 32 (68.1)
Tumor multiplicity Single 27 (64.3) 24 (51.1) 0.208

Multiple 15 (35.7) 23 (48.9)
Tumor envelope No 32 (76.2) 30 (63.8) 0.205

Yes 10 (23.8) 17 (36.2)
HBsAg No 30 (71.4) 29 (61.7) 0.333

Yes 12 (28.6) 18 (38.3)
Survival status Live 34 (81.0) 23 (48.9) 0.002

Dead 8 (19.0) 24 (51.1)

Herein, we investigated 
the expression profile of 
lncRNA NNT-AS1 and fur-
ther explored its biologi-
cal function in CCA. We 
found that NNT-AS1 was 
markedly overexpressed 
in CCA. High level of NNT-
AS1 expression was asso-
ciated with poor progno-
sis and clinical malignan-
cies in CCA patients. NNT-
AS1 knockdown impaired 
cell proliferation and inva-
sion abilities. Meanwhile, 
silencing NNT-AS1 inhibit-
ed the tumor growth in a 
CCA xenograft tumors mo- 
del. Mechanistically, we 
demonstrated that NNT-
AS1 might function as a 
ceRNA in regulating HM- 
GA2 through competiti- 
vely binding to miR-142- 
5p in CCA. Moreover, we 
showed that NNT-AS1 reg-
ulated epithelial-mesen-
chymal transition in CCA. 
Taken together, these find- 
ings indicate that NNT-
AS1/miR-142-5p/HMGA2 
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TCGA expression data sets analysis

The detailed procedures of TCGA analysis were 
described in our previous study [14, 15]. Briefly, 
we downloaded and analyzed gene expression 
profiles and corresponding clinical data of chol-
angiocarcinoma (referred to as the TCGA-CHOL 
cohort) from The Cancer Genome Atlas Project 
(TCGA; http://tcga-data.nci.nih.gov/).

Reverse transcription and real-time quantita-
tive PCR (RT-qPCR)

Total RNA was extracted by Trizol (Takara, Ja- 
pan), and then reversely transcribed to cDNA 
using Reverse Transcription Kits (Applied Bio- 
systems, USA). Quantitative PCR was perfor- 
med by SYBR PCR kits (Takara) on Real Time 
PCR Detection System (Bio-Rad). RNA concen-
tration was measured by Nanodrop (Invitrogen, 
USA). Relative lncRNA levels were normalized 
against β-actin, and calculated using the 2-ΔΔCt 
methods. Each sample was analyzed in 
triplicate.

Cell lines and cell culture

The human CCA cell lines (RBE, HuCCT1, 
QBC939 and TFK1) and nonmalignant cholan-
giocyte cell line HIBEpic was obtained from the 
Cell Bank of Shanghai Institute of Cell Biology. 
All Cells were grown in RPMI 1640 medium 
(Invitrogen, USA) containing 10% fetal bovine 
serum (FBS) (Gibco, USA) with 100 U/ml penicil-
lin/streptomycin at 37°C in a humidified 5% 
CO2 incubator. The cell lines used in present 
study were listed in Supplementary Figure 1.

Western blot

Total protein lysates was extracted and sepa-
rated by SDS-PAGE, and then transferred to 
nitrocellulose membranes (Sigma, USA). Antibo- 
dies against N-cadherin, E-cadherin, MMP2 
and MMP9 (Proteintech, China) were used, and 
actin was used as a loading control. After incu-
bated with the secondary antibody (Proteintech, 
China), the membranes was detected and mea-
sured with the enhanced chemiluminescence 
system. The antibodies used in present study 
were listed in Supplementary Figure 1.

Knockdown or overexpression NNT-AS1 with 
shRNA or gene-encoded lentivirus

ShRNA used to silence NNT-AS1 and the lentivi-
ral vector encoding the full NNT-AS1 sequence 
in present study were designed and provided  
by Hanbio company (Shanghai, China). Before 

transfection, cells (1 × 105) were cultured until 
80% confluence and transfected with same 
virus MOI into CCA cell lines. Then cells were 
cultured with 1.5 μg/mL puromycin (Invitrogen, 
USA) for 36 hours for selection. The transfec-
tion efficacy was assessed by RT-qPCR analy- 
sis. 

Cell growth and colony formation assay

CCK-8 kit (Beyotime, China) was applied to 
investigate cell proliferation. 1 × 104 cells were 
dispensed in a 96-well plate. At indicated time, 
20 µL CCK-8 solution (5 mg/mL) was added 
into each well and dissolved in 150 µL dimeth-
ylsulphoxide (DMSO; USA). The 490 nm absor-
bance was measured by microplate reader 
(Molecular Devices, USA). For colony formation 
assay, treated cells (50 cells/well) were dis-
pensed in a 24-well plate. Following 14 days 
culture, cells were fixed with 4% formaldehyde. 
Then colonies were stained with 0.5% crystal 
violet and calculated (defined as >50 cells).

5-ethynyl-20-deoxyuridine (EdU) assay 

Detailed EdU assay methods were provided in 
the supplemental data of the material and 
methods (Supplementary Figure 1).

Migration and invasion assays

Detailed migration and invasion assays meth-
ods were provided in the supplemental data of 
the material and methods (Supplementary 
Figure 1).

Luciferase reporter assays

WT or mutated 3’-UTR of NNT-AS1 or HMGA2 
sequences were cloned and constructed into 
the pGL3-Luc reporter vector (Promega, USA). 
HEK293 was transfected with the WT or mutat-
ed luciferase reporter vectors, together with 
miR-142-5p mimics or negative control. Relative 
luciferase activity was analyzed using a Dual-
Luciferase Reporter Assay System (Promega, 
USA) 48 h later. 

In situ hybridization (ISH) and immunohisto-
chemistry (IHC) assay 

ISH and IHC staining were performed according 
to our previous study [16, 17]. In brief, TMA slic-
es were washed and incubated with anti-NNT-
AS1 oligodeoxy-nucleotide probes (RiboBio, 
China) at 37°C overnight. Next day, TMA were 
washed with 0.1% Tween-20 and re-stained by 
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DAPI. For IHC analysis, paraffin-embedded 
mice tumor sections were deparaffinized and 
immunostained with antibodies against Ki67, 
N-cadherin, E-cadherin, MMP2 and MMP9 
(Proteintech, China). 

In vivo tumor growth

Xenograft tumors model was established 
according to our previous study [18]. BALB/c 
nude mice (Vital River Laboratory, China) were 
used and grouped into (1) NNT-AS1 silencing 
group (implanted with NNT-AS1 stable knock-
down CCA cell lines) or NNT-AS1 overexpres-
sion group (implanted with NNT-AS1 stable 
overexpression CCA cell lines) (2) Control group 
(implanted with negative control cells). 1 × 107 
cells were implanted into the right axillary fossa 
of nude mice. Tumors were photographed with 
an IVIS@ Lumina II system (Caliper Life Scien- 
ces, USA) every week, while tumor volumes and 
weights were recorded. Tumor volume was cal-
culated by using the equation: length × width2 × 
1/2. All procedures were approved by the 
Experimental Animal Ethics Committee of The 
First Affiliated Hospital of Zhengzhou University.

Statistical analysis

All statistical analyses were conducted using 
SPSS version 23.0 software. Results were pre-
sented as mean ± SD of at least three indepen-
dent experiments. The differences between 
groups were analyzed by Student’s t-test (two-
tailed) or Chi-square test. Student’s t-test (two-
tailed) and Mann-Whitney test were performed 
to analyze the in vitro and in vivo data. The 
Kaplan-Meier and log-rank test method was 
performed to determine survival rate. P values 
less than 0.05 were considered to be statisti-
cally significant.

Results

NNT-AS1 is upregulated in human CCA tissues 
and cell lines

Through TCGA database analysis, we identified 
dysregulated expression of NNT-AS1 in a myri-
ad of cancer types (Figure 1A). The results also 
showed that NNT-AS1 was markedly overex-
pressed in CCA tissues compared with normal 
tissues in TCGA CHOL cohort (Figure 1B). To 

Figure 1. LncRNA NNT-AS1 is upregulated in human CCA tissues and cell lines. A. Analysis of NNT-AS1 expression 
in TCGA database. B. Analysis of NNT-AS1 expression level in normal tissues and CCA tissues in TCGA-CHOL. Bars 
represent median NNT-AS1 level. C, D. Analysis of NNT-AS1 expression in 20-paired normal tissues and CCA tissues. 
E. Expression level of NNT-AS1 in normal intrahepatic biliary epithelial and CCA cell lines. *P<0.05, **P<0.01, Mean 
± SD, unpaired Student’s t-test. 
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further validate the expression pattern of NNT-
AS1 in CCA, 30 pairs of CCA tissues and sur-
rounding bile duct tissues were collected to 
determine the expression of NNT-AS1 by 
RT-qPCR and the results revealed the increased 
expression of NNT-AS1 in CCA tissues (Figure 
1C and 1D). We next measured the expression 
levels of NNT-AS1 in human CCA cell lines. As 
shown in Figure 1E, NNT-AS1 expression was 
significantly higher in CCA cell lines (RBE, 
HuCCT1, QBC939 and TFK1) than that in con-
trol cell line HIBEpic. 

High expression of NNT-AS1 is positively asso-
ciated with clinical malignant and poor progno-
sis in CCA patients

We further performed in situ hybridization (ISH) 
analysis to explore the expression of NNT-AS1 
in CCA tissues and non-tumor control tissues 
(Figure 2A and 2B). We found that NNT-AS1 
expression was significantly higher in CCA tis-
sues compared with that in paired normal bile 
duct tissues. Furthermore, high expression of 
NNT-AS1 was positively correlated with metas-

Figure 2. High expression of NNT-AS1 is positively associated with clinical malignant and poor prognosis in CCA 
patients. A. Representative ISH staining of NNT-AS1 (left panel) and the quantification of NNT-AS1 ISH staining 
scores in CCA tissues and corresponding non-tumor tissues. B. Representative pictures of NNT-AS1 expression with 
different staining scores in CCA tissues. C-E. Analysis the association between NNT-AS1 expression and metastasis, 
vascular invasion and histological differentiation. F, G. The overall survival and disease free survival were analyzed 
by Kaplan-Meier analysis, according to NNT-AS1 expression levels. *P<0.05, **P<0.01, Mean ± SD, unpaired Stu-
dent’s t-test or Kaplan Meier analysis. 
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tasis, vascular invasion and poor histological 
differentiation (Figure 2C-E). Kaplan-Meier 
analysis indicated CCA patients with higher 
NNT-AS1 level had significantly worse overall 
survival (OS) or disease-free survival (DFS) rate 
than those with a lower NNT-AS1 level (Figure 
2F and 2G). 

Furthermore, univariable and multivariable  
Cox proportional hazards analysis were per-
formed to identify the prognostic risk factors  
of OS and RFS. Univariable analyses revealed 
that NNT-AS1 expression, TNM stage, intrahe-
patic metastasis and vascular invasion were 
significant prognostic factors for OS and PFS 
prediction (Table 2). Meanwhile, multivariable 
analysis showed that NNT-AS1 expression  
was an independent predictors of OS (P= 
0.002) and RFS (P=0.038) in patients with CCA 
in addition to TNM stage (Table 2). Taken 
together, these findings indicated that NNT- 
AS1 played a crucial role in the progression  
and may served as a potential target for  
prognosis prediction in CCA patients.

Knockdown of NNT-AS1 suppresses cell prolif-
eration of CCA both in vitro and in vivo 

To explore the biological function of NNT-AS1 in 
CCA, we firstly determined the effect of NNT-
AS1 silencing on cell proliferation through 
shRNA knockdown approach. NNT-AS1 knock-
down efficiency was validated in TFK1 and 
QBC939 cells (Figure 3A and 3B). CCK-8 assay 
showed that cell growth of the NNT-AS1-
silencing TFK1 or QBC939 cells was significant-
ly inhibited compared with that in cells trans-
fected with negative controls (Figure 2C and 
2D). In parallel, EdU assay also demonstrated 
that knockdown of NNT-AS1 effectively inhibit-
ed the cell proliferation (Figure 2E and 2F).

To further evaluate the function of NNT-AS1 on 
CCA cell proliferation in vivo, TFK1 cells stably 
transfected with NC or shNNT-AS1-1 were inoc-
ulated into nude mice. Consistent with the in 
vitro findings, results showed that xenograft 
tumors grown from NNT-AS1-silenced cells had 
markedly less mean luciferase signal than that 

Table 2. Univariate and multivariate analyses of overall survival of studied CCA patients
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value
Univariate and multivariate analysis of overall survival in CCA patients (n=95)
    Age 1.223 0.546-1.365 0.554
    Gender 0.774 0.546-1.365 0.426
    Liver Cirrhosis 1.156 0.876-1.464 0.279
    TNM stage 2.551 1.837-2.905 0.014 2.622 1.960-4.119 0.032
    Tumor size (cm) 1.321 1.108-1.543 0.065
    Intrahepatic metastasis 1.900 1.030-2.966 0.037 2.036 1.754-3.245 0.036
    Vascular invasion 2.006 1.199-3.378 0.022 1.621 0.915-2.814 0.044
    Tumor multiplicity 1.352 1.238-1.659 0.455
    HBsAg 1.307 1.102-1.683 0.200
    NNT-AS1 expression 2.099 1.259-3.346 0.005 1.999 1.704-2.319 0.002
Univariate and multivariate analysis of disease-free survival in CCA patients (n=95)
    Age 1.009 0.599-1.958 0.632
    Gender 0.885 0.477-1.600 0.554
    Liver Cirrhosis 0.674 0.396-1.303 0.222
    TNM stage 2.663 1.701-3.339 2.0189 2.239 1.659-3.51 0.038
    Tumor size (cm) 1.419 1.208-2.047 0.067
    Intrahepatic metastasis 2.045 1.662-3.749 0.038 2.234 1.845-3.563 0.041
    Vascular invasion 3.068 1.479-4.765 0.017 1.984 1.733-2.946 0.047
    Tumor multiplicity 2.996 1.225-6.012 0.308
    HBsAg 1.473 0.603-1.961 0.153
    NNT-AS1 expression 2.108 1.561-2.594 0.025 2.201 1.695-2.602 0.032
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Figure 3. Knockdown of NNT-AS1 suppresses cell proliferation of CCA both in vitro and in vivo. TFK1 or QBC939 cells were transfected with shRNA1/2/3 targeting 
NNT-AS1, respectively. A, B. The NNT-AS1 knockdown efficiency was determined by RT-qPCR. C, D. CCK-8 assay was performed to determine the viability of sh-NNT-
AS1-1/2-transfected TFK1 or QBC939 cells at indicated time points. E, F. EdU staining assay were performed to determine the growth of sh- NNT-AS1-1/2-transfect-
ed TFK1 or QBC939 cells. TFK1 cells stably transfected with sh-NNT-AS1-1 or negative control (NC) were implanted into nude mice. Xenograft tumor was monitored 
for 5 weeks. G, H. Luciferase signal in the NC or sh-NNT-AS1-1 group was determined at indicated time points. I, J. Tumor growth and tumor volume were analyzed 
at indicated time points. Mice were euthanized and tumor tissues were extracted at week 5. Tumor weight was measured. Values are the mean ± SD (n=6/group). 
K, L. H&E and Ki67 IHC staining of xenograft tumors tissues from NC or sh-NNT-AS1-1 group. Mean ± SD, *P<0.05, **P<0.01, unpaired Student’s t-test or one-way 
ANNOVA followed by multiple t-test. Representative images and data are based on three independent experiments.
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Figure 4. Overexpression of NNT-AS1 promotes cell proliferation of CCA both in vitro and in vivo. RBE or HuCCT1 cells were transfected with Lenti-NNT-AS1 or nega-
tive control (NC). A, B. NNT-AS1 expression in RBE or HuCCT1 cells was analyzed by RT-qPCR. C, D. CCK-8 assay was performed to assess the viability of RBE cells 
and HuCCT1 cells after NNT-AS1 overexpression. E, F. EdU staining assay was performed to determine the growth of RBE cells and HuCCT1 cells. RBE cells stably 
transfected with Lenti-NNT-AS1 or negative control (NC) were implanted into nude mice. Xenograft tumor was monitored for 5 weeks. G, H. Luciferase signal in 
the NC or Lenti-NNT-AS1 group was determined at indicated time points. I, J. Tumor growth and tumor volume were analyzed at indicated time points. Mice were 
euthanized and tumor tissues were extracted at week 5. Tumor weight was measured. Values are the mean ± SD (n=6/group). K, L. H&E and Ki67 IHC staining of 
xenograft tumors tissues from NC or Lenti-NNT-AS1 group. Mean ± SD, *P<0.05, **P<0.01, unpaired Student’s t-test or one-way ANNOVA followed by multiple t-test. 
Representative images and data are based on three independent experiments.
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of the tumors developed from NC cells (Figure 
3G and 3H). Correspondingly, tumor volume 
and weight were markedly decreased in the sh-
NNT-AS1 group compared with that in control 
group (Figure 3I and 3J). In addition, compari-
son with that in tumor tissues resected from 
control group, sh-NNT-AS1 derived tumors 
showed significantly weaker proliferation mark-
er ki-67 staining (Figure 3K and 3L). These 
results confirmed the promo-oncogenic role of 
NNT-AS1 in CCA tumorigenesis.

Overexpression of NNT-AS1 promotes cell pro-
liferation of CCA both in vitro and in vivo

To further address the role of NNT-AS1 in CCA 
progression, we overexpressed NNT-AS1 in 
RBE and HuCCT1 cells with Lenti-NNT-AS1 
transduction (Figure 4A and 4B). Functionally, 
we found that NNT-AS1 overexpression signifi-
cantly enhanced the proliferative potential of 
RBE and HuCCT1 cells by CCK-8 assay and EdU 
assay (Figure 4C-F). Furthermore, we subcuta-
neously injected BALB/c nude mice with stably 
NNT-AS1 overexpression RBE cells. After 5 
weeks, xenograft tumors grown from Lenti-
NNT-AS1 cells showed dramatic increased 
mean luciferase signal than that in tumors 
developed from NC cells via ex vivo imaging 
analysis (Figure 4G and 4H). In addition, we 
observed that the tumor growth rate, tumor vol-
ume and tumor weight were markedly increased 
in Lenti-NNT-AS1 group compared to that in 
control group (Figure 4I and 4J). Moreover, 
tumors from Lenti-NNT-AS1 showed higher 
ki-67 expression than that in tumors from NC 
group (Figure 4K and 4L). These gain-of-func-
tion results combined with the loss-of-function 
data revealed that NNT-AS1 facilitated CCA 
growth.

NNT-AS1 promotes CCA cell invasion and mi-
gration via promoting EMT

Given that high expression of NNT-AS1 was 
associated with vascular invasion and progres-
sion in patients with CCA, we further evaluated 
the effect of NNT-AS1 knockdown or overex-
pression on CCA cell migration and invasion. 
Transwell assay revealed that knockdown of 
NNT-AS1 impeded the invasive ability of CCA 
cells (Figure 5A). In parallel, a corresponding 
suppressive effect on migration was also 
observed via wound-healing assay (Figure 5B). 
In contrast, invasion and migration abilities of 

CCA cells were enhanced by NNT-AS1 overex-
pression (Figure 5C and 5D). 

To explore underlying mechanisms of NNT-AS1 
involved in CCA metastasis. Gene set enrich-
ment analysis (GSEA) of the CCA gene expres-
sion profile from TCGA database was conduct-
ed and results showed a significant correlation 
between NNT-AS1 expression and EMT (Figure 
5E-G). We demonstrated that knockdown NNT-
AS1 decreased the expression of N-cadherin, 
MMP2 and MMP9, and enhanced the expres-
sion of E-cadherin. Overexpression NNT-AS1 
showed the opposite effect as shown by west-
ern blot results (Figure 5H). Furthermore, IHC 
analysis confirmed that tumor tissues from sh-
NNT-AS1-1 group exhibited decreased expres-
sion of N-cadherin, MMP2 and MMP9, as well 
as increased expression of E-cadherin (Figure 
5I). Collectively, these data suggested that 
repression of NNT-AS1 could suppress the 
migration and invasion of CCA cells, at least in 
part, by regulating the EMT.

NNT-AS1 directly interacts with miR-142-5p as 
miRNA sponge

To explore how NNT-AS1 regulates CCA pro-
gression and metastasis, we performed bioin-
formatics analysis to search for the potential 
targets of NNT-AS1. As shown in Figure 6A, 
miR-142-5p was predicted to have the putative 
binding sites with NNT-AS1. Pearson correla-
tion analysis showed that NNT-AS1 expression 
was negatively associated with miR-142-5p 
expression (Figure 6B). We also found that the 
expression of miR-142-5p in CCA tissues was 
markedly lower than that in non-tumor control 
tissues in TCGA-CHOL cohort (Figure 6C). 
Consistently, the results showed that CCA cell 
lines (RBE, HuCCT1, QBC939 and TFK1) had 
significantly lower miR-142-5p expression than 
that in control cell line HIBEpic (Figure 6D). 
Previous study has shown that multiple lncRNAs 
are known to function as competing endoge-
nous RNA (ceRNAs) for specific miRNAs [19]. 
While overexpression NNT-AS1 significantly 
inhibited miR-142-5p expression (Figure 6E), 
NNT-AS1 knockdown increased miR-142-5p 
expression (Figure 6F). Luciferase reporter 
assay showed that miR-142-5p mimics signifi-
cantly inhibited the luciferase activity in 
HEK293 cells transfected with reporter vector 
containing wild type NNT-AS1, but not with 
mutant NNT-AS1 (Figure 6G). 
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Figure 5. NNT-AS1 promotes CCA cell invasion and migration via promoting EMT. A. TFK1 or QBC939 cells were transfected with shNNT-AS1-1 or negative control 
(NC). Transwell assay was performed to evaluate the cell invasion. B. TFK cells were transfected with shNNT-AS1-1 or NC. Wound-healing assay was conducted to 
evaluate the cell migration capability. C. RBE or HuCCT1 cells were transfected with Lenti-NNT-AS1-1 or NC. Transwell assay was performed to evaluate the cell 
invasion. D. RBE cells were transfected with Lenti-NNT-AS1-1 or NC. Wound-healing assay was conducted to evaluate the cell migration capability. E-G. Gene Set 
Enrichment Analysis indicated a significant correlation between NNT-AS1 expression and EMT. H. Western blot analysis of E-cadherin, N-cadherin, MMP2 and MMP9 
in TFK1 cells transfected with shNNT-AS1-1 or NC, or in RBE cells transfected with Lenti-NNT-AS1 or NC. I. IHC staining analysis of E-cadherin, N-cadherin, MMP2 
and MMP9 in tumor tissues from NNT-AS1 silencing or overexpression group. Scale bar, 100 μm. Mean ± SD, *P<0.05, **P<0.01, unpaired Student’s t-test. Repre-
sentative images and data are based on three independent experiments.
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To further validate the interaction between miR-
1425p and NNT-AS1, RBE or HuCCT1 cells were 
transfected with miR-142-5p mimics or mock 
control, with/without NNT-AS1 overexpression 
vector. Cell proliferation assessed by CCK-8, 
colony formation and transwell assays showed 

that while overexpression of miR-142-5p sup-
pressed cell proliferation, colony formation and 
cell invasion of RBE or HuCCT1 cells, overex-
pression of NNT-AS1 partially reversed the sup-
pressive effect of miR-142-5p in these cells 
(Figure 7A-C). These results confirmed the 

Figure 6. NNT-AS1 directly interacts with miR-142-5p as miRNA sponge. (A) Diagram of the putative binding sites 
of miR-142-5p on NNT-AS1 (WT) and the mutated sequences of NNT-AS1 (Mut). (B) Pearson correlation analysis 
of NNT-AS1 expression and miR-142-5p expression in CCA tissues. (C) The expression levels of miR-142-5p in CCA 
tissues and normal control tissues were analyzed based on TCGA. (D) The expression levels of miR-142-5p in CCA 
cell lines (RBE, HuCCT1, QBC939 and TFK1) and nonmalignant cell line HIBEpic were analyzed by qRT-PCR. (E, F) 
HEK293 cells were transfected with negative control (NC), pcDNA3.1-NNT-AS1, miR-142-5p mock, or miR-142-5p 
mimics and the expression of miR-142-5p (D) or NNT-AS1 (E) was analyzed by qRT-PCR. (G) The WT or mutated 
NNT-AS1 was fused to the luciferase-coding region and co-transfected into HEK293T cells with miR-142-5p mimics. 
Relative luciferase activity was determined 48 h after transfection. Data are presented as mean ± SD; Student’s 
t-test, *P<0.05 and **P<0.01. Pearson analysis was used to calculate the correlation between the expression of 
NNT-AS1 and miR-142-5p. 
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interaction between miR-142-5p and NNT-AS1 
cooperatively regulated CCA cells proliferation 
and invasion. 

MiR-142-5p negatively regulates High Mobility 
Group AT-Hook 2 (HMGA2) expression by tar-
geting 3’-UTR of HMGA2

To further investigate the potential target of 
miR-142-5p, we searched for miR-142-5p tar-
gets by online bioinformatics tool TargetScan. 
Intriguingly, HMGA2 was identified to have 
putative binding sites of miR-142-5p (Figure 

8A). Consistently, the expression of HMGA2 
was significantly negative-associated with the 
expression of miR-142-5p (Figure 8B). In addi-
tion, dual luciferase reporter assay showed 
that miR-142-5p mimics inhibited luciferase 
activity in HEK293 cells transfected with the 
reporter plasmid containing WT HMGA2 3’-UTR, 
while no significant suppression was found in 
HEK293 cells transfected with the reporter 
plasmid containing the mutant HMGA2 3’-UTR 
(Figure 8C). Moreover, HMGA2 mRNA and pro-
tein levels were dramatically decreased by ecto- 
pic miR-142-5p overexpression and increased 

Figure 7. Overexpression of NNT-AS1 partially reverses the suppressive effect of miR-142-5p in CCA cells. RBE or 
HuCCT1 cells were transfected with miR-142-5p mock or miR-142-5p mimics, with or without NNT-AS1 overexpres-
sion vector. A. Cell proliferation of RBE or HuCCT1 was analyzed at indicated time points by CCK-8 kit. B, C. Colony 
formation and cell invasion of RBE cells were analyzed by colony formation assay and transwell assay, respectively. 
Data are presented as the mean ± SD; Using the Student’s t-test for statistical analysis. *P<0.05 and **P<0.01.
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when transfected with miR-142-5p inhibitor in 
RBE or HuCCT1 cells (Figure 8D, 8E). We also 
demonstrated that knockdown HMGA2 decrea- 
sed the EMT-related N-cadherin, MMP2, and 
MMP9 expression while enhanced E-cadherin 
expression (Figure 8F). Together, these data 
validated that miR-142-5p directly regulated 
HMGA2 expression by targeting the 3’-UTR of 
HMGA2.

Discussion

Cholangiocarcinoma is a highly malignant bili-
ary tumor with poor outcome. It has been well 
proven that lncRNAs can influence various 
tumorigenesis processes by multiple mecha-
nisms [6]. In the past decades, promising evi-
dence has shown that lncRNAs are important 
factors in cancer and dysregulation of lncRNAs 

Figure 8. MiR-142-5p negatively regulates High Mobility Group AT-Hook 2 (HMGA2) expression by targeting 3’-UTR of 
HMGA2. A. Graphical representation of the potential binding sites between miR-142-5p and HMGA2. B. Correlation 
between HMGA2 and miR-142-5p was analyzed by Pearson’s correlation curve. C. Luciferase reporter assay was 
performed and the relative luciferase activity was tested after co-transfection with HMGA2 wide type, HMGA2 mu-
tant type and miR-142-5p mimic. D, E. RBE or HuCCT1 cells were transfected with miR-142-5p mimics, inhibitor or 
negative controls. The mRNA and protein expression levels of HMGA2 were analyzed by RT-qPCR and western blot. 
F. Western blot analysis of E-cadherin, N-cadherin, MMP2 and MMP9 in HuCCT1 cells treated with siRNA targeting 
HMGA2 or negative group. Mean ± SD, *P<0.05 and **P<0.01, unpaired Student’s t-test. Representative images 
and data are based on three independent experiments.
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contributed to potential pathophysiological in 
various human cancer types [20]. Thus, the 
identification of lncRNAs associated with CCA 
progression may provide in-depth understand-
ing on the progression of CCA.

In the current study, we revealed that lncRNA 
NNT-AS1 was dramatically upregulated in CCA 
and high NNT-AS1 expression was associated 
with differentiation, depth of invasion, TNM 
stage and worse prognosis. Multivariate analy-
ses indicated that NNT-AS1 could be a novel 
and effective biomarker for risk prognostica-
tion. Consistent with our study, several studies 
reported that upregulated NNT-AS1 could be 
severed as a dependent negative prognostic 
factor for cancer. For example, NNT-AS1 was 
found with enhanced expression in human 
osteosarcoma, cervical, colorectal, breast, liver 
and ovarian cancer. Additional, up-regulated 
NNT-AS1 was correlated with clinical malignan-
cies and poor prognosis of these malignancies 
[7, 10-13, 21-25]. Together, our findings sug-
gest that NNT-AS1 overexpression represents 
an excellent biomarker of poor prognosis in 
CCA.

Next, we explored the biological function of 
NNT-AS1 in CCA. We found that NNT-AS1 knock-
down led to significant inhibition of CCA cell pro-
liferation, migration and invasion, while NNT-
AS1 overexpression promoted cell invasion and 
cell viability in vitro and in vivo. These findings 
indicate that NNT-AS1 plays a crucial role in the 
CCA progression, stimulating novel therapeutic 
directions considering NNT-AS1 as a potential 
therapeutic target in CCA. In agreement with 
our results, Wang et al. reported that NNT-AS1 
depletion inhibited cell proliferation and colony 
formation in colorectal cancer [13]. Hua et al. 
indicated that NNT-AS1 enhanced cell prolifera-
tion and invasion through activating Wnt/β-
catenin pathway in cervical cancer [10]. Li et al. 
showed that NNT-AS1 accelerated cell migra-
tion and invasion in CCA and functioned as a 
sponge to bind to miR-142-3p [23]. Intriguingly, 
we also demonstrated that NNT-AS1 functioned 
as a ceRNA to bind to miR-142-5p. MiR-142-5p 
expression was negatively correlated with NNT-
AS1 expression in CCA. These data indicate 
that NNT-AS1 might act as an oncogene in the 
development of CCA, also could be considered 
as a potential therapeutic target. However, the 
underlying mechanism of NNT-AS1-regulated 
CCA tumorigenicity remains to be elucidated.

It is widely accepted that EMT is involved in 
tumor metastasis and the characteristics of 
EMT include the inhibited E-cadherin, increased 
N-cadherin and Vimentin expression as well as 
enhanced MMP members protein [26, 27]. A 
growing body of evidence revealed that LncRNA 
played a crucial role in the incidence of metas-
tasis through regulating EMT [28, 29]. Zhao et 
al. observed that lncRNA TUG1 promoted Pan- 
creatic carcinoma progression through enhanc-
ing EMT phenotype [30]. Yan et al. demonstrat-
ed that upregulated SNHG6 was related with 
invasion and promoted gastric cancer cell EMT 
[31]. In addition, overexpressed lncRNA Plnc- 
RNA-1 could promote metastasis through 
inducing EMT in hepatocellular carcinoma [32]. 
In accordance with above previous reports, we 
found significant changed EMT markers after 
NNT-AS1 silencing or overexpression. Further- 
more, we demonstrated that miR-142-5p dire- 
ctly targeting HMGA2, which was reported to 
induce EMT in human hepatocellular carcino-
ma cells [33]. Consistently, the GSEA showed 
high NNT-AS1 expression was markedly corre-
lated with gene signatures of EMT. These 
results indicate that NNT-AS1/miR-142-5p/
HMGA2 might promote the potential of CCA 
metastasis partly by enhancing EMT.

Although our study did not provide direct evi-
dence whether the changes in EMT were 
required for the regulation of CCA cell prolifera-
tion and metastasis by NNT-AS1, numerous 
previous studies have implicated EMT process 
in the regulation of cell proliferation and metas-
tasis. In this context, it is reasonable for us to 
conclude that NNT-AS1 promotes CCA cell 
metastasis via NNT-AS1 mediated regulation of 
EMT. Further investigation for NNT-AS1 relative 
to CCA metastasis is needed.

Conclusion

In summary, these findings suggest the poten-
tial prognostic and therapeutic value of NNT-
AS1/miR-142-5p/HMGA2 axis in CCA patients. 
Although there is still a long way to go before 
the advent of lncRNA-based tumor therapy, our 
present study will undoubtedly enhance our 
knowledge of how NNT-AS1/miR-142-5p/HM- 
GA2 functions in CCA, allowing us to better 
understand the pathogenesis and develop-
ment of CCA.
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Supplementary Figure 1. Original western images for all relevant western blots.


