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ABSTRACT
Hepatocellular carcinoma (HCC) is a worldwide health problem and it is important
to understand the mechanistic roles of the biomolecules involved in its pathogenesis.
Long non-coding RNAs (lncRNAs) are frequently and aberrantly expressed in various
human cancers and are known to play a role in cancer pathogenesis. The aim of
this study was to analyze the expression of lncRNA-ATB in HCC and investigate the
implications for prognoses.
In total, 100 samples of HCC tissues and their corresponding, adjacent, noncancerous liver tissues were collected. Total RNAs were extracted and the expression
levels of lncRNA-ATB were measured by qRT-PCR. The association of lncRNA
expression with clinicopathological features and patient survival were then analyzed.
LncRNA-ATB was significantly upregulated in HCC tissues compared with the
levels in corresponding non-cancerous tissues. Expression of lncRNA-ATB was
significantly associated with portal vein thrombosis, intrahepatic or extrahepatic
metastases, mUICC stage, and the BCLC stage. Large tumors (> 5 cm, HR = 3.851,
95% CI = 1.431–10.364, p = 0.008) and higher lncRNA-ATB expression (HR = 4.158,
95% CI = 1.226–14.107, p = 0.022) were the significant prognostic factors for overall
survival.
With this novel evidence of the involvement of lncRNA-ATB in HCC pathogenesis
and clinical features, lncRNA-ATB can be concluded to have potential as a biomarker
for the prognosis of HCC and as a targeted therapy for afflicted patients.

INTRODUCTION

due to the challenges encountered with its treatment. In
many cases, HCC is diagnosed at an advanced stage,
which limits treatment options and affects prognosis [2].
Moreover, HCC shows a variety of clinical results due to

Hepatocellular carcinoma (HCC) is one of the
leading causes of cancer-related deaths worldwide [1]
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the etiology of liver disease, underlying liver functions,
and tumor biology, even for tumors at the same cancer
stage. Unfortunately, alpha-fetoprotein (AFP), which
currently is used widely as a biomarker for HCC, lacks
specificity for HCC screening and diagnosis [3]. Other
biomarkers, such as des-gamma carboxyprothrombin
and fucosylated AFP, have been investigated for their
clinical efficacy but have also shown low accuracy [4].
Recently, due to tumor molecular heterogeneities of
HCC that were found to result in outcome differences,
non-coding RNAs and microRNAs are now considered
to be novel potential prognostic biomarkers. Therefore,
it is necessary to find a novel biomarker for prognostic
prediction that in addition to HCC diagnosis and
surveillance can enable curative treatment of the disease
and improve patient survival.
The development of RNA sequencing technologies
has led to the discovery of a wide range of noncoding RNA genes, including long non-coding RNAs
(lncRNAs), broadly defined as endogenous cellular
non-coding RNA molecules that are longer than 200
nucleotides. LncRNAs perform multiple functions,
such as signals, decoys, guides, and scaffolds [5, 6]. As
indicated by many studies, lncRNAs are frequently and
aberrantly expressed in various human cancers, having
potential roles as both oncogenes and tumor suppressors
[7]. In addition, recent studies have suggested that
lncRNAs could be potential prognostic biomarkers for
multiple cancers [8–10].
The lncRNA activated by tumor growth factorbeta (TGF-β) (LncRNA-ATB) and lncRNA maternally
expressed gene 3 (lncRNA-MEG3) are known to function
as an oncogene and a tumor suppressor gene, respectively.
One study showed that lncRNA-ATB might be involved
in the progression of colorectal cancer and could be a
novel indicator of poor prognosis in afflicted patients [11].
Another study demonstrated that lncRNA-ATB plays an
important role in the epithelial–mesenchymal transition
(EMT) by promoting invasion and metastasis through
the TGF-β/microRNA 200 (miR-200)/zinc finger E-boxbinding homeobox (ZEB) axis, resulting in poor prognoses
for gastric cancer [12]. Recently, lncRNA-ATB was shown
to induce EMT, promote tumor cell invasion, and play a
key role in distant metastasis of HCC [13]. EMT converts
cancerous epithelial cells to mesenchymal-like cells by
giving them migratory and invasive properties, which
enables primary tumor cells to move, colonize distant
organs, and form secondary tumors. EMT is known to
be regulated by a complex signaling network involving
both transcriptional and post-transcriptional regulatory
pathways.
LncRNA-MEG3, which is part of the DLK1-MEG3
locus located on chromosome 14q32 [14], is usually either
normally or highly expressed in various tissues, including
liver [15], brain and meninges [16], lung [17], and bladder
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[18]. However, its expression is downregulated in many
cancers [18–22], including HCC [23], where it is predicted
to act as a tumor suppressor in the pathogenesis and
progression of cancers. According to a previous study,
lncRNA-MEG3 is considered to be involved in p53
regulation and has a concomitant effect on cell survival
and proliferation [24].
Therefore, we carried out this study to assess the
possibility that lncRNAs could serve as biomarkers for
HCC prognostic prediction. We observed the expression
levels of lncRNA-ATB and lncRNA-MEG3 in tissue
samples from HCC patients and analyzed their correlations
with clinicopathological features, disease recurrence, and
survival of HCC patients.

RESULTS
Overexpression of lncRNA-ATB and lncRNAMEG3 in HCC tissues
LncRNA-ATB expression was significantly
upregulated in HCC tissues (fold change = 2.4; p = 0.033),
whereas that of lncRNA-MEG3 was down-regulated (fold
change = 0.4; p = 0.047), compared with the levels in the
corresponding non-cancerous liver tissues (Figure 1).

Baseline characteristics of 100 HCC patients
As shown in Table 1, the mean age of the patients
was 60 years (range: 32–88 years), and the majority were
male (n = 88, 88.0%). The Child-Turcotte-Pugh (CTP)
classes were class A for 80 (80.0%) patients and class B for
20 (20.0%) patients. The etiologies of liver disease were
viral hepatitis (n = 78, 78.0%), alcohol (n = 16, 16.0%),
and cryptogenic (n = 6, 6.0%). Portal vein thrombosis was
observed in 29 (29.0%) patients. Forty-seven cases of
HCC were stage I or II and 53 cases were stage III or IV,
according to the modified Union for International Cancer
Control (mUICC) stages.

Correlation between lncRNA-ATB expression
and clinical features in HCC patients
We analyzed the association between lncRNA-ATB
and lncRNA-MEG3 expression and the HCC clinical
characteristics (Table 2). Portal vein thrombosis (p =
0.028), intrahepatic or extrahepatic metastases (p = 0.017),
mUICC stage (p = 0.011), and the Barcelona Clinic Liver
Cancer (BCLC) stage (p = 0.002) were clinical factors
that correlated with a higher expression of lncRNA-ATB.
In contrast, lncRNA-MEG3 expression did not show any
correlation with these clinical factors. Figure 2 shows
how lncRNA-ATB expression distributed according to the
cancer stages (mUICC and BCLC).
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Correlation of lncRNA-ATB expression and
survival of HCC patients

HR = 5.030, 95% CI = 2.550–9.920, p < 0.001), poor CTP
class (HR = 2.110, 95% CI = 1.000–4.440, p = 0.005),
higher lncRNA-ATB expression (HR = 3.690, 95% CI
= 1.440–9.920, p < 0.001), and higher AFP level (> 200
mg/dL, HR = 2.300, 95% CI = 1.210–4.380, p = 0.012)
were significant prognostic factors for progression-free
survival. In the multivariate analysis, large tumors (> 5
cm, HR = 5.704, 95% CI = 2.303–14.128, p < 0.001) and
higher lncRNA-ATB expression (HR = 2.971, 95% CI =
1.121–7.872, p = 0.029) were the prognostic factors for
progression-free survival.
Similar to the overall survival, progression-free
survival was significantly different according to the level
of expression of lncRNA-ATB (Figure 3B).

Because lncRNA-MEG3 did not show any
correlation with the clinicopathological factors, we
focused only on lncRNA-ATB for further analysis of the
prognostic clinical factors affecting the overall survival
of 75 HCC patients. These patients had surgical resection
(n = 19), radiofrequency ablation (n = 22), transarterial
chemoembolization (n = 5), Sorafenib treatment (n = 10),
and best supportive care (n = 19). Death events occurred in
one case out of 12 cases in stage I, three out of 22 in stage
II, six out of 15 in stage III, and 21 out of 26 in stage IV.
Progression events occurred in four cases out of 12 cases
in stage I, nine out of 22 in stage II, nine out of 15 in stage
III, and 24 out of 26 in stage IV.
In the univariate analysis, large tumors (> 5 cm,
hazard ratio (HR) = 5.320, 95% confidence interval
(CI) = 2.360–11.970, p < 0.001), poor CTP class (CTP B,
HR = 2.510, 95% CI = 1.120–5.650, p = 0.025), higher
lncRNA-ATB expression (HR = 5.530, 95% CI = 1.680–
18.230, p = 0.002), and higher AFP level (> 200 mg/dL,
HR = 3.070, 95% CI = 1.510–6.230, p = 0.005) were
significant prognostic factors for overall survival. In the
multivariate analysis, large tumors (> 5 cm, HR = 3.851,
95% CI = 1.431–10.364, p = 0.008) and higher lncRNAATB expression (HR = 4.158, 95% CI = 1.226–14.107,
p = 0.022) were the prognostic factors for overall survival
(Table 3).
The overall survival of patients was significantly
different according to the level of expression of lncRNAATB (Figure 3A).

DISCUSSION
The aim of this study was to determine the clinical
relevance of the expression of lncRNAs in HCC. We found
associations of lncRNA-ATB with clinicopathological
features and its expression was increased in HCC tissues.
To the best of our knowledge, this is the first report to
validate the clinical significance of lncRNA-ATB in HCC
patients ever since the function of this lncRNA in EMT in
HCC was reported [13].
LncRNA-ATB, which is activated by TGF-β, has
been reported in many studies relating to other varieties
of cancers [11, 12, 25–32] and diseases [33, 34]. It was
first identified in HCC metastases. TGF-β signaling has
an important role in suppressing the growth of normal
epithelial cells, while it promotes metastasis in many
tumor cells by tightly controlling the EMT process [35].
TGF-β-activated lncRNA-ATB upregulates ZEB1 and 2
by competitively binding to miR-200 family members
[12, 13]. It is also known to suppress E-cadherin, a
tumor suppressor gene that inhibits the progression of
epithelial tumor cells via EMT suppression [13, 27]. In
addition, lncRNA-ATB promotes organ colonization of
disseminated tumor cells by binding to interleukin-11

Correlation of lncRNA-ATB expression with
progression-free survival of HCC patients
We next analyzed the prognostic clinical factors
affecting the progression-free survival of HCC patients
(Table 4). In the univariate analysis, large tumors (> 5 cm,

Figure 1: Analysis of lncRNA-ATB (A) and lncRNA-MEG3 (B) in HCC and corresponding non-cancerous (NC) tissues. (FC: fold
change).
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Table 1: Baseline characteristics of the 100 HCC patients
Clinical characteristics
Age (years)
Gender
male
female
Etiology
HBV
HCV
Alcohol
HBV & HCV
Cryptogenic
Number of tumors
Single
Multiple
Size of tumor
≤ 5 cm
> 5 cm
PVT
no
yes
Modified UICC stage
I–II
III–IV
BCLC stage
0–A
B–C
CTP class
A
B
AST (U/L)
ALT (U/L)
Bilirubin (mg/dL)
Albumin (g/dL)
Prothrombin time (sec)

Total (n = 100)
60.2 ± 11.5

80 (80.0%)
20 (20.0%)
45.0 (27.5–73.5)
32.0 (23.5–47.5)
0.8 (0.5–1.3)
3.9 (3.3–4.1)
12.3 (11.5–13.6)

AFP (ng/mL)

21.1 (5.3–486.3)

88 (88.0%)
12 (12.0%)
68 (68.0%)
9 ( 9.0%)
16 (16.0%)
1 (1.0%)
6 ( 6.0%)
52 (52.0%)
48 (48.0%)
54 (54.0%)
46 (46.0%)
71 (71.0%)
29 (29.0%)
47 (47.0%)
53 (53.0%)
41 (41.0%)
59 (59.0%)

Note: HBV, hepatitis B virus; HCV, hepatitis C virus; PVT, portal vein thrombosis; ALT, alanine transaminase; AST, aspartate
transaminase.
mRNA and triggering the STAT3 signaling pathway
[13, 36]. LncRNA-ATB promotes cancer cell invasion by
inducing the EMT process, which is widely known as a
mechanism controlling early events during the metastatic
dissemination of cancer cells.
Ever since lncRNA-ATB was first discovered to be
involved in HCC metastasis, there have been few studies
about the association of its expression with HCC clinical
www.impactjournals.com/oncotarget

data. Therefore, we analyzed the clinical relevance of
lncRNA-ATB in HCC patients. Our results confirmed that
lncRNA-ATB is upregulated in HCC tissues compared
with its levels in matched, adjacent, non-cancerous liver
tissues. Moreover, it is upregulated more in HCCs with
portal vein thrombosis and intrahepatic or extrahepatic
metastases than in HCCs without those characteristics.
These results verified the correlation of lncRNA-ATB
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Table 2: Baseline characteristics of the enrolled HCC patients according to lncRNA-ATB
expression
Clinical
characteristics
Age (years)
≤ 60
> 60
Gender
male
female
CTP class
A
B
Tumor number

LncRNA-ATB expression
Low (n = 25) High (n = 50)
p-value

LncRNA-MEG3 expression
Low (n = 66)
High (n = 21)

0.219

0.412

10 (41.7%)

29 (56.9%)

32 (48.5%)

13 (61.9%)

14 (58.3%)

22 (43.1%)

34 (51.5%)

8 (38.1%)

58 (87.9%)
8 (12.1%)

18 (85.7%)
3 (14.3%)

54 (81.8%)
12 (18.2%)

17 (81.0%)
4 (19.0%)

0.158a
18 (75.0%)
6 (25.0%)

46 (90.2%)
5 (9.8%)

1.000

0.531a
21 (87.5%)
3 (12.5%)

41 (80.4%)
10 (19.6%)

1.000

0.797

0.952

single

13 (54.2%)

26 (51.0%)

32 (48.5%)

11 (52.4%)

multiple

11 (45.8%)

25 (49.0%)

34 (51.5%)

10 (47.6%)

17 (70.8%)
7 (29.2%)

25 (49.0%)
26 (51.0%)

35 (53.0%)
31 (47.0%)

11 (52.4%)
10 (47.6%)

Tumor size(cm)
≤5
>5
PVT
no
yes

0.076

32 (62.7%)

3 (12.5%)

19 (37.3%)

Metastasis

0.223
49 (74.2%)

12 (57.1%)

17 (25.8%)

9 (42.9%)

0.017*

no

17 (70.8%)

21 (41.2%)

yes

7 (29.2%)

30 (58.8%)

mUICC stage
I–II
III–IV
BCLC stage
O–A
B–C
AFP (ng/mL)
≤ 200
> 200

1.000

0.028*
21 (87.5%)

0.142
48 (72.7%)

11 (52.4%)

18 (27.3%)

10 (47.6%)

0.011

0.645

*

16 (66.7%)
8 (33.3%)

18 (35.3%)
33 (64.7%)

31 (47.0%)
35 (53.0%)

8 (38.1%)
13 (61.9%)

0.002*
15 (62.5%)
9 (37.5%)

13 (25.5%)
38 (74.5%)

19 (79.2%)
5 (20.8%)

33 (64.7%)
18 (35.3%)

p-value

0.726
27 (40.9%)
39 (59.1%)

7 (33.4%)
14 (66.6%)

49 (74.2%)
17 (25.8%)

12 (57.1%)
9 (42.9%)

0.205

0.223

Note : PVT, portal vein thrombosis
a
: Fischer’s exact test
*
p < 0.05.

expression with HCC progression and metastasis.
LncRNA-ATB levels also turned out to be a significant
prognostic factor for overall survival and progressionfree survival of afflicted patients. An expression level
of lncRNA-ATB for discriminating between death and
survival was determined by the cutoff value from the
receiver operating characteristic curve. The sensitivity and
specificity of lncRNA-ATB expression for the prediction
www.impactjournals.com/oncotarget

of death were 90.3% and 50.0%, respectively, and for
the prediction of progression were 81.4% and 53.1%,
respectively.
However, there were some limitations to this study.
First, there were a few instances of selection bias. Because
there were insufficient amounts of some HCC samples
to analyze both lncRNA-ATB and lncRNA-MEG3 and,
furthermore, some clinical data of patients were missing
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Table 3: Univariate and multivariate analyses of clinical factors and lncRNA-ATB expression
associated with overall survival
Univariate analysis
Age (> 60 years)
Number of tumors
(multiple vs. single)
Size of tumors (> 5 cm)
CTP class
LncRNA-ATB
(high vs. low)
AFP (> 200 ng/mL)

Multivariate analysis

Hazard ratio (95% CI)

p-value

Hazard ratio (95% CI)

p-value

0.860 (0.420–1.740)

0.673

0.900 (0.440–1.820)

0.767

5.320 (2.360–11.970)
2.510 (1.120–5.650)

< 0.001
0.025*

3.851 (1.431–10.364)
1.443 (0.618–3.367)

0.008*
0.396

5.530 (1.680–18.230)

0.002*

4.158 (1.226–14.107)

0.022*

3.070 (1.510–6.230)

0.005*

1.185 (0.506–2.778)

0.696

Note: CI, confidence interval
*
p < 0.05.

Table 4: Univariate and multivariate analyses of clinical factors and lncRNA-ATB expression
associated with progression-free survival
Univariate analysis

Multivariate analysis

Hazard ratio (95% CI)

p-value

0.830 (0.440–1.550)

0.554

1.010 (0.540–1.870)

0.987

5.030 (2.550–9.920)

CTP class
LncRNA-ATB (high vs. low)

Age (> 60 years)
Number of tumors (multiple vs.
single)
Size of tumors (> 5 cm)

AFP (> 200 ng/mL)
Note: CI, confidence interval
*
p < 0.05.

Hazard ratio (95% CI)

p-value

< 0.001*

5.704 (2.303–14.128)

< 0.001*

2.110 (1.000–4.440)

0.005*

0.963 (0.416–2.228)

0.930

3.690 (1.440–9.920)

< 0.001

2.971 (1.121–7.872)

0.029*

2.300 (1.210–4.380)

0.012*

0.619 (0.270–1.419)

0.257

before their specimens were obtained, we excluded
those cases. Therefore, 75 cases were finally analyzed
for lncRNA-ATB and 87 cases for lncRNA-MEG3.
Moreover, biopsy or surgical resection can be done in
patients who preserve better liver function, such as those
with CTP class A or B, which also results in selection bias.
Second, because tissue samples were obtained mostly by
percutaneous liver biopsy, it was impossible to check for
microvascular invasion or the histological grade of an
entire sample. Pathological features, such as microvascular
invasion, histological grade, lymphatic invasion, or cell
type, are known to be important factors affecting survival
in HCC. In addition, in the case of advanced large tumors,
a needle biopsy cannot reflect tumor heterogeneity. Third,
study samples were relatively small and the follow-up
period was not enough to observe the long-term outcome
of the patients. Since lncRNA-ATB expression, treatment
modalities, and cancer stage can all affect survival and
www.impactjournals.com/oncotarget

*

progression, we analyzed overall survival and progressionfree survival in subgroups that had the same cancer stage
or received the same treatment according to the expression
of lncRNA-ATB. However, results showed no statistical
differences between high-expression and low-expression
patients. This is because stage IV patients have higher
expression of lncRNA-ATB and almost all patients died
or progressed during the period. More study samples are
needed to overcome this limitation. In contrast, during the
follow-up period, death or progression rarely occurred
in stage I and II HCC patients. The study period was too
short to analyze the overall and progression-free survivals
of stage I and II patients. Further investigation with more
study patients and a longer observation period is needed.
Fourth, this study did not show the function or mechanism
of lncRNA-ATB’s effect on clinical characteristics, such
as metastasis and cancer progression. Further, in vitro or
in vivo studies are needed to elucidate the mechanism of
78593
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action of this lncRNA. Fifth, seven patients received liver
transplants during the follow-up period, which could have
had a positive effect on their survival.
Nevertheless, the results of this study definitively
showed that lncRNA-ATB is clinically involved in
HCC metastasis and invasion. Moreover, lncRNA-ATB
is an independent factor for HCC survival and disease
progression and can thus be a potential prognostic
biomarker and therapeutic target in HCC. Further study
is needed to elucidate the mechanism of lncRNA-ATB

action in HCC progression and metastasis and to develop
effective individual therapeutic strategies for HCC patients
to improve their clinical outcomes.

MATERIALS AND METHODS
Patients and clinical specimens
We enrolled HCC patients, at Kyungpook National
University Hospital, Republic of Korea from March 2015

Figure 2: Expression of lncRNA-ATB according to the cancer stage, mUICC stage (A) and BCLC stage (B).

Figure 3: Kaplan-Meier analyses of the correlations between lncRNA-ATB expression level and overall survival (A) and progression-free
survival (B).
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to August 2015, who underwent liver biopsy or surgical
resection and were in Child-Pugh class A or B for liver
function. Diagnostic biopsy was performed for definite
diagnosis to exclude other liver malignancies and surgical
resection was performed for curative treatment of HCC.
Liver biopsies were done in 56 (56%) patients and liver
resections in 44 (44%) patients. We excluded patients who
no longer received follow-up or had received previous
therapies for HCC. We excluded patients diagnosed with
other liver malignancies and included patients diagnosed
with HCC by pathological examination.
For surveillance of HCC after treatment, patients
received a contrast-enhanced dynamic computed
tomography (CT) scan or liver magnetic resonance
imaging (MRI) every 3 to 6 months after HCC treatment.
Overall survival was measured from the date of diagnosis
until death from any cause and progression-free survival
was measured from the date of diagnosis to the first
recurrence, progression, or to death from any cause. HCC
recurrence was defined as the presence of a tumor with a
size ≥1 cm with typical findings in contrast enhancement
in the arterial phase, followed by contrast washout in the
venous or delayed phase of CT or MRI. Tumor response
was assessed by Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1.
Tumor tissues and matched adjacent non-tumor
tissues were obtained, with informed consent, from 100
HCC patients. All samples were stored immediately in
RNAlater solution (Ambion; Life Technologies, Carlsbad,
CA, USA) at 4°C for 24 h, after which the RNAlater
solution was removed and the samples were stored at
–80 °C. All clinicopathological data, including age, sex,
the number of tumors, the sizes of tumor, the presence
of portal vein thrombosis, mUICC stage, BCLC stage,
AFP, intrahepatic or extrahepatic metastasis, CTP class,
and laboratory findings, were recorded. This study was
approved by the Institutional Review Board of Kyungpook
National University Hospital (KNUH-2014-04-056-001).

measured by the quantitative reverse-transcription
polymerase chain reaction (qRT-PCR) using the Power
SYBR Green Master Mix (Applied Biosystems).
The qRT-PCR analyses were performed with the
QuantStudio 6 Flex Real-Time PCR System (Applied
Biosystems), using the following primers: senselncRNA-ATB (5′-TCTGGCTGAGGCTGGTTGAC-3′)
and antisense-lncRNA-ATB (5′-ATCTCTGGGTGC
TGGTGAAGG-3′); sense-lncRNA-MEG3 (5’-GCATTAA
GCCCTGACCTTTG-3’) and antisense-lncRNA-MEG3,
(5’-TCCAGTTTGCTAGCAGGTGA-3’); and senseGAPDH
(5′-GGAAGGTGAAGGTCGGAGTC-3′)
and antisense-GAPDH (5′-GTTGAGGTCAATGAA
GGGGTC-3′). Cycle threshold (Ct) values were calculated
by using the same threshold cut-off values for each assay
to prevent plate-to-plate variations. The relative expression
was calculated using the 2−ΔΔCt method. Each experiment
was performed in triplicates.

Statistical analysis
Statistical analysis was performed using SAS
software (version 9.4, SAS Institute Inc., Cary, NC, USA)
and GraphPad Prism (version 6.0 for Windows, GraphPad
Software, La Jolla, CA, USA). Data are presented as
the number (%), mean ± standard deviation, or 25–75%
interquartile range. The chi-squared or Fisher exact tests
were used to compare differences in clinical characteristics
between two groups according to the expression of
lncRNA-ATB. Survival curves were calculated using the
Kaplan-Meier method, and differences between the curves
were analyzed using the log-rank test. A Cox proportional
hazards model was used for the multivariate survival
analyses. Statistical significance was defined as a p-value
of < 0.05.

Abbreviations
HCC, hepatocellular carcinoma; AFP, alphafetoprotein; lncRNA, long non-coding RNA; lncRNAATB, lncRNA activated by TGF-β; lncRNA-MEG3,
lncRNA-maternally expressed gene 3; EMT, epithelial
mesenchymal transition; mUICC, modified Union for
International Cancer Control; BCLC, Barcelona Clinic
Liver Cancer; CTP, Child-Turcotte-Pugh; qRT-PCR,
quantitative reverse-transcription polymerase chain
reaction.

RNA isolation
Total RNA was extracted from the clinical tissue
samples using the QIAzol Lysis Reagent (Qiagen,
Valencia, CA, USA) according to the manufacturer’s
instructions. The quantity and quality of the isolated
total RNA were determined using a NanoDrop ND1000 spectrophotometer (Thermo Fischer Scientific,
Wilmington, DE, USA).

Author contributions

Quantitative reverse-transcription polymerase
chain reaction

KH and WYT designed the study and critically
revised the manuscript. GK performed the study. SYJ
analyzed data and wrote the manuscript. SYP collected
clinical samples and critically revised the manuscript.
YRL, SHK, HSK, JSY, JSL, YOK, HTH, JMC, YSH, and
JGP collected the clinical data and samples. WKL and

Reverse-transcription reactions were carried out
using High-Capacity cDNA Reverse Transcription
Kits (Applied Biosystems, San Diego, CA, USA).
The expression levels of the two lncRNAs were
www.impactjournals.com/oncotarget

78595

Oncotarget

JYC analyzed data and performed statistical analysis. BL
critically revised the manuscript.

RNA H19 indicates a poor prognosis of colorectal cancer
and promotes tumor growth by recruiting and binding
to eIF4A3. Oncotarget. 2016; 7:22159–73. https://doi.
org/10.18632/oncotarget.8063.

CONFLICTS OF INTEREST

9. Guo Q, Cheng Y, Liang T, He Y, Ren C, Sun L, Zhang G.
Comprehensive analysis of lncRNA-mRNA co-expression
patterns identifies immune-associated lncRNA biomarkers
in ovarian cancer malignant progression. Sci Rep. 2015;
5:17683. https://doi.org/10.1038/srep17683.

The authors declare no potential conflicts of interest.

FUNDING

10. Li F, Cao L, Hang D, Wang F, Wang Q. Long non-coding
RNA HOTTIP is up-regulated and associated with poor
prognosis in patients with osteosarcoma. Int J Clin Exp
Pathol. 2015; 8:11414–20.

This study was supported by National Research
Foundation of Korea (NRF) grants funded by the
Korean government (2014R1A5A2009242 and NRF2016R1C1B2011739), as well as by a grant of the Korea
Health Technology R&D Project from the Korea Health
Industry Development Institute (KHIDI) funded by
the Ministry of Health & Welfare, Republic of Korea
(HI13C1905), and by the Basic Science Research
Program through the National Research Foundation
of Korea (NRF) funded by the Ministry of Education
(2016R1D1A1B03935289).

11. Iguchi T, Uchi R, Nambara S, Saito T, Komatsu H, Hirata
H, Ueda M, Sakimura S, Takano Y, Kurashige J, Shinden
Y, Eguchi H, Sugimachi K, et al. A long noncoding RNA,
lncRNA-ATB, is involved in the progression and prognosis
of colorectal cancer. Anticancer Res. 2015; 35:1385–8.
12. Saito T, Kurashige J, Nambara S, Komatsu H, Hirata H,
Ueda M, Sakimura S, Uchi R, Takano Y, Shinden Y,
Iguchi T, Eguchi H, Ehata S, et al. A Long Non-coding
RNA Activated by Transforming Growth Factor-beta is
an Independent Prognostic Marker of Gastric Cancer. Ann
Surg Oncol. 2015; 22:S915–22. https://doi.org/10.1245/
s10434-015-4554-8.

REFERENCES
1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J,
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin.
2015; 65:87–108. https://doi.org/10.3322/caac.21262.
2. Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma.
Lancet. 2003; 362:1907–17. https://doi.org/10.1016/S01406736(03)14964-1.
3. Giannini EG, Marenco S, Borgonovo G, Savarino V,
Farinati F, Del Poggio P, Rapaccini GL, Anna Di Nolfo M,
Benvegnu L, Zoli M, Borzio F, Caturelli E, Chiaramonte
M, et al. Alpha-fetoprotein has no prognostic role in small
hepatocellular carcinoma identified during surveillance
in compensated cirrhosis. Hepatology. 2012; 56:1371–9.
https://doi.org/10.1002/hep.25814.
4. Marrero JA, Feng Z, Wang Y, Nguyen MH, Befeler
AS, Roberts LR, Reddy KR, Harnois D, Llovet JM,
Normolle D, Dalhgren J, Chia D, Lok AS, et al. Alphafetoprotein, des-gamma carboxyprothrombin, and
lectin-bound alpha-fetoprotein in early hepatocellular
carcinoma. Gastroenterology. 2009; 137:110–8. https://doi.
org/10.1053/j.gastro.2009.04.005.
5. Ling H, Fabbri M, Calin GA. MicroRNAs and other noncoding RNAs as targets for anticancer drug development.
Nat Rev Drug Discov. 2013; 12:847–65. https://doi.
org/10.1038/nrd4140.
6. He Y, Meng XM, Huang C, Wu BM, Zhang L, Lv XW, Li
J. Long noncoding RNAs: Novel insights into hepatocelluar
carcinoma. Cancer Lett. 2014; 344:20–7. https://doi.
org/10.1016/j.canlet.2013.10.021.
7. Huarte M. The emerging role of lncRNAs in cancer. Nat
Med. 2015; 21:1253–61. https://doi.org/10.1038/nm.3981.
8. Han D, Gao X, Wang M, Qiao Y, Xu Y, Yang J, Dong N,
He J, Sun Q, Lv G, Xu C, Tao J, Ma N. Long noncoding
www.impactjournals.com/oncotarget

13. Yuan JH, Yang F, Wang F, Ma JZ, Guo YJ, Tao QF, Liu
F, Pan W, Wang TT, Zhou CC, Wang SB, Wang YZ, Yang
Y, et al. A long noncoding RNA activated by TGF-beta
promotes the invasion-metastasis cascade in hepatocellular
carcinoma. Cancer Cell. 2014; 25:666–81. https://doi.
org/10.1016/j.ccr.2014.03.010.
14. Miyoshi N, Wagatsuma H, Wakana S, Shiroishi T, Nomura
M, Aisaka K, Kohda T, Surani MA, Kaneko-Ishino T, Ishino
F. Identification of an imprinted gene, Meg3/Gtl2 and its
human homologue MEG3, first mapped on mouse distal
chromosome 12 and human chromosome 14q. Genes Cells.
2000; 5:211–20.
15. He Y, Wu YT, Huang C, Meng XM, Ma TT, Wu BM, Xu FY,
Zhang L, Lv XW, Li J. Inhibitory effects of long noncoding
RNA MEG3 on hepatic stellate cells activation and liver
fibrogenesis. Biochim Biophys Acta. 2014; 1842:2204–15.
https://doi.org/10.1016/j.bbadis.2014.08.015.
16. Zhang X, Gejman R, Mahta A, Zhong Y, Rice KA, Zhou
Y, Cheunsuchon P, Louis DN, Klibanski A. Maternally
expressed gene 3, an imprinted noncoding RNA gene, is
associated with meningioma pathogenesis and progression.
Cancer Res. 2010; 70:2350–8. https://doi.org/10.1158/00085472.CAN-09-3885.
17. Lu KH, Li W, Liu XH, Sun M, Zhang ML, Wu WQ, Xie
WP, Hou YY. Long non-coding RNA MEG3 inhibits
NSCLC cells proliferation and induces apoptosis by
affecting p53 expression. BMC Cancer. 2013; 13:461.
https://doi.org/10.1186/1471-2407-13-461.
18. Ying L, Huang Y, Chen H, Wang Y, Xia L, Chen Y, Liu
Y, Qiu F. Downregulated MEG3 activates autophagy and
78596

Oncotarget

increases cell proliferation in bladder cancer. Mol Biosyst.
2013; 9:407–11. https://doi.org/10.1039/c2mb25386k.
19. Qin R, Chen Z, Ding Y, Hao J, Hu J, Guo F. Long noncoding RNA MEG3 inhibits the proliferation of cervical
carcinoma cells through the induction of cell cycle arrest
and apoptosis. Neoplasma. 2013; 60:486–92. https://doi.
org/10.4149/neo_2013_063.

28. Xiong J, Liu Y, Jiang L, Zeng Y, Tang W. High expression
of long non-coding RNA lncRNA-ATB is correlated with
metastases and promotes cell migration and invasion in
renal cell carcinoma. Jpn J Clin Oncol. 2016; 46:378–84.
https://doi.org/10.1093/jjco/hyv214.
29. Xu S, Yi XM, Tang CP, Ge JP, Zhang ZY, Zhou WQ. Long
non-coding RNA ATB promotes growth and epithelialmesenchymal transition and predicts poor prognosis in
human prostate carcinoma. Oncol Rep. 2016; 36:10–22.
https://doi.org/10.3892/or.2016.4791.

20. Yan J, Guo X, Xia J, Shan T, Gu C, Liang Z, Zhao W, Jin
S. MiR-148a regulates MEG3 in gastric cancer by targeting
DNA methyltransferase 1. Med Oncol. 2014; 31:879.
https://doi.org/10.1007/s12032-014-0879-6.

30. Ma CC, Xiong Z, Zhu GN, Wang C, Zong G, Wang HL,
Bian EB, Zhao B. Long non-coding RNA ATB promotes
glioma malignancy by negatively regulating miR-200a. J
Exp Clin Cancer Res. 2016; 35:90. https://doi.org/10.1186/
s13046-016-0367-2.

21. Yao H, Sun P, Duan M, Lin L, Pan Y, Wu C, Fu X, Wang H,
Guo L, Jin T, Ding Y. microRNA-22 can regulate expression
of the long non-coding RNA MEG3 in acute myeloid
leukemia. Oncotarget. 2017. https://doi.org/10.18632/
oncotarget.18059.

31. Han F, Wang C, Wang Y, Zhang L. Long noncoding RNA
ATB promotes osteosarcoma cell proliferation, migration
and invasion by suppressing miR-200s. Am J Cancer Res.
2017; 7:770–83.

22. Zhang CY, Yu MS, Li X, Zhang Z, Han CR, Yan B.
Overexpression of long non-coding RNA MEG3
suppresses breast cancer cell proliferation, invasion,
and angiogenesis through AKT pathway. Tumour
Biol.
2017;
39:1010428317701311.
https://doi.
org/10.1177/1010428317701311.

32. Ke L, Xu SB, Wang J, Jiang XL, Xu MQ. High expression
of long non-coding RNA ATB indicates a poor prognosis
and regulates cell proliferation and metastasis in non-small
cell lung cancer. Clin Transl Oncol. 2017; 19:599–605.
https://doi.org/10.1007/s12094-016-1572-3.

23. Braconi C, Kogure T, Valeri N, Huang N, Nuovo G,
Costinean S, Negrini M, Miotto E, Croce CM, Patel
T. microRNA-29 can regulate expression of the long
non-coding RNA gene MEG3 in hepatocellular cancer.
Oncogene. 2011; 30:4750–6. https://doi.org/10.1038/
onc.2011.193.

33. Qiu J, Chen Y, Huang G, Zhang Z, Chen L, Na N. The
TGF-beta activated long non-coding RNA ATB plays
an important role in acute rejection of renal allografts
and may impacts the postoperative pharmaceutical
immunosuppression therapy. Nephrology (Carlton). 2016.
https://doi.org/10.1111/nep.12851.

24. Zhou Y, Zhong Y, Wang Y, Zhang X, Batista DL, Gejman
R, Ansell PJ, Zhao J, Weng C, Klibanski A. Activation
of p53 by MEG3 non-coding RNA. J Biol Chem. 2007;
282:24731–42. https://doi.org/10.1074/jbc.M702029200.

34. Ma J, Cui X, Rong Y, Zhou Y, Guo Y, Zhou M, Xiao L,
Chen W. Plasma LncRNA-ATB, a Potential Biomarker for
Diagnosis of Patients with Coal Workers’ Pneumoconiosis:
A Case-Control Study. Int J Mol Sci. 2016; 17. https://doi.
org/10.3390/ijms17081367.

25. Shi SJ, Wang LJ, Yu B, Li YH, Jin Y, Bai XZ. LncRNAATB promotes trastuzumab resistance and invasionmetastasis cascade in breast cancer. Oncotarget. 2015;
6:11652–63. https://doi.org/10.18632/oncotarget.3457.

35. Xu J, Lamouille S, Derynck R. TGF-beta-induced epithelial
to mesenchymal transition. Cell Res. 2009; 19:156–72.
https://doi.org/10.1038/cr.2009.5.

26. Qu S, Yang X, Song W, Sun W, Li X, Wang J, Zhong Y,
Shang R, Ruan B, Zhang Z, Zhang X, Li H. Downregulation
of lncRNA-ATB correlates with clinical progression and
unfavorable prognosis in pancreatic cancer. Tumour Biol.
2016; 37:3933–8. https://doi.org/10.1007/s13277-0154252-y.

36. Li W, Kang Y. A new Lnc in metastasis: long noncoding
RNA mediates the prometastatic functions of TGF-beta.
Cancer Cell. 2014; 25:557–9. https://doi.org/10.1016/j.
ccr.2014.04.014.

27. Yue B, Qiu S, Zhao S, Liu C, Zhang D, Yu F, Peng Z, Yan
D. LncRNA-ATB mediated E-cadherin repression promotes
the progression of colon cancer and predicts poor prognosis.
J Gastroenterol Hepatol. 2016; 31:595–603. https://doi.
org/10.1111/jgh.13206.

www.impactjournals.com/oncotarget

78597

Oncotarget

