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 Background: lncRNA-ATB plays an oncogenic role in various types of malignancies, but its involvement in papillary thyroid 
carcinoma (PTC) cells, which is a main type of thyroid cancer, is unknown.

 Material/Methods: A total of 76 patients with PTC and 28 people with normal physiological conditions were included in this study. 
Tumor tissues and adjacent healthy tissues were collected from PTC patients and blood was extracted from 
both patients and healthy controls. Expression of lncRNA-ATB in those tissues was detected by qRT-PCR. All 
patients were followed up for 5 years and diagnostic and prognostic values of serum lncRNA-ATB for PTC were 
investigated by ROC curve analysis and survival curve analysis, respectively. lncRNA-ATB overexpression PTC 
cell lines were established and effects of lncRNA-ATB overexpression on cell migration and invasion were in-
vestigated by Transwell cell migration and invasion assay, respectively. Effects of lncRNA-ATB overexpression 
on TGF-b1 expression were investigated by Western blot.

 Results: lncRNA-ATB expression level was higher in tumor tissues than in adjacent healthy tissues in most PTC patients. 
Serum level of lncRNA-ATB was higher in cancer patients than in healthy control. Serum lncRNA-ATB can be used 
to accurately predict PTC and its prognosis. lncRNA-ATB overexpression promoted tumor cell migration and in-
vasion, lncRNA-ATB overexpression showed no significant effects on TGF-b1 expression, and TGF-b1 treatment 
increased the expression level of lncRNA-ATB.

 Conclusion: Upregulation of lncRNA-ATB by TGF-b1 promotes migration and invasion of PTC cells.
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Background

Thyroid cancer is a group of malignancies that mainly origi-
nate from follicular cells, which are the major components of 
thyroid unicellular epithelium [1]. Although efforts have been 
made to prevent and treat thyroid cancer, the incidence of this 
disease has tripled during the last several decades and the age 
at onset is becoming younger and younger [2]. Papillary thy-
roid carcinoma (PTC) is the major type of thyroid cancer and 
accounts for more than 80% of all cases [3]. Although treat-
ment of early stages of PTC has achieved satisfactory outcomes 
and high overall survival rate [4], many patients are diagnosed 
at advanced stages and the best time for radical treatment is 
lost [5]. In addition, once distant metastasis occurs, the recur-
rence rate of this disease is unacceptably high, even after sur-
gical resection [6]. Therefore, early diagnosis and treatment is 
still critical for the treatment of PTC.

Besides protein-encoding messenger RNAs (mRNAs), the hu-
man genome also transcribes a large set of non-coding RNAs 
(ncRNAs) with pivotal roles in critical physiological processes 
and pathological changes [7]. As a subtype of ncRNAs com-
posed of more than 200 nucleotides, long non-coding RNAs, 
or lncRNAs, are major players in pathogenesis of a variety of 
different types of human disease, including different types 
of malignancies [8]. lncRNA-ATB has been proved to play on-
cogenic roles in several types of cancers, such as breast can-
cer [9] and colorectal cancer [10]. Its involvement in PTC is 
known. Therefore, our study aimed to investigate the func-
tionality of lncRNA-ATB in pathogenesis of PTC with an ex-
pectation of providing references for the diagnosis and treat-
ment of this disease.

Material and Methods

Subjects

A total of 44 patients with papillary thyroid carcinoma (PTC) 
were selected in our hospital from October 2010 to October 
2012. Those patients included 27 males and 17 females, and 
age ranged from 25 to 76 years, with an average age of 46.2±8.1 
years. PTC was diagnosed according to the standards estab-
lished by the World Health Organization. Patients with other 
types of thyroid diseases were excluded. All patients received 
surgical resection of the primary tumor, and tumor tissues and 
adjacent healthy tissues within 2 cm around the tumors were 
collected during the operation. None of them received radio-
therapy or chemotherapy before admission. At the same time, 
38 healthy people with similar age and sex distribution were 
also enrolled to serve as a control group. A sample of whole 
blood was drawn from each participant on the day of admis-
sion. Blood was transferred to an anticoagulant tube, followed 

by centrifugation at 3000 rpm for 20 min to collect plasma. 
This study was approved by the Ethics Committee of our hos-
pital. All patients signed informed consent.

Cell lines and cell culture

Human PTC cell lines IHH-4 and HTH83 were provided by the 
American Type Culture Collection (ATCC, USA). Cells were cul-
tured in DMEM containing 10% FBS (Invitrogen, Carlsbad, 
CA), 100 U/ml streptomycin (Invitrogen, Carlsbad, CA) and 
100 mg/ml penicillin G (Invitrogen, Carlsbad, CA) in an incu-
bator (37°C, 5% CO2). Cells were collected during logarithmic 
growth phase for subsequent experiments. Serum was not 
added in case of drug treatment.

Construction of lncRNA-ATB expression vector and 
transfection

lncRNA-ATB expression vector was constructed by inserting ln-
cRNA-ATB cDNA into pEGFPC3 (Clontech, Palo Alto, CA). Cells 
of each cell line were cultured overnight to reach 70–80% 
confluence, and then 10 nM vectors were transfected into 
5×105 cells using Lipofectamine 2000 reagent (11668-019, 
Invitrogen, Carlsbad, CA). Empty pEGFPC vector was used as 
a negative control (NC).

Transwell migration and invasion assay

Briefly, the upper chamber (BD Biosciences, San Jose, USA) was 
filled with serum-free RPMI-1640 medium containing 5×104 
cells, and RPMI-1640 medium (Thermo Fisher Scientific, USA) 
containing 20% FCS (Sigma-Aldrich, USA) was used to fill the 
lower chamber. Membranes were collected after incubation for 
24 h and stained with 0.5% crystal violet for 20 min. Stained 
cells were counted under a light microscope (×400, Olympus, 
Tokyo, Japan). Before cell invasion assay, the upper chamber 
was pre-coated with Matrigel (356234, Millipore, Billerica, USA).

Real-time quantitative PCR

In vitro cultured cells and plasma were mixed with Trizol reagent 
(Invitrogen, USA) to extract total RNA. Tumor tissues and adja-
cent healthy tissues were ground in liquid nitrogen before the 
addition of Trizol reagent. Reverse transcription was performed 
using RNA samples as a template to synthesize cDNA. SYBR® 
Green Real-Time PCR Master Mix (Thermo Fisher Scientific, USA) 
was used to prepare PCR reaction system. The following prim-
ers were used in PCR reactions: 5’-TCTGGCTGAGGCTGGTTGAC-3’ 
(forward) and 5’-ATCTCTGGGTGCTGGTGAAGG-3’ (reverse) for 
lncRNA-ATB; 5’-GACCTCTATGCCAACACAGT-3’ (forward) and 
5’-AGTACTTGCGCTCAGGAGGA-3’ (reverse) for b-actin. PCR re-
action conditions were: 95°C for 50 s, followed by 40 cycles 
of 95°C for 15 s and 60°C for 45 s. All data were processed 
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using 2–DDCT method. Relative expression level of lncRNA-ATB 
was normalized to endogenous control b-actin.

Western blot

Total protein extraction was performed using RIPA solution 
(Thermo Fisher Scientific, USA) and protein quality was test-
ed by BCA assay. Protein samples (20 μg from each sample) 
were subjected to 12% SDS-PAGE gel electrophoresis to sep-
arate different proteins based on molecular weight, followed 
by transfer to PVDF membranes. Membranes were blocked by 
incubating with 5% skimmed milk for 1.5 h at room tempera-
ture, followed by incubation with rabbit anti-TGF-b1 (1: 2000, 
ab92486, Abcam), and anti-GAPDH primary antibody (1: 1000, 
ab8245, Abcam) overnight at 4°C. The next day, membranes 
were further incubated with anti-rabbit IgG-HRP secondary 
antibody (1: 1000, MBS435036, MyBioSource) at room tem-
perature for 1.5 h. ECL (Sigma-Aldrich, USA) was then added 
to develop signals. Signals were detected by use of a MYECL™ 
Imager (Thermo Fisher Scientific, USA) and relative expression 
level of TGF-b1 was normalized to endogenous control GAPDH 
using Image J software.

Statistical analysis

SPSS19.0 (SPSS Inc., USA) was used to process all the data. 
Count data, such as sex and other basic information, were pro-
cessed by chi-square test. Measurement data, such as RNA 
and protein expression levels, are expressed as (x±s). The t 
test was used for comparisons between 2 groups, and one-
way analysis of variance was used for comparisons among 
multiple groups. p<0.05 indicated a difference with statisti-
cal significance.

Results

Expression of lncRNA-ATB in tumor tissues and healthy 
tissues of patients with PTC

Expression levels of lncRNA-ATB in tumor tissues and healthy 
tissues of 44 patients with PTC were measured by qRT-PCR 
and normalized to endogenous control b-actin. As shown in 
Figure 1, expression level of lncRNA-ATB was significantly high-
er in tumor tissues than in healthy tissues in 39 out of 44 pa-
tients, accounting for 88.6% of all the patients (p<0.05). In 
contrast, higher expression level of lncRNA-ATB in normal tis-
sues than in tumor tissues was only observed in 3 patients, 
accounting for 6.8%. No significant difference in expression 
level of lncRNA-ATB between normal tissues and tumor tis-
sues was found in the other 3 patients. These data suggest 
that upregulation of lncRNA-ATB is very likely to be involved 
in the pathogenesis of PTC.

Comparison of plasma level of circulating lncRNA-ATB 
between PTC patients and healthy controls and the 
diagnostic and prognostic values

Levels of circulating lncRNA-ATB in plasma of PTC patients 
and healthy controls were measured by qRT-PCR. As shown 
in Figure 2A, plasma levels of lncRNA-ATB were significantly 
higher in PTC patients than in controls (p<0.05). Therefore, ROC 
curve analysis was further performed to evaluate the diagnos-
tic value of plasma lncRNA-ATB for PTC. As shown in Figure 2B, 
the area under the curve was 0.8580 with 95% confidence in-
terval of 0.7806 to 0.9353 (p<0.0001). According to the me-
dian plasma level of lncRNA-ATB, patients were divided into 
a high expression group and a low expression group. All pa-
tients were followed up for 5 years or until their deaths. Based 
on the survival data collected during follow-up, survival curves 

PTC patients (n=44)
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Figure 1.  Expression of lncRNA-ATB in tumor tissues and healthy tissues of patients with PTC. * Compared with adjacent healthy 
tissues, p<0.05; # compared with tumor tissues, p<0.05.
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were plotted for low- and high-expression groups using Kaplan-
Meier method and were compared by the log rank t test. As 
shown in Figure 2C, overall survival rate of patients with high 
plasma level of lncRNA-ATB was significantly lower than that 
of patients with low plasma level of lncRNA-ATB (p<0.0001).

Correlation between plasma levels of lncRNA-ATB and 
clinical data of PTC patients

The chi-square test was used to analyze the correlations be-
tween plasma levels of lncRNA-ATB and clinical data of PTC 
patients. As shown in Table 1, plasma levels of lncRNA-ATB 
were not significantly correlated with sex, age, of patients’ liv-
ing habits, including smoking and drinking (p>0.05). However, 
a significant correlation was found between plasma levels of 
lncRNA-ATB and distant tumor metastasis.

Effects of lncRNA-ATB overexpression on migration and 
invasion of PTC cells

LncRNA-ATB overexpression human PTC cell lines IHH-4 and 
HTH83 were established and confirmed by measuring the ex-
pression level of lncRNA-ATB using qRT-PCR (data not shown). 
We found that plasma lncRNA-ATB level is closely correlated 
with occurrence of distant tumor metastasis in PTC patients. 
Therefore, the effects of lncRNA-ATB overexpression on mi-
gration and invasion of PTC cells were investigated. As shown 
in Figure 3, compared with control cells or negative control 
cells, lncRNA-ATB overexpression significantly promoted cell 
migration (p<0.05, Figure 3A) and invasion (p<0.05, Figure 3B) 
of the 2 PTC cell lines.

TGF-b1 is an upstream positive regulator of lncRNA-ATB

TGF-b1 is involved in the regulation of cancer cell migration and 
invasion in a variety types of human malignancies, including 
PTC. Therefore, the possible interactions between TGF-b1 and 
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Figure 2.  Comparison of plasma level of circulating lncRNA-ATB between PTC patients and healthy controls and the diagnostic and 
prognostic values. (A) Comparison of plasma level of circulating lncRNA-ATB between PTC patients and healthy controls; 
(B) ROC curve analysis of the diagnostic value of lncRNA-ATB for PTC, red line indicated diagnostic curve and blue line was 
the line of identity; (C) Comparison of survival curves of high and low serum lncRNA-ATB level groups. * p<0.05.

Items Groups Cases High expression Low expression c² p Value

Sex
Male 27 15 12

0.8627 0.353
Female 17 7 10

Age
>45 (years) 25 14 11

0.8337 0.361
<45 (years) 19 8 11

Distant 
metastasis

Yes 28 18 10
6.2857 0.012

No 16 4 12

Smoking
Yes 21 10 11

0.0911 0.763
No 23 12 11

Drinking
Yes 20 12 8

1.4667 0.226
No 24 10 14

Table 1. Correlation between plasma levels of lncRNA-ATB and clinical data of PTC patients.
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lncRNA-ATB in PTC cells were explored. As shown in Figure 4A, 
lncRNA-ATB overexpression showed no significant effect on the 
expression of TGF-b1 in cells of the 2 PTC cell lines. Treatment 
with TGF-b1 (10 ng/ml, Sigma-Aldrich) for 1 h significantly pro-
moted lncRNA-ATB expression (p<0.05, Figure 4B). Therefore, 
TGF-b1 is very likely to be an upstream positive regulator of 
lncRNA-ATB in PTC.

Discussion

Based on recent research progress in the pathogenesis of PTC, 
the onset, development, and progression of PTC requires the in-
volvement of different lncRNAs. lncRNA HOTAIR is significantly 

upregulated in PTC tumor tissues compared with adjacent 
healthy control tissue, and high expression level of HOTAIR pre-
dicts the progression of cancer [11]. In contrast, lncRNA GAS8-
AS1 showed a downregulated expression pattern during the 
development of PTC and upregulation of GAS8-AS1 inhibited tu-
mor growth [12]. lncRNA-ATB, as an oncogenic long non-coding 
RNA, usually shows upregulated expression patterns in human 
cancers [9,10]. Consistent with previous studies, in our study, 
higher expression level of lncRNA-ATB in tumor tissues than 
in normal tissues was detected in about 90% of all patients. 
These data suggest that upregulation of lncRNA-ATB expres-
sion is very likely to be involved in the pathogenesis of PTC.
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Figure 3.  Effects of lncRNA-ATB overexpression on migration and invasion of PTC cells. (A) Effects of lncRNA-ATB overexpression on 
migration of PTC cells; (B) Effects of lncRNA-ATB overexpression on invasion of PTC cells. * p<0.05.
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The development of human disease is usually accompanied 
by changes of certain substances in the blood, and detection 
of those substances may provide references for the diagnosis 
and prognosis of certain diseases [13]. In this study, plasma lev-
els of lncRNA-ATB were found to be significantly higher in PTC 
patients than in healthy people. In addition, ROC curve analy-
sis showed that lncRNA-ATB can be used to effectively distin-
guish PTC patients from healthy controls. A high plasma level 
of lncRNA-ATB also predicted short survival time. These data 
suggest that lncRNA-ATB can serve as a promising diagnos-
tic and prognostic biomarker for PTC. Various factors such as 
aging [14], tobacco consumption [15], and alcohol abuse [16] 
can modify the expression pattern of certain lncRNAs. In our 
study, plasma levels of lncRNA-ATB showed no significant cor-
relations with age, sex, or living habits, including drinking and 
smoking, indicating the high reliability of lncRNA-ATB in the 
diagnosis and prognosis of PTC.

Our study found that plasma levels of lncRNA-ATB were close-
ly correlated with the occurrence of tumor distant metastasis, 
indicting the potential roles of lncRNA-ATB in the regulation of 
cancer cell migration and invasion. In a study of renal cell car-
cinoma, Xiong et al. reported that overexpression of lncRNA-
ATB in tumor tissues promoted the migration and invasion of 
cancer cells [17]. In another study, involvement of lncRNA-ATB 
in the regulation of migration and invasion of cancer cell was 
also observed during the development of gastric cancer [18]. 
In our study, lncRNA-ATB overexpression significantly promot-
ed the cell migration and invasion of the 2 PTC cell lines, in-
dicating the possible enhancing effects of lncRNA-ATB on tu-
mor metastasis in PTC.

The role of TGF-b1 as a key player in the regulation of cancer 
cell migration and invasion has been well established. TGF-b 
signaling, which inhibits cell proliferation and promotes cell 
migration and invasion, has contrasting roles in cancer [19]. A 
recent study reported that TGF-b signaling induced the expres-
sion of lncRNA-ATB to promote invasion-metastasis cascade in 
hepatocellular carcinoma [20]. In our study, lncRNA-ATB over-
expression showed no significant effect on the expression of 
TGF-b1 in 2 PTC cell lines, while treatment with TGF-b1 signif-
icantly promoted the expression of lncRNA-ATB. These data 
suggest that TGF-b1 is very likely to be an upstream activator 
of lncRNA-ATB in PTC.

Conclusions

In conclusion, lncRNA-ATB expression was higher in tumor tis-
sues than in adjacent healthy tissues in most PTC patients. 
Serum level of lncRNA-ATB was higher in cancer patients than 
in healthy controls. Serum lncRNA-ATB may serve as a promis-
ing biomarker for the diagnosis and prognosis of PTC. lncRNA-
ATB overexpression promoted tumor cell migration and inva-
sion. lncRNA-ATB overexpression showed no significant effects 
on TGF-b1 expression, while TGF-b1 treatment increased the 
expression level of lncRNA-ATB. Therefore, we conclude that 
lncRNA-ATB can be upregulated by TGF-b1 to promote migra-
tion and invasion of PTC cells. Our study is limited by its small 
sample size. Future studies with larger sample sizes are need-
ed to verify the conclusions of this study.
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