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The aberrant expression of long noncoding RNAs (lncRNAs) is implicated in cancer development and  
progression. This study was aimed to investigate the expression and clinical significance of lncRNA 
NONHSAT129183 in papillary thyroid cancer (PTC), and to explore its roles in PTC cell proliferation, migra-
tion, and invasion. Our results demonstrate that lncRNA NONHSAT129183 is upregulated in human PTC tis-
sues when compared with that in adjacent noncancerous thyroid tissue. Moreover, its expression is correlated 
with tumor size, lymph node metastasis, and TNM stage in PTC patients. lncRNA NONHSAT129183 silencing 
also significantly suppressed cell proliferation, migration, and invasion in PTC cell lines. In conclusion, our 
results suggest that lncRNA NONHSAT129183 plays a critical role in the regulation of PTC cell proliferation, 
migration, and invasion, providing new insights into PTC pathogenesis.
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INTRODUCTION

Thyroid cancer is the most common endocrine neo-
plasm. The incidence of thyroid cancer has been reported 
to increase in recent years1. The most common histologi-
cal type of all thyroid cancers is papillary thyroid car-
cinoma (PTC), which accounts for approximately 80% 
of all thyroid cancers2. PTC is usually an indolent can-
cer with good prognosis and a 10-year survival rate of 
about 90%. However, PTC has more aggressive pheno-
types that present with distant metastasis, lymph node 
metastasis, and dedifferentiation into more lethal thyroid 
cancers3. Although surgery, thyroid hormone therapy, 
isotope therapy, and radioiodine therapy are some forms 
of treatments for PTC, the number of advanced tumors 
and thyroid cancer-associated mortality is increasing4. 
Therefore, it is important to dissect the molecular mecha-
nisms of PTC for early detection, effective treatment, and 
prognosis estimation.

Long noncoding RNAs (lncRNAs) are RNAs consist-
ing of more than 200 nucleotides that are unable to trans-
late into proteins5. In recent years, increasing evidence 
shows that lncRNAs play important functional roles in 
various fundamental biological processes at both the post-
transcriptional and transcriptional levels6,7. Many studies 

have demonstrated that lncRNAs participate in cancer 
tumorigenesis, progression, cellular proliferation, metas-
tasis, and apoptosis8–10. Although thousands of lncRNAs 
have been recently found to be differentially expressed 
between PTC and adjacent noncancerous samples11, a few 
lncRNAs are reported to play an important role in onco-
genesis and the progress of thyroid cancer. For example, 
BRAF-activated lncRNA (BANCR) increases PTC cell 
proliferation and activates autophagy12. Downregulated 
PTC susceptibility candidate 3 (PTCSC3) in thyroid and 
PTC tissues was found to impact PTC carcinogenesis via 
the S100A4 pathway3,13.

A study performed by Wang et al. also identified  
hundreds of significantly differentially expressed lncRNAs  
in 12 PTC tissues when compared with those in paired 
normal adjacent tissues, and also revealed specific 
changes to lncRNA profiles associated with PTC, as in 
the case of lncRNA NONHSAT061051 and lncRNA 
NONHSAT12918314. However, their roles in PTC have 
not yet been revealed. Thus, the aims of this study were 
to detect their expression levels in human PTC tissues, 
analyze their clinical significance, and investigate their 
effects on cell proliferation, metastasis, and invasion in 
PTC cell lines.
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MATERIALS AND METHODS

Clinical Specimen Collection

A total of 19 pairs of PTC tissue and paired adjacent 
noncancerous thyroid tissue samples were obtained from 
patients diagnosed with thyroid cancer at the Fourth 
People’s Hospital of Ji’nan. The diagnosis of PTC was 
confirmed pathologically. The tissue samples were imme-
diately snap frozen in liquid nitrogen after surgical resec-
tion and stored at −80°C for further use. The samples 
used in this study were approved by the Committees for 
Ethical Review of Research Involving Human Subjects. 
None of the patients had received preoperative radiother-
apy or chemotherapy. All the patients provided written 
informed consent before the samples were collected.

RNA Extraction and Real-Time Quantitative 
PCR (qPCR)

Total RNA was extracted from the tissues and cul-
tured cells using TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s protocol. The  
concentration of RNA was measured using the NanoDrop 
ND-1000 Spectrophotometer (Agilent, CA, USA). Total 
RNA (1 µg) was then reverse transcribed to cDNA using 
a PrimeScript RT reagent kit (Takara, Dalian, China). 
lncRNA NONHSAT061051 and lncRNA NONHSAT12 
9183 expressions were determined by performing qPCR 
with the SYBR Premix Ex Taq (Takara) and 7500 real-
time PCR system (Applied Biosystems, Foster City, CA,  
USA). Sequences of primers used to perform qPCR are 
as follows: lncRNA NONHSAT061051, 5¢-ACAGAGGG 
AACAGAGACCCC-3¢ (forward) and 5¢-CTCAACTGG 
TGTCGTGGA-3¢ (reverse); lncRNA NONHSAT129183, 
5¢-CTCCTGGGGCAAGAGAAGAA-3¢ (forward) and 5¢- 
CTCAACTGGTGTCGTGGA-3¢ (reverse); 18S rRNA,  
5¢-CCTGGATACCGCAGCTAGGA-3¢ (forward) and 5¢- 
GCGGCGCAATACGAATGCCCC-3¢ (reverse). lncRNA 
NONHSAT061051 and lncRNA NONHSAT129183 
mRNA expressions were normalized to 18S rRNA 
(internal control). The levels of relative lncRNA NONH 
SAT061051 and lncRNA NONHSAT129183 expressions 
were calculated using the 2−DDCt method.

Cell Culture and siRNA Transfection

Human PTC cell lines (SW579 and TT) were obtained 
from the Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China). All cell lines were cultured in RPMI-
1640 (Gibco) supplemented with 10% fetal bovine 
serum (FBS; Gibco), 100 U/ml penicillin, and 100 mg/
ml streptomycin (Invitrogen) at 37°C in a humid atmo-
sphere containing 5% CO

2
. Three siRNAs were initially 

designed and used in our study. The siRNA-1, siRNA-2, 
and siRNA-3 sequences were purchased from RiboBio 

(Guangzhou, Guangdong, China) and are as follows:  
siRNA-1 (Si-1, 5¢-AGAAAGUGUUGUUGAAUAACU- 
3¢), siRNA-2 (Si-2, ¢-GGAUGGUCAAGUUCUAGAAC 
A-3¢), siRNA-3 (Si-3, 5¢-UUCUAGAACUUGACCAUC 
CUU-3¢), and negative control siRNA (si-NC; 5¢- UUC 
UCCGAACGUGUCACGUTT-3¢). The TT and SW579 
cells were transfected using Lipofectamine 2000 (Invi-
trogen) according to the manufacturer’s protocol. After 
48 h of transfection, lncRNA NONHSAT129183 expres-
sion was determined using qPCR. Preliminary qPCR 
results indicated that siRNA-2 had a significantly higher 
silencing efficiency than siRNA-1 and siRNA-3. Thus, 
siRNA-2 was chosen for the cellular physiological func-
tion assays.

Cell Proliferation Assay

Cell proliferation was assessed by an MTT assay kit 
(Beyotime, Shanghai, China) according to the manufac-
turer’s instructions. Cells (1 ́  104 per well) in the si-NC 
and si-NONHSAT129183 groups were cultured in 96-well 
plates. After culturing for 0, 24, 48, and 72 h, 10 µl of MTT 
reagent was added to each well. After 4 h of incubation, 
100 µl of formazan solvent was added to each well and 
further incubated until the formazan dissolved. The opti-
cal density (OD) of each well was measured at 570 nm 
using a microplate reader. All assays were performed in 
triplicate.

Cell Migration and Invasion Assays

Cell migration and invasion assays were performed 
using Transwell chambers (Corning Co., Corning, NY, 
USA) with or without Matrigel (BD Biosciences, San 
Jose, CA, USA). After 48 h of transfection, cells were har-
vested and suspended in a serum-free medium and then 
placed into the upper chamber with 10 µg/ml Matrigel 
or without Matrigel, while the lower chamber was filled 
with medium containing 10% bovine calf serum. After 
incubation for 48 h at 37°C in a humid atmosphere con-
taining 5% CO

2
, nonmigrating cells on the upper side of 

the filter were removed by wiping with a cotton swab, 
and cells that migrated across the membrane were fixed 
with methanol for 15 min, stained with 0.1% crystal vio-
let in PBS for 15 min, and counted under a microscope 
(Olympus, Tokyo, Japan) at a magnification of 200´. 
Three independent experiments were carried out.

Statistical Analysis

The SPSS 19.0 software (IBM Corporation, Armonk, 
NY, USA) was used to carry out statistical analysis. 
Data are presented as mean ± standard deviation (SD). 
Independent t-tests were used to analyze the differences 
in lncRNA expression between human PTC tissues and 
matched adjacent normal tissues, as well as the differences 
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between si-NC and si-NONHSAT129183 treatments.  
A value of p < 0.05 was considered to indicate statistically 
significant differences.

RESULTS

Correlation Between lncRNA NONHSAT061051 
and lncRNA NONHSAT129183 Expression and 
Clinicopathological Characteristics in Patients 
With PTC

To validate whether the levels of lncRNA NONHSAT 
061051 and lncRNA NONHSAT129183 increased in 
human PTC tissues, we measured their expression in 19 
pairs of human PTC tissues and matched adjacent normal 
tissue using qPCR. lncRNA NONHSAT129183 expres-
sion levels were observed to have significantly increased 
in PTC tissues when compared with those in the matched 
adjacent normal tissue (Fig. 1A). Its expression levels 
in PTC tissues were also higher than those in adjacent 
noncancerous thyroid tissue, which accounted for 89.4% 
(17/19) (Fig. 1B). However, lncRNA NONHSAT061051 
expression levels were not significantly increased in PTC 
tissues (Fig. 1C). lncRNA NONHSAT061051 expres-
sion levels were higher than those in adjacent noncan-
cerous thyroid tissue, which accounted for 63.1% (12/19) 
(Fig. 1D). Thus, lncRNA NONHSAT129183 was chosen 
for the cellular physiological function assays.

To further understand the significance of lncRNA 
NONHSAT129183 expression in PTC, we examined 
the relationship between lncRNA NONHSAT129183 
expression and the clinicopathological characteristics 
in patients with PTC. We found that its expression sig-
nificantly correlated with tumor size, TNM stage, and 
lymph node metastasis (Fig. 2A–C), but not with age 
and gender (Fig. 2D and E).

Silencing lncRNA NONHSAT129183 Inhibits SW579 
and TT Cell Proliferation

Considering the high expression of lncRNA NONH 
SAT129183 in PTC tissues when compared with that in 
the adjacent nontumor tissues, we investigated whether 
silencing lncRNA NONHSAT129183 inhibited the in 
vitro proliferation of PTC cell lines SW579 and TT. Three 
siRNAs were initially designed and used in our study. 
However, qPCR results showed that siRNA-2 had a sig-
nificantly higher silencing efficiency than siRNA-1 and 
siRNA-3 in the SW579 and TT cell lines (Fig. 3A and B). 
Thus, siRNA-2 was chosen for the cellular physiological 
function assays. Our MTT assay data indicated that the 
proliferation rate of SW579 and TT cells transfected with 
si-NONHSAT129183 significantly decreased when com-
pared with that of cells transfected with si-NC after 72 h 
of transfection (Fig. 3C and D).

Figure 1. Relative expression of long noncoding RNA (lncRNA) in normal (N) and tumor (T) tissues. (A) Relative expression of 
lncRNA NONHSAT129183 in papillary thyroid cancer (PTC) tissues compared with that in paired noncancerous thyroid tissues. 
(B) lncRNA NONHSAT129183 expression in 19 pairs of PTC and adjacent noncancerous thyroid tissues. (C) Relative expression of 
lncRNA NONHSAT061051 in PTC tissues compared with that in paired noncancerous thyroid tissues. (D) lncRNA NONHSAT061051 
expression in 19 pairs of PTC and adjacent noncancerous thyroid tissues. ***p < 0.001.
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Silencing lncRNA NONHSAT129183 Inhibits SW579 
and TT Cell Migration and Invasion

We performed the Transwell migration and inva-
sion assays to investigate the effect of lncRNA NON 
HSAT129183 in the PTC cell lines SW579 and TT. The 
results showed that SW579 and TT cells transfected with 
si-NONHSAT129183 had a slower migration rate than 
the si-NC group (Fig. 4A and B). Similarly, the Matrigel 
invasion Transwell assay revealed the weakened metas-
tasis capacity of SW579 and TT cells transfected with 
si-NONHSAT129183 when compared with that of the 
si-NC group (Fig. 4C and D).

DISCUSSION
Although most PTC patients have favorable prognosis, 

PTC patients with lymph node or distant metastases may 

still have fatal outcomes15. Therefore, it is clinically sig-
nificant to identify biomarkers for the early prediction of 
metastatic PTC. Increasing evidence confirms the advan-
tages of lncRNAs as diagnostic and prognostic biomarkers 
in cancers16. Although the mechanisms of lncRNAs asso-
ciated with tumorigenesis have not yet been elucidated, 
a few studies have initiated research on the diagnostic 
significance of lncRNAs in cancer. For example, a study 
performed by Tong et al. reported that lncRNA POU3F3 
had a high diagnostic value in esophageal squamous cell 
carcinoma17. Emerging evidence has implicated aberrant 
expression of lncRNAs in cancer development and pro-
gression18. lncRNAs in PTC are still an emerging field, 
and therefore our knowledge is still limited19.

Aberrant expression of lncRNAs in PTC motivated us 
to explore the effects of lncRNA NONHSAT061051 and 

Figure 2. Correlation between lncRNA NONHSAT129183 expression and clinicopathological features in PTC. (A) Correlation 
between lncRNA NONHSAT129183 expression and tumor size. (B) Correlation between lncRNA NONHSAT129183 expression and 
lymph node metastasis. (C) Correlation between lncRNA NONHSAT129183 expression and TNM stage. (D) Correlation between 
lncRNA NONHSAT129183 expression and age. (E) Correlation between lncRNA NONHSAT129183 expression and gender. *p < 0.05, 
**p < 0.01.
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lncRNA NONHSAT129183. In this study, we verified 
the aberrant expression of lncRNA NONHSAT129183 
in human PTC tissues when compared with that in adja-
cent noncancerous thyroid tissue. Our results revealed 
that lncRNA NONHSAT129183 was upregulated in 
PTC tissues, which was consistent with the results of a 
previous study14. However, lncRNA NONHSAT061051 
expression was not significantly increased in PTC tis-
sues. To further understand the significance of lncRNA 
NONHSAT129183 expression in PTC, we examined 
the relationship between lncRNA NONHSAT129183 
expression and the clinicopathological characteristics of 
PTC patients. The results showed that high expression of 
lncRNA NONHSAT129183 correlated with tumor size, 
lymph node metastasis, and TNM stage in PTC patients, 
suggesting that lncRNA NONHSAT129183 plays an 
important role in PTC tumorigenesis and metastasis.

Recent research indicated that lncRNAs could affect 
cell proliferation in cancer20. We investigated the effect of 
lncRNA NONHSAT129183 in PTC cells by applying the 
loss-of-function approach. Our results demonstrated that 
silencing lncRNA NONHSAT129183 expression inhib-
ited the proliferation of the PTC cell lines SW579 and TT. 
Moreover, several studies have confirmed that lncRNAs 

could impact cell motility21. We performed the Transwell 
migration and invasion assays to investigate the effect of 
lncRNA NONHSAT129183 on the SW579 and TT cell 
lines. Our results showed that lncRNA NONHSAT129183 
played a positive role in cancerous cell migration and 
invasion. Silencing lncRNA NONHSAT129183 expres-
sion could inhibit the migration and invasion abilities of 
the PTC cell lines SW579 and TT. Cumulatively, these 
findings suggest that lncRNA NONHSAT129183 could 
function as a tumor promoter by regulating cell prolifera-
tion, migration, and invasion, and could function as a new 
potential biomarker for PTC.

However, there are some limitations to this study. 
Although we analyzed the in vitro effects of lncRNA 
NONHSAT129183 on the proliferation, migration, and 
invasion of the PTC cell lines, the relationship between 
lncRNA NONHSAT129183 and cell cycle, apoptosis, and 
xenograft carcinogenesis was not investigated. Although 
silencing lncRNA NONHSAT129183 expression drasti-
cally inhibited the in vitro proliferation, migration, and 
invasion of the PTC cell lines, we did not further explore 
its specific mechanism. Despite these drawbacks, our 
study highlights the potential role of lncRNAs in improv-
ing clinical prognosis prediction in PTC patients.

Figure 3. Relative expression of lncRNA NONHSAT129183 in SW579 and TT cell lines and cell proliferation curves. siRNA-NC 
(si-NC), siRNA-1 (si-1), siRNA-2 (si-2), siRNA-3 (si-3), and siRNA-NONHSAT129183 (si-NONHSAT129183). (A) Relative expres-
sion of lncRNA NONHSAT129183 in SW579 cells with transfection. (B) Relative expression of lncRNA NONHSAT129183 in TT 
cells with transfection. (C) The proliferation curve of SW579 cells after being transfected with si-NC and si-NONHSAT129183. 
(D) The proliferation curve of TT cells after being transfected with si-NC and si-NONHSAT129183. *p < 0.05, **p < 0.01.



1052 DING ET AL.

In conclusion, the current study demonstrates that 
lncRNA NONHSAT129183 is upregulated in PTC tis-
sues. Silencing lncRNA NONHSAT129183 expression 
could drastically inhibit PTC cell proliferation, migra-
tion, and invasion in vitro. We also observed that lncRNA 
NONHSAT129183 could serve as a new promising diag-
nostic biomarker and therapeutic target for PTC.

ACKNOWLEDGMENT: The authors declare no conflicts of 
interest.

REFERENCES
Sullivan MC, Graham PH, Alexander EK, Ruan DT, Nehs  1. 
MA, Gawande AA, Moore FD, Jr., Howitt BE, Strickland 
KC, Krane JF, Barletta JA, Cho NL. Prevalence of contral-
ateral tumors in patients with follicular variant of papillary 
thyroid cancer. J Am Coll Surg. 2017;224(6):1021–7.
Dai L, Wang Y, Chen L, Zheng J, Li J, Wu X. MiR-221, a  2. 
potential prognostic biomarker for recurrence in papillary 
thyroid cancer. World J Surg Oncol. 2017;15(1):11.
Jendrzejewski J, Thomas A, Liyanarachchi S, Eiterman  3. 
A, Tomsic J, He H, Radomska HS, Li W, Nagy R, 
Sworczak K, de la Chapelle A. PTCSC3 is involved in 
papillary thyroid carcinoma development by modulating 
S100A4 gene expression. J Clin Endocrinol Metab. 2015; 
100(10):E1370–7.

Li Q, Li H, Zhang L, Zhang C, Yan W, Wang C. Identification  4. 
of novel long non-coding RNA biomarkers for prognosis 
prediction of papillary thyroid cancer. Oncotarget 2017;8 
(28):46136–44.
Dang Y, Lan F, Ouyang X, Wang K, Lin Y, Yu Y, Wang L,  5. 
Wang Y, Huang Q. Expression and clinical significance of 
long non-coding RNA HNF1A-AS1 in human gastric can-
cer. World J Surg Oncol. 2015;13:302.
Kornienko AE, Guenzl PM, Barlow DP, Pauler FM. Gene  6. 
regulation by the act of long non-coding RNA transcrip-
tion. BMC Biol. 2013;11:59.
Yoon JH, Abdelmohsen K, Gorospe M. Posttranscriptional  7. 
gene regulation by long noncoding RNA. J Mol Biol. 
2013;425(19):3723–30.
Iyer MK, Niknafs YS, Malik R, Singhal U, Sahu A, Hosono  8. 
Y, Barrette TR, Prensner JR, Evans JR, Zhao S, Poliakov 
A, Cao X, Dhanasekaran SM, Wu YM, Robinson DR, Beer 
DG, Feng FY, Iyer HK, Chinnaiyan AM. The landscape 
of long noncoding RNAs in the human transcriptome. Nat 
Genet. 2015;47(3):199–208.
Ugolini C, Elisei R, Proietti A, Pelliccioni S, Lupi C,  9. 
Borrelli N, Viola D, Leocata P, Vitti P, Miccoli P, Toniolo A, 
Basolo F. FoxP3 expression in papillary thyroid carcinoma: 
A possible resistance biomarker to iodine 131 treatment. 
Thyroid 2014;24(2):339–46.
Tripathi V, Shen Z, Chakraborty A, Giri S, Freier SM, Wu X, 10. 
Zhang Y, Gorospe M, Prasanth SG, Lal A, Prasanth KV. 

Figure 4. Migration and invasion capacities determined by Transwell assays in PTC cell lines SW579 and TT. (A, B) Effects of the 
si-NC and si-NONHSAT129183 transfections on the migration abilities of the SW579 and TT cell lines. (C, D) Effects of the si-NC 
and si-NONHSAT129183 transfections on invasion abilities of the SW579 and TT cell lines. *p < 0.05, **p < 0.01.



THE FUNCTION OF lncRNA NONHSAT129183 1053

Long noncoding RNA MALAT1 controls cell cycle progres-
sion by regulating the expression of oncogenic transcription 
factor B-MYB. PLoS Genet. 2013;9(3):e1003368.
Yang M, Tian J, Guo X, Yang Y, Guan R, Qiu M, Li Y, Sun 11. 
X, Zhen Y, Zhang Y, Chen C, Li Y, Fang H. Long noncod-
ing RNA are aberrantly expressed in human papillary thy-
roid carcinoma. Oncol Lett. 2016;12(1):544–52.
Wang Y, Guo Q, Zhao Y, Chen J, Wang S, Hu J, Sun Y. 12. 
BRAF-activated long non-coding RNA contributes to cell 
proliferation and activates autophagy in papillary thyroid 
carcinoma. Oncol Lett. 2014;8(5):1947–52.
Jendrzejewski J, He H, Radomska HS, Li W, Tomsic J, 13. 
Liyanarachchi S, Davuluri RV, Nagy R, de la Chapelle A. 
The polymorphism rs944289 predisposes to papillary thy-
roid carcinoma through a large intergenic noncoding RNA 
gene of tumor suppressor type. Proc Natl Acad Sci USA 
2012;109(22):8646–51.
Wang Q, Yang H, Wu L, Yao J, Meng X, Jiang H, Xiao 14. 
C, Wu F. Identification of specific long non-coding RNA 
expression: Profile and analysis of association with clinico-
pathologic characteristics and BRAF mutation in papillary 
thyroid cancer. Thyroid 2016;26(12):1719–32.
Fu XM, Guo W, Li N, Liu HZ, Liu J, Qiu SQ, Zhang Q, 15. 
Wang LC, Li F, Li CL. The expression and function of long 
noncoding RNA lncRNA-ATB in papillary thyroid cancer. 
Eur Rev Med Pharmacol Sci. 2017;21(14):3239–46.

Yang G, Lu X, Yuan L. LncRNA: A link between RNA and 16. 
cancer. Biochim Biophys Acta 2014;1839(11):1097–109.
Tong YS, Wang XW, Zhou XL, Liu ZH, Yang TX, Shi WH, 17. 
Xie HW, Lv J, Wu QQ, Cao XF. Identification of the long 
non-coding RNA POU3F3 in plasma as a novel biomarker 
for diagnosis of esophageal squamous cell carcinoma. Mol 
Cancer 2015;14:3.
Prensner JR, Chinnaiyan AM. The emergence of lncRNAs 18. 
in cancer biology. Cancer Discov. 2011;1(5):391–407.
Xu B, Shao Q, Xie K, Zhang Y, Dong T, Xia Y, Tang 19. 
W. The long non-coding RNA ENST00000537266 and 
ENST00000426615 influence papillary thyroid cancer cell 
proliferation and motility. Cell Physiol Biochem. 2016;38 
(1):368–78.
Xu WH, Zhang JB, Dang Z, Li X, Zhou T, Liu J, Wang DS, 20. 
Song WJ, Dou KF. Long non-coding RNA URHC regulates 
cell proliferation and apoptosis via ZAK through the ERK/
MAPK signaling pathway in hepatocellular carcinoma. Int 
J Biol Sci. 2014;10(7):664–76.
Liu JY, Yao J, Li XM, Song YC, Wang XQ, Li YJ, Yan B, 21. 
Jiang Q. Pathogenic role of lncRNA-MALAT1 in endothe-
lial cell dysfunction in diabetes mellitus. Cell Death Dis. 
2014;5:e1506.




