Int J Clin Exp Med 2017;10(3):4865-4872
www.ijcem.com /ISSN:1940-5901/1JCEM0046676

Original Article

Upregulation of the long noncoding RNA LINCO0538
contributes to the tumorigenesis in

papillary thyroid cancer

Feng Song, Shi-Qiang Shen

Department of General Surgery, Renmin Hospital of Wuhan University, Wuhan 430060, Hubei Province, China

Received December 15, 2016; Accepted January 19, 2017; Epub March 15, 2017; Published March 30, 2017

Abstract: The long noncoding RNAs (IncRNAs) have been demonstrated to be involved in various cancers. The
recently identified IncRNA LINCOO538 is a novel non-coding RNA which maps to a well-established cancer sus-
ceptibility locus. However, whether LINCOO538 can play a role in papillary thyroid cancer (PTC) remains obscure.
In current study, we identified a potential oncogenic role for LINCOO538 in papillary thyroid cancer. We found that
LINCOO538 expression was significantly upregulated in tumorous tissues as well as cancer cell lines. Patients with
higher LINCO0538 expression displayed poor overall survival. Furthermore, knocking down LINCO0538 levels can
markedly inhibit colony formation, proliferation and migration in TPC1 and B-CPAP cells. In vivo implantation stud-
ies also revealed that reducing endogenous LINCOO538 levels can attenuate xenograft tumor growth and showed
decreased Ki-67 staining. LINCOO538 knockdown can also inhibit epithelial- mesenchymal transition. Our findings
suggest that LINCO0O538 may serve as an oncogene in papillary thyroid cancer and represent a potential diagnostic
marker for pharmaceutical intervention.
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Introduction

The thyroid carcinoma (TC) denotes a kind of
endocrine malignancy which displays elevated
incidence in recent years. The rate of incidence
over the past decades has increased by over
two fold [1]. The ever-increasing occurrence of
thyroid cancer may possibly be ascribed to two
coordinated processes: the diagnostic scrutiny
and failure to successful recognition of specific
thyroid carcinogens [2]. Despite effective treat-
ment has been developed and relatively high
five-year survival, the recurrence rates of TC is
relatively high [3]. The TC is usually regarded as
a disease with multiple environmental and
genetic origins such as radiation, epigenetic
causes or other uncertain factors [4]. The papil-
lary thyroid cancer (PTC) represents the most
common type of thyroid cancer which roughly
contains over 80% cases [5]. Lymph node
metastasis, significant tumor size and advan-
ced tumor-node-metastasis (TNM) stages are
often associated with unexpected prognosis.
Especially, PTC patients with extrathyroidal

extension (ETE) usually suffer from incomplete
resection and high rate of recurrence [6].
Therefore, due to the complex nature of PTC
development, identifying novel biomarkers for
PTC patients demands extensive investigation.

The long non-coding RNAs (IncRNAs) denote a
specific class of RNAs longer than 200 nucleo-
tides in length [7, 8]. The IncRNAs play pivotal
roles in various physiological processes such
as angiogenesis, differentiation and cell growth
[9-11]. In earlier studies, INcRNAs have been
considered to mock transcripts with no obvious
functions largely because they are not encoding
sequences [12]. Recent studies have suggest-
ed that IncRNAs could act as either oncogenes
or tumor suppressors and contribute to the
tumorigenesis of multiple cancers including thy-
roid carcinoma [13, 14]. The IncRNA PVT1 has
been reported to be positively correlated with
thyroid cancer and this effect is mediated by
recruiting EZH2 [15]. Kim et al. also found that
upregulation of LOC100507661 can promote
tumorigenesis of thyroid cancer although the
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exact mechanisms remain unknown [16]. The
IncRNA H19 can competitively binds miR-17-5p
which function as a competitive endogenous
RNA to modulate thyroid cancer progression
[17]. Yang et al. recently used microarray strate-
gies to identify altered expression of IncRNAs in
thyroid cancer tissues and have provided criti-
cal insight into the regulatory network of
IncRNAs [18]. Thus, IncRNAs can possibly be
applied for thyroid cancer diagnosis and also
behave like putative therapeutic targets.

The long non-coding RNA LINCO0538, which is
also named Yiya, is a 1.9 kb long intergenic
RNA residing at chromosome 1qg41 [19].
LINCO0538 is uniformly distributed in both
cytoplasm and nucleus and shows no signifi-
cant homology beyond mammals [19]. LINC-
00538 was reported to be regulated during cell
cycle and function as a modulator of G1/S tran-
sition [19]. However, the exact function of
LINCO0O538 in PTC remains elusive.

In current study, we found that LINCOO538 can
behave like a candidate oncogenic INCRNA. It is
frequently upregulated in PTC tissues com-
pared with normal adjacent samples. Mean-
while, patients with higher LINCOO538 expres-
sion display lower survival rates. LINCOO538
knockdown can markedly decrease the colony
formation, migration and proliferation of TPC1
and B-CPAP cells. LINCO0O538 knockdown can
also decrease the xenograft tumor growth. We
also found that the epithelial and mesenchymal
markers are also consistently affected by alter-
ing LINCOO538 expression suggesting that
LINCOO538 might be involved in epithelial-
mesenchymal transition (EMT). Our data collec-
tively suggest an oncogenic role of LINCOO538
in PTC and may provide clues to potential
diagnosis.

Materials and methods
Cell culture and human specimen collection

The PTC cell lines used in current research
(TPC1, B-CPAP, IHH-4 and CG3) as well as the
normal thyroid cell line Nthy-ori 3-1 were all pur-
chased from Shanghai Institute of Cell Biology
(Shanghai, China). The PTC cell lines were cul-
tured in DMEM medium with 5% fetal bovine
serum (FBS, TIANGEN, Shanghai, China) and
maintained in incubator (5% CO, at 37°C). The
cells displayed growth in monolayer and over
90% attachment were subject to passage.

4866

Matched fresh PTC specimens and normal
adjacent tissues were collected from 88 pa-
tients at Renmin Hospital of Wuhan University
between May 2011 and September 2014. After
surgical resection, tissues were immediately
stored at -80°C until usage. None of the
patients have received preoperative chemo-
therapy or radiotherapy. All patients have
signed formal consent forms. The survival was
calculated from the day of surgery to death or
the last follow-up. The research for human sam-
ples were reviewed and formally approved
by Ethics Committee of Renmin Hospital of
Wuhan University.

LINCOO538 knockdown

The sequences of specific siRNAs targeting
LINCO0O538 and siRNA negative control (NC)
were designed and synthesized by TIANGEN
(Shanghai, China). For siRNA mediate transfec-
tion into TPC1 and B-CPAP cells, these cells
were seeded into a 12-well plate with final den-
sity of 10° cells/well and transfected with 100
nM LINCOO538 specific siRNAs. All transfec-
tions were performed using Lipofectamine
2000 (Invitrogen, CA, USA) according to the
manufacturer’s instructions. Two days after the
transfection, the cells were harvested for
analysis.

Quantitative real-time RT-PCR

Total RNAs were isolated from both PTC cell
lines (TPC1 and B-CPAP) and human samples
with Trizol reagent (Invitrogen, Carlsbad, CA,
USA). Totally, 2 ng of total RNAs in a final vol-
ume of 10 pl containing 5 mM dNTP Mix
(TIANGEN, Shanghai, China) was used to gener-
ate complementary DNA (cDNA). The mixture
was maintained in 70°C for 5 min and then a
mixture composed of 5 x RT buffer, 50 U/ul
reverse transcriptase, 100 U/ul RNase inhibitor
was appended (TIANGEN, Shanghai, China).
GAPDH was used as the control. Reactions
were performed by the ABI PRISM® 7000
Sequence Detection System (Applied Biosys-
tem, Foster City, USA) according to the manu-
facturer’s instructions. The expression of
LINCO0O538 was calculated by the 225t meth-
od. The experiments were performed by at
least triplicates. The primer sequences were:
LINCO0O538: sense: 5-GAAGCTAGTTTACG-3’;
anti-sense: 5-CTTCTACGTAGTCGATGT-3’; GAP-
DH: sense: 5-GTAGCTCTGGCTAGTT-3’; anti-
sense: 5-ATGAGCGCTTCAAGCTT-3".
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Figure 1. Expression of LINCOO538 in PTC tissues and cell lines. (A) Rela-
tive expression of LINCOO538 in papillary thyroid cancer (PTC) and normal
adjacent tissues (NATs). The association between relative expression of
LINCO0538 and tumor size (B) or metastasis (C). ***P < 0.001. (D) The
expression of LINCOO538 in PTC cell lines and normal human thyroid cell line
Nthy-ori 3-1. **P < 0.01.

Table 1. Correlation between LINCO0538 and clinicopathological
features

. . LINCO0O538 expression
Clinicopathological features No. - P
High (n, %)  Low (n, %)

Age
<55 48 23 (47.9%) 25(52.1%) 0.415
>55 40 21 (52.5%) 19 (47.5%)
Gender
Male 36 15 (41.7%) 21 (58.3%) 0.139
Female 52 29 (55.8%) 23 (44.2%)
Tumor size
<2 39 11 (28.2%) 28 (71.8%) 0.001
>2 49 33(67.3%) 16 (32.7%)
Metastasis
Absent 42 14 (33.3%) 28 (66.7%) 0.003
Present 46 30 (65.2%) 16 (34.8%)

Clinical stages
-1 35 12 (34.3%) 23 (65.7%) 0.014

plate (10° cells/well) for 5
days. A total 15 ml MTT solu-
tions were appended into the
culture with final concentra-
tions of 10 mg/ml. The crys-
talline formazan was resolved
in 100 uL sodium dodecyl sul-
fate (SDS, 10%) solution for
24 h. Optical density at wave-
length of 490 nm was moni-
tored and each assay was
repeated for triplicates.

The transwell migration assay

The migration assays were
performed using the 12-well
transwell chambers (8 um
pore size; BD Biosciences,
San Jose, CA, USA). For migra-
tion assay, about 10° TPC1
and B-CPAP cells were sus-
pended in 100 pl serum-free
medium and placed into the
top chambers. DMEM (200 pl)
containing 10% FBS was add-
ed into bottom chambers.
After incubation for 24 h at
37°C, cells not migrating into
the pores were removed and
cells on lower surfaces of the
membrane were stained with
crystal violet. The Leica micro-
scope fluorescent microscope
(DM-IRB, Leica, Germany) was
used to show the results.

Colony formation assays

The colony formation assays
were carried out partially acc-
ording to a previous study
[20]. Briefly, a total of 5000
B-CPAP or TPC1 cells trans-
fected with either control
siRNA or si-LINCO0538 were
added into a 12-well culture
plate. After 12 days, the cells
were washed using PBS and

[11-IV 53  32(60.4%) 21 (39.6%) manipulated with 3.5% for-
maldehyde.
Proliferation assay Western blot
The Cell Counting Kit-8 (CCK-8, Dojindo, Kuma- Totally, 10 ug proteins were extracted and sep-
moto, Japan) was used for proliferation assay. arated by 10% SDS-PAGE. Then, the proteins
After treatment for 24 h, TPC1 and B-CPAP cells were transferred into PVF membrane and incu-
were re-suspended and seeded into a 6-well bated with anti-E-cadherin, N-cadherin, vimen-
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Figure 2. Kaplan-Meier survival curves for patients
with PTC. Log-rank test was used. P = 0.002. Pa-
tients with higher LINCOO538 expression had a
significantly shorter overall survival than those with
lower LINCOO538 expression. The median level of
LINCO0O538 was used as the cut-off value.

tin or GAPDH antibodies (Sigma, Shanghai,
China) overnight at 4°C. After washing with
TBST (3 times, 15 min/time), the samples were
covered with horseradish peroxidase (HRP)-
conjugated secondary antibodies for 1.5 hours.
Immunoblots were visualized with chemilumi-
nescence film system (Amersham Pharmacia
Biotechnology, Shanghai, China).

In vivo implantation and immunohistochemis-
try

The transfection of TPC1 cells was performed
using lenti-virus transfection system. Initially,
the TPC1 cells were maintained for 6 h and
then cultured for additional 24 h. Then, cells
were re-suspended and totally 5 x 10° cells
were injected subcutaneously into null mice.
30 days later, mice were sacrificed and solid
tumor weights were quantified. The nude mice
(10 mice for each group, 5~6 weeks old with
average weight 17.3 g) were purchased from
the Model Animal Research Center (MARC,
Nanjing, China). After retrieving antigens in
sodium citrate buffer, tissue sections were cov-
ered with Ki-67 antibodies (TIANGEN, Shanghai,
China). The immunostaining was carried out
using primary anti-Ki-67 antibody (TIANGEN,
Shanghai, China). Images were shown with 200
x maghnification.

Statistical analysis

All statistical results were represented as mean
+ SD. Statistical significance for two indepen-
dent samples were determined by Mann-Whi-
tney test (SPSS, version 16.0, Inc., Chicago, IL,
USA) and the significance was identified if P <
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0.05. Kaplan-Meier survival curve was evaluat-
ed using log-rank test. Fisher exact test was
used to evaluate the correlation between
LINCOO538 and various clinicopathological
features.

Results

The LINCO0O538 is upregulated in papillary
thyroid cancer as well as cell lines

Since the IncRNA LINCO0538 was identified
recently [19] and no function has been report-
ed especially in PTC, we next investigated the
role of LINCOO538 in PTC. We quantified the
expression of LINCOO538 in PTC tissues and
paired normal tissues, the results showed that
LINCO0538 was significantly upregulated in
PTC (Figure 1A). Correlation analysis between
LINCO0O538 and clinicopathological features
revealed that LINCO0538 was significantly
associated with tumor size, metastasis and
Clinical stages (Table 1). However, the correla-
tion was not significant for age and gender
(Table 1). We also confirmed using qRT-PCR
that the group with larger tumor size had higher
LINCO0538 expression (Figure 1B). Meanwhile,
metastatic tumors were markedly associated
higher LINCO0O538 expression (Figure 1C). In
PTC cell lines, LINCO0538 also displayed high-
er intrinsic levels (Figure 1D). These results
suggested that LINCOO538 expression was
raised in PTC and may promote the tumor
development. Since TPC1 and B-CPAP cells had
relatively higher LINCOO538 expression, these
two cell lines were used for further study.

High LINCOO538 expression dictates poor
survival

We further determined whether LINCOO538
may be correlated with overall survival. We
drew the Kaplan-Meier plot and the results
showed that higher LINCOO538 expression
may result in poor overall survival (P = 0.002,
Figure 2). The lower branch may reach around
40% while the higher branch did not drop off
60% by the end of the follow-up. These results
suggested that high LINCOO538 level may lead
to decreased survival.

Knockdown of LINCO0O538 may inhibit colony
formation, proliferation and migration of PTC
cell

The data above suggested that LINCOO538
may promote PTC tumorigenesis. To further

Int J Clin Exp Med 2017;10(3):4865-4872
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Figure 3. LINCOO538 promotes the tumorigenesis of PTC in cell lines. (A) Ex-
pression of LINCO0538 in TPC1 and B-CPAP cells transfected with si-NC or si-
LINCO0538. **P < 0.01. The gRT-PCR was used to quantify the expression.
(B) Colony formation assays for TPC1 (top panel) and B-CPAP cells (bottom
panel). A five-day proliferation assay for (C) TPC1 and (D) B-CPAP cells left un-
treated or transfected with si-LINCOO538. (E) Transwell migration assays for
TPC1 and B-CPAP cells either untreated or transfected with si-LINCOO538.
(F) Quantification of the results of migration assays. **P < 0.01.

evaluate the biological functions of LINCO0538,
we knocked down endogenous LINCOO538 lev-
els in TPC1 and B-CPAP cells. The knockdown
efficiency was verified (Figure 3A). We noticed
that LINCO0O538 knockdown can severely att-
enuate the colony formation in TPC1 cells as
well as B-CPAP cells (Figure 3B). We further
evaluated the proliferative capacity of TPC1
and B-CPAP cells with or without si-LINCO0538
transfection. The results showed that LINC-
00538 knockdown can significantly inhibit the
proliferation of TPC1 and B-CPAP cells (Figure
3C and 3D). To further verify the effect of
LINCO0O538 in vitro, we performed transwell
migration assays. The results showed that si-
LINCO0538 substantially decreased the migra-
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LINCOO538 levels can obvi-
ously decrease the xenograft
tumor growth (Figure 4A).
Meanwhile, we further found
that si-LINCOO538 also de-
creased the tumor weight
(P < 0.001, Figure 4B). Ki-67
staining also displayed mark-
edly reduced proliferation in
LINCO0538 knockdown group
(Figure 4C). The fraction of positive staining
can decrease by more than two fold (Figure
4D). Accumulating studies suggest that EMT is
critically involved in the tumorigenesis of many
cancer types. To explore whether EMT was
affected by LINCO0O538 alteration, the expres-
sion of E-cadherin (epithelial maker), N-cadherin
and Vimentin (mesenchymal markers) were
quantified. We found that the expression of
E-cadherin was substantially upregulated under
the situation when LINCOO538 was knocked
down in TPC1 cells (Figure 4E). Consistently,
N-cadherin and Vimentin expression was
reduced with si-LINCO0O538 in TPC1 cells
(Figure 4E, Nthy-ori 3-1 was used as normal
controls). Quantifying the expression of these

Int J Clin Exp Med 2017;10(3):4865-4872
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Figure 4. LINCOO538 potentiates tumor growth in vivo. A. The growth of solid
tumors in nude mice injected with TPC1 cells either untreated or transfect-
ed with si-LINCO0538. The tumor volume was measured using the formula
length x width x height. B. At the end of the implantation, solid tumors were
resected and the weight was measured. Bars denote the mean values. n =
10 for each. C. The Ki-67 staining for xenografts with si-NC or si-LINCO0538
transfection. D. Quantification of the Ki-67 staining. E. Western blot analyses
of E-cadherin, N-cadherin and Vimentin for TPC1 cells (the first two lanes)
and Nthy-ori 3-1 cells (the last lane). The TPC1 cells were either untreated
or transfected with si-LINCOO538. F. Western blots of E-cadherin, N-cadherin

and Vimentin for tumor xenografts.

markers in xenografts showed qualitatively sim-
ilar results (Figure 4F). These results further
confirmed that LINCOO538 may enhance tumor
development in vivo and might be possibly
involved in EMT process.

Discussion

Recent advances in biological technology have
greatly advanced our understanding about the
patterns of IncRNAs [21]. A myriad of IncRNAs
have been shown to play important roles in dif-
ferent malignant tumor types. Despite consid-
erable progress in cancer related research, the
potential molecular mechanisms of PTC devel-
opment remain poorly understood.
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incidence in recent years [12-
14, 23, 24]. Owing to the com-
plexity in tumor microenviron-
ment, the IncRNA can play
> diverse roles in carcinogene-
sis in a tumor type specific
manner. Since IncRNAs can
also function as diagnostic
or prognostic markers, deter-
mining the potential link
between IncRNAs and various
tumors has greatly challeng-
ed current researches [13,
23-25]. In current study, we

& identified an oncogenic role
o for LINCOO538 in papillary
thyroid cancer. We found that
LINCOO538 expression was
dramatically elevated in PTC
tissues as well as PTC cell
lines. By obtaining the Kaplan-
Meier curves, we found that
patients with higher LINC-
00538 expression were pre-
dicted with relatively poor
overall survival. Furthermore,
si-RNA mediated LINCO0O538
knockdown can markedly in-
hibit colony formation, prolif-
eration and migration in TPC1 and B-CPAP
cells. In vivo implantation studies also exhibit-
ed that reducing endogenous LINCO0O538 lev-
els can attenuate xenograft tumor growth. The
xenograft resection displayed reduced Ki-67
staining in the group transfected with si-
LINCO0538. LINCOO538 knockdown can also
inhibit epithelial-mesenchymal transition with
reduced N-cadherin, Vimentin expression and
increased E-cadherin production. These results
collectively argued that LINCOO538 may possi-
bly function as a tumorigenic IncRNA in papil-
lary thyroid cancer.

si-LINC00538

The IncRNA LINCO0538 was firstly identified in
2012 by Yang et al. by a negative selection

Int J Clin Exp Med 2017;10(3):4865-4872
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method [19]. The expression of LINCO0O538 is
ubiquitously expressed in major tissues and
genomic amplification in LINCOO538 is
observed in liver, esophageal, ovary and breast
cancers [19]. The potential mechanism of
LINCO0538, however, remains largely elusive.
Meanwhile, the role of LINCOO538 has never
been reported. Therefore, we have provided the
first insight into the oncogenic role of
LINCOO538 in papillary thyroid cancer. The
EMT might be implicated in the oncogenic role
of LINCO0538 as LINCO0538 can regulate the
expression of specific markers to favor EMT.
Noticeably, LINCOO538 is located upstream of
the famous transcription factor Prospero-
related homeobox 1 (PROX1) [19], which play
important roles in cell fate decision and devel-
opment. Whether there exists dynamic linkage
between PROX1 and LINCOO538 requires fur-
ther investigation. Since LINCOO538 may pro-
mote tumor development in various cancers,
unraveling the intrinsic mechanisms of LINC-
00538 mediated tumor progression may cre-
ate a fertile ground for future researches.

There are also some limitations in current
study. The detailed signaling of LINCOO538
mediated tumor promotion in PTC remains
largely unknown. Furthermore, large scale
screening studies are needed to identify other
functional IncRNAs involved in PTC develop-
ment. In addition, longer follow-up studies are
required to consolidate our findings.

In conclusion, we have provided the first evi-
dence that LINCOO538 can promote papillary
thyroid cancer progression by modulating EMT
process. The oncogenic role of LINCOO538 has
been verified in current study using multiple
strategies. Due to the significant effect on pap-
illary thyroid cancer development, our data
implied that LINCOO538 may serve as a poten-
tial and novel prognostic biomarker. Thera-
peutics targeting for LINCOO538 might be a
promising strategy in papillary thyroid cancer
and this effect should be evaluated in future.

Disclosure of conflict of interest
None.
Authors’ contribution

FS and SQS conceived the study. FS and SQS
performed the experiments. FS and SQS ana-
lyzed the data. FS and SQS wrote the paper. All

4871

authors have read and approved the final ver-
sion of the paper.

Address correspondence to: Dr. Shi-Qiang Shen,
Department of General Surgery, Renmin Hospital of
Wuhan University, No. 99, Zhang Zhidong Road,
Wuchang District, Wuhan 430060, Hubei Province,
China. Tel: 86-27-88041911; Fax: 86-27-88041911;
E-mail: shensqwu@163.com

References

[1]  Ukrainski MB, Pribitkin EA and Miller JL. In-
creasing incidence of thyroid nodules and thy-
roid cancer: does increased detection of a sub-
clinical reservoir justify the associated anxiety
and treatment? Clin Ther 2016; 38: 976-985.

[2] Chou A, Fraser S, Toon CW, Clarkson A, Sioson
L, Farzin M, Cussigh C, Aniss A, O’Neill C, Wat-
son N, Clifton-Bligh RJ, Learoyd DL, Robinson
BG, Selinger Cl, Delbridge LW, Sidhu SB,
O’Toole SA, Sywak M and Gill AJ. A detailed
clinicopathologic study of ALK-translocated
papillary thyroid carcinoma. Am J Surg Pathol
2015; 39: 652-659.

[3] Vigneri R, Malandrino P and Vigneri P. The
changing epidemiology of thyroid cancer: why
is incidence increasing? Curr Opin Oncol 2015;
27: 1-7.

[4] Santini F, Marzullo P, Rotondi M, Ceccarini G,
Pagano L, Ippolito S, Chiovato L and Biondi B.
Mechanisms in endocrinology: the crosstalk
between thyroid gland and adipose tissue: sig-
nal integration in health and disease. Eur J En-
docrinol 2014; 171: R137-152.

[5] Pandeya N, McLeod DS, Balasubramaniam K,
Baade PD, Youl PH, Bain CJ, Allison R and Jor-
dan SJ. Increasing thyroid cancer incidence in
Queensland, Australia 1982-2008-true in-
crease or overdiagnosis? Clin Endocrinol (Oxf)
2015.

[6] SunW, Lan X, Wang Z, Dong W, He L, Zhang T
and Zhang H. Overexpression of long non-cod-
ing RNA NR_036575.1 contributes to the pro-
liferation and migration of papillary thyroid
cancer. Med Oncol 2016; 33: 102.

[7] Wang KC and Chang HY. Molecular mecha-
nisms of long noncoding RNAs. Mol Cell 2011;
43:904-914.

[8] Ernst Cand Morton CC. Identification and func-
tion of long non-coding RNA. Front Cell Neuro-
sci 2013; 7: 168.

[9] Fatica A and Bozzoni I. Long non-coding RNAs:
new players in cell differentiation and develop-
ment. Nat Rev Genet 2014; 15: 7-21.

[10] Maass PG, Luft FC and Bahring S. Long non-
coding RNA in health and disease. J Mol Med
(Berl) 2014; 92: 337-346.

Int J Clin Exp Med 2017;10(3):4865-4872


mailto:shensqwu@163.com

(11]

[12]

[13]

[14]

[15]

(16]

(17]

(18]

4872

LINCOO538 in PTC

Carpenter S, Aiello D, Atianand MK, Ricci EP,
Gandhi P, Hall LL, Byron M, Monks B, Henry-
Bezy M, Lawrence JB, O’Neill LA, Moore MJ,
Caffrey DR and Fitzgerald KA. A long noncod-
ing RNA mediates both activation and repres-
sion of immune response genes. Science
2013; 341: 789-792.

Jain S, Thakkar N, Chhatai J, Bhadra MP and
Bhadra U. Long non-coding RNA: functional
agent for disease traits. RNA Biol 2016; 1-14.
Zhou Q, Chen F, Fei Z, Zhao J, Liang Y, Pan W,
Liu X and Zheng D. Genetic variants of INcCRNA
HOTAIR contribute to the risk of osteosarcoma.
Oncotarget 2016; 7: 19928-19934.

Yin Z, Ding H, He E, Chen J and Li M. Overex-
pression of long non-coding RNA MFI2 pro-
motes cell proliferation and suppresses apop-
tosis in human osteosarcoma. Oncol Rep
2016; 36: 2033-2040.

Zhou Q, Chen J, Feng J and Wang J. Long non-
coding RNA PVT1 modulates thyroid cancer
cell proliferation by recruiting EZH2 and regu-
lating thyroid-stimulating hormone receptor
(TSHR). Tumour Biol 2016; 37: 3105-3113.
Kim D, Lee WK, Jeong S, Seol MY, Kim H, Kim
KS, Lee EJ, Lee J and Jo YS. Upregulation of
long noncoding RNA LOC100507661 pro-
motes tumor aggressiveness in thyroid cancer.
Mol Cell Endocrinol 2016; 431: 36-45.

Liu L, Yang J, Zhu X, Li D, Lv Z and Zhang X.
Long noncoding RNA H19 competitively binds
miR-17-5p to regulate YES1 expression in thy-
roid cancer. FEBS J 2016; 283: 2326-2339.
Yang M, Tian J, Guo X, Yang Y, Guan R, Qiu M,
LiY, Sun X, Zhen Y, Zhang Y, Chen C and Fang
H. Long noncoding RNA are aberrantly ex-
pressed in human papillary thyroid carcinoma.
Oncol Lett 2016; 12: 544-552.

(19]

[20]

[22]

(23]

[24]

[25]

Yang F, Yi F, Zheng Z, Ling Z, Ding J, Guo J, Mao
W, Wang X, Ding X, Liang Z and Du Q. Charac-
terization of a carcinogenesis-associated long
non-coding RNA. RNA Biol 2012; 9: 110-116.
Zhu H, Lv Z, An C, Shi M, Pan W, Zhou L, Yang
W and Yang M. Onco-IncRNA HOTAIR and its
functional genetic variants in papillary thyroid
carcinoma. Sci Rep 2016; 6: 31969.

Liu H, Chen P, Jiang C, Han J, Zhao B, Ma Y and
Mardan M. Screening for the key IncRNA tar-
gets associated with metastasis of renal clear
cell carcinoma. Medicine (Baltimore) 2016;
95: e2507.

Kentwell J, Gundara JS and Sidhu SB. Noncod-
ing RNAs in endocrine malignancy. Oncologist
2014; 19: 483-491.

Luo W, He H, Xiao W, Liu Q, Deng Z, Lu Y, Wang
Q, Zheng Q and Li Y. MALAT1 promotes osteo-
sarcoma development by targeting TGFA via
MIR376A. Oncotarget 2016; 7: 54733-54743.
Uzan VR, Lengert A, Boldrini E, Penna V, Scap-
ulatempo-Neto C, Scrideli CA, Filho AP, Caval-
cante CE, de Oliveira CZ, Lopes LF and Vidal
DO. High expression of HULC is associated
with poor prognosis in osteosarcoma patients.
PLoS One 2016; 11: e0156774.

Li F, Cao L, Hang D, Wang F and 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:
11414-11420.

Int J Clin Exp Med 2017;10(3):4865-4872



