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Abstract. - OBJECTIVE: Thyroid cancer (TC)
is a common malignhant tumor of the endocrine
system, and its morbidity and mortality are in
the high places. Recent studies have focused on
exploring biological markers and targeted ther-
apy for TC. This research aims to elucidate the
role of LINC00106 in the progression of TC and
the regulatory mechanisms.

PATIENTS AND METHODS: Differential level
of LINC00106 in a downloaded profile contain-
ing TC and normal tissues from GEPIA database
was analyzed. Subsequently, its level in TC tis-
sues and cell lines was detected by quantitative
Real Time-Polymerase Chain Reaction (qRT-
PCR). The relationship between LINC00106 lev-
el and clinical data of TC patients was assessed,
including age, tumor staging, lymphatic metas-
tasis, and overall survival. After transfection of
si-LINC00106, TC cell metastasis was evaluat-
ed by wound healing and transwell assay. Rela-
tive levels of E-cadherin, N-cadherin, B-catenin,
and Vimentin regulated by LINC00106 were de-
termined using qRT-PCR and Western blot.

RESULTS: LINC00106 was downregulated in
TC tissues than normal ones. lts level was cor-
related to tumor staging, lymphatic metastasis
and overall survival in TC patients. The knock-
down of LINC00106 in BCPCP and TPC-1 cells
enhanced migratory and invasive abilities and
triggered the process of epithelial-mesenchy-
mal transition (EMT).

CONCLUSIONS: LINCO00106 is lowly ex-
pressed in TC specimens, which attenuates mi-
gratory and invasive abilities in TC by inhibiting
EMT as a tumor suppressor.
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Introduction

Thyroid cancer (TC) is one of the most com-
mon endocrine malignant tumors in the world,
accounting for 1% of all tumor cases in humans.
Its incidence has sharply increased in the past
decades'. According to the histological classifica-
tion, TC is subtyped to papillary thyroid cancer
(PTC) and follicular thyroid cancer (FTC) with
well differentiation, poorly differentiated thy-
roid cancer (PDC) and anaplastic thyroid cancer
(ATC)*. PTC is the main type of TC. Although
the survival of TC has constantly increased due
to advanced therapeutic strategies, the current
trends of elevated incidence, younger onset, and
high recurrence should be well concerned*+.

LncRNAs are noncoding RNAs with longer
than 200 nucleotides in transcripts®. They are ex-
tensively involved in regulating tumor cell behav-
iors®. By affecting surrounding genes, exerting a
sponge effect on miRNAs, interacting with other
molecules, or inducing histone modification, In-
cRNAs display diverse biological functions’.
At present, tumor-associated IncRNAs have been
highlighted. LINC0086 presents an anti-cancer
effect on nasopharyngeal carcinoma by binding
miR-214". High level of IncRNA CCHEI results
in a poor prognosis in cervical cancer'?. Through
activating the miR-139-5p/PDK1/AKT axis, In-
cRNA XIST drives proliferation of hepatocellular
carcinoma'.

Epithelial-mesenchymal transition (EMT) is a
process in which epithelial cells transform into the
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mesenchymal phenotype. It is featured by down-
regulation of cell adhesion molecules, transforma-
tion from cytokeratin skeleton to Vimentin-based
cytoskeleton, and acquisition of mesenchymal
phenotype. EMT is considered as the initial event
of malignant epithelial cells acquiring migratory
and invasive abilities'!. Typically, upregula-
tion of mesenchymal markers (e.g., N-cadherin,
Vimentin), loss of transcription factor Slug and
downregulation of epithelial marker (E-cadherin)
are the molecular symbols of EMT'. By regulat-
ing EMT in colorectal carcinoma, circ-SMAD7
alleviates metastasis of cancer cells'”. MiR-20a-5p
suppresses EMT and invasiveness in endometrial
carcinoma by binding STAT3". LINC00319 stim-
ulates metastasis and EMT in cervical cancer via
mediating the miR-3127-5p/RPP25 axis®.

Qi et al® have demonstrated the prognos-
tic value of LINC00106 in gastric cancer. This
study aims to illustrate the biological function of
LINCO00106 in TC, and thus provides novel ideas
for clinical diagnosis and treatment.

Patients and Methods

GEPIA Database Analysis

A profile containing TC tissues (n=512) and
normal ones (n=337) was downloaded from GE-
PIA database (http://GEPIA.cancer-pku.cn/index.
html). Differential level of LINC00106 was ana-
lyzed.

Sample Collection

Fifty cases of TC tissues and adjacent normal
ones were collected from The Affiliated Yantai
Yuhuangding Hospital of Qingdao University,
and they were immediately frozen in liquid nitro-
gen and preserved at -80°C. Tumor node metasta-
sis (TNM) staging was defined based on the crite-
ria released by the Union for International Cancer
Control (UICC). Patients did not have therapeutic
history of chemotherapy or radiotherapy. This
study was approved by the Ethics Committee of
The Affiliated Yantai Yuhuangding Hospital of
Qingdao University. Signed written informed
consents were obtained from all participants be-
fore the study. Inclusion criteria: patients with
no severe diseases in other organs, those with no
post-operative radiotherapy and those with nor-
mal thyroid function before operation. Exclusion
criteria: patients with distant metastasis or metas-
tasis of tumors, those complicated with other ma-
lignancies, those with mental disease, those com-
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plicated with myocardial infarction, heart failure
or other chronic diseases, those with abnormal
thyroid function prior to operation, or those pre-
viously exposed to radioactive rays.

Cell Culture

The thyroid follicular epithelial cell line (Nthy-
ori3-1) and TC cell lines (BCPAP, BHP5-16,
BPH2-7, TPC-1) were provided by Shanghai Insti-
tute of Biochemistry and Cell Biology (Shanghai,
China). Cells were cultured in Roswell Park Me-
morial Institute-1640 (RPMI-1640; Gibco, Rock-
ville, MD, USA) containing 10% fetal bovine se-
rum (FBS; Gibco, Rockville, MD, USA) and 1%
penicillin-streptomycin (Gibco, Rockville, MD,
USA).

Cell Transfection

Transfection of si-LINC00106 or si-NC (Gene-
Pharma, Shanghai, China) was conducted using
Lipofectamine 2000 (Life Technologies Corp.,
Shanghai, China) once cells were grown to more
than 60% confluence. Transfection efficacy was
examined at 48 h by quantitative Real Time-Poly-
merase Chain Reaction (QRT-PCR).

qGRT-PCR

Qualified RNA was reversely transcribed into
complementary deoxyribose nucleic acid (cDNA)
using the PrimeScript RT reagent Kit (TaKaRa,
Dalian, China). The cDNA was subjected to qRT-
PCR using the SYBR Green Master Mix (Applied
Biosystems, San Diego, CA, USA). Sequences
were as follows: LINC00106, Forward: 5-AGT-
GGTCACCTGAGATGGAGCAG-3;  Reverse:
5'-CGTCTGTCTTACGGCACGAAGC-3'; glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH),
Forward: 5-CGGAGTCAACGGATTTGGTCG-
TAT-3', Reverse: 5-AGCCTTCTCCATGGTG-
GTGAAGAC-3".

Wound Healing Assay

Cells were prepared into suspension with 1x10°
cells/ml and implanted in 6-well plates. Until 80%
of cell attachment, an artificial scratch was made
using a sterilized pipette tip. Cells were washed
in phosphate-buffered saline (PBS) for 2-3 times
and cultured in the medium containing 1% FBS.
24 hours later, the wound closure was captured
for calculating the percentage of wound healing.

Transwell Assay
Transwell chambers (BD, San Diego, CA,
USA) coated with Matrigel were used. 4x10° cells
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were implanted on the top, while 500 pL of medi-
um was applied on the bottom. After 48 h incuba-
tion, migratory cells on the bottom were reacted
with 15-min methanol, 20 min crystal violet, and
captured using a microscope. Invasive cells were
counted in 10 randomly selected fields per sam-
ple. Migratory cell number was similarly detected
using transwell chambers without Matrigel pre-
coating.

Western Blot

Cellular proteins were isolated using radio-
immunoprecipitation assay (RIPA) lysis buffer
(Beyotime, Shanghai, China), which were sep-
arated by 10% sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE)
and loaded on polyvinylidene difluoride
(PVDF) membranes (Millipore, Billerica, MA,
USA). After incubation in 5% skim milk for 2
h, the membranes were washed and cultivated
with primary and secondary antibodies. Band
exposure was conducted using enhanced che-
miluminescence (ECL).

Statistical Analysis

Experimental data were expressed as mean =+
standard deviation, and processed using Graph-
Pad Prism 6.0 (La Jolla, CA, USA). Differences
between two groups were analyzed by using the
Student’s #-test. Comparison between multiple
groups was done using One-way ANOVA test
followed by Post-Hoc Test (Least Significant Dif-
ference). Kaplan-Meier curves were plotted for
survival analysis on TC according to LINC00106
level. p<0.05 was considered as statistically sig-
nificant.
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Results

LINC0O0106 Was Downregulated in TC
Tissues and Cells

We first compared LINC00106 levels in a pro-
file containing TC tissues (n=512) and normal
ones (n=337) using GEPIA database, and the low-
er level of LINC00106 was detected in the former
(Figure 1A). Subsequently, its level was further
detected in 50 pairs of TC and adjacent normal
ones, and it was downregulated in TC tissues as
well (Figure 1B). LINC00106 was downregulated
in TC cells compared with that of thyroid follicu-
lar epithelial cells (Figure 1C).

Correlation Between LINCO0106 and
Prognosis in TC

The correlation between LINCO00106 and clin-
ical pathology of TC was analyzed. No significant
difference in LINC00106 level was detected in TC
patients older than 45 years or younger (Figure 2A).
In TC patients with a larger tumor size (>1 cm), they
had a lower level of LINC00106 in comparison to
those with a smaller one (Figure 2B). In addition, TC
patients in advanced stage (III+IV) or had lymphat-
ic metastasis expressed lower level of LINC00106
than those of controls (Figure 2C, 2D). Kaplan-Mei-
er curves uncovered poor overall survival in TC
patients expressing low level of LINC00106 (Figure
2E). It is concluded that low level of LINC00106
predicted poor prognosis in TC.

Knockdown of LINCOO106 Stimulated TC
Metastasis

Transfection of si-LINC00106 effectively
downregulated LINC00106 in BCPAP and TPC-
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Figure 1. LINC00106 was downregulated in TC tissues and cells. A, Downregulated LINC00106 in TC tissues than normal
ones as analyzed in GEPIA database. B, Downregulated LINC00106 in TC tissues than normal ones analyzed by qRT-PCR.
C, Downregulated LINC00106 in TC cell lines than the thyroid follicular epithelial cell line. *p<0.05, **p<0.01.
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Figure 2. Correlation between LINC00106 and prognosis in TC. A, No significant difference in LINC00106 in TC patients
younger or older than 45 years. B, Lower level of LINC00106 in TC cases with larger tumor size (> lem) than smaller ones
(<1 em). C, Lower level of LINC00106 in stage III+IV TC cases than stage I+II ones. D, Lower level of LINC00106 in TC
cases with lymphatic metastasis than non-metastasis cases. E, Lower overall survival in TC patients expressing low level of
LINCO00106 than those with high level. Ns, no significant difference; **p<0.01, ***p<0.001.

1 cells (Figure 3A). A larger distance of wound
healing was detected in TC cells transfected with
si-LINCO00106 at 24 h compared with those trans-
fected with si-NC, indicating the promoted mi-
gratory potential (Figure 3B). Furthermore, the
knockdown of LINC00106 enhanced migratory
and invasive cell numbers in TC, suggesting the
stimulated metastasis potential (Figure 3C, 3D).

Knockdown of LINCOO106 Triggered
EMT in TC

Regulatory effect of LINC00106 on EMT was
evaluated by determining relative levels of EMT
markers in TC cells. Knockdown of LINC00106
downregulated E-cadherin and B-catenin, as well as
upregulated N-cadherin and Vimentin in TC cells
at both mRNA and protein levels (Figure 4A, 4B).
We believed that LINC00106 inhibited EMT in TC.

Discussion

TC is mainly originated from thyroid follicular
or perifollicular cells**. Major pathogenic risks
for TC include ionizing radiation, excessive or in-
sufficient intake of iodine, genetic factors, etc?2,
PTC covers more than 90% of TC cases, which
has a relatively well prognosis. Nevertheless, about
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59% of patients develop lymphatic metastasis, and
10-20% have local infiltration or distant metasta-
sis?>?6, For a long period, surgery combined radio-
active iodine therapy for removal of residue cancer
cells is preferred to TC patients. Rapid growth of
TC case number and improvement of the prognosis
are clinical challenges for now?".

Noncoding RNAs constitute the vast majority
of mammal genomes*?. LncRNAs are capable
of transcriptionally or post-transcriptionally reg-
ulating gene expressions*. Abnormally expressed
IncRNAs are of significance in various biological
processes®¥2, Several IncRNAs associated with
TC have been identified. Of note, IncRNA UCAL1
stimulates proliferative and migratory capacities
in TC by exerting a miRNA sponge effect on miR-
497-3p*. The knockdown of IncRNA DLX6-AS1
suppresses metastasis of TC cells by upregulating
UPF1**. By regulating the PI3K/AKT signaling,
the hknockdown of IncRNA H19 weakens viabil-
ity and induces apoptosis in TC cells*. By analyz-
ing GEPIA database, it is found that LINC00106
was downregulated in TC tissues, which was
identically indicated in clinical samples of TC
collected in our hospital. LINC00106 level was
closely linked to tumor size, TNM staging, and
lymphatic metastasis in TC patients. Moreover,
Kaplan-Meier curves demonstrated that low lev-
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Figure 3. Knockdown of LINC00106 stimulated TC metastasis. A, Transfection of si-LINC00106 significantly downreg-
ulated LINC00106 in BCPAP and TPC-1 cells. B, Transfection of si-LINC00106 promoted migratory ability in BCPAP and
TPC-1 cells. C, Transfection of si-LINC00106 promoted migratory ability in BCPAP and TPC-1 cells (magnification: 20%). D,
Transfection of si-LINC00106 promoted invasive ability in BCPAP and TPC-1 cells (magnification: 20x). Ns, no significant
difference; *p<0.05, **p<0.01.
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Figure 4. Knockdown of LINC00106 triggered EMT in TC. A, Transfection of si-LINC00106 reduced mRNA levels of
E-cadherin and B-catenin, and elevated mRNA levels of N-cadherin and Vimentin in BCPAP and TPC-1 cells. B, Transfection
of si-LINC00106 reduced protein levels of E-cadherin and -catenin, and elevated protein levels of N-cadherin and Vimentin
in BCPAP and TPC-1 cells. *p<0.05, **p<0.01.
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el of LINC00106 was unfavorable to overall sur-
vival of TC. In vitro experiments suggested that
LINCO00106 attenuated migratory and invasive
abilities in BCPAP and TPC-1 cells.

EMT leads to massive changes of cell pheno-
types and abilities of adhesion and metastasis™®.
It occurs in the early phase of tumor metastasis,
leading to strengthened migratory and invasive
capacities’’. MiR-451a promotes the growth of TC
cells by inducing EMT?*. LncRNA SLC26A4-AS1
contributes to EMT inhibition in PTC¥®. Here, we
detected mRNA and protein levels of EMT mark-
ers in TC cells with LINC00106 knockdown. Si-
lence of LINCO00106 downregulated E-cadherin
and fB-catenin, as well as upregulated N-cadher-
in and Vimentin in TC cells. It is indicated that
LINCO00106 inhibited EMT in TC cells as an an-
ti-cancer IncRNA. This article first proposed the
abnormally low expression of LINC00106 in TC,
and proved that LINC00106 may suppress the me-
tastasis of TC via regulating the EMT progres-
sion. It is innovative at the source and provides
theory for the clinical diagnosis and treatment of
TC. However, whether LINC00106 was involved
in regulating various cellular processes, such as
proliferation, apoptosis, and invasion by targeting
multiple genes, need to be further explored.

Conclusions

Altogether, LINC00106 is lowly expressed
in TC specimens, which attenuates migratory
and invasive abilities in TC by inhibiting EMT.
LINCO00106 exerts an anti-cancer role against TC
metastasis.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Funding Acknowledgements
This work was supported by the Natural Science Fund of
Shandong Province, China (No: ZR2015HL092)..

References

1) FaaiN JA, WEeLLs SJ. Biologic and clinical perspec-
tives on thyroid cancer. N Engl J Med 2016; 375:
2307.

2) NikiForov YE, NikiForova MN. Molecular genetics
and diagnosis of thyroid cancer. Nat Rev Endocri-
nol 2011; 7: 569-580.

10020

3) AscHeBrOOK-KILFOY B, JAMES B, NAGAR S, KAPLAN S, SENG
V, AHsAaN H, AnceLos P, KapLan EL, GUERRero MA,
Kuo JH, Lee JA, MitMAKER EJ, MoALEm J, Ruan DT,
SHEN WT, GroGaN RH. Risk factors for decreased
quality of life in thyroid cancer survivors: initial
findings from the North American thyroid cancer
survivorship study. Thyroid 2015; 25: 1313-1321.

4) GroGaN RH, KarLan SP, Cao H, Weiss RE, DeGrooT
LJ, Simon CA, EmBia OM, AnGeLos P, KarLaN EL,
ScHecHTER RB. A study of recurrence and death
from papillary thyroid cancer with 27 years of
median follow-up. Surgery 2013; 154: 1436-1446,
1446-1447.

5) Chen LL. Linking long noncoding RNA localiza-
tion and function. Trends Biochem Sci 2016; 41:
761-772.

6) ZHu SP, WanG JY, WaNG XG, ZHao JP. Long inter-
genic non-protein coding RNA 00858 functions
as a competing endogenous RNA for miR-422a
to facilitate the cell growth in non-small cell lung
cancer. Aging (Albany NY) 2017; 9: 475-486.

7) BaLANTYNE MD, PiNeL K, DAkiN R, VEesey AT, Diver
L, MAckenziE R, GARCIA R, WELSH P, SATTAR N, HAm-
wtoN @G, JosHi N, Dweck MR, Miano JM, McBRIDE
MW, Newsy DE, McDonALD RA, Baker AH. Smooth
muscle enriched long noncoding RNA (SMILR)
regulates cell proliferation. Circulation 2016; 133:
2050-2065.

8) WanG K, Liu F, ZHou LY, LoNG B, Yuan SM, WaNG Y,
Liu CY, Sun T, ZHAanG XJ, LI PF. The long noncoding
RNA CHRF regulates cardiac hypertrophy by tar-
geting miR-489. Circ Res 2014; 114: 1377-1388.

9) WanG KC, CHang HY. Molecular mechanisms of
long noncoding RNAs. Mol Cell 2011; 43: 904-914.

10) YanG F, Huo XS, Yuan SX, ZHANG L, ZHou WP, WaNG
F, Sun SH. Repression of the long noncoding
RNA-LET by histone deacetylase 3 contributes to
hypoxia-mediated metastasis. Mol Cell 2013; 49:
1083-1096.

11) GuoJ, MaJ, Znao G, LI G, FuY, Luo Y, Gui R. Long
noncoding RNA LINC0086 functions as a tumor
suppressor in nasopharyngeal carcinoma by tar-
geting miR-214. Oncol Res 2017; 25: 1189-1197.

12) CHEN Y, WaNnG CX, Sun XX, WanG C, Liu TF, WaANG
DJ. Long non-coding RNA CCHE1 overexpres-
sion predicts a poor prognosis for cervical cancer.
Eur Rev Med Pharmacol Sci 2017; 21: 479-483.

13) MoY, LuY, WanG P, HuanG S, He L, Li D, Li F, Huang
J, LN X, Li X, CHE S, CHeN Q. Long non-coding RNA
XIST promotes cell growth by regulating miR-139-
5p/PDK1/AKT axis in hepatocellular carcinoma.
Tumour Biol 2017; 39: 1393398665.

14) Bover B, VALLes AM, Epme N. Induction and regu-
lation of epithelial-mesenchymal transitions. Bio-
chem Pharmacol 2000; 60: 1091-1099.

15) ZHanG D, WaNG S, CHen J, Liu H, Lu J, JianG H,
Huang A, CHen Y. Fibulin-4 promotes osteosarco-
ma invasion and metastasis by inducing epithe-
lial to mesenchymal transition via the PI3K/Akt/
mTOR pathway. Int J Oncol 2017; 50: 1513-1530.

16) Nieto MA, HuanG RY, Jackson RA, THiery JP. EMT:
2016. Cell 2016; 166: 21-45.

17) WanG DK, CHoNG RF, Sona BL, Fan KF, Liu YF. Circu-
lar RNA circ-SMAD? is downregulated in colorec-



LINCOO0106 inhibits the metastasis of thyroid carcinoma

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

tal cancer and suppresses tumor metastasis by
regulating epithelial mesenchymal transition. Eur
Rev Med Pharmacol Sci 2020; 24: 1736-1742.
HuanG Y, Yang N. MicroRNA-20a-5p inhibits epi-
thelial to mesenchymal transition and invasion of
endometrial cancer cells by targeting STATS. Int J
Clin Exp Pathol 2018; 11: 5715-5724.

YanG J, Hou S, Liang B. LINC00319 promotes mi-
gration, invasion and epithelial-mesenchymal
transition process in cervical cancer by regulating
miR-3127-5p/RPP25 axis. In Vitro Cell Dev Biol
Anim 2020; 56: 145-153.

Qi M, YuB, YuH, Li F. Integrated analysis of a ceR-
NA network reveals potential prognostic IncRNAs
in gastric cancer. Cancer Med 2020; 9: 1798-1817.
Kitroy BA, ZHENG T, Horrorp TR, HAN X, WaArD MH,
SJopIN A, ZHANG Y, Bal' Y, ZHu C, Guo GL, RoTHMAN
N, ZnanG Y. International patterns and trends in
thyroid cancer incidence, 1973-2002. Cancer
Causes Control 2009; 20: 525-531.

IgLEsias ML, ScumipT A, GHuzLAN AA, LAcroix L,
VATHAIRE F, CHEVILLARD S, ScHLUMBERGER M. Radiation
exposure and thyroid cancer: a review. Arch En-
docrinol Metab 2017; 61: 180-187.

Kim HJ, Park HK, Byun DW, Sun K, Yoo MH, MiN
YK, Kim SW, CHuna JH. lodine intake as a risk fac-
tor for BRAF mutations in papillary thyroid cancer
patients from an iodine-replete area. Eur J Nutr
2018; 57: 809-815.

XING M, WEeSTRA WH, TuraNoO RP, CoHEN Y, ROSENBAUM
E, RHopeN KJ, CarsoN KA, VAsko V, LARIN A, TALLINI
G, ToraNey S, Hour EH, Hui P, UmBricHT CB, BASARIA
S, Ewertz M, TurarRo AP, CALIFANO JA, RINGEL MD, Zei-
GER MA, SiDrRANSKY D, LApenson PW. BRAF mutation
predicts a poorer clinical prognosis for papillary
thyroid cancer. J Clin Endocrinol Metab 2005; 90:
6373-6379.

FroHLicH E, WaHL R. The current role of targeted
therapies to induce radioiodine uptake in thyroid
cancer. Cancer Treat Rev 2014; 40: 665-674.
SANABRIA A, DomiINGUEZ LC, VEGA V, Osorio C. Prog-
nosis of patients with thyroid cancer who do not
undergo surgical treatment: a SEER database
analysis. Clin Transl Oncol 2011; 13: 692-696.
DuesaLl S, Davis CA, MEerkeL A, DoBIN A, LASSMANN T,
MorTtazavi A, TANZER A, LAGARDE J, LIN W/, SCHLESINGER
F, Xue C, Marinov GK, KHATUN J, WiLLIAMs BA, ZALE-
ski C, Rozowsky J, Rober M, Kokocinskl F, ABDELHAMID
RF, Auioto T, ANTOSHECHKIN |, BAER MT, BAR NS, BATUT
P, BerL K, BeLL I, CHAKRABORTTY S, CHEN X, CHRAST J,
CuraDO J, DerrieN T, Drenkow J, Dumais E, DumaAls J,
DutTAGUPTA R, FALCONNET E, FASTUCA M, FEJES-TOTH K,
FERREIRA P, Foissac S, FuLtwoop MJ, Gao H, GoNzALEZ
D, GorooN A, GUNAWARDENA H, Howalp C, JHA S,
JoHnsoN R, Karranov P, King B, Kinagswoob C, Luo
OJ, Park E, Persaup K, PreaLL JB, RiBeca P, Risk B,
RoBYR D, SAMMETH M, ScHAFFER L, SEE LH, SHAHAB A,
SkANCKE J, Suzuki AM, TakaHAsHI H, TilgNer H, TrouT
D, WALTeErs N, WANG H, WRoBEL J, YU Y, RuAN X, Ha-

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

YASHIZAKI Y, HARROW J, GERSTEIN M, HuBBarD T, REY-
MOND A, ANTONARAKIS SE, HANNON G, Gippbings MC,
RuaN Y, WolLb B, CarNINCI P, GuiGo R, GINGERAS TR.
Landscape of transcription in human cells. Nature
2012; 489: 101-108.

Furuno M, PANG KC, Ninomiva N, Fukupa S, FritH MC,
Bur C, Kai C, Kawal J, CARNINGI P, HAYAsHIZAKI Y, MAT-
Tick JS, Suzuki H. Clusters of internally primed tran-
scripts reveal novel long noncoding RNAs. PLoS
Genet 2006; 2: e37.

Barista PJ, CHanG HY. Long noncoding RNAs: cel-
lular address codes in development and disease.
Cell 2013; 152: 1298-1307.

Spizzo R, Awveba M, Coromearnt A, Caun GA. Long
non-coding RNAs and cancer: a new frontier of trans-
lational research? Oncogene 2012; 31: 4577-4587.
CHEN G, WANG Z, WaANG D, Quu C, Liu M, CHEN X,
ZHANG Q, YaN G, Cul Q. LncRNA disease: a da-
tabase for long-non-coding RNA-associated dis-
eases. Nucleic Acids Res 2013; 41: D983-D986.
Gao H, YanG JY, TonG LX, JiIN H, Liu CZ. Long non-
coding RNA UCA1 promotes proliferation and
metastasis of thyroid cancer cells by sponging
miR-497-3p. Eur Rev Med Pharmacol Sci 2020;
24:728-734.

ZHoNG ZB, Wu YJ, Luo JN, Hu XN, Yuan ZN, Li G,
WanG YW, Yao GD, Ge XF. Knockdown of long
noncoding RNA DLX6-AS1 inhibits migration and
invasion of thyroid cancer cells by upregulating
UPF1. Eur Rev Med Pharmacol Sci 2019; 23:
10867-10873.

L X, LiQ, N X, Guo H, Li'Y. Long non-coding RNA
H19 knockdown inhibits the cell viability and pro-
motes apoptosis of thyroid cancer cells through
regulating the PIBK/AKT pathway. Exp Ther Med
2019; 18: 1863-1869.

Katurl R. EMT: when epithelial cells decide to be-
come mesenchymal-like cells. J Clin Invest 2009;
119: 1417-1419.

Baum B, SETTLEMAN J, QuiNLAN MP. Transitions be-
tween epithelial and mesenchymal states in de-
velopment and disease. Semin Cell Dev Biol
2008; 19: 294-308.

ZHeEnGg C, Quan RD, Wu CY, Hu J, LiNn BY, Dona
XB, Xia EJ, BHanDARI A, ZHAang XH, Wanc OC.
Growth-associated protein 43 promotes thyroid
cancer cell lines progression via epithelial-mes-
enchymal transition. J Cell Mol Med 2019; 23:
7974-7984.

Fan X, Znao Y. miR-451a inhibits cancer growth,
epithelial-mesenchymal transition and induces
apoptosis in papillary thyroid cancer by targeting
PSMBS8. J Cell Mol Med 2019; 23: 8067-8075.
WanG DP, Tang XZ, Liang QK, Zeng XJ, Yane JB,
Xu J. Overexpression of long noncoding RNA
SLC26A4-AS1 inhibits the epithelial-mesenchy-
mal transition via the MAPK pathway in papil-
lary thyroid carcinoma. J Cell Physiol 2020; 235:
2403-2413.



