
Original Article

LncRNA HOTAIR Influences the Growth,
Migration, and Invasion of Papillary Thyroid
Carcinoma via Affection on the miR-488-5p/
NUP205 Axis

Feng Xia, MM1, Wei Xia, PhD1 , and Xudong Yu, MM1

Abstract
Objective: The study was aim to investigate the effect of HOX transcript antisense RNA (HOTAIR) on the growth, migration,
and invasion of papillary thyroid carcinoma (PTC) and its underlying mechanisms. Methods: Cell growth, invasion, and migration
was respectively investigated using the MTT assay, trans-well assay, and wound healing assay. The expression of genes and
proteins was respectively determined by Western blot analysis and RT-PCR experiments. Results: It was demonstrated that high
expression of HOTAIR in PTC cells (BCPAP) and tissues resulted in fast tumor growth and poor survival time of the PTC-bearing
mice models. Moreover, overexpression of HOTAIR leaded to markedly enhanced proliferation, migration, and invasion of
BCPAP cells. Increase the levels of HOTAIR in BCPAP cells signally down-regulated the miR-488-5p levels which was able of
inhibiting the growth rate, increasing the apoptosis rate, and decreasing the invasion/migration ability of BCPAP cells. Further
studies indicated that HOTAIR promoted BCPAP cell growth, invasion, and migration mainly through regulating the miR-488-5p/
NUP205 axis and the levels of Bcl-2 as well. Conclusion: HOTAIR promoted the growth, migration, and invasion of papillary
thyroid carcinoma mainly through regulating the miR-488-5p/NUP205 axis.
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Introduction

As the most common endocrinal malignant tumor, thyroid can-

cer has an annually increased global incidence and showed

quickly increased morbidity.1,2 Among all patients who are

diagnosed with thyroid cancer, more than 80% of patients are

carried with papillary thyroid carcinoma (PTC) named for its

papillary histological architecture.2 Although most patients

with thyroid carcinoma achieved a relatively good prognosis

than other cancer types, high rate of metastasis and recurrence

after routine treatments was observed in a wide range if PTC

patients.3-5 Previous study pointed out that about 20% of PTC

patients were diagnosed with metastasis to the regional lymph

nodes and resulted in increased mortality.6

Long noncoding RNAs (lncRNAs) comprise a very hetero-

geneous subclass of RNAs that were firstly described by the

genome-wide sequencing of cDNA libraries of the mouse gen-

ome.7 Accumulating evidences have demonstrated that

lncRNAs play significant roles in the regulation of a variety

of biological processes.8 As one of the most widely studied

lncRNAs, lncRNA HOTAIR has been reported was highly

expressed in many tumors and its expression level was closely

related to the pathological grade, clinical stage and prognosis of

some tumors.9-11 It was previously demonstrated that the bio-

logic function of HOTAIR was validated in human TC cell

lines as well and dysregulation of HOTAIR is correlated with

metastasis and poor prognosis in patients with TC.12-14 Aber-

rant expression of HOTAIR was detected in human TC cells

and knockdown of HOTAIR significantly inhibited cell growth

and invasion in TPC-1 and SW579 human TC.12 Additionally,
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previous studies have demonstrated that HOTAIR single

nucleotide polymorphisms (SNPs) was associated with the risk

of PTC and high expression HOTAIR in PTC tissues resulted in

poorer prognosis in general.15,16 However, the detailed role of

HOTAIR in regulation of PTC and its underlying mechanisms

are not thoroughly investigated to date.

In general, the lncRNAs participates in the process of tumor-

igenesis mainly through regulating the expression of multiple

microRNAs (miRNAs). For example, the LncRNA ANRIL

promoted proliferation, metastasis, and invasion of hepatocel-

lular carcinoma via regulating the miR-122-5p expression.17

Besides, it was reported that the LncRNA CCAT2 regulates

the proliferation and invasion of colon cancer cells by affection

of the miR-145 level.18 MicroRNAs (miRNAs) are a class of

short non-coding RNAs that can affect tumorigenesis and are

closely related to tumor invasion and metastasis.19 The under-

lying mechanism of miRNA regulates tumor metastasis and

infiltration of tumor cells may lies in that miRNA is able of

changing the expression of specifc genes and then affects the

connection of tumor cells.20 miR-488-5p was identified as a

tumor suppressor in many cancers, including the acute myeloid

leukemia, colorectal cancer, and breast cancer.20-22 However,

the role of miR-488-5p in regulating the progression and metas-

tasis of papillary thyroid carcinoma remain unclear. Therefore,

the present study was aimed to evaluate the effect of HOTAIR

on tumorigenesis and growth of papillary thyroid carcinoma

and the potential relationship between miR-488-5p.

Materials and Methods

Materials

The dulbecco’s modified Eagle’s medium (DMEM) was

obtained from Gibco; Thermo Fisher Scientific, Inc. (Waltham,

MA, USA). The 10% heat-inactivated fetal bovine serum

(FBS) was achieved from Hyclone (Logan, USA) while the

1% antibiotic/antimycotic solution was from Sigma-Aldrich,

Merck KGaA (Darmstadt, Germany). The lentivirus respec-

tively containing HOTAIR, miR-488-5p, si-HOTAIR, si-

miR-488-5p and negative control (NC) were purchased from

Shanghai Gene Pharma Company (Shanghai, China). 3-[4,5-

dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide

(MTT) was purchased from Sigma-Aldrich (St. Louis, MO,

USA). The primary antibodies and horseradish peroxidase con-

jugated IgG were obtained from BD Bioscience (San Diego,

CA, USA). The reagents used here were all analytical grade

and obtained from Aladdin reagent co., Ltd. (Shanghai, China)

if not mention elsewhere.

Cell Lines and Animals

Human PTC cells (BCPAP) and the normal human thyroid

cells (HT-ori 3) were purchased from Cancer Research Center

of Chinese Academy of Medical Sciences. Both cells were

cultured in DMEM supplemented with penicillin-

streptomycin and 10% FBS at 37�C with 5% CO2.

Cells Transfection

The BCPAP cells were seeded into 6-well plates and allowed to

grown for 80% confluence. Subsequently, cells were respec-

tively infected with various genes-contained lentivirus using

the Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scien-

tific, Inc.) in accordance with the manufacturer’s protocol.

After 48 h of incubation, all BCPAP cells were collected for

further experiments and divided to the following experimental

groups: Control group (untransfected BCPAP cells), NC group

(negative control siRNA-transfected BCPAP cells), HOTAIR

group (HOTAIR transfected BCPAP cells), si-HOTAIR group

(si-HOTAIR transfected BCPAP cells), miR-488-5p mimic

group (miR-488-5p mimic transfected BCPAP cells), and

miR-488-5p inhibitor group (miR-488-5p inhibitor transfected

BCPAP cells).

Cell Growth

The collected transfected cells were seeded into 96-well plates

at the density of 5 � 103 per well. After respectively incubated

the cells for 12 h, 24 h, and 48 h, 20 mL MTT solution was

added into each well and allowed to co-incubate with cells for 2

h. Then the optical density (OD) value of each well was deter-

mined by a microplate reader.

Colony Formation Experiment

BCPAP cells post transfection were seeded in a 6-well plate at

a density of 400 cells/well and cultured at 37�C with 5% CO2.

Then the cells were allowed to consistently culture for 1 week

with the culture medium was replaced with fresh ones every 2

days. After that, the BCPAP cells were washed twice with PBS

followed by fixation with 4% paraformaldehyde for 30 min.

Thereafter, a crystal violet stain was applied to qualitatively

analysis the colony formation.

Wound Healing Assay

BCPAP cells post transfection were respectively seeded in 96-

well plates at the density of 1 � 104 per well. After incubation

for 24 h and the cells were grown to form a confluent cell

monolayer, a scratch was made in each well of the plates using

100-ml sterile pipette tip. Then the BCPAP cells were cultured

for another 24 h and the migration rate were quantitatively

analyzed.

Trans-Well Assay

For transwell assay, the upper chambers were pre-coated with

Matrigel (Invitrogen; Thermo Fisher Scientific, Inc.) while the

lower chamber were contained by DMEM supplemented with

10% FBS and 1% penicillin/streptomycin. Thereafter, 1 � 105

BCPAP cells post transfection were plated on the upper cham-

ber and allowed to grown for 24 h. Then the lower chambers

were fixed with 4% paraformaldehyde solution with the upper

chambers were swabbed out. After the invasive cells were
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stained with crystal violet, invasion ability of the BCPAP cells

transfected by various genes or not were quantitatively

analyzed.

Cell Apoptosis Assay

After 48 h of transfection, the BCPAP cells post transfection

were collected by centrifugation at 1000 g for 5 min with super-

natant removed. Then the cells in each tube were incubated with

150 mL binding buffer and 5 mL Annexin-V-FITC and mixed up.

After incubation for 15 min under the dark, the mixture of

150 mL binding buffer and 5 mL Annexin-V-FITC was added.

The apoptosis rate of cells was determined using the flow cyto-

metry (FACSCanto II, BD Biosciences, San Jose, CA).

Western Blot Assay

Total protein was extracted using the cell lysate followed by

quantification by the bicinchoninic acid (BCA; Pierce, Rock-

ford, IL, USA). Then the samples were separated by 10%
Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis

(SDSPAGE) and transferred to the polyvinylidene difluoride

(PVDF) membrane (Millipore, Billerica, MA, USA). After

blocking with with 5% skim milk for overnight, the samples

were incubated with primary antibodies against NUP205

(1:1,500) and Bcl-2 (1:1,500) at 4�C for 1 h. After washing

with PBST, the horseradish peroxidase conjugated IgG

(1:3,000) was added and incubated for 24 hour. Finally, the

samples were analyzed using the ECL kit (Merck Millipore,

Billerica, MA, USA) with b-actin as the internal reference.

Reverse Transcription-Quantitative Polymerase Chain
Reaction (RT-qPCR)

Total RNA was extracted using the TRIzol reagent (Invitrogen,

Carlsbad, CA, USA) in accordance with the manufacturer’s

protocol. The concentrations of different total RNA were deter-

mined BCA kit followed by transcription into cDNA (Takara

Biotechnology Co., Ltd., Dalian, China) by the PrimeScript RT

Master Mix kit (Invitrogen, Carlsbad, CA, USA). Then the PCR

amplification reactions were performed using the SYBR green

detection method under the help of Bio-Rad iQ iCycler detection

system. The specific primer sequences used here were as fol-

lows: HOTAIR, F: 5’-GGGTGGCTCACTCTTCTGGC-3’, R:

5’- TGGCCTTGCCCGGGCTTGTC-3’; miR-488-5p, F:

ACACTCCAGCTGGGTAGCAGCACATCATGG, R:

TGGTGTCGTGGAGTCG; NUP205, F: GAAACTTCTGGA-

CATTGAAGGA, R: TGAGGATGGAACTAGGGGAAG;

Bcl-2, F: 5’-GCTCAGCCCTGTGCCACCTG-3’; R: 5’-

CAGAGGTCGCATGCTGGGGC-3’; Glyceraldehyde

3-phosphate dehydrogenase (GAPDH), F: 5’-CGCTCT-

CTGCTCCTCCTGTTC-3’, R: 5’-ATCCGTTGACTCC-

GACCTTCAC-3’. Each sample was subjected to a 3-hole

replicates and the experiment was repeated twice. The densito-

metry of relative mRNA expression was performed using the

calculation of 2-DDCq and GAPDH was used as an internal

control.

Dual-Luciferase Reporter Gene Assay

The potential target site of miR-488-5p was predicted using the

Targetscan, miRanda, and Pictar. The sequences of NUP205

3’UTR were inserted into the pGL3 promoter vector followed

by transfection of the cells with miR-488-5p mimic or negative

control. At 48 hours, luciferase activity was determined

using the dual-luciferase reporter assay kit (Promega, Madison,

WI, USA).

Tumor Growth Experiments

Ectopic papillary thyroid carcinoma models were established

by subcutaneous injection with various 1 � 106 BCPAP cells

on the right flanks. Then all mice were raised under the stan-

dard condition with free accesses to water and food. For sur-

vival investigation, 50 tumor-bearing mice were divided into 5

groups: Control group (mice injected with BCPAP cells), NC

group (mice injected with negative control siRNA-transfected

BCPAP cells), HOTAIR group (mice injected with HOTAIR

transfected BCPAP cells), si-HOTAIR group (mice injected

with si-HOTAIR transfected BCPAP cells), and miR-488-5p

group (mice injected with miR-488-5p transfected BCPAP

cells). Then the survival of each mouse was carefully observed

and recorded. Additionally, the tumor growth rate of each

mouse was also analyzed by calculation of the tumor volumes

every 2 days.

Statistical Analysis

All data were presented as the mean + standard deviation and

analyzed using the SPSS 19.0 software. Comparisons between

groups were performed by Student’s t-test with P < 0.05 was

considered to indicate a statistically significant difference. All

experiments in the present study were repeated at least 3 times

independently.

Results

High Expression of HOTAIR in PTC Cells and Tissues
Resulted in Fast Tumor Growth and Poor Survival Time of
the PTC-Bearing Mice Models

The expression of HOTAIR in PTC cells (BCPAP) was firstly

detected by RT-PCR experiments and compared with the nor-

mal cells (HT-ori 3). As shown in Figure 1A, obvious higher

signal of HOTAIR was observed in the BCPAP cells compared

with the normal cells. Moreover, 16 pair of PTC tissues and

normal control thyroid tissues from animal models were

obtained for HOTAIR detection using the RT-PCR method.

As shown in Figure 1B, the levels of HOTAIR in PTC tissues

was dramatically higher than that in normal control thyroid

tissues. These results confirmed a higher expression of
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HOTAIR in PTC cells and tissues than the corresponding nor-

mal ones.

Additionally, the effect of HOTAIR on promotion of tumor

growth was subsequently investigated on the PTC-bearing

mice models. For experiments, 2 kinds of PTC-bearing mice

models were firstly established by injection on the right flanks

of mice with HOTAIR transfected BCPAP cells (high level of

HOTAIR) and HOTAIR non-transfected BCPAP cells (low

level of HOTAIR), respectively. As shown in Figure 1C and

D, the tumors in the group of high level of HOTAIR (n ¼ 10)

exhibited obvious faster tumor growth rate than that from the

group of low level of HOTAIR (n¼ 10), and resulted in shorter

medium survival time. These results together might suggested

that overexpression of HOTAIR might acted as a pivotal pro-

moter of tumorigenesis of papillary thyroid carcinoma.

Up-Regulation of HOTAIR Leaded to Rapid Growth,
Proliferation, Invasion and Migration of Papillary Thyroid
Carcinoma Cells

After transfection of the BCPAP cells with different strategies,

the expression of HOTAIR was confirmed by RT-PCR experi-

ments. As shown in Figure 2A, the cells in the group of

HOTAIR displayed the highest level of HOTAIR among all

groups. In contrast, the cells transfected with si-HOTAIR have

the lowest level of HOTAIR compared with other groups. Then

the role of HOTAIR in regulation of cell process was deter-

mined. As shown in Figure 2B and C, the cells in the group of

HOTAIR exhibited the rapidest growth and proliferation rates

compared with others. However, the growth and proliferation

ability of BCPAP cells was signally down-regulated after trans-

fection with si-HOTAIR. Besides the promotion effect on cell

growth and proliferation, the HOTAIR was also demonstrated

that played significant role in promotion of invasion and migra-

tion of BCPAP cells. As shown in Figure 2D and E, the cells

overexpressed with HOTAIR displayed the rapidest invasion

and migration rate compared with other groups. In contrast,

after knockdown of HOTAIR by si-HOTAIR, the invasion and

migration ability of BCPAP cells was dramatically down-

regulated.

Increase the Levels of HOTAIR Signally Down-Regulated
the miR-488-5p Levels in Papillary Thyroid Carcinoma
Cells

As shown in Figure 3A, the expression of miR-488-5p in the

HOTAIR transfected BCPAP cells was signally lower than the

cells in control group or NC group. However, knockdown

of the expression of HOTAIR leaded to an obvious increase

of miR-488-5p level. These results indicated that the high level

Figure 1. High expression of HOTAIR in PTC cells and tissues resulted in fast tumor growth and poor survival time of the PTC-bearing mice

models. (A) The expressions of HOTAIR in PTC cells (BCPAP) and normal control cells (HT-ori 3 cells) detected using the RT-PCR analysis.

(B) The levels of HOTAIR in PTC tissues and normal control thyroid tissues analyzed by the RT-PCR assay. (C) Tumor growth rates in the

groups of high level of HOTAIR and low level of HOTAIR. (D) Percent survivals of the PTC-bearing mice from the groups of high level of

HOTAIR and low level of HOTAIR examined using the Kaplan-Meier curve. ***P < 0.001 significantly higher than the normal cells (HT-ori 3)

or normal thyroid tissue.
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of HOTAIR in BCPAP cells was detrimental to the expression

of miR-488-5p. Additionally, transfection of the BCPAP cells

with miR-488-5p mimic resulted in significantly down-

regulation of HOTAIR levels while not in the miR-488-5p

inhibitor transfected cells (Figure 3B). Moreover, the correla-

tions between the expressions of HOTAIR and miR-488-5p

detected by RT-PCR was further confirmed using the linear-

regression analysis. As shown in Figure 3D, it was obviously

Figure 2. High expression of HOTAIR leaded to rapid growth, proliferation, invasion and migration of papillary thyroid carcinoma cells. (A)

Expression of HOTAIR in BCPAP cells post various transfections. (B) Cell viability of BCPAP cells post transfections determined by the CCK-

8 assay. (C) Quantitative evaluation of the proliferation rate of BCPAP cells after different transfection. (C) The invasive ability of BCPAP cells

after different transfections investigated by the crystal purple staining methods (upper) and the migration ability of BCPAP cells post different

transfections determined using the wound healing assay (lower). The bar represents 100 mm. (D) Semi-quantitative evaluation of the invasive

ability and migration ability of BCPAP cells post different transfections. ***P < 0.001 significantly higher than the control or NC group. #P <

0.05 significantly lower than the control or NC group.

Figure 3. Up-regulation of the levels of HOTAIR signally down-regulated the miR-488-5p levels in papillary thyroid carcinoma cells. (A)

Determination of the expression of miR-488-5p in the BCPAP cells after transfected with NC, HOTAIR, and si-HOTAIR. (B) The levels of

HOTAIR in the BCPAP cells post transfected with miR-488-5p and anti-miR-488-5p. (C). The correlations between the expression of HOTAIR

and miR-488-5p determined by the RT-PCR experiments.**P < 0.01, ***P < 0.001 significantly higher than the control or NC group. ##P < 0.01

significantly lower than the control or NC group.
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observed that the expression of miR-488-5p was negatively

correlated to the expression of HOTAIR, with increasing the

HOTAIR levels signally down-regulated the miR-488-5p level.

These results suggested that the HOTAIR affected the cellular

process of BCPAP cells through negative regulation of the

miR-488-5p level.

Overexpression of miR-488-5p by transfection with si-

HOTAIR signally inhibited the growth rate, increased the

apoptosis rate, and decreased the invasion/migration ability

of BCPAP cells.

As demonstrated above, the expression of miR-488-5p was

negatively correlated to the expression of HOTAIR. Therefore,

increase the miR-488-5p levels by knock-down of HOTAIR

might contribute to the tumor growth inhibition. As demon-

strated in Figure 4A, up-regulation of miR-488-5p markedly

reduced the growth rate of BCPAP cells, with the OD value of

miR-488-5p group was nearly half of the control group. Addi-

tionally, transfection of the BCPAP cells with miR-488-5p

mimic contributed to higher rate of cell apoptosis compared

with the untreated BCPAP cells (Figure 4B). The effect of miR-

488-5p on the invasion and migration of BCPAP cells was also

studied. As shown in Figure 4C, the cells in the group of miR-

488-5p exhibited the weakest capacity of invasion and migra-

tion compared with the control group and NC group. These

resulted confirmed that increase the levels of miR-488-5p by

knock-down of HOTAIR contributed to the inhibition of

BCPAP cell growth, invasion, and migration.

HOTAIR Promoted BCPAP Cell Growth, Invasion, and
Migration Mainly Through Regulating the miR-488-5p/
NUP205 Axis

It was previously demonstrated that the NUP205 was the poten-

tial target gene of miR-488-5p.14 Therefore, the effect of

HOTAIR on the regulation of miR-488-5p levels and NUP205

levels in BCPAP cells was both investigated. As shown in

Figure 4D and E, after transfection of cells with HOTAIR, the

expression of miR-488-5p was dramatically down-regulated

Figure 4. Elevation of miR-488-5p by transfection of si-HOTAIR decreased the growth rate, increased the apoptosis rate, and inhibited the

invasion/migration ability of BCPAP cells through regulating the NUP205 and BCl-2 expressions. (A) Cell viability of BCPAP cells after

respectively transfected with NC, miR-488-5p, and anti-miR-488-5p. (B) Cell apoptosis rate of the different genes transfected BCPAP cells

determined by the Annexin V-FITC/PI double-staining assay. (C) Invasive and migration ability of different genes transfected BCPAP cells

respectively determined by the trans-well assay and wound-healing assay. (D) Expression of miR-488-5p, NUP205, and BCl-2 in BCPAP cells

post different treatments determined by western-blot assays. (E) Quantitative analysis of the expression of miR-488-5p, NUP205, and BCl-2 in

BCPAP cells post different treatments examined by RT-PCR experiments. (F) The role of miR-488-5p expression in regulating the level of

NUP205 confirmed by the dual-luciferase reporter gene assay. ##P < 0.005, ###P < 0.005 significantly lower than the control group. **P < 0.01,

***P < 0.001 significantly higher than the control or NC group. ##P < 0.05, ##P < 0.01 significantly lower than the control or NC group.
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while the expression of NUP205 was signally increased. In

contrast, elevation of the miR-488-5p levels in BCPAP cells

by knock-down of HOTAIR significantly decreased the

NUP205 levels. These results confirmed that the HOTAIR

promoted BCPAP cell growth, invasion, and migration mainly

through regulating the miR-488-5p/NUP205 axis. Addition-

ally, knock-down of HOTAIR in BCPAP cells contributed to

obviously down-regulated levels of Bcl-2 as well, indicated the

aberrant expression of HOTAIR favorable for BCPAP cell sur-

vival. For further confirmation, the dual luciferase reporter

assay was performed. As results shown that overexpression

of miR-488-5p dramatically weakened the luciferase activity

of the NUP205 vector (p < 0.05) without attenuating that of the

mutant vector (Figure 4E). These results confirmed that the

HOTAIR promoted BCPAP cell growth, invasion, and migra-

tion mainly through regulating the miR-488-5p/NUP205 axis.

Increase the HOTAIR Levels Contributed to Rapid
Growth of PTC by Negative Regulation of the miR-488-
5p Expression

Finally, the effect of HOTAIR on the growth of PTC was

evaluated in vivo. A shown in Figure 5A and B, the mice in

the HOTAIR group exhibited the rapidest growth rate, which

resulted in the shortest medium survival time (26 days). After

knockdown of the expression of HOTAIR by transfection of

si-HOTAIR, the tumor growth rate was dramatically down-

regulated and the survival time of PTC-bearing mice was

prolonged to 46 days. Additionally, up-regulation of the miR-

488-5p levels in PTC resulted in the slowest tumor growth rate

and longest survival time (53 days). What’s more, expressions

of HOTAIR and miR-488-5p in PTC tissues were respectively

detected post the tumor growth assay. It was revealed that the

tumor tissues of the mice, which achieved the shortest medium

survival time, exhibited the highest level of HOTAIR and the

lowest level of miR-488-5p (Figure 5C and D). In contrast,

tumor tissues of mice from the group of si-HOTAIR have

obvious higher level of miR-488-5p and lower level of

HOTAIR than the control or NC group. Similar to above, the

miR-488-5p treated mice displayed the lowest expression of

HOTAIR than others.

Discussion

In recent years, increasing evidence suggested that the HOTAIR

is highly expressed in a wide array of tumor types.12,15 Multiple

studies have demonstrated that the HOTAIR played significant

Figure 5. Increase the HOTAIR levels contributed to rapid growth of PTC by negative regulation of the miR-488-5p expression. (A) Tumor

growth of papillary thyroid carcinoma-bearing mice after respectively treated by NC, HOTAIR, si-HOTAIR, and miR-488-5p. (B) Medium

survival time of the tumor-bearing mice received various treatments. Quantitatively analysis of the levels of HOTAIR (C) and 488-5p (D) in

tumor tissues by RT-PCR experiments. ##P < 0.005, ###P < 0.005 significantly lower than the control group. **P < 0.05, ***P < 0.001

significantly higher than the control or NC group.
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roles in the regulation of a variety of biological processes.14,12

The favorable role of HOTAIR in TC or PTC has been demon-

strated as well with dysregulation of HOTAIR is closely corre-

lated with metastasis and poor prognosis in patients with TC or

PTC.12-14 As consistent with previous reports, our study con-

firmed that the HOTAIR was highly expressed in papillary thyr-

oid carcinoma cells and tissues. In contrast, significant lower

levels of HOTAIR was detected in normal control thyroid cells

or tissues. What’s more, we also demonstrated that high expres-

sion of HOTAIR in PTC resulted in fast tumor growth rate and

poor prognosis.

As a worthy biomarker for diagnosis and prognosis of can-

cer, lncRNAs has been reported with ability of promoting

tumor progress through regulating the growth, proliferation,

migration, and invasion of tumor cells.23,24 Although the favor-

able role of HOTAIR in PTC has been demonstrated, the

detailed effect of HOTAIR on the growth of PTC was not yet

thoroughly investigated. In the present study, the detailed role

of HOTAIR in regulation of the cellular process of papillary

thyroid carcinoma cells was studied. The obtained results

revealed that up-regulation of HOTAIR levels in BCPAP cells

dramatically enhanced the proliferation rate, migration ability,

and invasive numbers of PTC cells. Additionally, high level of

HOTAIR in PTC tissues leaded to rapid tumor growth rate and

short medium survival time. Such conclusion could be further

confirmed by the fact that knocking down of the HOTAIR

expression leaded to significant inhibition on the activity of

BCPAP cells and papillary thyroid carcinoma tissues.

Generally, lncRNAs promotes tumor progress mainly

through affecting the coding of RNA molecules through the

indirect way.25,26 MiR-488-5p is a recurrence-related exosomal

miR that has potential effect on inhibition tumorigenesis and

tumor progress.20-22 Previous study demonstrated that knock-

down of SNHG1 was able of suppresses cell proliferation,

metastasis, and invasion of acute myeloid leukemia by regulat-

ing the miR-488-5p expression.27 However, whether there is

correlations between the expressions of miR-488-5p and

HOTAIR in PTC remains unclear. Therefore, in the present

study, the role of HOTAIR in regulation of the miR-488-5p

levels in PTC was evaluated. It was confirmed that high level of

HOTAIR in BCPAP cells or papillary thyroid carcinoma tis-

sues was detrimental to the expression of miR-488-5p. How-

ever, knockdown of the HOTAIR expression leaded to an

obvious increase of miR-488-5p level. Contrary results could

be observed with increasing the miR-488-5p levels in papillary

thyroid carcinoma cells and tissues dramatically weakened the

levels of HOTAIR.

As demonstrated previously, overexpression of miR-488-5p

resulted in considerable antagonism effect on the invasion and

metastasis of breast cancer.28 Our studies also confirmed that

up-regulation of miR-488-5p was closely related to the signif-

icant decrease of proliferation rate, migration ability, and inva-

sive numbers of BCPAP cells. Additionally, transfection of the

BCPAP cells with miR-488-5p resulted in obvious higher rate

of cell apoptosis compared with the control cells. These results

were further confirmed by in vivo experiments with the miR-

488-5p treated mice exhibited the longest survival time and

tumor growth rate. More importantly, underlying mechanisms

were further investigated and it was revealed that up-regulation

of HOTAIR resulted in down-regulation of miR-488-5p and in

turn increased the NUP205 and the Bcl-2. These results indi-

cated that the HOTAIR promoted the growth, invasion, and

migration of PTC mainly through regulating the miR-488-5p/

NUP205 axis and the levels of Bcl-2 as well.

In conclusion, the present study demonstrated that the

HOTAIR cloud be a worthy biomarker of papillary thyroid

carcinoma with high expression of HOTAIR was detected in

tumor tissues or cells. Additionally, HOTAIR plays significant

role in promotion of growth, invasion, and migration of PTC

through specifically silencing the miR-488-5p expression and

up-regulation of NUP205 and Bcl-2 as well. Knocking down of

the HOTAIR levels might contributed to the inhibition of the

activity of PTC.

Authors’ Contributions

Feng Xia, Wei Xia, and Xudong Yu were responsible for the concep-

tion and design of the study. Feng Xia and Wei Xia were responsible

for the collection of data, data analysis, interpretation and manuscript

writing. Xudong Yu revised the manuscript.

Availability of Data and Materials

The datasets used and/or analyzed during the current study are avail-

able from the corresponding author on reasonable request.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Ethical Statement

Our study was approved by the guidelines that was approved by the

ethics committee of Hubei Maternal and Children’s Hospital.

(approval no. SYXK2017-0065).

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

ORCID iD

Wei Xia https://orcid.org/0000-0002-3622-815X

Reference

1. Pellegriti G, Frasca F, Regalbuto C, et al. Worldwide increasing

incidence of thyroid cancer: update on epidemiology and risk

factors. J Cancer Epidemiol. 2013;2013:965212.

2. Morris LG, Tuttle RM, Davies L. Changing trends in the inci-

dence of thyroid cancer in the United States. JAMA Otolaryngol

Head Neck Surg. 2016;142(7):709-711.

3. Zhou B, Huang H, Xu Z, et al. Long-term outcomes of cn0 papil-

lary thyroid carcinoma without elective central compartment neck

dissection. Acta Academiae Medicinae Sinicae. 2017;39(3):

383-388.

4. Pradhan R, Agarwal A. Prognostic impact of further treatments on

distant metastasis in patients with minimally invasive follicular

8 Technology in Cancer Research & Treatment

https://orcid.org/0000-0002-3622-815X
https://orcid.org/0000-0002-3622-815X
https://orcid.org/0000-0002-3622-815X


thyroid carcinoma: verification using inverse probability of treat-

ment weighting. World J Surg. 2017;41(4):1143-1143.

5. Maksimovic S, Jakovljevic B, Gojkovic Z. Lymph node metas-

tases papillary thyroid carcinoma and their importance in recur-

rence of disease. Med Arch. 2017;72(2):108-111.

6. Hei H, Song Y, Qin J. A nomogram predicting contralateral cen-

tral neck lymph node metastasis for papillary thyroid carcinoma. J

Surg Oncol. 2016;114(6):703-707.

7. Gupta RA, Shah N, Wang KC, et al. Long non-coding RNA

HOTAIR reprograms chromatin state to promote cancer metasta-

sis. Nature. 2010;464(7291):1071-1076.

8. Faghihi MA, Modarresi F, Khalil AM, et al. Expression of a

noncoding RNA is elevated in Alzheimer’s disease and drives

rapid feed-forward regulation of beta-secretase. Nat Med. 2008;

14(7):723-730.

9. Zhou W, He X, Chen Z, et al. LncRNA HOTAIR-mediated Wnt/

b-catenin network modeling to predict and validate therapeutic

targets for cartilage damage. BMC Bioinformatics. 2019;20(1):

412.

10. Pawłowska E, Szczepanska J, Blasiak J. The long noncoding

RNA HOTAIR in breast cancer: does autophagy play a role? Int

J Mol Sci. 2017;18(11):2317.

11. Liu XH, Sun M, Nie FQ, et al. Lnc RNA HOTAIR functions as a

competing endogenous RNA to regulate HER2 expression by

sponging miR-331-3p in gastric cancer. Mol Cancer. 2014;13:92.

12. Zhang Y, Yu S, Jiang L, et al. HOTAIR is a promising novel

biomarker in patients with thyroid cancer. Exp Ther Med. 2017;

13(5):2274-2278.

13. Di W, Li Q, Shen W, et al. The long non-coding RNA HOTAIR

promotes thyroid cancer cell growth, invasion and migration

through the miR-1-CCND2 axis. Am J Cancer Res. 2017;7(6):

1298-1309.

14. Liu X, Liu G, Lu Y, et al. Long non-coding RNA HOTAIR

promotes cell viability, migration and invasion in thyroid cancer

cells by sponging miR-17-5p. Neoplasma. 2020;67(2):229-237.

15. Mahmoudian-Sani MR, Jalali A, Jamshidi M, et al. Long non-

coding RNAs in thyroid cancer: implications for pathogenesis,

diagnosis, and therapy. Oncol Res Treat. 2019;42(3):136-142.

16. Zhang R, Hardin H, Huang W, Darya B, Ricardo VL. Long non-

coding RNA Linc-ROR is upregulated in papillary thyroid carci-

noma. Endocr Pathol. 2018;29:1-8.

17. Ma J, Li T, Han X, Huifeng Y. Knockdown of LncRNA ANRIL

suppresses cell proliferation, metastasis, and invasion via regulat-

ing miR-122-5p expression in hepatocellular carcinoma. J Cancer

Res Clin Oncol. 2018;144(2):205-214.

18. Yu Y, Nangia-Makker P, Farhana L, Adhip PNM. A novel

mechanism of lncRNA and miRNA interaction: CCAT2 regulates

miR-145 expression by suppressing its maturation process in

colon cancer cells. Mol Cancer. 2017;16(1):55.

19. Xu X, Tao Y, Shan L, et al. The role of MicroRNAs in hepato-

cellular carcinoma. J Cancer. 2018;9(19):3557-3569.

20. Sun Z, Shi K, Yang S, et al. Effect of exosomal miRNA on cancer

biology and clinical applications. Mol Cancer. 2018;17(1):147.

21. Li Y, Tian J, Guo ZJ, Zhu-Bo Z, Chang-Yan X, Xiao-Chun W.

Expression of microRNAs-106b in non small cell lung cancer. J

Cancer Res Ther. 2018;14(Suppl):S295-S298.

22. Piasecka D, Braun M, Kordek R, Rafal S, Hanna R. MicroRNAs

in regulation of triple-negative breast cancer progression. J Can-

cer Res Clin Oncol. 2018;144(8):1401-1411.

23. Zhong F, Zhang W, Cao Y, et al. LncRNA NEAT1 promotes

colorectal cancer cell proliferation and migration via regulating

glial cell-derived neurotrophic factor by sponging miR-196a-5p.

Acta Biochim Biophys Sin (Shanghai). 2018;50(12):1190-1199.

24. Xu S, Sui S, Zhang J, et al. Downregulation of long noncoding

RNA MALAT1 induces epithelial-to-mesenchymal transition via

the PI3K-AKT pathway in breast cancer. Int J Clin Exp Pathol.

2015;8(5):4881-4891.

25. Chiyomaru T, Yamamura S, Fukuhara S, et al. Genistein inhibits

prostate cancer cell growth by targeting miR-34a and oncogenic

HOTAIR. PLoS One. 2013;8(8):e70372.

26. Ma MZ, Li CX, Zhang Y, et al. Long non-coding RNA HOTAIR,

a c-Myc activated driver of malignancy, negatively regulates

miRNA-130a in gallbladder cancer. Mol Cancer. 2014;13:156.

27. Bao XL, Zhang L, Song WP. LncRNA SNHG1 overexpression

regulates the proliferation of acute myeloid leukemia cells

through miR-488-5p/NUP205 axis. Eur Rev Med Pharmacol Sci.

2019;23(13):5896-5903.

28. Masuda T, Shinden Y, Noda M, et al. Circulating pre-microRNA-

488 in peripheral blood is a potential biomarker for predicting

recurrence in breast cancer. Anticancer Res. 2018;38(8):

4515-4523.

Xia et al 9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


