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Abstract: The purpose of this study was to explore the potential role of HOTAIR in thyroid cancer carcinogenesis. 
We found that HOTAIR was unregulated in human thyroid cancer and inversely correlated with miR-1. Functional 
assays indicated HOTAIR regulates miR-1 directly in thyroid cancer cells. We also revealed that HOTAIR promotes 
the processes of thyroid cancer cell malignancy through regulation of microRNA-1 (miR-1). Furthermore, we showed 
that HOTAIR could regulate a downstream target of miR-1, CCND2, in a miR-1-mediated manner. In addition, we also 
proved, using a tumor formation assay in nude mice, that silencing HOTAIR inhibited tumor formation in vivo. There-
fore, our study demonstrated that HOTAIR promotes the development and progression of thyroid cancer through 
inhibition of microRNA-1 and activation of CCND2.
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Introduction

Thyroid cancer composes a large proportion 
(approximately 93%) of endocrine cancers and 
has substantially increased morbidity [1, 2]. In 
2015, there were 62,450 new thyroid cancer 
cases and approximately 1,950 thyroid cancer 
deaths [3]. Although the current treatment 
methods for thyroid cancer are improved, main-
ly surgical resection, radiotherapy and levothy-
roxine treatment [4], metastatic thyroid carci-
noma has a poor prognosis [5, 6]. Therefore, 
further studies on the molecular mechanisms 
and functions of thyroid cancer development 
are still urgently needed.

Long non-coding RNAs (lncRNAs), a new family 
of regulatory RNAs, regulate gene expression 
levels via transcription regulation, genomic 
imprinting and chromatin modification [7, 8]. 
Studies have shown that lncRNAs are involved 
in the carcinogenesis of lung [9], liver [10] 55 
vwV, and breast cancer [11, 12]. In addition, 
several studies have shown that the lncRNA-
HOTAIR is involved in various cancers [13], such 
as hepatocellular cancer [14], colorectal can-

cers [15], lung cancer [16], and gastric cancer 
[17]. However, it remains unclear whether 
HOTAIR plays a key role in thyroid cancer.

MicroRNAs (miRNAs) are highly conserved non-
coding RNAs approximately 20 nucleotides in 
length that take part in post-transcriptional 
regulation of target genes and play important 
roles in tumor carcinogenesis [18, 19]. A variety 
of studies have suggested that miR-1 is involved 
in lung cancer [20], bladder cancer [21], pros-
tate cancer [22], colorectal cancer [23], and 
squamous cell cancer [24]. One study also dem-
onstrated that miR-1 acts as a tumor suppres-
sor though targeting CCND2 in thyroid cancer 
[25]. However, there is no evidence of a rela-
tionship between HOTAIR and miR-1 in thyroid 
cancer.

In our study, we indicated that HOTAIR promotes 
the processes of thyroid cancer through regula-
tion of the miR-1-CCND2 axis. Therefore, our 
study has shown that HOTAIR/miR-1/CCND2 
may serve as a potential target for thyroid can-
cer treatment.

http://www.ajcr.us
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Materials and methods

Patients and tissue samples

We collected 26 pairs of thyroid cancer tissues 
and adjacent noncancerous thyroid tissues 
from patients at The Second Hospital of Hebei 
Medical University. This study was approved by 
the Ethics Committee of the Second Hospital of 
Hebei Medical University. Informed consent 
was obtained from patients. All tissue samples 
were stored at -80°C until used.

Vector construction and transfections

The siRNA sequences targeting human HOTAIR 
(siHOTAIR1#: UAA CAA GAC CAG AGA GCU GUU; 
siHOTAIR2#: CCA CAU GAA CGC CCA GAG AUU; 
siHOTAIR3#: GAA CGG GAG UAC AGA GAG AUU) 
or negative control RNA (NC, CUA CAA CAG CCA 
CAA CGU CdT dT) were designed and purchased 
from GenePharma (GenePharma Co., Ltd., 
Shanghai, China). According to the manufac-
turer’s instructions, TPC-1 and FTC-133 cells 
were transfected with 50 nM si-HOTAIR1#, si-
HOTAIR2#, si-HOTAIR3# and control using 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA). A total of 200 μl mature anti-NC and anti-
miR-1 (GenePharma) were transfected into 
TPC-1 and FTC-133 cells, which have been 
transfected with si-HOTAIR3# and control for 
72 hrs. Mature miR-1 (GenePharma) was trans-
fected into TPC-1 and FTC-133 cells using 
Lipofectamine 2000 for 72 hrs. Constructed 
CCND2 and vector were transfected into TPC-1 
and FTC-133 cells, which have been transfect-
ed with si-HOTAIR3# or miR-1 for 48 hrs., 
respectively. 

Quantitative real-time reverse transcription 
PCR (qRT-PCR) 

According to the manufacturer’s instructions, 
total RNA was extracted from thyroid cancer tis-
sues and TPC-1 and FTC-133 cells. cDNAs were 
synthesized using the RevertAid First Strand 
cDNA Synthesis kit (Thermo Fisher, Shanghai, 
China). The SYBR-Green PCR Master Mix Kit 
(Takara) was used to detect mRNA expression. 
The primer sequences for HOTAIR were 5’-TTT 
GGA CTG TAA AAT ATG GC-3’ (forward) and 5’- 
TTC TGA CAC TGA ACG GAC T-3’ (reverse). The 
primer sequences for miR-1 were 5’-GTA GGC 
ACC TGA AAT GGA A-3’ (forward) and 5’-TTG ATG 
GTG CCT ACA GTA CAT-3’ (reverse). The primer 
sequences for GAPDH were 5’-CCT CGT CTC ATA 

GAC AAG ATG GT-3’ (forward) and 5’-GGG TAG 
AGT CAT ACT GGA ACA TG-3’ (reverse) (internal 
control). The primer sequences for U6 were 5’- 
CTC GCT TCG GCA GCA CA-3’ (forward) and 5’- 
AAC GCT TCA CGA ATT TGC GT-3’ (reverse).

Protein extraction and Western blot 

Transfected cells were lysed by lysis buffer sup-
plemented with a protease inhibitor cocktail 
(Sigma-Aldrich). Equal concentrations of pro-
teins were separated by SDS-PAGE and trans-
ferred to PVDF membranes (Millipore, Billerica, 
MA, USA). Western blotting analysis was per-
formed as previously described [26]. The pri-
mary antibody used was the anti-CCND2 anti-
body (1:200, Abcam, Cambridge, UK); the anti- 
GAPDH antibody (1:4000, Beverly, MA, USA) 
was used as internal control.

Luciferase reporter assay

Cells (5×104 cells/well) were cultured in a 
24-well plate and co-transfected with wild type 
(HOTAIR-WT) or mutant (HOTAIR-Mut) HOTAIR 
and miR-1 using Lipofectamine 2000 (Invitro- 
gen) for 48 hrs. The pRL-CMV Renilla was used 
as an internal control. According to the manu-
facturer’s instructions, the luciferase activities 
were measured by the Dual-Luciferase Reporter 
Assay System (Promega, Madison, WI).

RNA immunoprecipitation assay

For the RNA immunoprecipitation (RIP) assay, 
the Magna RIP RNA-Binding Protein Immuno- 
precipitation Kit (Millipore) was used. qRT-PCR 
was used to detect the co-precipitated RNAs.

Colony-forming unit assay

Treated cells (2×103 cells) were seeded in 100-
mm dishes in complete medium for 10 days at 
37°C and 5% CO2. The cells were fixed and 
stained with 0.1% crystal violet and colony-
forming units were counted.

Proliferation assay

Treated cells (5×103 cells /well) were seeded in 
a 96-well plate and incubated at 37°C. At 0, 12, 
24, and 48 hrs., 20 μl of 3-(4, 5-dimethyl- 
thiazol-2-yl)-2, 5-diphenyltetrazolium bromide 
(MTT, 5 mg/mL) were added to each well. The 
original culture was removed, and 100 μl of a 
dimethyl sulfoxide (DMSO) solution were added 
to dissolve the crystal after 4 hrs. Absorbance 
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was measured at 570 nm by a micro-plate 
reader (Bio Tek Instruments).

Wound healing assay

As previously described [27], treated cells were 
seeded in a 6-well plate. Small wounds were 
created and cell fragments were gently washed 
away. Images were taken under a microscope 
at 0 and 3 days.

Migration and invasion assays

For the migration assay, treated TPC-1 and FTC-
133 cells (1×105 cells/well in 200 μl of serum-
free medium) were seeded on the upper side of 
a polycarbonate membrane (8-mm pore), and 
600 μl of complete medium were added to the 
lower chamber. After 24 hrs., the cells at on the 
upper side of the chamber were removed, and 
the cells on the bottom side of the chamber 
were fixed and stained with a crystal violet solu-
tion (Sigma-Aldrich). The migrated cells were 
obtained and counted. For the invasion assay, 
the diluted Matrigel (BD Biosciences) was pre-
applied to the upper side of the polycarbonate 
membrane for 1 h at 37°C.

Flow cytometric analysis of the cell cycle and 
apoptosis

Cells were analyzed by flow cytometry as previ-
ously described [28]. Briefly, cells were harvest-
ed, fixed, and stained. Images of the cell cycle 

and apoptosis were obtained by the FACS 
Calibur system (BD Biosciences).

Tumor formation in nude mice

This study was approved by the Institutional 
Committee of the Second Hospital of Hebei 
Medical University. Treated TPC-1 and FTC-133 
cells (1×107 cells in 200 μl serum-free medium) 
were subcutaneously injected into 5-week-old 
BALB/c male nude mice. At specific times, the 
mice were killed, and the weight and volume of 
the tumors were determined.

Statistical analysis

All experiments were performed independently 
three times. Data were expressed as the mean 
± S.D. Graph Prism 5.0 software (GraphPad 
Prism, San Diego, CA) was used to analyze the 
results by Student’s t-test or one-way analysis 
of variance (ANOVA). P < 0.05 was regarded as 
statistically significant.

Results

LncRNA HOTAIR is highly expressed in human 
thyroid cancer

The expression of HOTAIR was detected in thy-
roid cancer tissues and adjacent noncancerous 
tissues from 26 patients. The results proved 
that HOTAIR expression was higher in thyroid 
cancer tissues than adjacent noncancerous tis-

Figure 1. HOTAIR is highly expressed in human thyroid cancer. A. The expression level of HOTAIR was detected by 
qRT-PCR in 26 thyroid cancer tissues and paired adjacent normal tissues. B. The expression level of HOTAIR was 
measured by qRT-PCR in the human thyroid follicular epithelial cell line (Nthy-ori 3-1) and thyroid cancer cell lines 
(TPC-1, FTC-133, B-CPAP, and SW579) (*P < 0.05, ***P < 0.001).
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Figure 2. Silencing HOTAIR inhibits thyroid cancer cell growth. A. The expression level of HOTAIR was measured by qRT-PCR in TPC-1 and FTC-133 cells transfected 
with siRNAs of HOTAIR (si-HOTAIR1#, si-HOTAIR2#, si-HOTAIR3#) and control. B, C. Silencing HOTAIR by si-HOTAIR3# significantly inhibited proliferation of TPC-1 and 
FTC-133 cells at 12 hrs., 24 hrs., and 48 hrs. Cell proliferation was detected by MTT assay. D. Cell proliferation was detected by colony-forming unit assay in TPC-1 
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and FTC-133 cells transfected with si-HOTAIR3# and control. E. Apoptosis was measured by Annexin V-APC/7-AAD 
staining in TPC-1 and FTC-133 cells transfected with si-HOTAIR3# and control. F. Tumors were collected from athy-
mic mice injected with TPC-1 cells transfected with si-HOTAIR3# or control. G. The tumor volume was analyzed at 
specific times. H. The tumor weight was measured at specific times (n = 7). (*P < 0.05, **P < 0.01, ***P < 0.001).

Figure 3. Silencing HOTAIR inhibits migration and invasion of thyroid cancer cells. A-C. Silencing HOTAIR significantly 
inhibited the invasion of TPC-1 and FTC-133 cells in a Transwell assay. D-F. Silencing HOTAIR inhibited the migration 
of TPC-1 and FTC-133 cells in Transwell assay. G, H. Silencing HOTAIR inhibited the migration of TPC-1 and FTC-133 
cells in wound healing assay. (Magnification 200×, Scale bars = 10 μm, *P < 0.05).
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sues (P < 0.001) (Figure 1A). To further study 
the role of HOTAIR in thyroid cancer cells, qRT-
PCR was used to detect the expression of 
HOTAIR in a human thyroid follicular epithelial 
cell line (Nthy-ori 3-1) and thyroid cancer cell 
lines (TPC-1, FTC-133, B-CPAP, and SW579). 
We found that HOTAIR expression was higher in 
the thyroid cancer cell lines than the Nthy-ori 
3-1 cells (P < 0.05) (Figure 1B).

Silencing HOTAIR expression inhibits thyroid 
cancer cell growth in vivo and in vitro

To understand the functions of HOTAIR in thy-
roid cancer, TPC-1 and FTC-133 cells were 
transfected with siRNAs of HOTAIR, including 
si-HOTAIR1#, si-HOTAIR2#, si-HOTAIR3# and 
control. qRT-PCR was used to detect the effects 
of si-HOTAIR1#, si-HOTAIR2#, and si-HOTAIR3# 
in TPC-1 and FTC-133 cells. Our results showed 
that the expression of HOTAIR was markedly 
decreased in TPC-1 and FTC-133 cells trans-
fected with si-HOTAIRs compared with control. 
si-HOTAIR3# had the highest silencing efficien-
cy (Figure 2A); thus, si-HOTAIR3# was used for 
further studies. MTT assays indicated that 
knockdown of HOTAIR significantly inhibited the 
proliferation of TPC-1 (Figure 2B) and FTC-133 

cells (Figure 2C) (P < 0.05, P < 0.01, P < 0.001). 
Colony-forming unit assay results also proved 
that silencing HOTAIR significantly suppressed 
thyroid cancer cell proliferation (P < 0.05) 
(Figure 2D). Furthermore, silencing HOTAIR pro-
moted apoptosis of TPC-1 and FTC-133 cells (P 
< 0.05) (Figure 2E). We further explored the 
effect of HOTAIR on thyroid cancer tumorigene-
sis in vivo. TPC-1 cells stably transfected with 
si-HOTAIR3# or control were subcutaneously 
injected into nude mice, and the tumor was 
excised at 28 days (Figure 2F). Tumor volume 
was smaller in the si-HOTAIR3#-TPC-1 group 
than in the control group (P < 0.001) (Figure 
2G). The tumor weight followed the same pat-
tern and was smaller in the si-HOTAIR3#-TPC-1 
group than in the control group (P < 0.001) 
(Figure 2H).

Silencing HOTAIR inhibits migration and inva-
sion of thyroid cancer cells

Silencing HOTAIR significantly inhibited the 
invasion of TPC-1 (Figure 3A) and FTC-133 cells 
(Figure 3B) (P < 0.05). Representative invasion 
images are shown in Figure 3C. The results of 
the migration assay also indicated that migra-
tion was decreased in TPC-1 and FTC-133 cells 

Figure 4. HOTAIR negatively regulates miR-1 in thyroid cancer cells. A. Cluster heat map of significantly differentially 
expressed miRNAs in TPC-1 cells transfected with a HOTAIR overexpression or control vector on a scale from low 
(blue) to high (yellow). Individual cell subsets are depicted as columns. B. The putative binding site of miR-1 and 
HOTAIR is shown. C, D. The expression level of miR-1 was measured by qRT-PCR in TPC-1 and FTC-133 cells trans-
fected with pGL3-HOTAIR, si-HOTAIR3# or controls. E. Luciferase activity was measured in TPC-1 cells co-transfected 
with wild type (HOTAIR-WT) or mutant (HOTAIR-Mut) HOTAIR and miR-1 using the luciferase reporter assay. F. miR-1 
was significantly enriched by RNA immunoprecipitation (RIP) assay in the HOTAIR group compared with control (*P 
< 0.05).



The role of HOTAIR in thyroid cancer

1304 Am J Cancer Res 2017;7(6):1298-1309

transfected with si-HOTAIR3# compared with 
control cells (P < 0.05) (Figure 3D-F). Wound 
healing assay results also revealed that silenc-
ing HOTAIR significantly inhibited the migration 
of TPC-1 and FTC-133 cells (Figure 3G, 3H).

HOTAIR negatively regulates miR-1 in thyroid 
cancer cells

To further explore the molecular mechanisms 
of HOTAIR in thyroid cancer, TPC-1 and FTC-133 
cells were transfected with a HOTAIR overex-
pression vector and a control vector. Gene 
microarray results showed that miR-1, miR-
148a, miR-141, and miR-27b expression were 
decreased in TPC-1 and FTC-133 cells trans-
fected with HOTAIR compared with control, 
while miR-21 and miR-27a were increased 
(Figure 4A). As shown in Figure 4B, the putative 
binding site of miR-1 and HOTAIR was predicted 
by starBase v2.0. qRT-PCR results indicated 
that the expression of miR-1 was significantly 
lower in TPC-1 and FTC-133 cells transfected 
with pGL3-HOTAIR than control (P < 0.05) 
(Figure 4C), while miR-1 was significantly higher 
in TPC-1 and FTC-133 cells transfected with si-
HOTAIR3# than control (P < 0.05) (Figure 4D). 
The luciferase reporter assay indicates the 
interaction between miR-1 and HOTAIR disap-

peared when the binding sites were mutated (P 
< 0.05) (Figure 4E). In addition, the interaction 
between HOTAIR and miR-1 was analyzed by 
RIP assay in thyroid cancer cells. Endogenous 
miR-1 was highly enriched by HOTAIR RIP assay 
compared with control, indicating that HOTAIR 
could act as a miR-1 sponge in thyroid cancer 
cells (Figure 4F).

HOTAIR promotes thyroid cancer cell growth 
and invasion through inhibition of miRNA-1

To understand the roles of HOTAIR and miR-1 in 
thyroid cancer, TPC-1 and FTC-133 cells were 
transfected with si-HOTAIR3# and anti-miR-1, 
si-HOTAIR3# and anti-NC, or control and anti-
NC. Compared with controls, the expression of 
miR-1 was significantly up-regulated by si-
HOTAIR3# and was significantly down-regulat-
ed by anti-miR-1 (P < 0.05) (Figure 5A). MTT 
assay results indicated that HOTAIR promoted 
the cell growth of TPC-1 and FTC-133, and this 
growth could be reversed by anti-miRNA-1 (P < 
0.05) (Figure 5B, 5C). Colony-forming unit as- 
say data further revealed that HOTAIR promot-
ed thyroid cancer cell growth through inhibition 
of miRNA-1 (P < 0.05) (Figure 5D, 5E). Transwell 
assay results also indicated that HOTAIR pro-
moted thyroid cancer cell invasion through inhi-
bition of miRNA-1 (P < 0.05) (Figure 5F).

Figure 5. HOTAIR promotes thyroid cancer cell growth and invasion through inhibition of miRNA-1. A. The expression 
level of miR-1 was measured by qRT-PCR in TPC-1 and FTC-133 cells transfected with si-HOTAIR3# and anti-miR-1, 
si-HOTAIR3# and anti-NC, and control and anti-NC. B and C. Proliferation was detected by MTT assay in treated TPC-1 
and FTC-133 cells. D, E. Proliferation was detected by colony-forming unit assay in treated TPC-1 and FTC-133 cells. 
F. The effect of HOTAIR on thyroid cancer cell invasion through miRNA-1 by Transwell assays (*P < 0.05).
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HOTAIR promotes the processes of thyroid can-
cer cell tumorigenesis through the miRNA-1/
CCND2 axis

Previous research has shown that miR-1 serves 
as a tumor suppressor by targeting CCND2 in 
thyroid cancer [25]. In our study, we demon-
strated the relationships among HOTAIR, miR-1, 
and CCND2 and their effects on the develop-
ment and progression of thyroid cancer. First, 
TPC-1 and FTC-133 cells were transfected with 
si-control, si-HOTAIR3# and vector, si-HOTAIR3# 

and CCND2, miR-1 and vector, and miR-1 and 
CCND2. The protein level of CCND2 was down-
regulated by si-HOTAIR3# and miR-1 in TPC-1 
and FTC-133 cells and restored by CCND2 over-
expression (Figure 6A). Furthermore, our study 
showed that HOTAIR promoted the growth of 
TPC-1 (Figure 6B) and FTC-133 cells (Figure 
6C); inhibited apoptosis of TPC-1 and FTC-133 
cells through inhibition of miRNA-1 and activa-
tion of CCND2 (Figure 6D); accelerated inva-
sion of TPC-1 and FTC-133 cells through inhibi-
tion of miRNA-1 and activation of CCND2 

Figure 6. HOTAIR promotes thyroid cancer processes through inhibition of miRNA-1 and activation of CCND2. A. 
Western blot revealed the protein expression level of CCND2 in transfected TPC-1 and FTC-133 cells. GAPDH was 
used as a protein-loading control. B, C. Proliferation was measured by MTT assay in treated TPC-1 and FTC-133 cells. 
D. Apoptosis was detected by Annexin V-APC/7-AAD staining in treated TPC-1 and FTC-133 cells. E, F. Migration and 
invasion were measured by Transwell assays in treated TPC-1 and FTC-133 cells. G. Cell cycle distributions were 
detected by flow cytometry in treated TPC-1 and FTC-133 cells (*P < 0.05).

Figure 7. A diagram showing the functions and regulatory mechanisms of the HOTAIR/miR-1-CCND2 axis in thyroid 
cancer. In the absence of HOTAIR, miR-1 suppresses thyroid cancer cell growth, cell cycle, migration and invasion, 
and promotes apoptosis by targeting CCND2. Meanwhile, HOTAIR acts as a sponge to inhibit miR-1 expression, 
which then activates CCND2 and promotes thyroid cancer cell growth, migration and invasion.
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(Figure 6E); and accelerated migration of TPC-1 
and FTC-133 cells (Figure 6F) through inhibi-
tion of miRNA-1 and activation of CCND2. Fi- 
nally, cell cycle arrest induced by HOTAIR silenc-
ing in TPC-1 and FTC-133 cells was detected by 
flow cytometry. The growth-inhibiting effect of 
HOTAIR was prevented through suppressing 
arrest at the G1/S-phase transition. Therefore, 
HOTAIR inhibited cell cycle arrest in TPC-1 and 
FTC-133 cells through inhibition of miRNA-1 
and activation of CCND2 (Figure 6G). A model 
of the functions and regulatory mechanisms of 
the HOTAIR/miR-1-CCND2 axis in thyroid can-
cer development was established (Figure 7).

Discussion

Numerous studies have shown that HOTAIR 
participates in cancer development. For in- 
stance, HOTAIR was highly expressed in prima-
ry breast cancer [29]. Knockdown of HOTAIR 
suppressed invasion and reversed epithelial-
mesenchymal transition in gastric cancer [30]. 
HOTAIR expression was associated with poor 
prognosis and accelerated metastasis in non-
small cell lung cancer [31]. In our study, the 
expression of HOTAIR was increased in thyroid 
cancer tissues compared with adjacent non-
cancerous tissues. Silencing HOTAIR inhibited 
proliferation and tumor formation and acceler-
ated apoptosis of thyroid cancer cells. In addi-
tion, we indicated that silencing HOTAIR inhibit-
ed migration and invasion of thyroid cancer 
cells. These findings will provide significant con-
tributions to the treatment of thyroid cancer. 

Recently, numerous studies have shown that 
miR-1 plays important roles in the development 
of cancers. For example, miR-1 suppressed tu- 
morigenicity of lung cancer cells [20], exerted a 
tumor-suppressive function by targeting TA- 
GLN2 in bladder cancer [21], served as a tumor 
suppressor though targeting purine nucleoside 
phosphorylase (PNP) in prostate cancer [22], 
inhibited EMT in human colon cancer [32], and 
regulated cardiac arrhythmogenic potential by 
targeting GJA1 and KCNJ2 [33]. Our results 
also demonstrated that miR-1 inhibited cell 
growth, cell cycle, migration and invasion and 
promoted cell apoptosis in thyroid cancer. 

In recent years, ceRNA has been regarded as a 
new mechanism of post-transcriptional regula-
tion through miRNA competition [34]. CeRNA 
targets and miRNA can combine to form a com-
plex ceRNA network [35]. Some evidence has 

shown that ceRNA crosstalk has great impact 
on essential cellular processes, and its imbal-
ance will affect various diseases [36]. In this 
study, the lncRNA-HOTAIR negatively regulated 
miR-1 by competitively binding to the miR-1 site 
directly and participated in regulating thyroid 
cancer cell carcinogenesis. However, the ceRNA 
network is so complex that we still need to 
improve our understanding of the HOTAIR-
miR-1 regulation network in thyroid cancer. 

CCND2 (Cyclin D2) is a member of the con-
served cyclin family, which controls periodicity 
through the cell cycle. CCND2 was required for 
cell cycle G1/S transition [37]. Other research 
also revealed that CCND2 was highly expressed 
in ovarian and testicular tumors [38]. Our 
results showed that CCND2 was a functional 
effector of the HOTAIR/miR-1 axis in promoting 
thyroid cancer cell growth, cycle, migration and 
invasion.

In summary, the overexpression of HOTAIR pro-
motes thyroid cancer cell growth, cycle, migra-
tion and invasion and suppresses apoptosis 
through inhibition of miRNA-1 and activation of 
CCND2. Therefore, our study implies the HO- 
TAIR/miR-1-CCND2 axis may provide a poten-
tial target for thyroid cancer treatment.
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