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Thyroid cancer is a common endocrine malignancy. Long non-coding RNAs (lncRNAs) were reported to regulate 
cellular processes in tumorigenesis and development. In this study, we mainly investigated the role of Homeobox Transcript 
Antisense Intergenic RNA (HOTAIR) in thyroid cancer and its potential mechanism. RT-qPCR was conducted to evaluate 
the expression of HOTAIR and miR-17-5p in thyroid cancer tissues and 4 cell lines (TPC-1, FTC-133, B-CPAP and SW579). 
MTT assay was employed to analyze the cell viability of TPC-1 and FTC-133 cells. The migration and invasion of TPC-1 
and FTC-133 cells were detected via Transwell assay. Luciferase reporter assay was used to validate the target of HOTAIR. 
In vivo tumor formation assay in nude mice was applied to investigate the impact of HOTAIR on thyroid cancer tumorigen-
esis. HOTAIR was significantly upregulated, while miR-17-5p was downregulated in thyroid cancer tissues and cells, and 
the miR-17-5p expression in thyroid cancer tissues was inversely correlated with HOTAIR expression. Silencing HOTAIR 
significantly inhibited the cell viability, migration and invasion of TPC-1 and FTC-133 cells. MiR-17-5p was a target of 
HOTAIR and counter-regulated by HOTAIR. Introduction of miR-17-5p also inhibited the cell viability, migration and 
invasion in TPC-1 and FTC-133 cells. Moreover, introduction of miR-17-5p reversed knockdown of HOTAIR-mediated 
the suppression effects on the cell viability, migration and invasion in thyroid cancer cells. Additionally, knockdown of 
HOTAIR inhibited thyroid cancer tumorigenesis in mice. Our results suggested HOTAIR promotes cell viability, migration 
and invasion in thyroid cancer cells by sponging miR-17-5p. 
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Thyroid cancer is the fifth most common cancer in women 
in the USA and is more prevalent in women and elderly 
individuals [1, 2]. In 2015, an estimated over 62, 000 new 
cases of thyroid cancer incidence occurred in the USA [3]. 
Despite great advancements in the prognosis and treatment 
of thyroid cancer, 10–20% of thyroid cancer patients develop 
chemotherapeutic resistance and undergo recurrence [4]. So, 
there is an urgent need for investigation on thyroid cancer 
progression as thorough as possible.

Long non-coding RNAs (lncRNAs) are a class of RNAs 
with transcripts >200 nt in length and certain lncRNAs 
are now proven to play important roles in critical cellular 
processes [5]. Former studies have indicated that lncRNAs 
could sponge miRNA to modulate gene expression and 
participate in the cellular processes [6]. HOTAIR is linked 
with the development or progression of spermiogenesis, 
aortic valve calcification and neurodegeneration diseases, 
as well as participates in regulating osteogenic differentia-
tion and proliferation through modulating miR-17-5p and 

its target gene SMAD7 [7]. HOTAIR has been confirmed 
to have an extremely important role in oncogenic progres-
sion of colorectal cancer, and HOTAIR blood levels might 
serve as a potential prognostic marker in sporadic CRC [8]. 
LncRNA HOTAIR is involved in papillary thyroid carci-
noma (PTC) development and plays oncogenic role [9]. 
HOTAIR expression in thyroid cancer is probably relevant 
to the aggressiveness and the progression of the tumor, and 
HOTAIR could be a promising biomarker in patients with 
thyroid cancer [10].

Similar to lncRNAs, microRNAs (miRNAs) are 
non-coding RNAs. They are endogenous, small RNAs (19–25 
nucleotides in length) that are involved in cancer initiation 
and progression [11, 12]. Known as key negative regula-
tors of targeted gene expression, miRNAs regulate gene 
expression by acting on their pairing with messenger RNAs 
(mRNAs), contributing to their degradation inhibiting trans-
lation [13]. Certain miRNAs could be used to develop, refine 
or strengthen strategies for diagnosis and management of 
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thyroid cancer, serving as biomarker in thyroid cancer [14]. 
MiR-17-5p is a member of the miR-17-92 cluster, located 
on chromosome 13q31-32, which exerts critical function in 
regulation on multiple related cellular processes, like prolif-
eration and differentiation, during development and disease 
[15, 16]. An increasing studies revealed that miR-17-5p has 
dual function in tumor progression [17].

In the present study, we analyzed the expression levels 
of HOTAIR and miR-17-5p in thyroid cancer tissues and 
cell lines, the functional role of HOTAIR and miR-17-5p 
in thyroid cancer progression in vitro and in vivo. We also 
explored the potential regulatory mechanism.

Materials and methods 

Clinical samples and cell culture. The 30 pairs of thyroid 
cancer tissues and corresponding adjacent normal thyroid 
tissues were collected from 30 patients diagnosed as thyroid 
cancer at Tangshan Workers Hospital from May 2016 to 
August 2018. Our study was approved by the Research Ethics 
Committee of Tangshan Workers Hospital. All patients 
signed informed consents. Samples were immediately frozen 
in liquid nitrogen and stored at –80 °C until used.

Human thyroid follicular cell line Nthy-ori3-1 was 
purchased from Shanghai Institute of Cell Biology of the 
Chinese Academy of Sciences (Shanghai, China), and 
human thyroid cancer cell lines TPC-1, FTC-133, B-CPAP 
and SW579 were purchased from American Type Culture 
Collection (ATCC, Manassas, USA). Nthy-ori3-1 cells were 
maintained in Roswell Park Memorial Institute 1640 Medium 
(RPMI1640; Gibco, Grand Island, USA) supplemented with 
10% fetal bovine serum (FBS; Thermo Fisher Scientific, 
USA) and 100 U/ml penicillin G sodium salt and 100 U/ml 
streptomycin sulfate. TPC-1, FTC-133, B-CPAP and SW579 
cells were maintained in Dulbecco’s Modified Eagle Medium 
(DMEM, HyClone, Logan, USA). All the cell lines were 
cultured in a 5% CO2 humidified incubator at 37 °C.

Reagent and cell transfection. The si-HOTAIR and its 
negative control si-NC, AgomiR-17-5p and its negative 
control AgomiR-NC, AntagomiR-17-5p and its negative 
control AntagomiR-NC, were synthesized by GenePharma 
Co. Ltd. (Shanghai, China). Above mentioned plasmids or 
oligonucleotides were transfected into TPC-1 and FTC-133 
cells using LipofectamineTM 2000 reagent (Invitrogen, 
Carlsbad, USA) following the protocols supplied by the 
manufacturer. At 48 h post-transfection, cells were collected 
for further assay.

Reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR) assay. Total cellular RNA was isolated 
from tissues or cells using the utilizing TRIzol reagent 
(Life Technologies, Grand Island, USA). PrimeScript 
RT Reagent kit (Takara Bio, Inc., Otsu, Japan) was used 
to convert 500 ng RNA into cDNA. For mRNA expres-
sion detection, qPCR was conducted using Power SYBR 
Green Master Mix (Applied Biosystems, Foster City, USA). 

For miRNA expression detection, qPCR was conducted 
with miRNA-specific TaqMan MiRNA Assay Kit (Applied 
Biosystems). qPCR was performed on CFX96™ Real-time 
PCR Detection System (Bio-Rad Laboratories, Hercules, 
USA). GAPDH and U6 were used as the internal control 
for HOTAIR and miR-17-5p, respectively. The primers 
for HOTAIR, GAPDH, miR-17-5p and U6 were listed as 
below: HOTAIR, 5’-TTTGGACTGTAAAATATGGC-3’ 
(forward) and 5’-TTCTGACACTGAACGGACT-3’ 
(reverse); GAPDH, 5’-ACCTGACCTGCCGTCTAGAA-3 
(forward) and 5’-TCCACCACCCTGTTGCTGTA-3’ 
(reverse); miR-17-5p, 5’-CCAGGATCCTTTATAGTTGT-
TAGAGTTTG-3’ (forward) and 5’-CGGAATTCTAATC-
TACTTCACTATCTGC-3’ (reverse); U6, 5’-CTCGCTTC-
GGCAGCACA-3 (forward) and 5’-AACGCTTCAC-
GAATTTGCGT-3’ (reverse). The expression of HOTAIR 
and miR-17-5p were analyzed using the 2 ΔCt method.

MTT assay. Transfected TPC-1 and FTC-133 cells (about 
3×103 per well) were inoculated in 96-well plates and cultured 
at 37 °C for 24 h, 48 h and 72 h. With 20 μl MTT solution 
(Sigma-Aldrich, St. Louis, USA) added to each well, the cells 
were incubated at 37 °C for another 4 h. The supernatant was 
removed, 150 μl dimethyl sulfoxide (DMSO, Sigma-Aldrich) 
was added into each well. The absorbance at 570 nm was 
measured using a microplate reader (Infinite M200; Tecan 
Group, Ltd., Switzerland).

Migration and invasion assays. For migration assay, 
3×104 transiently transfected TPC-1 and FTC-133 cells 
were seeded in DMEM in the upper chamber (8 μm pores; 
BD Biosciences, San Jose, USA) respectively, while DMEM 
containing 10% FBS was added to the lower chamber. At 
48 h post-incubation, cells adhering to the bottom of the 
Transwell membrane were stained with 0.1% crystal violet at 
room temperature for 15 min, then imaged using Olympus 
X-71 inverted light microscope (Olympus, Tokyo, Japan). 
Additionally, crystal violet in the stained cells derived from 
the lower chamber was dissolved in 10% acetic acid quanti-
fied by measuring the absorbance at 595 nm as previously 
described [18] using a microplate reader. The cell invasion 
assays were performed using similar protocol but instead, 
cells were seeded in the upper chamber pre-coated with 
Matrigel (BD Biosciences).

Luciferase reporter assay. The fragment from HOTAIR 
containing the putative binding site of miR-17-5p and its 
mutant were amplified by PCR and cloned into pGL3 lucif-
erase promoter vector (pGL3-empty, Promega, Madison, 
USA) to synthesize WT-HOTAIR or MUT-HOTAIR. Then 
the TPC-1 and FTC-133 cells were co-transfected with 
AgomiR-17-5p and WT-HOTAIR or MUT-HOTAIR using 
Lipofectamine™ 2000 reagent. After 48 h, co-transfected cells 
were harvested, and the luciferase activity was examined 
using the Dual Luciferase Reporter Detection System 
(Promega).

Tumor formation in nude mice. This experiment was 
approved by Research Ethics Committee of Tangshan 
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Workers Hospital. Transfected FTC-133 cells (1×107 cells in 
200 μl DMEM without serum) were hypodermically injected 
into 5-week-old BALB/c male nude mice, obtained from 
Shanghai SLAC Laboratory Animal Co., Ltd. (Shanghai, 
China; n=6 per group). Nude mice were maintained as previ-
ously described [17]. At specific time point, the mice were 
euthanized, and the volume and weight of the tumors were 
measured.

Statistical analysis. SPSS 22.0 software (SPSS, Chicago, 
IL, USA) were used for statistical analysis. The data were 
exhibited as mean ± SD (standard deviation) as indicated. 
Student’s t-test was conducted to assess statistical differences 
between two groups. A p-value less than 0.05 was considered 
statistically significant. All experiments were performed for 
three times.

Results

HOTAIR was upregulated in thyroid cancer tissues and 
cell lines. To verify the impact of HOTAIR on the progres-
sion of thyroid cancer, we firstly examined the HOTAIR 
expression level in thyroid cancer tissues and paired adjacent 
normal tissues via RT-qPCR. We found that HOTAIR was 
highly expressed in thyroid cancer tissues, compared with 
corresponding adjacent noncancerous tissues (Figure 1A). 
The HOTAIR expression was also detected in human thyroid 
follicular cell line Nthy-ori3-1 and 4 human thyroid cancer 
cell lines (TPC-1, FTC-133, B-CPAP and SW579). Obvious 
augment of HOTAIR expression was observed in all above 
mentioned thyroid cancer cell lines (Figure 1B).

Knockdown of HOTAIR inhibited cell viability, migra-
tion and invasion abilities in thyroid cancer cells in vitro. 
To clarify the function role of HOTAIR on thyroid cancer 
cells, si-HOTAIR was transiently transfected into TPC-1 

and FTC-133 cells. As shown in Figure 2A, the TPC-1 and 
FTC-133 cells with HOTAIR downregulated were success-
fully constructed. MTT assay was applied to figure out the 
effect of HOTAIR on the cell viability of TPC-1 and FTC-133 
cells and the results revealed that knockdown of HOTAIR 
effectively inhibited cell viability of TPC-1 and FTC-133 cells, 
compared with cells transfected with si-NC (Figures 2B and 
2C). Transwell assay indicated that both the relative migra-
tion (Figures 2D and 2E) and invasion (Figures 2F and 2G) 
rate of TPC-1 and FTC-133 cells transfected with si-HOTAIR 
were distinctly lower than that in cells transfected with si-NC 
(Figures 2D–2G).

MiR-17-5p was a direct target of HOTAIR and negatively 
regulated by HOTAIR. Dual-luciferase reporter assay was 
employed to further validate the target relationship between 
HOTAIR and miR-17-5p. Strikingly, the luciferase activity of 
TPC-1 and FTC-133 cells co-transfected with AgomiR-17-5p 
and WT-HOTAIR was significantly reduced, while the lucif-
erase activity of cells co-transfected with AgomiR-17-5p and 
MUT-HOTAIR exhibited no apparent change (Figures 3A 
and 3B). To verify whether HOTAIR modulates miR-17-5p, 
RT-qPCR was carried out to detect the expression level of 
miR-17-5p in TPC-1 and FTC-133 cells. Results revealed 
that overexpression of HOTAIR reduced miR-17-5p expres-
sion while knockdown of HOTAIR enhanced miR-17-5p 
expression in the two cell lines (Figure 3C).

MiR-17-5p was significantly downregulated in thyroid 
cancer tissues and cell lines. To investigate the miR-17-5p 
expression in thyroid cancer tissues and cell lines, RT-qPCR 
assay was conducted. We observed that the expression 
level of miR-17-5p in thyroid cancer tissues was evidently 
lower than that in normal tissues (Figure 4A). Analogously, 
miR-17-5p was significantly downregulated in thyroid cancer 
TPC-1 and FTC-133 cells, compared to Nthy-ori3-1 cells 

Figure 1. HOTAIR was upregulated in thyroid cancer tissues and cell lines. A) The expression level of HOTAIR in 30 pairs of thyroid cancer tissues and 
corresponding adjacent normal tissues was tested by RT-qPCR. *p<0.05 compared to normal tissues. B) The HOTAIR expression of human thyroid 
follicular cell line Nthy-ori3-1 and 4 thyroid cancer cell lines (TPC-1, FTC-133, B-CPAP and SW579) was also detected by RT-qPCR. *p<0.05 compared 
to Nthy-ori3-1 cells.
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in the two cell lines (Figure 5A). MTT assay was employed 
to determine the influence of overexpression of miR-17-5p 
on the cell viability of TPC-1 and FTC-133 cells. The results 
suggested that overexpression of miR-17-5p repressed the cell 
viability of the two cell lines (Figures 5B and 5C). Transwell 
assay demonstrated that overexpression of miR-17-5p also 
hindered migration (Figure 5D) and invasion (Figure 5E) 
abilities of TPC-1 and FTC-133 cells (Figures 5D and 5E).

(Figure  4B). Pearson analysis showed that the expression 
level of miR-17-5p in thyroid cancer tissues was inversely 
correlated with HOTAIR expression (Figure 4C).

Upregulation of miR-17-5p repressed the cell viability, 
migration and invasion abilities in thyroid cancer cells in 
vitro. To explore the effect of miR-17-5p on thyroid cancer 
cells, we transfected thyroid cancer TPC-1 and FTC-133 
cells with AgomiR-17-5p to enhance miR-17-5p expression 

Figure 2. Knockdown of HOTAIR inhibited cell viability, migration and invasion abilities in thyroid cancer cells in vitro. TPC-1 and FTC-133 cells were 
transfected with si-HOTAIR or si-NC. A) RT-qPCR was conducted to evaluate the HOTAIR expression in TPC-1 and FTC-133 cells after transfection. 
B and C) MTT assay for TPC-1 and FTC-133 cells after transfection for 24 h, 48 h and 72 h. D and E) The relative migration rate of TPC-1 and FTC-
133 cells after transfection conducted on Transwell. F and G) The relative invasion rate of TPC-1 and FTC-133 cells after transfection conducted on 
Transwell. *p<0.05 compared to cells transfected with si-NC.
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Downregulation of miR-17-5p reversed si-HOTAIR-
mediated inhibition on the cell viability, migration and 
invasion abilities in thyroid cancer cells. To figure out 
whether HOTAIR performed its function by targeting 
miR-17-5p in thyroid cancer cells, the rescue experiments 
were conducted. We first co-transfected si-HOTAIR and 
AntagomiR-17-5p into TPC-1 and FTC-133 cells, as shown in 
Figure 6A, AntagomiR-17-5p obviously restored miR-17-5p 
expression, which was enhanced by si-HOTAIR. MTT assay 
revealed that downregulation of HOTAIR blocked the cell 
viability of TPC-1 and FTC-133 cells, while the effect could 
be mitigated by downregulation of miR-17-5p (Figures 6B 
and 6C). As for the migration and invasion, silencing of 
HOTAIR decreased the migration and invasion abilities, 
whereas AntagomiR-17-5p effectively rescued the reduction 
of migration and invasion abilities of TPC-1 (Figure 6D) 

and FTC-133 (Figure 6E) cells stimulated by si-HOTAIR 
(Figures 6D and 6E).

Knockdown of HOTAIR inhibited thyroid cancer 
tumorigenesis in vivo. Additionally, we conducted in 
vivo experiment to investigate the effect of HOTAIR on 
thyroid cancer tumorigenesis. Tumors were collected from 
athymic mice injected with FTC-133 cells transfected with 
si-HOTAIR or si-NC. The volume of tumors from mice 
injected with FTC-133 cells transfected with si-HOTAIR 
was smaller than in si-NC group (Figure 7A). The tumor 
weight in si-HOTAIR group was also lower than in si-NC 
group (Figure 7B). RT-qPCR assay demonstrated that 
HOTAIR was downregulated (Figure 7C), while miR-17-5p 
showed the opposite tendency (Figure 7D) in mice injected 
with FTC-133 cells transfected with si-HOTAIR (Figures 7C 
and 7D).

Figure 3. MiR-17-5p was a direct target of HOTAIR and negatively regulated by HOTAIR. A and B) Dual-luciferase reporter assays for TPC-1 and FTC-
133 cells co-transfected with WT-HOTAIR or MUT-HOTAIR plasmid and AgomiR-17-5p or AgomiR-NC, *p<0.05 compared to cells co-transfected 
with WT-HOTAIR and AgomiR-NC. C) The expression of miR-17-5p in TPC-1 and FTC-133 cells transfected with pc-HOTAIR, pc-NC, si-HOTAIR or 
si-NC. *p<0.05 compared to cells transfected with pc-NC or si-NC.

Figure 4. MiR-17-5p was significantly downregulated in thyroid cancer tissues and cell lines. A) The expression level of miR-17-5p in 30 pairs of thyroid 
cancer tissues and corresponding adjacent normal tissues was detected by RT-qPCR. *p<0.05 compared to normal tissues. B) The HOTAIR expression 
of human thyroid follicular cell line Nthy-ori3-1 as well as thyroid cancer TPC-1 and FTC-133 cells was also detected by RT-qPCR. *p<0.05 compared 
to Nthy-ori3-1 cells. C) Correlation analysis between miR-17-5p and HOTAIR in thyroid cancer tissues.
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Figure 5. Upregulation of miR-17-5p repressed the cell viability, migration and invasion abilities in thyroid cancer cells in vitro. TPC-1 and FTC-133 
cells were transfected with AgomiR-17-5p or AgomiR-NC. A) RT-qPCR was utilized to detect miR-17-5p expression in TPC-1 and FTC-133 cells after 
transfection. B and C) MTT assay for TPC-1 and FTC-133 cells after transfection for 24 h, 48 h and 72 h. D) The relative migration rate of TPC-1 and 
FTC-133 cells after transfection conducted on Transwell. E) The relative invasion rate of TPC-1 and FTC-133 cells after transfection conducted on 
Transwell. *p<0.05 compared to cells transfected with AgomiR-NC.

Figure 6. Downregulation of miR-17-5p reversed si-HOTAIR-mediated the inhibitor effects on the cell viability, migration and invasion abilities in 
thyroid cancer cells. TPC-1 and FTC-133 cells were transfected with si-NC, si-HOTAIR, si-HOTAIR + AntagomiR-NC or si-HOTAIR+AntagomiR-
17-5p. A) RT-qPCR was utilized to detect miR-17-5p expression in TPC-1 and FTC-133 cells after transfection. B and C) MTT assay for TPC-1 and 
FTC-133 cells after co-transfection for 24 h, 48 h and 72 h. D) The relative migration rate of TPC-1 and FTC-133 cells after co-transfection conducted 
on Transwell. E) The relative invasion rate of TPC-1 and FTC-133 cells after co-transfection conducted on Transwell. *p<0.05 compared to cells trans-
fected with si-NC. *p<0.05 compared to cells co-transfected with si-HOTAIR + AntagomiR-NC.
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Discussion

Thyroid cancer consists of tumors with various histo-
genetic base and clinical behavior, ranging from indolent 
tumors with low mortality in most cases, to very aggres-
sive malignancies, which is located at the base of the neck. 
[19]. Although the incidence of thyroid cancer is rising 
continually, the mortality from thyroid cancer has varied 
minimally during the past several decades [1, 3]. One exigent 
thing physicians who treat thyroid cancers need to do, is to 
seek proper therapeutic approach for patients with clinical 
behavior [3].

LncRNAs play pivotal roles in cellular processes signifi-
cant for normal development and physiology, and aberrant 
expression of non-coding RNA is, in essence, related to 
human disease, including cancer [20]. LncRNA HOTAIR 
was initially described by Howard Chang’s group in 2004 
[21]. Subsequently, the functional roles of HOTAIR in tumor 
biology have been largely elucidated. For example, HOTAIR 
is relevant to hepatitis B virus-induced liver carcinogen-
esis [22]. HOTAIR contributed to MPTP-induced Parkin-
son’s disease (PD) by regulating LRRK2 expression, which 
helped to understand the molecular mechanisms in PD [23]. 
HOTAIR was upregulated in osteoarthritis (OA) cartilage 
tissues. It could directly bind to miR-17-5p and indirectly 
upregulated FUT2 level, thereby contributed to OA progres-
sion via Wnt/β-catenin pathway [24]. HOTAIR promoted 
the epithelial-to-mesenchymal transition in gastric cancer by 
mediating the transformation of histone H3 lysine 27 acety-
lation to methylation [25]. The expression of HOTAIR was 
enhanced in pancreatic cancer (PC) tissues and PC PANC-1 
and AsPC-1 cells with radiation stimulation, and knock-
down of HOTAIR facilitated radiosensitivity of PC cells by 
regulating autophagy. This study supplied a novel insight to 
improve radiotherapy efficiency in PC [26]. HOTAIR epige-
netically inhibited miR-122 expression via DNA methyla-
tion, resulting in activation of Cyclin G1 and elevation of 
tumorigenicity in HCC, which provide new insight into the 
mechanism of HOTAIR-mediated hepatocarcinogenesis via 
repressing miR-122 [27]. Additionally, HOTAIR expression 
was increased in chronic myeloid leukemia (CML) cell lines 
and samples, and could be used as a potential therapeutic 
target for advanced CML [28]. The results of the present 
study showed that HOTAIR was upregulated in thyroid 
cancer tissues and cell lines, and silencing HOTAIR inhib-
ited cell viability, migration and invasion abilities in thyroid 
cancer cells in vitro and tumor formation in vivo, which were 
in accordance with previous studies [10, 29].

A former data suggested that HOTAIR promoted the 
development and progression of thyroid cancer via repres-
sion of microRNA-1 and activation of CCND2 [29]. Here, 
we made efforts to explore other potential mechanism 
of HOTAIR on regulation of thyroid cancer progression. 
MiR-17-5p was identified as a target of HOTAIR, and was 
counter-regulated by HOTAIR. The target reaction was also 

confirmed in studies of Wei et al. [7] and Hu et al. [24]. On 
the one hand, miR-17-5p serves as an oncogene, such as in 
osteosarcoma, miR-17-5p significantly upregulated in osteo-
sarcoma tissues, linked with cell proliferation, invasion, 
advanced TNM stage and tumor growth [16]. Shan et al. 
pointed out that miR-17-5p promoted colorectal cancer 
tumorigenesis and progression via downregulating P130 and 
subsequently activated the Wnt/β-catenin pathway [30]. A 
mature miR-17-5p can exert its facilitation on the hepato-
cellular carcinoma progression by repressing the expression 
of PTEN [31]. On the other hand, miR-17-5p functions as a 
tumor suppressor. In triple-negative breast cancer (TNBC), 
miR-17-5p inhibited TNBC cells proliferation, migration and 
invasion by targeting ETS variant 1 (ETV1), and miR-17-5p 
might be a therapeutic target for TNBC [32]. Mir-17-5p 
functions as a tumor suppressor in breast cancer cells by 
regulating oncogene AIB1 translation [33]. In addition, 
miR-17-5p was identified as a metastatic suppressor of 
basal-like breast cancer via a systematic analysis [34]. The 
current data clearly indicated that miR-17-5p was obviously 
downregulated in thyroid cancer tissues and cell lines. Gain of 

Figure 7. Knockdown of HOTAIR inhibited thyroid cancer tumorigen-
esis. Athymic mice were injected with FTC-133 cells transfected with si-
HOTAIR or si-NC. A) The tumor volume was measured at specific times. 
B) The tumor weight was measured at specific times. C) RT-qPCR assay 
for HOTAIR expression in athymic mice injected with FTC-133 cells 
transfected with si-HOTAIR or si-NC. D) RT-qPCR assay for miR-17-5p 
expression. *p<0.05 compared to mice injected with FTC-133 cells trans-
fected with si-NC.
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miR-17-5p blocked the cell viability, migration and invasion 
abilities in thyroid cancer cells and reversed si-HOTAIR-
mediated the repression effects on the cell viability, migration 
and invasion abilities in thyroid cancer cells.

In summary, we found that HOTAIR was significantly 
upregulated, while miR-17-5p was downregulated in thyroid 
cancer tissues and cell lines. In addition, both silencing 
HOTAIR and introduction of miR-17-5p efficiently inhibited 
the cell viability, migration and invasion abilities in thyroid 
cancer cells. Knockdown of HOTAIR also hindered thyroid 
cancer tumorigenesis in mice. MiR-17-5p was identified as a 
target of HOTAIR and was counter-regulated by HOTAIR. 
Rescue experiment indicated that gain of miR-17-5p reversed 
the silencing HOTAIR-induced the suppression effects on 
the cellular processes in thyroid cancer cells. In conclusion, 
HOTAIR promotes cell viability, migration and invasion in 
thyroid cancer by targeting miR-17-5p.
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