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Introduction

Squamous cell carcinoma of the tongue (TSCC) is the most 
common malignancy of the head and neck, and has shown a 
tendency of increase in prevalence in the young population. 
To date, the prognosis of tongue cancer is usually affected 
by lymph node metastasis, which hampers the overall health 
of patients (1,2). LncRNAs have rised extensive attention 

as an significant component of gene regulation network, 
long non-coding RNA HOTAIR (lncHOTAIR) is the first 
lncRNA recognized as having reversely transcriptional 
effects (3). Recently, it has been reported to contribute 
to the pathogenesis of malignancy by inhibiting the anti-
oncogene in patients with breast, bladder, and esophageal 
cancer (4-6). Epithelial-mesenchymal transition (EMT) is 
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the major route of migration and metastasis of cancer cells, 
including TSCC. According to the previous description, 
HOTAIR was highly expressed in TSCC tissues compared 
with the adjacent normal tissues (7). Besides, malignant 
patients with over-expression of HOTAIR usually show 
poor prognosis and lymph node metastasis (8). These 
features led us to investigate the roles of HOTAIR in the 
pathogenesis of TSCC.

 In this study, we explored the lncHOTAIR expression 
in Tca8113 and TSCCA cells. Besides, we determined the 
expression of EMT and Notch signaling ligands including 
Jagged-1, Notch-1 receptor, and downstream Hes-
1 protein, to identify whether there was a potential link 
between RNA HOTAIR and EMT or the Notch signaling 
pathway.

We present the following article in accordance with the 
MDAR checklist (available at http://dx.doi.org/10.21037/
tcr-20-3452).

Methods

Cells

We purchased TSCCA and Tca8113 cells from the Chinese 
Academy of Medical Science. Cells were cultured in high 
glucose medium (HyClone, South Logan, UT, USA) 
containing 10% fetal bovine serum (FBS, HyClone, South 
Logan, UT, USA) at 37 ℃ in 5% CO2. The medium was 
replaced every 48 h. The study protocols were approved by 
the Ethical Committee of The First Affiliated Hospital of 
Xinjiang Medical University (No. K202012-05).

Plasmid construction and transfection

The cells were divided into two groups, an experimental 
group (siRNA-1 group, siRNA-2 group, siRNA-3) and a 
negative control group (NC group). The sequences for 
siRNA-1, siRNA-2, and siRNA-3 were as follows:

5 ' -CAUCUUGAGACACAUGGGUTT-3 '  and 
5 ' - A C C C A U G U G U C U C A A G A U G T T- 3 '  ( f o r 
siRNA-1); 5'-CACUUAAAUAAGUGAUGCATT-3' 
and 5'-UGCAUCACUUAUUUAAGUGTT-3' (for 
siRNA-2); and 5'-CUUAUGGAGUAUAUACUCATT-3' 
a n d  5 ' - U G A G U A U A U A C U C C A U A A G T T- 3 ' 
( f o r  s i R N A - 3 ) .  T h e  s e q u e n c e s  f o r  N C  w e r e 
5 ' - U U C U C C G A A C G U G U C A C G U T T- 3 '  a n d 
5’-ACGUGACACGUUCGGAGAATT.

Transfection was performed using lipofectamineTM2000 

kit (Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions.

Real-time PCR

Total RNA was extracted from the cell lines with Trizol 
reagent. The complementary (c)DNA synthesis was carried 
out using a commercial reverse transcription kit (QIAGEN, 
Hilden, Germany) according to -the instructions of the 
reagent. Real-time polymerase chain reaction (qPCR) 
was carried out in a total volume of 20 µL containing 
10 µL SybrGreen qPCR mastermix 10 (QIAGEN, 
Dusseldorf, Germany), 0.5 µL each specific primer, and 
1 µL cDNA template. The PCR conditions consisted of 
denaturation at 94 ℃ for 2 minutes, followed by 40 cycles 
of denaturation at 95 ℃ for 10 seconds, annealing at 56 ℃ 
for 30 seconds, and extension at 72 ℃ for 60 seconds. 
Primer sequences were as follows: HOTAIR primer 
sequences, 5'-AAATATGGCGGCGTCTACACGGA-3'; 
5 ' - T C C A G A A C C C T C T G A C AT T T G C C T- 3 ' ; 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
primer sequences, 5'-GAAGGTGAAGGTCGGAGTC-3'; 
5'-GAAGATGGTGATGGGATTTC-3'. The mRNA level 
was normalized by GAPDH.  We use 2 (−ΔΔCt) calculated 
the results of real-time PCR amplification (8).

MTT assay

Cells were seeded on 96 wells, and then the margins were 
washed using a phosphate buffered saline (PBS) buffer. 
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) (Boster Biotech, Wuhan, Hubei, China) 
was added at about 0, 24, 48, and 96 h after transfection, 
followed by replacing with dimethyl sulfoxide (DMSO) 
4 h later. The mixture was incubated in an incubator for 
5–10 minutes. The absorbance values of the experimental 
group and the blank control group were determined by 
enzyme-linked immunosorbent assay (ELISA) at 570 nm. 
The survival rate was the ratio of the optical density (OD) 
value between the experimental group and the blank control 
group. The test was performed at least in triplicate.

Scratch assay

The cells were seeded on 6-well plates, and a perpendicular 
direction scratch was performed after transfection. Then, 
the plates were washed using PBS buffer, and then the 
migration was recorded at 0 h and 48 h, respectively. The 



522 Zhang et al. Roles of HOTAIR in tongue cancer

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2021;10(1):520-528 | http://dx.doi.org/10.21037/tcr-20-3452

images were analyzed using the Image J software (https://
imagej.net). The test was performed at least in triplicate.

Transwell assay

About 24 h after transfection, the cells were incubated on 
the upper Transwell chamber (Corning, Corning, NY, 
USA) containing no serum. In the lower chamber, there 
was high glucose Dulbecco’s Modified Eagle Medium 
(DMEM) containing 10% FBS. In the invasion assay, we 
put the Matrigel (Corning, Corning, NY, USA) in the 
upper compartment. The cells were incubated for 24 h in 
an incubator, followed by cleaning of the upper cells using a 
cotton bud. The cells migrated to the lower chamber were 
fixed using paraformaldehyde, and then stained with 0.1% 
crystal violet for 20 minutes. Subsequently, the cells were 
washed 3 times using PBS. A total of 5 visual fields were 
randomly selected under a magnification of 10×.

Western blot analysis

Extract total proteins from cells, and then the protein 
content was evaluated. The protein was separated by 
electrophoresis on a 10% sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) gel and 
transferred to a Hybond-P polyvinylidene difluoride 
(PVDF) membrane. The membrane was blocked in 5% 
nonfat milk and incubated with Notch-1, Hes-1, Jagged-1, 
E-cadherin, and vimentin antibodies (1:1,000, CST, 
Danvers, MA, USA) 4 ℃ for the night. Then, incubation 
with the horseradish peroxidase (HRP)-conjugated 
secondary antibody (1:2,000, CST, Danvers, MA, USA) and 
leave them at room temperature for 1 hour. After washing 
with PBS, the bound primary antibody was visualized with 

the Enhanced Chemiluminescence System (Amersham, 
Piscataway, NJ, USA) and exposed to film. -The same 
approach was applied to GAPDH (Solarbio, San Diego, 
CA, USA) for loading control. The relative density was 
analyzed with the Image J software.

Statistical analysis

 We express all data as the mean plus or minus standard 
deviation. The statistical software  using statistical software 
SPSS 22.0 (IBM, Chicago, IL, USA) to analysis data. One-
factor analysis of variance (ANOVA) was utilized for the 
multiple group comparison. The Student’s t-test was used 
for  comparison between groups. The software GraphPad 
Prism 7 (GraphPad, San Diego, CA, USA) was used for the 
plot. A P value <0.05 was considered statistically significant.

Results

HOTAIR silencing efficiency

As shown in Figure 1, compared with the normal control,  
HOTAIR expression was substantial decreased in the Tca-
8113 group (P<0.01). Similarly, a significant decrease was 
noticed in the HOTAIR expression in TSCCA (P<0.01), 
especially the siRNA-3. On this basis, siRNA-3 was selected 
for subsequent experiments.

Effects of HOTAIR silencing on the proliferation of tongue 
cancer cells

The absorbance in the Tca-8113 cells revealed that there 
was significant inhibition in the Tca-8113 group compared 
with that of the control group at 24, 48, 72, and 96 h, 

Figure 1 Expression of HOTAIR in the Tca-8113 and TSCCA cells as revealed by real-time PCR. 
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respectively (all P<0.01, Figure 2A). In the TSCCA group, 
significant decline was noticed in the absorbance compared 
with the control group at 24, 48, 72, and 96 h, respectively 
(all P<0.01, Figure 2B).

Effects of HOTAIR silencing on the migration of 
cancer cells

By contrast with the control group, a substantial decline was 
found in the migration of the cells in the Tca-8113 group 
(P<0.01, Figure 3). Similarly, significant decline was noticed 

in the migration of the TSCCA cells compared with the 
control group (P<0.01). The transwell assay indicated 
that the number of cells penetrating the small chamber 
significantly declined contrasted with the control group 
(P<0.01, Figure 4).

Effects of HOTAIR silencing on the invasion of cancer cells

The transwell invasion assay indicated that the number 
of cells penetrating the membrane in the Tca-8113 
cells  revealed substantial decline contrasted  with that of the 

Figure 2 The cell proliferation ability in each group at 0, 24, 48, 72, 96 h. Tca-8113 experimental group and control group (A), TSCCA 
experimental group and control group (B).

Figure 3 Migration of Tca-8113 cells. (A,B,C,D) Experimental group at 0 h, control at 0 h, experimental group at 48 h, control at 48 h. 
(microscope magnifying ×10).
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control group (230±24.2 vs. 586.4±23.1, P<0.01, Figure 5).  
In the TSCCA group, the number of cells penetrating the 
membrane showed significant decline compared with the 
control group (191.4±17.5 vs. 429.6±26.5, P<0.01, Figure 6). 
These findings implied that HOTAIR silencing attenuated 
the invasion of cancer cells.

Expression of EMT related protein after transfection

After HOTAIR silencing, there was significant down-
regulation in vimentin expression, while the expression of 
E-cadherin was significant up-regulated (Figure 7). These 
findings implied that HOTAIR silencing could inhibit the 
EMT in Tca-8113 and TSCCA cells, while HOTAIR could 
induce EMT in Tca-8113 and TSCCA cells.

Effects of HOTAIR on the Notch signaling pathway in 
Tca8113 cells

In the Tca8113 cells, a significant decline was observed 
in Notch1, Jagged1, and Hes-1 protein expression in the 
presence of HOTAIR knockdown (P<0.05). Whereas, 
no statistical differences were discovered  in the cells 
transfected with scramble sequences–contrasted with the 

blank control (P>0.05, Figure 8).

Discussion

As  a  nove l  lncRNA,  HOTAIR has  been  taken  a  
crit ical  role in the regulation of several  types of 
malignancies (9). Nowadays, extensive studies have been 
focusing on the invasion and metastasis mechanisms of 
several malignancies (8-12), with the aim of identifying 
potential targets for treating cancer. HOTAIR is highly 
expressed in supercutaneous malignancies. HOTAIR 
regulates target genes through the Hotair5 “structure and 3” 
structure recruitment protein complex. The high expression 
of HOTAIR eventually leads to malignant proliferation, 
reduced apoptosis and distant metastasis of tumor cells, 
which affects the disease progression of tumor patients 
and the therapeutic effect of drugs. It has been reported 
that HOTAIR is aberrantly expressed in several cancers 
including breast cancer, pancreatic cancer, and esophageal 
squamous cell carcinoma, which affects the prognosis 
of these patients (6,8,11-14). In this study, we wanted to 
explore the effects of lncHOTAIR on the proliferation and 
migration of Tca-8113 and TSCCA cells. Our data showed 
that lncHOTAIR could contribute to the invasion and 

Figure 4 Migration of TSCCA cells. (A,B,C,D) Experimental group at 0 h, control at 0 h, experimental group at 48 h, control at 48 h. 
(microscope magnifying ×10).
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metastasis of these cells.
In vitro experiments have indicated that HOTAIR is 

involved in the modulation of proliferation, invasion, and 
apoptosis of cancer cells (6,13,15,16). It has been revealed 
that HOTAIR is related to the apoptosis, proliferation, 

invasion, and metastasis of several cancers. For example, 
after HOTAIR silencing in hepatoma cancer cells, the 
cellular apoptosis induced by tumor necrosis factor-alpha 
(TNF-α) was triggered, which obviously attenuated the 
proliferation, invasion, and metastasis of cancer cells (16). 

A B

C D

A B

C D

Figure 5 Transwell migration assay. Migration capacity changes of Tca-8113 experimental group (A), Tca-8113 control (B), TSCCA 
experimental group (C), and control group (D). (Amplification is 10 in crystal violet staining).

Figure 6 Transwell invasion test. Invasion capacity changes of Tca-8113 experimental group (A), Tca-8113 control (B), TSCCA 
experimental group (C), and control group (D). (Amplification is 10 in crystal violet staining).
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In laryngeal squamous cell carcinoma with knock-down 
of HOTAIR, the expression of anti-oncogene PTNE was 
up-regulated, which then led to a block of AKT signaling 
activation and cell arrest in the G1 phase, as well as 
inhibiting the cellular proliferation (17). In adenocarcinoma 
of the uterine cervix (18), HOTAIR could inhibit the 
expression of p21, which then promoted the cellular 
proliferation.

In this study, we firstly down-regulated the expression 
of HOTAIR in the TSCCA and Tca-8113 cells. Then, 
functional testing showed that HOTAIR contributed to 
the proliferation, migration, and invasion of these cells. 
In the MTT assay, HOTAIR knock-down led to a decline 
of absorbance at each time point compared with the 
control group, which implied that HOTAIR knock-down 
attenuated cellular proliferation. In terms of invasion, 
HOTAIR contributed to the invasion of TSCCA and Tca-

8113 cells. Similarly, in the migration assay, the number 
of cells penetrating the small chamber in the treatment 
group was substantial higher than that of the control group, 
indicating that HOTAIR resulted in metastasis of these 
cells. In the invasion tests, the number of cells penetrating 
the membrane in the experimental groups was significantly 
higher than that of the control group, which demonstrated 
that the invasion capacity declined after HOTAIR silencing.

The process of EMT is the premise for the migration 
and invasion of cancer cells (19). Several factors and 
signaling pathways could be involved in the EMT process 
through corresponding receptor signals. In this study, 
HOTAIR knock-out led to significant decline in the 
proliferation, metastasis, and invasion of the TSCCA and 
Tca-8113 cells, which demonstrated that HOTAIR was 
associated with the pathogenesis, invasion, and migration 
of TSCCA. After HOTAIR silencing, the expression of 
E-cadherin was significantly upregulated and vimentin was 
down-regulated in the cells. This implied that HOTAIR 
may induce EMT in Tca-8113 and TSCCA cells. Silencing 
HOTAIR could reverse the EMT phenotype, inhibit EMT, 
and then inhibit the invasion and metastasis of cancer.

Current understanding supports that EMT occurs in 
the early stage of invasion of malignant cancer cells. To 
our best knowledge, Notch signaling is crucial for EMT 
induced by hypoxia, invasion, and metastasis (19). As a 
highly conserved signaling pathway, the Notch signaling 
pathway exists in nearly all organisms, and it is involved 
in cellular proliferation, differentiation, and apoptosis. 
Moreover, it participates in embryonic development, T 
lymphocyte development, self-renewal of the hematopoietic 
stem cells, and also regulates angiogenesis (20). Notch 
signaling pathway molecules have been aberrantly expressed 
in several malignancies; for instance, Notch-1 receptor 
and down-stream target gene (Hes-10) overexpression 
has been associated with staging and drug tolerance of 
malignant cancers. Notch-3 receptor expression has been 
associated with the relapse of malignant cancer. Moreover, 
several studies have demonstrated that the Notch signaling 
pathway interacted with lncRNAs. For example, Notch-1 
induced up-regulation of lncRNA GAS5 and contributed 
to the metastasis of breast cancer cells (21), while lncRNA 
NALT up-regulated Notch signaling pathway modulated 
the pathogenesis of acute lymphocytic leukemia (22). In a 
previous study, Dong et al. (9) reported that HOTAIR was 
upregulated in retinoblastoma compared to the adjacent 
cancer tissues, and the Notch signaling pathway in the 
retinoblastoma was aberrantly activated. Meanwhile, 

Figure 7 Expression of EMT protein after HOTAIR silencing 
in Tca8113 and TSCCA cells. EMT, epithelial-mesenchymal 
transition; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

Figure 8 Expression of Notch-1, Jagged-1, and Hes-1 protein 
related to the Notch signaling pathway. GAPDH, glyceraldehyde 
3-phosphate dehydrogenase.
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HOTAIR knock-down resulted in attenuation of the Notch 
signaling pathway, which implied that HOTAIR could 
regulate the Notch signaling pathway. In this study, our 
data revealed that Notch1, Jagged 1, and Hes-1 were down-
regulated in the TSCCA after HOTAIR knock-down, 
which then inhibited the growth of cancer cells.

Niland, Merry, and Khalil showed that HOTAIR was 
closely related to the invasion, metastasis, and EMT of 
TSCCA (23). The Notch signaling pathway involved in 
the proliferation, differentiation, and apoptosis was closely 
related to HOTAIR. Our study showed that HOTAIR 
could contribute to the invasion and migration of Tca-
8113 and TSCCA, which was closely related to EMT. 
Knock-down of HOTAIR could attenuate the expression 
of Jagged-1, Notch-1 receptor, and Hes-1, which then 
inhibited the proliferation of Tca-8113. We speculated 
that HOTAIR may serve as a regulator for the cellular 
proliferation, differentiation, and apoptosis of cancer cells. 
This demonstrated that HOTAIR modulated the Notch 
signaling pathway involved in the pathogenesis of tongue 
cancer.

There were some limitations in this study. The roles 
of the Notch signaling pathway are various in different 
cancer types at different stages. Additionally, monitoring 
the Notch signaling pathway in a dynamic manner remains 
challenging.

In conclusion, HOTAIR and the Notch signaling 
pathway are associated with the invasion and metastasis 
of tongue cancer. The Notch signaling pathway was 
positively correlated with the HOTAIR signaling pathway, 
which implied that HOTAIR could modulate the Notch 
signaling pathway. In future, further studies are required 
to investigate the mutual interactions of HOTAIR and the 
Notch signaling pathway.
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