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t of HOTAIR–miR-613-SNAI2 axis
through suppressing EMT and drug resistance in
laryngeal squamous cell carcinoma

Jing-chun Zhou,a Jing-jing Zhang,b Wei Ma,c Wei Zhang,a Zhao-yang Ke *a

and Ling-guo Maa

Laryngeal squamous cell carcinoma (LSCC) is themain pathological type of laryngeal cancer, which attacks the

head and neck. Our present study aims to investigate the effect of long non-coding RNA (LncRNA) HOX

transcript antisense RNA (HOTAIR) on epithelial mesenchymal transition (EMT) and drug resistance in LSCC.

Firstly, the level of HOTAIR was found to be overexpressed in LSCC tissues compared with normal healthy

tissues. Then, increased EMT and drug resistance were suppressed by specific HOTAIR shRNA effectively in

LSCC cell lines. Besides, miR-613 was predicted to be a target of HOTAIR through bioinformatics analysis.

Meanwhile, we found that a down-regulated level of miR-613 could be increased by HOTAIR shRNA and

suppressed by LncRNA HOTAIR transfection in LSCC cells. The targeting relationship between miR-613 and

HOTAIR was further demonstrated by a luciferase report assay. What is more, the inhibiting effect of

HOTAIR shRNA on EMT and drug resistance was obviously abolished by the miR-613 inhibitor. Moreover,

SNAI2, a critical regulator of EMT, was predicted as a target of miR-613 through bioinformatics analysis and

luciferase report assays. As expected, the level of SNAI2 could be suppressed by HOTAIR shRNA and

increased by the miR-613 inhibitor. Additionally, we discovered that SANI2 shRNA had similar inhibiting

effect on EMT and drug resistance with HOTAIR shRNA in LSCC cells. Finally, the in vivo experiment further

demonstrated that HOTAIR shRNA restricted tumor growth, EMT and drug resistance. Additionally, HOTAIR

shRNA transfection could also increase the level of miR-613 and decrease the level of SNAI2 in vivo. Taken

together, our research for the first time revealed the effect of the HOTAIR–miR-613-SNAI2 axis on EMT

and drug resistance in LSCC, providing new targets for LSCC diagnosis and treatment.
1. Introduction

Laryngeal cancer (LC) is a common malignancy in the head and
neck, which accounts for 5.7–7.6% of the malignant tumors in
the whole world. According to statistics, LC has a higher inci-
dence and mortality in rural areas than in the city and higher
incidence and mortality in males than in females.1–3 Laryngeal
squamous cell carcinoma (LSCC) is the main pathological type
of LC and the incidence of LSCC is increasing year by year. What
is more serious is that due to lack of suitable and specic
biomarkers for early detection and monitoring of disease
progress, 40% of the patients are diagnosed at stage III or IV.4,5

The traditional treatment for LSCC is total laryngectomy, which
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is accompanied by laryngeal function loss aer operation,
resulting in great harm to the quality of life. Advanced patients
could just take chemotherapy and radiotherapy to kill cancer
cells and prevent cancer from spreading, which bring
increasing drug resistance as huge impediments to cancer
treatment.6 Therefore, getting a better understanding of specic
markers for early diagnosis and proper therapeutic targets is the
top priority in LSCC research and treatment.

Epithelial mesenchymal transition (EMT) refers to loss of cell
polarity, tight junctions and adhesion between epithelial cells
and transformation to stromal cells morphologically, endowing
cancer cells stronger migration, invasion, proliferation and
anti-apoptotic abilities. EMT has attracted much attention as
a major inducer of cancer metastases during cancer progres-
sion. Besides that, large amount of studies have demonstrated
that EMT is closely related to chemotherapy resistance.7,8 SNAI2,
a zinc nger transcription factor, is a critical regulator of EMT.
Previous studies have shown that SNAI2 is highly expressed in
metastatic cancers and promotes the transformation of
epithelium into interstitial cells, playing an essential role in the
invasion and metastasis of epithelial tumor tissue.9 Addition-
ally, as Hu F. Y. et al. reported, overexpressed miR-124
RSC Adv., 2018, 8, 29879–29889 | 29879
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suppressed getinib resistance through down-regulating the
expression of SNAI2 in non-small cell lung cancer.10 However,
whether SNAI2 is associated with drug resistance in LSCC has
not been explored.

Long non-coding RNAs (LncRNAs) are a large heterogeneous
class of transcripts with more than 200 nucleotides but limited
protein-coding potential.11 Up to now, only a small part of
functional lncRNAs have been well characterized with diverse
regulatory roles in cellular processes, such as cell proliferation
and migration.12 Among them, LncRNA HOX transcript anti-
sense RNA (HOTAIR) has been learned to play a vital role in
carcinogenesis. As Xiao Z. et al. reported, LncRNA HOTAIR is
a prognostic biomarker for the proliferation and chemo-
resistance of colorectal cancer by targeting miR-203a-3p via
Wnt/b-Catenin signaling pathway.13 Additionally, HOTAIR has
been demonstrated to be overexpressed in LSCC in previous
reports.14 However, a full understanding the effect of overex-
pressed HOTAIR on drug resistance in LSCC is still far from
being achieved.

MiRNAs are a class of non-coding RNA found in eukaryotes,
and they act as important regulators in human cancer
progression by binding their target mRNAs with the 30un-
translated region (30UTR) of corresponding mRNAs.15 As Ding
J. et al. reported, decreased expression of miR-223 enhanced
doxorubicin sensitivity through suppressing EMT in colorectal
cancer by targeting F-box and WD repeat domain-containing
7.16 Besides, up-regulated miR-613 was reported to weaken the
resistance of triple-negative breast cancer cells against pacli-
taxel.17 Thus, in our present study, we explored the effect of miR-
613 on drug resistance and associated regulation mechanism in
LSCC.

In this study, we focused on HOTAIR, which was signicantly
up-regulated in LSCC tissues compared with the normal tissue.
For the rst time, we show that HOTAIR–miR-613-SNAI2 axis
suppresses EMT-mediated drug resistance in LSCC in vitro and
in vivo, providing new evidence that HOTAIR andmiR-613 could
function as key regulators in LSCC progression and hold great
promise to be used as novel biomarkers and therapeutic targets
in LSCC treatment.

2. Materials and methods
2.1 Tissue specimens and cell culture

Thirty LSCC samples and their corresponding no-tumor
samples were obtained from The Second Clinical Medical
College of Jinan University. The study was performed in accor-
dance with the Helsinki Declaration and the guidelines of the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals. All experiments were approved by the
ethics committee of the Second Clinical Medical College of
Jinan University. Informed consents were obtained from all the
human participants of this study.

LSCC cells Hep2 and TU686 cells were bought from the Cell
Center of Life Science of Chinese Academy of Science
(Shanghai, China).

Cisplatin (Selleckchem, Houston, TX, USA) was dissolved in
DMSO and diluted to a nal concentration of 0, 5, 10, 15, 20, 40
29880 | RSC Adv., 2018, 8, 29879–29889
and 60 mM in cell viability detection. The cisplatin-resistant
Hep2 cells (Hep2/R) and cisplatin-resistant TU686 cells
(TU686/R) were established by stepwise exposure to increased
concentrations of cisplatin as previously described.18 These
cells were maintained in RPMI1640 medium (Gibco, NY, USA),
supplemented with fetal bovine serum (FBS) (Hyclone, USA) and
penicillin and streptomycin.

2.2 Transfection

Mimics/inhibitors specic for miR-613 and LncRNA-HOTAIR
were designed and purchased from Invitrogen (USA). The
Hep2/Hep2/R and TU686/TU686/R cells were seeded in 24-well
plates at 1 � 105 cells per well. LncRNA-HOTAIR and HOTAIR
short hairpin RNA (shRNA) was amplied using Primer STAR
premix (TaKaRa) and cloned into lentivirus plasmid according
to the manufacturer's protocol. Hep2/Hep2/R and TU686/
TU686/R cells were transfected with recombinant lentivirus as
indicated. Mimics (50 nM)/inhibitors (120 nM) specic for miR-
613 were transfected into TU686/R cells cells using Lipofect-
amine 3000 (Invitrogen, USA). Three pairs of SNAI2 shRNA
specic for SNAI2 were also designed and purchased from
Invitrogen (USA), from which the best efficient one was chosen
and was also transfected into TU686/R cells cells using Lip-
ofectamine 3000 (Invitrogen, USA). Cells were harvested for
subsequent experiments aer transfection for 24 hours.

2.3 Quantitative real-time PCR

Total RNA from cell lines and tumor samples were extracted by
using TRIzol (Invitrogen, CA, USA) following to the manufac-
turer's instruction. cDNA was synthesized from 500 ng of total
RNA using the PrimeScript RT Reagent Kit (TaKaRa) for
detecting the level of mRNA and lncRNA. The expression of
HOTAIR, miR-613, MDR1 was determined by quantitative real-
time PCR by using the ABI PRISM 7900 Detection System
(Applied Biosystems, Carlsbad, USA). U6 and 18 s were used as
the internal control for miR-613 and HOTAIR, respectively.
GAPDH was used as the control for MDR1. The relative
expression of HOTAIR, miR-613 and MDR1 was calculated by
using the 2�DDCt method.

2.4 Western blot analysis

Total protein from cells or tissues was extracted with cell lysis
kit (Sigma-Aldrich, MO, USA) according to instruction and the
protein concentration was valued by BCA reagent (Pierce, IL,
USA). Equal protein was separated by 10% SDS-PAGE and
transferred to the nitrocellulose membranes. Aer blocking
with 5% milk, the membrane was incubated with correspond-
ing antibodies (Santa Cruz, CA, USA). The protein signal was
detected using an enhanced chemiluminescence (ECL)
commercial kit (Amersham Biosciences) following the manu-
facturer's instructions.

2.5 Immunouorescence

The cells seeded in co focal dishes were xed with 4% para-
formaldehyde and then kept stable in 0.2% Triton for 10 min to
This journal is © The Royal Society of Chemistry 2018

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c8ra04514c


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

3 
A

ug
us

t 2
01

8.
 D

ow
nl

oa
de

d 
on

 6
/9

/2
02

6 
9:

45
:2

0 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
rupture the cell membranes. Following three PBS washing, non-
specic antigen-binding sites were blocked by 2% BSA for
30 min. The cells were then incubated with anti-vimentin, E-
cadherin (Abcam, 1 : 200); anti-b-catenin (Proteintech, 1 : 50)
overnight at 4 �C.

Aer washing, cells were incubated with anti-rabbit antibody
for 60 min and the nuclei were stained with DAPI for 2 min,
which was washed with PBS later. Cells were kept from light
before observed with a uorescence microscope.

2.6 Dual-luciferase reporter assay

Dual-luciferase reporter assay was performed as described
previously. Briey, the RNA sequence of HOTAIR and SNAI2
mRNA 30-UTR containing the putative binding sites of miR-613
was inserted into pGL3 (Promega, Madison, WI, United States),
generating the pGL3-HOTAIR or pGL3-SNAI2 wild-type/mutant-
type luciferase reporter vector. TU686/R cells were seeded onto
6-well culture plates in DMEM medium containing 10% fetal
bovine serum and cultured overnight. Then the cells were co-
transfected with pGL3 wild-type/mutant-type vector (100 ng)
and miR-613 mimics or control (50 nmol L�1) using Lipofect-
amine 2000 (Invitrogen). Luciferase activity assays were detec-
ted by a dual-luciferase reporter system according to the
manufacturer (Promega, E2920).

2.7 Xenogra nude mice assay

Specic pathogen-free (SPF) athymic nude mice (male, six to
eight weeks of age) were purchased from Animal Care and Use
Committee of The Second Clinical Medical College of Jinan
University. All animal experiments were performed according to
relevant national and international protocols and were
approved by the Experimental Animal Center of The Second
Clinical Medical College of Jinan University. The mice were fed
under sterile-specic pathogen-free conditions with free access
to food and water. Cells used for tumor formation were har-
vested, counted, and resuspended in PBS to a nal concentra-
tion of 2 � 108 cells per mL. Trypan blue exclusion testing
showed that the cells were >95% viable before injection. The
mice were divided into 4 groups as follows: (1) control group:
about 1 � 107 TU686/R cells were injected into the
Fig. 1 HOTAIR is highly expressed in LSCC tissues andmiR-613 is lowly e
and normal tissues was valued through qRT-PCR. (B) The expression of
PCR. The bars showed means � SD of three independent experiments.

This journal is © The Royal Society of Chemistry 2018
subcutaneous of mice. (2) HOTAIR shRNA group: about 1 � 107

TU686/R-LV-HOTAIR shRNA cells were injected into the
subcutaneous of mice. (3) Cisplatin group: about 1 � 107

TU686/R cells were injected into the subcutaneous of mice.
Aer the tumors had reached 100 mm3 in size, the mice of the
cisplatin group were injected intraperitoneally twice per week
with cisplatin (15 mg kg�1). (4) HOTAIR shRNA + cisplatin
group: about 1 � 107 TU686/R-LV-HOTAIR shRNA cells were
injected into the subcutaneous of mice. Aer the tumors had
reached 100 mm3 in size, the mice of the cisplatin group were
injected intraperitoneally twice per week with cisplatin (15 mg
kg�1). Tumor volume was monitored every 5 days aer the
development of a palpable tumor and was assessed by
measuring the 2 perpendicular dimensions using a caliper and
the formula (a � b2)/2, where a is the larger and b is the smaller
dimension of the tumor. At 30 days aer inoculation, the mice
were killed and tumor weights were assessed. Tumors from
each mouse were randomly selected for immunohistochemical
(IHC) analysis.
2.8 Statistical analysis

All determinations were repeated in triplicate. All data are
expressed as the mean � standard deviation (SD) and assessed
by using statistical soware SPSS19.0. The Student's t test was
used to compare means of two groups and One-Way ANOVA was
used for comparing means of multiple samples. P < 0.05 was
deemed to indicate signicance.
3. Results
3.1 HOTAIR is highly expressed in LSCC tissues andmiR-613
is lowly expressed in LSCC tissues

To explore the role of HOTAIR and miR-613 in the progression
of LSCC, the expression level of HOTAIR and miR-613 in LSCC
tissues was detected through qPCR. As shown in Fig. 1A, relative
expression of HOTAIR RNA was signicantly increased (mean:
7-fold) in LSCC tissues compared with the normal tissues (***P
< 0.001). At the same time, relative expression of miR-613 was
largely decreased (mean: 2-fold) in LSCC tissues compared with
the normal tissues (**P < 0.01) (Fig. 1B). These results above
xpressed in LSCC tissues. (A) The expression of HOTAIR in LSCC tissues
miR-613 in LSCC tissues and normal tissues was valued through qRT-
**P < 0.01, ***P < 0.001 compared with normal tissues.

RSC Adv., 2018, 8, 29879–29889 | 29881
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Fig. 2 HOTAIR shRNA suppresses EMT in LSCC cell lines. (A) Relative expression of HOTAIR in Hep2/Hep2/R and TU686/TU686/R cells was
valued through qRT-PCR (**P < 0.01 versus Hep2). (B) Hep2/Hep2/R and TU686/TU686/R cells were transfected with HOTAIR shRNA or left
untreated, respectively. The level of HOTAIR was valued through qRT-PCR (**P < 0.01 versus control group). (C and D) The expression of E-
cadherin and N-cadherin in Hep2 and Hep2/R cells or in HOTAIR shRNA treated Hep2/R cells was examined through western blot. Relative
protein level of E-cadherin and N-cadherin was presented in the form of a histogram (*P < 0.05 versus Hep2 group, ##P < 0.01 versus Hep2/R
group). (E and F) The expression of E-cadherin and N-cadherin in TU686 and TU686/R cells or in HOTAIR shRNA treated TU686/R cells was
examined through western blot. Relative protein level of E-cadherin and N-cadherin was presented in the form of a histogram (*P < 0.05 versus
TU686 group, ##P < 0.01 versus TU686/R group). GAPDHwas used as a reference. (G) Immunocytochemical staining for N-cadherin and DAPI in
Hep2 and Hep2/R cells or in HOTAIR shRNA treated Hep2/R cells. N-cadherin (green) and DAPI (blue) were observed. The bars showedmeans�
SD of three independent experiments.

29882 | RSC Adv., 2018, 8, 29879–29889 This journal is © The Royal Society of Chemistry 2018
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suggested that HOTAIR was highly expressed in LSCC tissues
and miR-613 was lowly expressed in LSCC tissues.

3.2 HOTAIR shRNA suppresses EMT in LSCC cell lines

As shown in Fig. 2A, relative expression of HOTAIR was
increased in Hep-2/R and TU686/R cells compared with normal
Hep-2 and TU686 cells respectively, indicating that increased
HOTAIR level was associated with elevated drug resistance.
Then, specic HOTAIR shRNA was used to suppress HOTAIR
expression in indicated cells (Fig. 2B). Then we found that EMT
in Hep-2/R cells was induced accompanied by increased level of
N-cadherin and decreased level of E-cadherin compared with
the Hep-2 cells. However, the induced EMT was successfully
suppressed by HOTAIR shRNA (Fig. 2C and D). The same
Fig. 3 HOTAIR shRNA suppresses drug resistance in LSCC cell lines. (A)
was detected through MTT assay (*P < 0.05, **P < 0.01, ***P < 0.001 ve
treated Hep2/R cells was detected through MTT assay (*P < 0.05, **P < 0
HOTAIR transfected TU686 cells was detected through MTT assay (*P <
TU686/R cells and HOTAIR shRNA treated TU686/R cells was detected
expression of MDR1 in Hep2, Hep2/R cells and HOTAIR shRNA treated H
group, ##P < 0.01 versusHep2/R group). (F) Relative expression of MDR1 i
detected through qRT-PCR (***P < 0.001 versus TU686 group, ##P <
independent experiments.

This journal is © The Royal Society of Chemistry 2018
phenomenon occurred in TU686 and TU686/R cells as shown in
Fig. 2E and F. The result of immunocytochemical staining also
showed that the expression of N-cadherin was elevated in Hep2/
R cells compared with Hep2 cells but was then suppressed by
HOTAIR shRNA in Hep2/R cells (Fig. 2G). The above results
indicated the inhibiting effect of HOTAIR shRNA on EMT in
LSCC cell lines.

3.3 HOTAIR shRNA suppresses drug resistance in LSCC cell
lines

A series of experiments were conducted to further explore the
effect of HOTAIR shRNA on drug resistance in LSCC cell lines.
As shown in Fig. 3A and C, the IC50 of Hep-2 and TU686 were
both elevated from about 5 mM to more than 10 mM. The other
Cell viability in Hep2 cells and LncRNA HOTAIR transfected Hep2 cells
rsus Hep2 group). (B) Cell viability in Hep2/R cells and HOTAIR shRNA
.01 versus Hep2/R group). (C) Cell viability in TU686 cells and LncRNA
0.05, **P < 0.01, ***P < 0.001 versus TU686 group). (D) Cell viability in
through MTT assay (**P < 0.01 versus TU686/R group). (E) Relative

ep2/R cells was detected through qRT-PCR (***P < 0.001 versus Hep2
n TU686, TU686/R cells and HOTAIR shRNA treated TU686/R cells was
0.01 versus TU686/R group). The bars showed means � SD of three

RSC Adv., 2018, 8, 29879–29889 | 29883
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way round, as shown in Fig. 3B and D, the IC50 of Hep-2/R and
TU686/R was about 42 mM and 50 mM, respectively. Then, the
transfection of HOTAIR shRNA obviously decreased the drug
resistance to 18 mM and 14mM respectively, showing a strong
inhibiting effect on drug resistance. Additionally, the results of
western blot in Fig. 3E showed elevated expression level of
MDR1 in both Hep-2/R and TU686/R cells compared with Hep-2
and TU686, but increased MDR1 was then largely suppressed by
the transfection of HOTAIR shRNA. The above results indicated
that HOTAIR shRNA could effectively suppress drug resistance
in LSCC cell lines.

3.4 MiR-613 is a target of HOTAIR in LSCC cell lines

Having learned the effects of HOTAIR on EMT and drug
resistance in LSCC cell lines, the associated regulatory mech-
anism was further explored. The result of bioinformatics
analysis showed that there existed complementary sites of
miR-613 in HOTAIR RNA (Fig. 4A). To further investigate the
Fig. 4 MiR-613 is a target of HOTAIR in LSCC cell lines. (A) Target se
informatics. (B) Hep2/R cells were transfected with miR-613mimic or miR
miR-613 inhibitor were detected through MTT assay. (C) Relative expre
0.001 versus control group). (D) Hep2/R cells were transfected with HOT
Relative expression of miR-613 was detected through qRT-PCR (**P < 0
Hep2/R cells were transfectedwith LncRNAHOTAIR or co-transfected w
detected through qRT-PCR (**P < 0.01 versus control group, ##P < 0.01
the luciferase activity in TU686/R cells co-transfected with HOTAIR Wt/M
cadherin and N-cadherin in Hep2/R cells transfected with HOTAIR shR
western blot. Relative protein level of E-cadherin and N-cadherin was pre
0.05 versus HOTAIR shRNA group). GAPDH was used as a reference. (I)
shRNA or co-transfected with miR-613 inhibitor or the control cells was
versus HOTAIR shRNA group). The bars showed means � SD of three in

29884 | RSC Adv., 2018, 8, 29879–29889
relationship between the two, specic miR-613 mimic and
inhibitor were used in our following experiments. Firstly, the
results of MTT assay showed that there was no signicant
cytotoxicity of miR-613 mimic and inhibitor in our indicated
experiments (Fig. 4B). The expression of miR-613 was obvi-
ously elevated or suppressed by transfecting the Hep-2/R cells
with miR-613 mimic or miR-613 inhibitor, respectively
(Fig. 4C). As shown in Fig. 4D and E, relative expression of
miR-613 was elevated by HOTAIR shRNA and was then sup-
pressed by the co-transfection with miR-613 inhibitor
(Fig. 4D). Contrarily, the level of miR-613 could also be sup-
pressed by overexpression of HOTAIR and was then increased
by adding miR-613 mimic in HOTAIR transfected cells
(Fig. 4E). In general, the level of miR-613 was suppressed by
HOTAIR and was elevated by HOTAIR shRNA. In addition,
luciferase reporter assays further demonstrated the targeting
relationship between HOTAIR and miR-613 by showing that
relative luciferase activity in HOTAIR WT – miR-613 mimic
quences of miR-613 in HOTAIR mRNA were analysed through bio-
-613 inhibitor or just left untreated. Cytotoxicities of miR-613mimic or
ssion of miR-613 was detected through qRT-PCR (**P < 0.01, ***P <
AIR shRNA or co-transfected with miR-613 inhibitor or left untreated.
.01 versus control group,##P < 0.01 versus HOTAIR shRNA group). (E)
ith miR-613mimic or left untreated. Relative expression of miR-613was
versus HOTAIR group). (F) Luciferase reporter assay was used to detect
ut and miR-138 mimics (***P < 0.001). (G and H) The expression of E-
NA or co-transfected with miR-613 inhibitor was examined through
sented in the form of a histogram (**P < 0.01 versus control group, #P <
Relative expression of MDR1 in Hep2/R cells transfected with HOTAIR
valued through qRT-PCR (**P < 0.01 versus control group, ##P < 0.05
dependent experiments.

This journal is © The Royal Society of Chemistry 2018
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Fig. 5 SNAI2 is a target of miR-613 in LSCC cell lines. (A) The expression of SNAI2 in LSCC tissues and normal tissues was valued through qRT-
PCR (**P < 0.01 versus with normal tissues.). (B) Target sequences of SNAI2 in miR-613 mRNA were analysed through bioinformatics. (C and D)
Specific shRNA targeting SNAI2 was transfected into Hep2/R cells. The expression of SNAI2 in TU686/R cells transfected with SNAI2 shRNA was
examined through western blot. Relative protein level of SNAI2 was presented in the form of a histogram (*P < 0.05 versus control group). (E and
F) The expression of SNAI2 in HOTAIR shRNA and/or miR-613 inhibitor transfected Hep2/R cells was detected through western blot. Relative
protein level of SNAI2 was presented in the form of a histogram (*P < 0.05, **P < 0.01 compared with control group). GAPDH was used as
a reference. (G–I) Trend lines betweenmiRNA-613 and HOTAIR (G), miRNA-613 and SNAI2 (H), HOTAIR and SNAI2 (I) in 30 LSCC tissues samples
used in our research. (J and K) The expression of E-cadherin and N-cadherin in Hep2/R cells transfected with SNAI2 shRNA or in the control cells
was examined through western blot. Relative protein level of E-cadherin and N-cadherin was presented in the form of a histogram (*P < 0.05
versus control group). GAPDH was used as a reference. (L) Relative expression of MDR1 in Hep2/R cells transfected with SNAI2 shRNA or in the
control cells was examined through qRT-PCR (**P < 0.01 versus control group). (M) Cell viability in Hep2/R cells or in SNAI2 shRNA treated Hep2/
R cells was valued through MTT assay. The bars showed means � SD of three independent experiments.
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recombinant vector was signicantly decreased compared
with control group (Fig. 4F). Beyond that, we found that the
inhibiting effect of HOTAIR shRNA on EMT and MDR1
This journal is © The Royal Society of Chemistry 2018
induction was abolished by the combination with miR-613
inhibitor (Fig. 4G–I). The above results revealed that miR-613
inhibitor had an opposite effect on EMT and drug resistance
RSC Adv., 2018, 8, 29879–29889 | 29885

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c8ra04514c


Fig. 6 HOTAIR shRNA suppresses tumor metastasis and EMT-mediated drug resistance in vivo. The mice were divided into 4 groups as
previously described. (A) Tumor volume and growth trend in mice from 4 groups was showed. (B and C) The expression of E-cadherin and N-
cadherin in tumor tissues from control group and HOTAIR shRNA group was examined through western blot. GAPDH was used as a reference.
Relative protein level of E-cadherin and N-cadherin was presented in the form of a histogram (*P < 0.05 versus control group). (D and E)
Expression of migration markers VEGF in formalin-fixed, paraffin-embedded tumors from control group and HOTAIR shRNA group mice was
detected through IHC analysis. The VEGF+ was counted and was represented in the form of a histogram (***P < 0.001 versus control group). (F)
Relative expression of miR-613 in tumor tissues from control group and HOTAIR shRNA group was valued through qRT-PCR (**P < 0.01 versus
control group). (G and H) The expression of SNAI2 in tumor tissues from control group and HOTAIR shRNA group was valued through western
blot and was presented in the form of a histogram (**P < 0.01 versus control group). GAPDHwas used as a reference. The bars showedmeans�
SD of three independent experiments.
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with HOTAIR shRNA and miR-613 was a target of HOTAIR in
LSCC cell lines.

3.5 SNAI2 is a target of miR-613 in LSCC cell lines

Further investigation was conducted to nd the down-stream
targets of miR-613. As shown in Fig. 5A, relative expression of
SNAI2 was highly up-regulated in LSCC tissues compared with
normal tissues. The results of bioinformatics analysis revealed
that there existed complementary sites of SNAI2 in miR-613
RNA (Fig. 5B). As shown in Fig. 5C and D, the level of SNAI2
was suppressed by HOTAIR shRNA and was elevated by miR-613
inhibitor. Besides that, luciferase reporter assays further
demonstrated the targeting relationship between SNAI2 and
miR-613 as the combination of SNAI2 WT and miR-613 mimic
brought an obvious decrease in luciferase activity compared
with other groups (Fig. 5E). Moreover, trend lines in Fig. 5F–H
displayed that the expression of SNAI2 was positively correlated
with the level of HOTAIR in LSCC tissues. At the same time, the
level of miR-613 was negatively correlated with HOTAIR and
SNAI2. Thus, we concluded that SNAI2 was a target of miR-613
in Hep-2/R cells. Specic shRNA was used here to knock-down
the expression of SNAI2 in Hep-2/R cells (Fig. 5I and J). As
expect, we found that SNAI2 shRNA had the same inhibiting
effect on EMT induction by reducing the transformation of E-
cadherin into N-cadherin as HOTAIR shRNA (Fig. 5K and L).
At the same time, the level of MDR1 was suppressed by SNAI2
shRNA (Fig. 5M). Drug resistance was also decreased by SNAI2
shRNA through decreasing the IC50 of Hep-2/R from 45 mM to 18
mM (Fig. 5N). Taken together, we concluded that SNAI2 shRNA
had inhibiting effect on EMT and drug resistance and HOTAIR
shRNA exerted its inhibiting effect on EMT and drug resistance
through the HOTAIR/miR-613/SNAI2 axis in LSCC cell lines.

3.6 HOTAIR shRNA suppresses tumor metastasis and EMT
and drug resistance in vivo

Effects of HOTAIR shRNA and its related regulatory mechanism
have been investigated in vitro, so corresponding in vivo exper-
iments were conducted in our further study. As shown in
Fig. 6A, there was no obvious inhibitory effect of cisplatin
treatment on tumor growth compared with the control group.
However, tumor growth was signicantly suppressed by
HOTAIR shRNA treatment compared with the control group.
Besides that, a better inhibitory effect on tumor growth was
exhibited by the combination of HOTAIR shRNA and cisplatin
compared with the cisplatin group individually. The results of
western blot showed that HOTAIR shRNA obviously inhibited
EMT by elevating the level of E-cadherin and suppressing the
level of N-cadherin compared with the control group (Fig. 6B
and C). Moreover, the expression of VEGF in the HOTAIR shRNA
group was also strongly limited compared with the control
group detected through IHC analysis (Fig. 6D and E). In addi-
tion, the level of miR-613 was increased by HOTAIR shRNA and
the level of SNAI2 was decreased by HOTAIR shRNA in vivo in
accord with our in vitro experiments (Fig. 6F–H). Thus, we
concluded that HOTAIR shRNA suppressed tumor metastasis
and EMT-mediated drug resistance in vivo.
This journal is © The Royal Society of Chemistry 2018
4. Discussion

In recent years, research on LSCC is becoming more and more
deepened, but the present status of research progress is far from
satisfactory with poor 5 year survival rate, which seriously affects
postoperative quality of life. Besides that, tumor metastasis and
increasing drug resistance have brought great difficulties for the
treatment of LSCC. At present, the methods using in evaluating
cancer cells invasion and metastasis are far off the required stan-
dards in clinical diagnosis and treatment. Therefore, it is necessary
to nd accurate molecular markers associated with cancer
metastasis and drug resistance of LSCC, which are pretty impor-
tant to guide operation and postoperative adjuvant therapy so as to
improve the survival rate and quality of life of the patients.

Amounts of research have demonstrated that LncRNAs have
developmental and tissue-specic expression patterns, and their
aberrant expression are closely associated with the progression of
a variety of diseases, including cancer.19 HOTAIR, a 2.2 kb LncRNA
binding to the PRC2 and the LSD1 complexes, is transcribed from
the HOXC locus. HOTIR is found pervasively overexpressed in
most human cancers compared with normal tissues, such as non-
small cell lung cancer,20 breast cancer21 and gastric cancer22 et al.
Elevated HOTAIR expression has been revealed to be associated
with tumorigenesis, metastasis, and drug resistance.20 In addition,
Zheng J. et al. reported in their study that suppressed HOTAIR
expression increased the sensitivity to cis-platinum of the LSCC
cells.23 However, the potential molecular mechanisms have not
been explored completely clear till now. In our present study, high
expression of HOTAIR was also detected in LSCC tissues compared
with normal tissues. Besides that, higher HOTAIR level was found
in Hep-2/R and TU686/R cells compared with normal Hep-2 and
TU686 cells, identifying that higher HOTAIR expression is associ-
ated with drug resistance in LSCC. As expect, our further investi-
gation revealed that suppressed HOTAIR by specic shRNA
obviously inhibited EMT and drug resistance in LSCC cell lines.

Large amounts of studies have showed that EMT is closely
associated with drug resistance. Thus, we speculated that HOTAIR
suppressed drug resistance via inhibiting EMT in LSCC cells.
Further study was conducted to explore the related regulation
mechanism. As shown in our study, miR-613 was lowly expressed
in LSCC tissues compared with the normal tissues. Besides that,
the results of bioinformatics analysis showed that miR-613 was
predicted to be a downstream target of HOTAIR. Just as Ma J. et al.
reported, HOTAIR affected the progression of oesophageal squa-
mous cell carcinoma by regulating HK2 expression through
binding to endogenous miR-125 and miR-143.24 We also con-
jectured that HOTAIR played its regulation effect through binding
to miR-613. Then we found that the level of miR-613 was sup-
pressed by LncRNA HOTAIR and was elevated by HOTAIR shRNA.
The results of luciferase assay showed that overexpressed miR-613
signicantly restrained the intensity of uorescence signal by
binding with HOTAIR WT compared with other groups. Besides
that, the inhibiting effect of HOTAIR shRNA on EMT and the
expression of MDR1 were largely abolished by the combination of
miR-613 inhibitor with HOTAIR shRNA. Thus, we concluded that
miR-613 was a target of HOTAIR in LSCC cells.
RSC Adv., 2018, 8, 29879–29889 | 29887
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The zinc nger transcription factor SNAI2 (also known as
slug) is one of the members of SNAI/SLUG superfamily. SNAI2
implicates in the pathogenesis of different cancers to inhibit
protein transcription and induce EMT by binding to the E-box
of the target gene promoter, making the tumor cells migratory
and invasive.25 Abnormal expression of SNAI2 is also found in
prostate cancer,26 colorectal cancer27 and some other cancers.
However, the effect of SANI2 has not been explored in LSCC up
to now. In our present study, we for the rst time revealed that
SANI2 was highly expressed in LSCC tissues compared with
normal tissues. Mounting researches have revealed that cyto-
plasmic lncRNAs function as ceRNAs to compete with miRNAs
from their mRNA targets.28 Just as Yuan J. H. et al. reported,
LncRNA-ATB elevated the expression of ZEB1 and ZEB2 by
competitively binding the miR-200 family and induced EMT
and invasion in hepatocellular carcinoma.29 Similarly, in our
study, we found that there also existed target sequences of
SANI2 30-UTR in miR-613 mRNA. At the same time, the
expression of SANI2 was positively correlated with HOTAIR level
and negatively correlated with miR-613 level. Luciferase activity
assay further demonstrated the targeting relationship between
miR-613 and SANI2. What is more, SANI2 shRNA has the same
inhibiting effect on EMT and drug resistance as HOTAIR
shRNA. Taken together, we concluded that HOTAIR shRNA
acted as a tumor suppressor in LSCC through the HOTAIR/miR-
613/SNAI2 axis.

Inhibiting effect of HOTAIR on cell EMT and drug resistance
in vitro has been identied, thus we further explored the effect
of HOTAIR shRNA in vivo. In previous reports, decreased
expression HOTAIR has been demonstrated to suppress the
growth of neck squamous cell cancer (HNSCC) growth in vivo.30

Besides that, decreased HOTAIR level has the ability to sensitize
HNSCC to cisplatin in vitro and in vivo.31 Similarly, in our
present study, we found that HOTAIR shRNA largely suppressed
LSCC growth and metastases by inhibiting EMT in vivo. As we
demonstrated in vitro, HOTAIR shRNA decreased the level of
miR-613 and increased the level of SNAI2 in vivo. These results
above indicated that HOTAIR shRNA could inhibit metastases
and drug resistance of LSCC by regulating miR-613 and SNAI2
in vivo.

In conclusion, our research found that HOTAIR was over-
expressed in LSCC tissues and HOTAIR shRNA suppressed
EMT and drug resistance of LSCC in vitro. Further researches
revealed that HOTAIR shRNA down-regulated the expression
of SNAI2 to suppress EMT and drug resistance of LSCC cells by
targeting miR-613. Moreover, HOTAIR shRNA was identied to
suppress LSCC growth, EMT and drug resistance in vivo. Our
research is the rst to establish the possible link between
SNAI2 and EMT/drug resistance in LSCC. The HOTAIR-miR-
613-SNAI2 axis will provide new targets for LSCC diagnosis
and treatment.
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