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Background: Laryngeal squamous cell carcinoma (LSCC) is a common type of malignant
tumors of larynx, and in this study, we aimed to evaluate the functional role of long non-
coding RNA TRPM2-AS in LSCC.

Methods: The expression levels of TRPM2-AS in LSCC tissues and cell lines were detected
by RT-qPCR analysis. In vitro functional assays, including MTT assay and transwell assay,
were performed to explore the biological effects of TRPM2-AS on LSCC cells. The expres-
sion levels of EMT-relevant proteins were detected by Western blot analysis. The interaction
between TRPM2-AS and miR-138 in LSCC, predicted by bioinformatic method, was
verified by dual-luciferase reporter assay.

Results: We observed that TRPM2-AS was highly expressed in human LSCC tissues and
cell lines. LSCC patients with advanced clinical stage exhibited higher intratumoral TRPM2-
AS expression. The results of functional assays demonstrated that TRPM2-AS knockdown
remarkably inhibited the proliferation, migration and invasion of LSCC cells, whereas
TRPM2-AS overexpression showed opposite effects. In mechanism, we further observed
that TRPM2-AS directly bound to miR-138 and served as competing endogenous RNA
(ceRNA), thereby increasing SOX4 expression and promoting EMT in LSCC. The oncogenic
effects of TRPM2-AS in LSCC cells were partly diminished by miR-138 restoration.
Conclusion: In short, our findings provided first evidence that TRPM2-AS is highly
expressed and exerts its oncogenic role in LSCC partly by miR-138/SOX4 axis.
Keywords: laryngeal squamous cell carcinoma, long non-coding RNA TRPM2-AS, miR-
138, SOX4, EMT

Introduction
Laryngeal cancer is a common malignant neoplasm of head and neck, and laryngeal
squamous cell carcinoma (LSCC) accounts for more than 90% of all laryngeal
cancer cases.' Although considerable progresses have been achieved in therapeutic
methods, including surgery, chemotherapy and radiotherapy, due to frequent metas-
tasis and recurrence, the long-term prognosis of LSCC patients remains largely
dismal.? Therefore, there is an urgent need to better understand the molecular
mechanisms of LSCC, and identify potential therapeutic targets.

The human genome produces both coding and non-coding RNAs. Long non-coding
RNAs (IncRNAs) are defined as a group of regulatory RNA transcripts longer than 200
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nucleotides with limited protein-coding potential.®> Once
regarded as part of the “dark matter” of genome, IncRNAs
are aberrantly expressed in cancer cells and serve as oncogenes
or tumor suppressors.” TRPM2-AS is a newly discovered
IncRNA generated from the antisense of TRPM2,” and
recently, it was reported to be upregulated and closely asso-
ciated with tumor progression in non-small cell lung cancer®
and gastric cancer.” In this study, we aimed to investigate the
expression pattern and regulatory effects of TRPM2-AS in
LSCC.

Patients and Methods

Patients and Tissue Samples

Paired tumor tissues and adjacent normal tissues were
collected from 77 patients with LSCC who underwent
surgery at Qilu Hospital (Jinan, China). None of the
patients received any local or systemic treatment before
surgery. All samples were immediately snap-frozen in
liquid nitrogen and then stored at —80°C until further
use. All the protocols in this study were approved by the
Ethics Committee of Qilu Hospital. Written informed con-
sent was obtained from all patients.

Cell Culture and Transfection
Human LSCC cell lines AMC-HN-8, Tu-177 and normal
human bronchial epithelial cell line 16HBE, obtained from
the Cell Bank of Chinese Academy of Sciences (Shanghai,
China) and Shanghai Bioleaf Biotech Co., Ltd. (Shanghai,
China), were cultured in Dulbecco’s modified Eagle’s
medium (DMEM; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) containing 10% fetal bovine serum
(FBS; Invitrogen, Carlsbad, CA, USA) and 1% penicillin/
streptomycin in an incubator at 37°C with 5% CO..
TRPM2-AS small interfering RNA (si-TRPM2-AS) and
non-targeting small interfering RNA (si-NC), miR-138
mimics and mimics control were designed by Shanghai
GenePharma Co., Ltd. (Shanghai, China). The full-length
sequence of human TRPM2-AS cDNA was amplified by
PCR, and then subcloned into the vector pcDNA3.1
(Invitrogen). Cells were transfected with the aforementioned
plasmids and oligonucleotides using Lipofectamine 2000
(Invitrogen). After 48 h, the cells were harvested, and trans-
fection efficiency was determined by RT-qPCR analysis.

RNA Extraction and RT-qPCR Analysis

Total RNA was extracted from tissues and cells using
TRIzol reagent (Invitrogen). Cytoplasmic and nuclear

RNAs of cells were extracted and purified using
PARIS™ kit (Invitrogen). cDNA was synthesized using
the PrimeScript™ RT reagent kit (TaKaRa, Dalian,
China). PCR amplification was then conducted on an
ABI PRISM 7300 Sequence Detection system (Applied
Biosystems, Foster City, CA, USA) using a SYBR
Premix Ex Taq II kit (TaKaRa). Relative gene expression
was analyzed using 2~ **“* method.®* GAPDH or U6 was

the reference.

MTT Assay

Cells were plated into 96-well plates (5000 cells/well).
Following incubation for indicated time points, 20 puL of
MTT reagent (0.5 mg/mL; Merck KGaA, Darmstadt,
Germany) was added to each well, and the cells were
incubated at 37°C for additional 4 h. Then, the supernatant
was discarded, and 200 pL of DMSO was added to dis-
solve the formazan. The absorbance at 570 nm was read
using a microplate reader (MultiskanEX, Lab systems,
Helsinki, Finland).

Transwell Assay

Cells were suspended in serum-free media and then plated
into the upper chambers of transwell plates (8 um pore
size; Corning Inc., Corning, NY, USA). The lower cham-
ber was supplemented with 600 pL medium containing
10% FBS. After 24 h, the cells that passed through the
pores were fixed with methanol, and then stained with
0.1% crystal violet. Then, the stained cells were counted

with five random fields.

Protein Extraction and Western Blot

Analysis
Total protein was extracted from tissues and cells using
radioimmunoprecipitation assay (RIPA) lysis buffer

(Beyotime, Shanghai, China). Equal amounts of total pro-
tein were separated by SDS-PAGE, and then transferred to
PVDF membranes (Millipore, Bedford, MA, USA). After
blocking with 5% fat-free milk for 1h, the membranes
were incubated with primary antibodies at 4°C overnight,
followed by the incubation with appropriate HRP-
conjugated secondary antibody. Next, the membranes
were exposed using an enhanced chemiluminescence kit
(GE Healthcare, Little Chalfont, UK). GAPDH was used
as the internal loading control.
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Dual-Luciferase Reporter Assay

The wild-type (WT) or corresponding mutant (MUT) miR-
138 binding sites in the TRPM2-AS or SOX4 mRNA
fragment were cloned into the psiCHECK-2 luciferase
reporter vector (Promega, Madison, WI, USA). By using
Lipofectamine 2000, HEK293T cells were co-transfected
with the luciferase reporter plasmid and miR-138 mimics
or mimics control. After 48 h of transfection, the luciferase
activity was detected using the Dual-Luciferase Reporter
Assay System (Promega).

Statistical Analysis

All statistical analyses were conducted using GraphPad
Prism 6.0 software (GraphPad Software, Inc., La Jolla,
CA, USA) and SPSS 18.0 software (SPSS Inc., Chicago,
IL, USA). Data were expressed as mean =+ standard devia-
tion (SD) of three repeated experiments. Comparisons
between groups were conducted using Student’s z-test or
one-way analysis of variance (ANOVA) test. Survival
curves were plotted using Kaplan—Meier method and ana-
lyzed by Log rank test. A value of P<0.05 was considered
to indicate a statistically significant difference.

Results
TRPM2-AS is Upregulated in LSCC

The relative expression of TRPM2-AS detected by RT-
gPCR analysis was notably higher in the LSCC tissues
than that in the adjacent normal tissues (Figure 1A). In
addition, as exhibited in Figure 1B, LSCC cell lines
(AMC-HN-8, Tu-177) had a higher TRPM2-AS expres-
sion level compared with normal 16HBE cell line. Next,
according to the median expression level of intratumoral
TRPM2-AS, these LSCC patients were allocated into high
expression group (n=40) and low expression group (n=37).

>

Relative TRPM2-AS expression

normal tissues LSCC tissues

As listed in Table 1, high TRPM2-AS expression was
closely associated with advanced clinical stage (P=0.023)
of LSCC patients.

TRPM2-AS Promotes LSCC Cell

Proliferation, Migration and Invasion

To further understand the regulatory functions of TRPM2-
AS on LSCC cells, we used si-TRPM2-AS to decrease the
endogenous level of TRPM2-AS in AMC-HN-8 cells
(Figure 2A). In parallel, TRPM2-AS was markedly over-
expressed in Tu-177 cells by transfection with
pcDNA3.1-TRPM2-AS. MTT assay indicated that the pro-
liferation ability of AMC-HN-8 cells was notably impaired
by TRPM2-AS knockdown (Figure 2B). In contrast,
TRPM2-AS overexpression caused a significant promotion
in Tu-177 cell proliferation. Moreover, as shown in Figure
2C, the migration and invasion of AMC-HN-8 cells were
notably inhibited when TRPM2-AS was silenced, while
Tu-177 cells with TRPM2-AS overexpression showed
enhanced migratory and invasive abilities.

TRPM2-AS Binds with miR-138 in LSCC
We noticed that TRPM2-AS was mainly located in the
cytoplasm of AMC-HN-8 and Tu-177 cells (Figure 3A),
indicating its potential role as ceRNAs to sequester
miRNAs. We therefore screened miRNAs that have
complementary base pairing with TRPM2-AS by the
Starbase database (http://starbase.sysu.edu.cn/index.

php). Among the results, miR-138, a tumor suppressor
widely identified in many cancers, was chosen for fol-
low-up investigation (Figure 3B). The direct binding
relation was then validated by dual-luciferase reporter
assay, and the results showed that the luciferase activity
of HEK293T cells transfected with TRPM2-AS-WT
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Figure | TRPM2-AS is upregulated in LSCC. (A) RT-qPCR analysis of TRPM2-AS expression levels in LSCC tissues and adjacent normal tissues. (B) RT-qPCR analysis of
TRPM2-AS expression levels in LSCC cell lines and normal [6HBE cells. *P<0.05 vs 16HBE cells.
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Table | Association Between TRPM2-AS Expression and Clinicopathological Characteristics of LSCC Patients

Characteristics Number TRPM2-AS Expression P value
(n=77) High (n=40) Low (n=37)

Age (years) 0318
<60 35 16 19

260 42 24 18

Gender 0.331
Male 48 27 21

Female 29 13 16

Lymph node metastasis 0.118
No 45 20 25

Yes 32 20 12

Differentiation 0.259
Well 47 22 25

Moderately/poorly 30 18 12

Clinical stage 0.023
-l 46 19 27

-V 31 21 10

plasmid was markedly reduced by miR-138 mimics
(Figure 3C). Besides, the miR-138 expression level
was increased or decreased by TRPM2-AS knockdown
or overexpression, respectively, in AMC-HN-8 and Tu-
177 cells (Figure 3D). As shown in Figure 3E, the

A B

expression of miR-138 was notably reduced in LSCC
tissues, compared with adjacent normal tissues. We also
identified a closely negative correlation between the
expression of TRPM2-AS and miR-138 in LSCC tissues
(r=—0.269, P=0.018; Figure 3F).
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Figure 2 TRPM2-AS promotes LSCC cell proliferation, migration and invasion. (A) RT-qPCR analysis of TRPM2-AS expression levels in LSCC cells after transfection. (B)
The proliferation in LSCC cells after transfection was detected by MTT assay. (C) The migration and invasion in LSCC cells after transfection were detected by transwell
assay (scale: x100). *P<0.05 vs si-NC-transfected cells; *P<0.05 vs empty vector-transfected cells.
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Figure 3 TRPM2-AS binds with miR-138 in LSCC. (A) The subcellular localization of TRPM2-AS in LSCC cells. (B) The complementary sequence between TRPM2-AS and
miR-138. (C) Dual-luciferase reporter assay validated the direct binding relation. (D) RT-qPCR analysis of miR-138 expression levels in LSCC cells after transfection. *P<0.05
vs mimics control or si-NC-transfected cells; *P<0.05 vs empty vector-transfected cells. (E) RT-qPCR analysis of miR-138 expression levels in LSCC tissues and adjacent
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Figure 4 SOX4 is a direct target of miR-138 in LSCC. (A) The complementary sequence between miR-138 and SOX4 mRNA. (B) Dual-luciferase reporter assay validated

the direct binding relation. *P<0.05 vs mimics control-transfected cells.

SOX4 is a Direct Target of miR-138 in
LSCC

We further searched the online database TargetScan
(http://www.targetscan.org/vert 71/) and found that
SOX4 mRNA had miR-138 binding sites in its 3'-UTR
(Figure 4A). Dual-luciferase reporter assay showed that

miR-138 mimics could markedly reduce the luciferase
activity of SOX4-WT plasmid in HEK293T cells
(Figure 4B).

TRPM2-AS Promotes EMT in LSCC Cells
We then evaluated the effects of TRPM2-AS on EMT of
LSCC cells by Western blot analysis. The results showed
that TRPM2-AS knockdown caused the reduction of
SOX4 protein expression and impairment of EMT in
AMC-HN-8 cells, as indicated by the increased expression
of epithelial markers (E-cadherin) and decreased expres-
sion of mesenchymal markers (N-cadherin, Vimentin)
(Figure 5). Besides, the increased SOX4 protein level
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Figure 5 TRPM2-AS promotes EMT in LSCC cells. Western blot analysis of EMT-related protein expression levels in LSCC cells after transfection. *P<0.05 vs si-NC-
transfected cells; #P<0.05 vs empty vector+mimics control-transfected cells; AP<0.05 vs pcDNA-TRPM2-AS+mimics control-transfected cells.

and enhanced EMT in TRPM2-AS-overexpressing Tu-177
cells were effectively diminished by co-transfection with
miR-138 mimics.

miR-138 Restoration Blocks the Role of
TRPM2-AS in LSCC Cells

Rescue experiments were then carried out, and as indicated by
transwell assay, ectopic expression of miR-138 reversed the
promotion effect of TRPM2-AS on Tu-177 cell migration and
invasion (Figure 6A). By MTT assay, we also noticed that
miR-138 restoration partly reversed the enhanced proliferation
of TRPM2-AS-overexpressing Tu-177 cells (Figure 6B).

Discussion

Tumor progression is a multistep process that involves the
genetic dysregulation of oncogenes and tumor suppressor
genes. In-depth study on the mechanisms underlying
LSCC occurrence and development is of critical impor-
tance. Lots of IncRNAs are confirmed to be LSCC-
associated. For example, overexpression of IncRNA snaR
is correlated with progression and predicts poor survival of
LSCC,’ while IncRNA NEF may inhibit proliferation and
promote apoptosis of LSCC cells.'°

In this study, for the first time, the expression level
of TRPM2-AS was identified to be markedly higher in
LSCC samples. Abnormal proliferation, migration and
invasion are important characteristics of tumor cells.
A series of in vitro functional experiments were then
performed, and the results showed that these malignant
behaviors of LSCC cells were impaired following
TRPM2-AS knockdown, but TRPM2-AS overexpression
showed the opposite effects, indicating the oncogenic
role of TRPM2-AS in LSCC. Epithelial-mesenchymal
transition (EMT) is a highly conserved cellular program
by which tumor cells obtain migratory and invasive
abilities to disseminate at distant organs.'' EMT
increases the risk of metastasis and reduces overall
survival time in LSCC patients.'? Increasing evidence
highlights on EMT
regulation,’® and this study also verified the effect of
TRPM2-AS in inducing EMT of LSCC cells.

microRNAs (miRNAs), another type of non-coding

a relevant role of IncRNAs

RNAs, are also major players in cancer biology.'* As
elucidated by the competing endogenous RNA (ceRNA)
hypothesis, IncRNAs can function as ceRNAs to sequester
miRNAs, thereby blocking the regulation of their target
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Figure 6 miR-138 restoration blocks the role of TRPM2-AS in LSCC cells. (A) The migration and invasion in LSCC cells after transfection were detected by transwell assay
(scale: x100). (B) The proliferation in LSCC cells after transfection was detected by MTT assay. *P<0.05 vs pcDNA-TRPM2-AS+mimics control-transfected cells.

protein-coding genes.'® This ceRNA model has been iden-
tified in many cancer types, including LSCC.'®!” This
study selected miR-138 as a candidate, and the direct
binding relation between TRPM2-AS and miR-138 was
validated in LSCC. We also found the downregulation of
miR-138 in LSCC, in agreement with the previous
literature.'® SOX4, a master regulator of EMT,19 is further
proven as a direct target of miR-138 in LSCC. Rescue
experiments indicated that the oncogenic role of TRPM2-
AS in LSCC cells was blocked by miR-138 restoration.
Based on these findings, we speculated that TRPM2-AS
could sponge miR-138 to eliminate its repression on SOX4
function in LSCC cells.

Collectively, our research, for the first time, came
into a conclusion that TRPM2-AS is highly expressed
and exerts its oncogenic role in LSCC partly by miR-
138/SOX4 axis, shedding new light on TRPM2-AS-
directed diagnostics and therapeutics in LSCC.
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