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A B S T R A C T

Long noncoding RNAs (lncRNAs) are important players in laryngeal squamous cell carcinoma (LSCC). However,
the function of the long noncoding RNA small nucleolar RNA host gene 20 (SNHG20) in LSCC is hardly known.
We therefore analyzed the role of this lncRNA in LSCC. Our data showed that SNHG20 was significantly over-
expressed in LSCC cell lines and human LSCC tissue. SNHG20 significantly promoted cell proliferation, migration
and invasion of LSCC cells. The actions of SNHG20 are likely mediated by miR-342-3p expression, which results in
increased expression of MTDH. Finally, the results of in vivo models confirmed that SNHG20 promotes LSCC
progression through modulating miR-342-3p and MTDH expression. Taken together, our study demonstrates that
SNHG20/miR-342-3p/MTDH axis participates in LSCC progression.
1. Introduction

Laryngeal squamous cell carcinoma (LSCC) is a type of highly
aggressive head and neck squamous cell carcinoma [1]. Although the
incidence of LSCC is relatively low compared with other common malig-
nant tumors. LSCC is still considered as a major cause of head and neck
cancer-related deaths worldwide due to its aggressive nature, low early
detection rate and lack of effective treatment [2, 3]. The age-standardized
mortality rate of LSCC is about 2.3/100,000 [4]. With the advances in
LSCC treatment, patients at early stages can usually retain swallowing and
vocal functions after proper treatment. However, in most cases, patients
lose their natural voice and be conducted with permanent tracheostomy
[5]. The progression of LSCC is characterized by locoregional or distant
metastasis [6]. Inhibition of tumor cell migration and invasion is consid-
ered as a promisingapproach to improve the survival rate of LSCCpatients.
Although the occurrence of LSCC is affected by many factors, genetic
variation is still the main cause of LSCC [7, 8, 9]. Therefore, the study of
molecular pathways involved in LSCC may provide useful information to
guide the diagnosis, prognosis and treatment of LSCC.

Long noncoding RNAs (lncRNAs) are transcripts over 200 nucleotides
in length and have no protein-coding potential [10]. The imbalance of
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lncRNAs is related to the proliferation, invasion and metastasis of cancer
cells [11]. SNHG20 involves in many types of cancer, such as cervical
cancer and liver cancer [12, 13]. However, the role and molecular
mechanism of SNHG20 in LSCC are still unknown.

MicroRNAs (miRNAs/miRs), ~22 nucleotides, exert crucial roles via
inhibiting translation or promoting degradation [11]. Multiple studies
demonstrated that miRNAs participated in the progression of various
cancer types, including non-small cell lung cancer [14], colorectal cancer
[15], thyroid cancer [16] and esophageal cancer [17]. A recent study
suggested that miR-342-3p level was decreased in miR-342-3p, and
upregulation of miR-338-3p repressed miR-342-3p cell proliferation
[18]. Moreover, Jiang et al [19] demonstrated that has an anti-tumor
effect, is low expressed in glioma and is associated with good prognosis
of patients. These data revealed that miR-342-3p played an important
role in cancers. But, the biological function of miR-342-3p in CRC re-
mains unclear. Thus, the present explored the underlying mechanism of
miR-342-3p in LSCC.

Here, we determined the levels of SNHG20, miR-342-3p andMTDH in
LSCC tissues and cells. Furthermore, the function of SNHG20 was
investigated in LSCC in vitro and in vivo. Besides, the underlying
mechanism of SNHG20 in LSCC progression was explored.
uly 2022
rticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

mailto:guolintan@sohu.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2022.e10085&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2022.e10085
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2022.e10085


Z. Xie et al. Heliyon 8 (2022) e10085
2. Methods

2.1. Tissue sample and cells

This study included 80 LSCC patients recruited from the Third
Xiangya Hospital, and inclusion criteria for patient selection were larynx
carcinoma operation conducted between September 2018 and July 2021.
No chemotherapy or neoadjuvant therapy was performed before surgery.
All procedures complied strictly with the laryngeal carcinoma staging
criteria of the American Joint Committee on Cancer (AJCC) staging
system (8th version) in 2017. The collected tissues were stored in liquid
nitrogen and stored at � 80 �C until use. The Ethics Committee of the
Third Xiangya hospital approved this study, and all patients signed the
informed consent. Human LSCC cell lines TU177, TU686, LSC-1 and
AMC-HN-8 as well as human bronchial epithelial cells 16HBE cell line
(Shanghai Academy of Sciences) were used in this study. All cells were
incubated in RPMI-1640 medium (Gibco, NY, USA) with 10% fetal
bovine serum (Gibco, NY, USA) at 37 �C with 5% CO2.

2.2. RNA extraction and RT-qPCR

TRIzol reagent (Invitrogen, CA, USA) was mixed with tissue powder
orcells to extract total RNA. The RNA amount and quality were detected
using Nanodrop 2000 (Thermo Fisher Scientific, Inc., Wilmington, DE,
USA). A total of 500 ng RNA was reverse transcribed into cDNA in a
volume of 10 μl by using PrimeScript RT Reagent kit (Takara Biotech-
nology Co., Ltd., Dalian, China). PrimeScript RT reagent (Takara,
Kusatsu, Japan) was used to perform reverse transcription. SYBR Green
Master Mix II (Takara) was used to prepare PCR mixtures. PCR reactions
were conducted on the ABI 7900 fast real-time PCR system (ABI, CA,
USA). The internal standard controls for lncRNA/mRNA and miRNA
were GAPDH and U6, respectively. After the Ct values of GAPDH or U6 in
each sample were obtained by RT-qPCR, the stability of the reference
genes was analyzed by internal reference screening software (geNorm
and NormFinder) (Table S1). Reactions were repeated 3 times, and data
were processed utilizing 2�ΔΔCT methods. The sequences of the primers
were as follows:

SNHG20-sense: 50-CCAATTGCGCCTTCAGGCTA-30;
SNHG20-antisense: 50-CGGGGGAGTCCTTACCCACA-30;
MiR-342-3p-sense: 50-CAGGGAGGCGTGGATCACTG-30;
MiR-342-3p-antisense: 50-CGTCG GGGGCTCATGGAGCGG-30;
MTDH-sense: 50-CTTGGGAGAGTTGCTTCGAAA-30;
MTDH-antisense: 50-GCGCTGTGCATCGCAG-30;
GAPDH-sense: 50-CGCGAGAAGATGACCCAGAT-30;
GAPDH-antisense: 50-GGGCATACCCCTCGTAGATG-3’;
U6-sense: 50-ATCCGGCAGATGGCTGTTGAC-30;
U6-antisense: 50-GGCCGGTACACCATTCCGATTC-30.

2.3. Cell transfection

Lentiviral vectors were purchased from GenePharma (Shanghai,
China). LV- SNHG20 refers to SNHG20 lentivirus, and the empty lenti-
viral vector LV-NC was utilized as a control. SNHG20-siRNA was syn-
thesized by Genema (Shanghai, China). NC-siRNA was the negative
control. Lipofectamine 2000 (Thermo Fisher Scientific, MA, USA) was
utilized for siRNA transfection. The sequences for siRNA were as follows:

SNHG20-siRNA (sensesequence): 50-GGUUGCAUACCCAACUCAATT3’.
SNHG20-siRNA (antisense sequence): 50-UUGAGUUGGGUAUGCA-
ACCTT-3’.
NC-siRNA (sense sequence): 50-UUCUCCGAACGUGUCACGUTT-3’.
NC-siRNA (antisense sequence): 50-ACGUGACACGUUCGGAGAATT-
3’.
2

2.4. CCK-8 cell proliferation assay

After transfection, cells were transferred to 96-well plates with 1 �
103 cells/well. Three replicate wells were set up for each experiment.
CCK-8 (10 μl, Dojindo, Tokyo, Japan) was added to each well at 2 h
before the end of cell incubation. Proliferated cell number was reflected
by measuring the absorbance at 450 nm.

2.5. Colony formation assay

Trypsinization was conducted for colony formation. Cells were
transferred to 6-well plates with 500 cells/well. Cells were cultivated for
10 d, and cell colonies were observed. Then, 4% paraformaldehyde was
used to fix the cells for 15 min, and crystal violet (0.1%, Sigma, Germany)
staining was conducted for 30 min. Colony-forming efficacy (%) was
determined by calculating the ratio of colony number to cell seeding
number.

2.6. Wound healing analysis

Wound healing analysis and transwell migration were conducted to
analyze cell migration. In the wound healing analysis, cells were plated in
6-well plates after scratching the plate with a pipette tip. Images were
taken under an optical microscope (Olympus, Japan) at 0 and 24 h. Cells
were then incubated with serum-free medium for 24 h, and images were
taken with the same view. ImageJ v1.46 software (National Institutes of
Health, Bethesda, Maryland, USA) was used to analyze the images.

2.7. Transwell invasion assay

For transwell assay, 5 � 104 cells in non-serum culture medium were
transferred to the upper chamber, and the lower chamber was filled with
a culture medium with 20% FBS. The upper chamber was coated with
Matrigel (BD Biosciences). Crystal violet (0.1%) was used to stain the
cells, which were observed under IX71 inverted microscope (Olympus,
Tokyo, Japan).

2.8. Luciferase reporter assay

Mutant (mut) miR-342-3p and putative wild-type (wt)-binding sites
in the 30-UTR of SNHG20 or MTDHmRNA, termed pmirGLO-SNHG20-wt
or pmirGLO- SNHG20-mut and pmirGLO-MTDH-wt or pmirGLO-MTDH-
mut, were cloned to a pmirGLO-Report luciferase vector (Genearray
Biotechnology, China). The reporter plasmid was transiently transfected
toTU177 cells in the presence of either LV- SNHG20 and/or miR-342-3p
mimic. Luciferase activity was assessed using a dual-luciferase reporter-
assay system (Promega, USA) at 48 h post-transfection.

2.9. In vivo tumor formation assay

BALB/c nude mice (SPF grade) aged 4–6 weeks were reared without
pathogen. The nude mice were fed at 22.25� 3.14 �C and 52.56� 2.03%
humidity. The nude mice were divided into three groups: experimental
group, control group and blank group. In each group, LV-NC, LV-SNHG20
or LV-SNHG20 þ miR-342-3p was injected into the second pair of breast
fat pads on the right chest wall of nude mice. The growth of the tumor
was observed and recorded every day. The mice were euthanized, and
the tumor was removed at 28 d after the first injection. The tumor was
weighed, and the long diameter and short diameter of the tumor were
measured with Vernier caliper. The volume of the tumor was calculated
as (long diameter � short diameter2)/2, once every 7 d for a total of 4
times. The average value was calculated, and the analysis of variance was
made. Animal experiments were conducted in accordance with guide-
lines for the Protection and Use of Experimental Animals issued by the



Table 1. Correlation between SNHG20 expression and clinicopathological
characteristics in LSCC patients.

Parameters Group N SNHG20 expressions P
value

High Low

Age (years)
(mean � SD)

68.153 �
6.454

63.647 �
7.088

68.657 �
7.044

0.831

Gender Women 38 17 21 0.514

Men 42 23 19

Smoker Yes 43 22 21 0.723

No 37 18 19

Primary tumor
location

Supraglottic 37 20 17 0.511

Glottic 43 20 23

Differentiation Well or
moderate

37 18 19 0.412

Poor 43 22 21

Lymph node
metastases

Yes 41 31 10 0.019*

No 39 9 30

T category I-II 18 10 8 0.016*

III-IV 62 30 32

Clinical stage I-II 29 15 14 0.029*

III-IV 51 25 26

Notes: Low/high by the sample median. *P values < 0 .05 were considered
statistically significant. The Pearson Chi-square test was used.
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National Institutes of Health. Animal research was carried out following
the scheme approved by the Animal Protection and Use Committee of the
Third Xiangya Hospital, Central South University.

2.10. Western blot

Cells were mixed with RIPA reagent (Beyotime, Shanghai, China) to
extract total proteins. Proteins were separatedon 10% SDS-polyacrylamide
gel. Gel transfer to polyvinylidene difluoride (PVDF) membrane was con-
ducted. After blocking for 2 h in 5% skim milk, the membranes were incu-
batedat4 �C for overnightwithprimary antibodies ofMTDH(Cell Signaling
Technology) and GAPDH (Cell Signaling Technology). After that, incuba-
tionwithHRP-conjugated anti-rabbit IgG (1:2000)was conducted for 2 h at
room temperature.

2.11. Statistical analysis

All experimental data were analyzed using GraphPad software 7.0
and SPSS19.0. One-Sample Kolmogorov–Smirnov test was performed to
analyze whether the data are normally distributed or skewed distributed.
For normally distributed data, comparisons between two groups were
performed using student's t test. For skewed distributed data, the com-
parison between two groups was performed by paired sample Wilcoxon
signed-rank test. Pearson's correlation coefficient was used for correla-
tion analysis. P < 0.05 was statistically significant.

3. Results

3.1. The expression of SNHG20 is upregulated in LSCC

The expression of SNHG20 in 80 pairs of LSCC tissues and adjacent
non-tumor tissues was determined by RT-qPCR. The results showed that
the expression of SNHG20 in LSCC tissues were markedly up-regulated
compared with non-tumor tissues (Figure 1A, p < 0.01). Moreover, the
expression of SNHG20 in the four LSCC cell lines (TU177, TU686, LSC-1
and AMC-HN-8) was remarkably enhanced compared with human
bronchial epithelial cells line (16HBE) (Figure 1B, p< 0.05, p< 0.01, p<
0.001). Besides, the expression of SNHG20 in colon cancer cell lines
(HCT116, SW480, SW620 and LoVo cells) was markedly increased
Figure 1. The expression of SNHG20 is upregulated in LSCC. A. LSCC tissue sam
(left) and colon cancer cell lines (right) were used to determine the expression levels
by RT-qPCR in patients with positive lymph node metastasis, advanced T category,
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compared with normal colonic cell line (NCM460) (Figure 1B, p< 0.05, p
< 0.01, p < 0.001). Furthermore, the 80 patients were divided into two
groups according to the median expression levels of SNHG20 (high
versus low, n ¼ 40). The sample size and took the average of the two
middle values as the median (1.752). As shown in Table 1, the high
expression levels of SNHG20 were markedly correlated with positive
lymphnode metastasis (p ¼ 0.010), advanced T category (p ¼ 0.006) and
advanced clinical stage (p ¼ 0.017). The expression levels of SNHG20
were higher inpatients with positive lymph node metastasis, advanced T
category and advanced clinical stage (Figure 1C, D, and E, p < 0.01, p <

0.05). These results suggest that SNHG20 may play an important role in
LSCC development.
ples and paired normal tissue sample from 80 LSCC patients. B. LSCC cell lines
of SNHG20 by RT-qPCR. C-E. The expression levels of SNHG20 were determined
and advanced clinical stage. (*p < 0.05, **p < 0.01, ***p < 0.001).



Figure 2. SNHG20 promotes the proliferation, migration and invasion of LSCC cells. A. RT-qPCR was conducted to test the transfection efficiency of si-SNHG20
or LV-SNHG20 in TU177 cells. B. CCK-8 assay to test cell viability. C. Colony formation assay to test proliferated cell number. D. Wound healing assay to test cell
migration. E. Transwell assay to test cell invasive ability. (*p < 0.05, **p < 0.01, ***p < 0.001).
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3.2. SNHG20 promotes the proliferation, migration and invasionof LSCC
cells

The si-SNHG20 and LV-SNHG20 lentiviral vector were designed,
synthesized and transfected to TU177 cells. Overexpression and
4

knockdown of SNHG20 in LSCC cells were confirmed by qRT-PCR
(Figure 2A, p < 0.001). The results showed that the proliferated TU177
cell number was markedly decreased in the siRNA-SNHG20 group
compared with the control group, while it was markedly increased in the
LV-SNHG20 group (Figure 2B and C, p < 0.01). Moreover, migration and
Figure 3. SNHG20 directly targets
miR-342-3p in LSCC. A. Bioinformatics
analysis illustrated the predicted poten-
tial base pairing formed through
SNHG20 and miR-342-3p. B. Luciferase
activity weredetermined in TU177 cells
co-transfected with miR-342-3p and
luciferase reporters with SNHG20 or
mutant transcript. C. RT-qPCR was
conducted to detect the expression of
miR-342-3p in LSCC tissue samples and
matched normal tissue samples. D. RT-
qPCR was used to detect the expression
of miR-342-3p after LV-SNHG20 or si-
SNHG20 transfection. E. Pearson's cor-
relation coefficient revealed a negative
correlation between SNHG20 and miR-
342-3p in LSCC tissue samples. (**p <

0.01).



Figure 4. SNHG20 promotes cell proliferation, migration and invasion by suppressing miR-342-3p in LSCC. A-D. CCK-8assay, colony formation assay, wound
healing assay and transwell assay were respectively conducted to evaluate the effect of miR-342-3p on cell proliferation, migration and invasionin SNHG20-indcued
TU177 cells. E-F. Colony formation assay and transwell assay were conducted to analyze the effect of miR-342-3p inhibitor on cell proliferation, migration and
invasionin TU177 cells transfected with si-SNHG20 and miR-342-3p mimics. (*p < 0.05, **p < 0.01).
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transwell assay revealed that the colony formation, migration and inva-
sion of LSCC cells transfected with si-SNHG20 were markedly decreased
compared with that transfected with si-NC, while they were markedly
5

enhanced after LV-SNHG20 transfection (Figure 2C, D, and E, p < 0.01).
Therefore, these results suggest that SNHG20 promotes the proliferation,
migration and invasion of LSCC cells.



Figure 5. SNHG20 upregulates the expression
of MTDH by inhibiting miR-342-3p. A.
Bioinformaticsanalysisillustratedthepredictedbind-
ingsitesofmicroRNA- 342-3p on MTDH. B. Lucif-
erase activities were determined in HEK293T cells
co-transfected with miR-342-3p and luciferase re-
porters with MTDH or mutant MTDH. C. The
mRNA and protein expression of MTDH was
detected through RT-qPCR and western blot
inTU177 cells treated with miR-342-3p. D. The
mRNA and protein expression of MTDH was
examined through RT-qPCR and western blot in
TU177 cells treated with si-SNHG20 and miR-342-
3p mimics. E. The mRNA and protein expression of
MTDH was examined in TU177 cells treated with
si-SNHG20 and miR-342-3p inhibitor. F. The
mRNA and protein expression of MTDH were
determined in TU177 cells treated with LV-
SNHG20 and miR-342-3p. G. Positive correlation
between SNHG20 and MTDH expression in LSCC
tissues. H. Negative correlation between MTDH
and miR-342-3p in LSCC tissues. The non-adjusted
images for western blot were in supplementary
material. (*p < 0.05, **p < 0.01).
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3.3. SNHG20 directly targets miR-342-3p in LSCC cells

To investigate the binding between SNHG20 and miR-342-3p, the
bioinformatics analysis by TargetScan andmiRDBwas used to identify the
potential MRE binding to miR-342-3p in the 30-UTR region of SNHG20
mRNA, which was named mut-SNHG20 (Figure 3A). Moreover, dual
luciferase reporter assay illustrated that miR-342-3p mimic markedly
lowered the luciferase activity of SNHG20-WT compared with negative
control in TU177 cells (Figure 3B, p < 0.01), while it did not affect the
luciferase activityof SNHG20-MUT.Moreover, the expressionofmiR-342-
3p was significantly downregulated in LSCC tissue samples than that in
normal tissue samples (Figure 3C, p < 0.01). Notably, the expression of
miR-342-3p was markedly downregulatedin cells transfected with LV-
6

SNHG20, while it was markedly enhanced in cells transfected with si-
SNHG20 (Figure 3D, p < 0.01). Furthermore, a negative relationship be-
tween SNHG20 andmiR-342-3pwas observed in LSCC tissues (Figure 3E).
Therefore, SNHG20 may directly target miR-342-3p in LSCC.

3.4. SNHG20 suppresses miR-342-3p to promote cell proliferation,
migration and invasion of LSCC cells

TU177 cells were transfected with miR-342-3p mimic and LV-
SNHG20 or miR-342-3p mimic and si-SNHG20. As shown in
Figure 4A and B, miR-342-3p mimic further reduced the cell viability
induced by SNHG20 knockdown, while enhanced the cell viability
induced by SNHG20 overexpression (Figure 4A and B, p < 0.01).
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Similarly, as shown in Figure 4B, C, and D, miR-342-3p mimic enhanced
the effects of SNHG20 knockdown and inhibited the effects of SNHG20
overexpression on the proliferation, migration and invasion of TU177
cells (p < 0.01, or p < 0.05). In addition, colony formation assay and
transwell assay were also conducted to analyze the effect of miR-342-3p
inhibitor on the proliferation and invasion ofTU177 cells transfected
with si-SNHG20 (Figure 4E and F, p < 0.01). The results showed that
342-3p inhibitor reversed the effects of SNHG20 knockdown the pro-
liferation and invasion of TU177 cells. Taken together, SNHG20 pro-
motes cell proliferation, migration and invasion through suppressing
miR-342-3p in LSCC.

3.5. SNHG20 upregulates the expression of MTDH by inhibiting miR-342-
3p

To investigate the direct binding between microRNA-342-3p and
MTDH, the bioinformatics analysis by TargetScan and miRDB was con-
ducted to predict one potential MRE binding to miR-342-3p in the 30-UTR
region of MTDH mRNA, which was named MTDH-MUT (Figure 5A). The
results showed that the MTDH-WT decreased the reporter activities
(Figure 5B, p< 0.01), but not the MTDH-MUT. Moreover, the mRNA and
protein expression of MTDH was also markedly decreased after trans-
fection of miR-342-3p mimic into TU177 cells (Figure 5C, p < 0.01).
These data indicated that MTDHwas a direct target of miR-342-3p. Next,
we further investigated whether SNHG20 promoted LSCC development
through regulating the miR-342-3p/MTDH axis. As expected, knock-
down of SNHG20 downregulatedthe expression of MTDH, which was
further decreasedafter co-transfected with miR-342-3p mimic. In con-
tract, overexpression of SNHG20 markedly upregulated the expression of
MTDH, while miR-342-3p mimic inhibited the effect of SNHG20 over-
expression on the expression of MTDH (Figure 5D and F, p < 0.05, p <

0.01). RT-qPCR and Western blot were conducted to evaluate the effect
of miR-342-3p inhibitor on the expression of MTDHin TU177 cells
transfected with si-SNHG20þmiR-342-3pþ CTRL or si-SNHG20þmiR-
342-3p þ inhibitor. The results showed that miR-342-3p inhibitor could
improve the effect of SNHG20 knockdown on the expression of MTDH
(Figure 5E, p< 0.01). In addition, it was illustrated that the expression of
MTDH was positively correlated with the expression of SNHG20 and
negatively correlated with the expression of miR-342-3p in LSCC tissues
(Figure 5G and H, p < 0.01). These results suggest that SNHG20 can
inhibit miR-342-3p to promote the expression of MTDH in LSCC.
Figure 6. SNHG20 promotes LSCC development in vivo via regulating the miR-3
Tumor volume was tested in indicated groups. C. Tumor weight was tested in indicat
blot. The non-adjusted images for western blot were in supplementary material. (*p
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3.6. SNHG20 promotes LSCC development in vivo through regulating the
miR-342-3p/MTDH axis

As shown in Figure 6A, B, and C, overexpression of SNHG20 increased
the tumor size (p < 0.01) and weight (p < 0.01), while overexpression of
miR-342-3p inhibited the effect of SNHG20 overexpression on the tumor
size (p < 0.05) and weight (p < 0.05). Moreover, overexpression of
SNHG20 markedly promoted the expression of MTDH (p < 0.01), while
overexpression of miR-342-3p inhibited the effect of SNHG20 over-
expression on the expression of MTDH in xenograft tumors (Figure 6D, p
< 0.05). These results illustrate that SNHG20 promotes LSCC develop-
ment through the inhibition of the miR-342-3p/MTDH axis.

4. Discussion

Our study investigated the involvement of SNHG20 in LSCC. We
found that SNHG20 was upregulated in LSCC and promoted the devel-
opment of LSCC by regulating the miR-342-3p/MTDH axis.

It is frequently observed that lncRNAs play similar roles in different
types of cancer. For example, lncRNA HOTAIR and H19 promoted the
development of different types of cancer by regulating cancer cell be-
haviors, such as promoting cell migration, invasion and proliferation or
inhibiting cell apoptosis [20, 21, 22]. However, lncRNAs could also exert
different functions in different types of cancer. For example, lncRNA
TUG1was downregulated in glioma and induces cell apoptosis as a tumor
suppressor gene [23]. In contrast, lncRNA TUG1 was upregulated in os-
teosarcoma and could accelerate cancer development through promoting
cell proliferation [24]. LncRNA SNHG20 played oncogenic roles in many
types of cancer, such as cervical cancer and liver cancer [12, 13]. In this
study, we found that the expression of SNHG20 was also upregulated in
LSCC, and it promoted LSCC cell migration, invasion and proliferation.
These results revealed its oncogenic role in LSCC.

LncRNAs exert multiple functions in cancer biology [25]. LncRNAs
also interact with other non-coding RNAs, such asmiRNAs [26]. LncRNAs
might sponge miRNAs to attenuate their functions [27]. In this study, we
illustrated that SNHG20 was likely a sponge of miR-342-3p in LSCC cells.
MiR-342-3p was a well-characterized tumor-suppressive miRNA in many
types of cancer [28, 29]. MiR-342-3p inhibited tumor development
through directly targeting oncogenes, such as AGR2 and E2F1 [28,29]. In
this study, knockdown of SNHG20 inhibited cell proliferation, migration
and invasion. MiR-342-3p could strengthen the inhibitory effect of
42-3p/MTDH axis. A. The tumor size was directly tested in indicated groups. B.
ed groups. D. The expression of MTDH protein was determined through western
< 0.05, **p < 0.01).
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SNHG20 knockdown cell behavior. Moreover, overexpression of SNHG20
promoted the proliferation, migration, and invasion of LSCC cells in vitro
as well as tumor growth in vivo by competitively binding to miR-342-3p.

MTDH is a multifunctional oncogene that has been confirmed to be
activated in many malignant tumors, including gastric cancer [30],
prostate cancer [31] and glioma [32]. Moreover, it has been reported that
MTDH accelerated EMT in non-small cell lung cancer cells [33]. He et al.
revealed that MTDH facilitated migration and invasion of clear cell renal
cell carcinoma by regulating SND1-mediated ERK signaling and EMT
[34]. In this study, through bioinformatic prediction and dual-luciferase
reporter assays, MTDH was demonstrated to be a direct target gene of
miR-342-3p in LSCC cells. Moreover, downregulation of SNHG20 resul-
ted in a decrease in MTDH expression, which was further inhibited by
miR-342-3p overexpression. SNHG20 overexpression led to increased
expression of MTDH, which could be partially reversed by miR-342-3p
overexpression, indicating a SNHG20/miR-342-3p/MTDH axis in LSCC.

This research only included 80 LSCC patients. This small sample size
is a major limitation of this research. Our future study will include more
patients to further detect the expression and role of SNHG20 in LSCC.

5. Conclusion

In summary, we identified SNHG20 as a tumor-promoter in LSCC, and
the higher expression of SNHG20 was associated with tumor prolifera-
tion, migration and invasion. LncRNA SNHG20 acted as a sponge for
miR-342-3p to attenuate its repressive effect on MTDH. Our results
provide a better understanding of the role of SNHG20 in LSCC progres-
sion and a potential therapeutic target and prognostic predictor against
this malignancy.
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