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The knockdown of SNHG3 inhibits the progression of laryngeal squamous cell 
carcinoma by miR-340-5p/YAP1 axis and Wnt/β-catenin pathway
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Laryngeal squamous cell carcinoma (LSCC) is a common malignancy of the head and neck. Long noncoding RNAs 
(lncRNAs) play essential roles in the development and treatment of LSCC. However, the role and regulatory mechanism 
of lncRNA small nucleolar RNA host gene 3 (SNHG3) in LSCC progression remain largely unknown. Twenty-five paired 
LSCC tissues and normal samples were collected. The expression levels of SNHG3, Yes-associated protein 1 (YAP1), and 
microRNA-340-5p (miR-340-5p) were measured via quantitative real-time polymerase chain reaction or western blot. Cell 
viability, apoptosis, and glycolysis were investigated by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide, 
flow cytometry, and specific assay kit, respectively. The association between SNHG3 and miR-340-5p or miR-340-5p and 
YAP1 was assessed by dual-luciferase reporter assay. The expression of a protein involved in the Wnt/β-catenin pathway was 
detected by western blot. The xenograft model was established to assess the anti-cancer role of SNHG3 inhibition in vivo. We 
found that the levels of SNHG3 and YAP1 were increased but the miR-340-5p expression was decreased in LSCC tissues and 
cells. The knockdown of SNHG3 or YAP1 inhibited cell viability and glycolysis but induced apoptosis in LSCC cells. Overex-
pression of YAP1 reversed the effect of SNHG3 knockdown on LSCC progression. SNHG3 could regulate YAP1 expres-
sion by competitively binding with miR-340-5p. Overexpression of miR-340-5p suppressed cell viability and glycolysis but 
promoted apoptosis in LSCC cells. Knockdown of SNHG3 repressed Wnt/β-catenin pathway by regulating miR-340-5p and 
YAP1. The silencing of SNHG3 reduced LSCC xenograft tumor growth. In conclusion, knockdown of SNHG3 inhibited 
LSCC progression via inactivating Wnt/β-catenin pathway by regulating the miR-340-5p/YAP1 axis.
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Laryngeal cancer is a major malignancy of head and neck 
[1] and laryngeal squamous cell carcinoma (LSCC) comprises 
approximately 90% cases of laryngeal cancer [2]. Although 
the treatment of LSCC has gained great improvements, it 
remains a challenging clinical problem [3]. Glycolysis is a 
key process for meeting the metabolic requirement of cell 
survival [4]. Hence, understanding the regulatory mecha-
nism of glycolysis in LSCC might be helpful for finding out 
new therapeutic strategies.

The long noncoding RNAs (lncRNAs) could function as 
sponges of microRNAs (miRNAs) by inhibiting miRNA-
mediated function to take part in the development and 
treatment of human diseases [5]. LncRNAs play essential 
roles in the prognosis, diagnosis, and therapy of laryngeal 
cancer, including LSCC [6]. The lncRNA small nucleolar 

RNA host gene 3 (SNHG3) has been reported to function 
as an oncogenic lncRNA participating in proliferation and 
metastasis of hepatocellular carcinoma, breast cancer, and 
osteosarcoma [7–9]. Furthermore, a previous study suggests 
that SNHG3 is related to glycolysis of ovarian cancer [10]. 
An emerging report demonstrates that SNHG3 promotes cell 
proliferation and migration in laryngeal cancer [11]. Never-
theless, the role of SNHG3 in glycolysis and its potential 
mechanism in LSCC progression remain largely unknown.

miR-340-5p usually acts as a tumor-suppressive miRNA 
by inhibiting tumor development in cancers, such as lung 
cancer, glioblastoma, and osteosarcoma [12–14]. Moreover, 
increasing evidence uncovers that miR-340-5p is associated 
with the regulation of glycolysis in multiple cancers [15, 16]. 
Importantly, the former finding suggests that miR-340-5p 
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represses cell proliferation, migration as well as invasion in 
LSCC [17]. However, whether miR-340-5p is critical for the 
regulatory mechanism of SNHG3 is unexplored.

Yes-associated protein 1 (YAP1) is implicated in metab-
olism regulation, such as promoting glycolysis in human 
cancers [18]. Previous studies suggest that elevated YAP1 
indicates poor prognosis of LSCC patients and contributes 
glycolysis and drug resistance in LSCC cells [19, 20]. Wnt/β-
catenin signaling is a crucial downstream pathway of YAP1 
and participates in cell metabolism [21, 22]. The former 
work indicates that the Wnt/β-catenin pathway is positively 
associated with cell proliferation, migration, invasion, and 
glycolysis in LSCC [23]. However, whether SNHG3 could 
regulate YAP1-mediated Wnt/β-catenin signaling in LSCC is 
undetermined.

In the present research, we investigated the role of SNHG3 
in LSCC progression. Moreover, we assessed the regulatory 
network of SNHG3 and miR-340-5p/YAP1/Wnt/β-catenin. 
This study may provide a novel mechanism for under-
standing the pathogenesis of LSCC.

Patients and methods

Patients and clinical tissues. Twenty-five LSCC patients 
(20 males and 5 females; age range: 35–54 years) were 
recruited from the Zhoukou Central Hospital. The cancer 
tissues and corresponding normal samples were harvested 
and stored at –80 °C. All subjects have provided the written 
informed content and this study has got the approval of the 
Ethics Committee of the Zhoukou Central Hospital.

Cell culture. Human nasopharyngeal epithelial cells 
(NP69) and LSCC cell lines (TU177 and AMC-HN-8) were 
obtained from BeNa Culture Collection (Beijing, China). 
Cells were maintained in Roswell Park Memorial Institute 
(RPMI)-1640 medium (Thermo Fisher, Wilmington, DE, 
USA) containing 10% fetal bovine serum (Zhejiang Tianhang 
Biotechnology, Huzhou, China) and 1% penicillin-strepto-
mycin solution (Beyotime, Shanghai, China) in an incubator 
(37 °C and 5% CO2).

Quantitative real-time polymerase chain reaction 
(qRT-PCR). Total RNA was isolated via Trizol (Solarbio, 
Beijing, China). The complementary DNA (cDNA) was 
prepared using 500 ng RNA and the TaqMan cDNA synthesis 
kit (Thermo Fisher). After dilution of 1:5, the synthesized 
cDNA was mixed with SYBR (Thermo Fisher) as well as specific 
primers and then subjected to qRT-PCR. The primers were 
provided by Sangon (Shanghai, China) and listed as follows: 
SNHG3: Forward, 5’-ACCTAGTCTCAGGTGGGTCC-3’; 
Reverse, 5’-CAACCTCCCGTTGCTACCAT-3’; YAP1: 
Forward, 5’-ACTGCTTCGGCAGGAGTTAG-3’; Reverse, 
5’-GGTTCGAGGGACACTGTAGC-3’;   miR-340-5p: 
Forward, 5’-GCGGTTATAAAGCAATGAGA-3’; Reverse, 
5’-GTGCGTGTCGTGGAGTCG-3’;  glyceraldehyde-
3-phosphate  dehydrogenase  (GAPDH):  (Forward, 
5 ’ - C G G AT T T G G T C G TAT T G G G C - 3 ’ ;   R e v e r s e , 

5’-CCCGTTCTCAGCCATGTAGTT-3’);  U6:  (Forward, 
5’-GCTTCGGCAGCACATATACTAAAAT-3’;  Reverse, 
5’-CGCTTCACGAATTTGCGTGTCAT-3’). GAPDH and 
U6 were regarded as endogenous controls. The relative RNA 
expression was analyzed by 2–ΔΔCt method [24].

Western blot. The total protein was extracted via the lysis 
buffer (Solarbio) with a 1% protease inhibitor. The lysates 
were centrifuged and then the supernatant was harvested 
for protein quantification using a bicinchoninic acid protein 
assay kit (Beyotime). After the denaturation at 100 °C for 
5 min, 20 μg protein was loaded and separated by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis, followed 
by transfer of polyvinylidene difluoride membranes (Milli-
pore, Billerica, MA, USA). The transferred membranes were 
incubated in the blocking buffer (Beyotime) for 30 min 
and then interacted with the indicated primary antibodies 
overnight and corresponding secondary antibody for 2 h. 
The antibodies were provided by Abcam (Cambridge, UK) 
and listed as follows: anti-YAP1 (ab81183, 1:1000 dilution), 
anti-B-cell leukemia/lymphoma 2 (Bcl-2) (ab196495, 1:1000 
dilution), anti-β-catenin (ab2365, 1:1000 dilution), anti-c-
Myc (ab39688, 1:500 dilution), anti-E-cadherin (ab15148, 
1:500 dilution), anti-GAPDH (ab9485, 1:3000 dilution) 
and horseradish peroxidase-labeled IgG (ab6721, 1:10000 
dilution). The protein blots were developed by Enhanced 
Chemiluminescence Western Blotting Substrate (Solarbio) 
and the relative protein level was analyzed by QuantityOne 
software (Bio-Rad, Hercules, CA, USA) and normalized to 
GAPDH level.

Cell transfection. The overexpression vector of YAP1 
was constructed by cloning its full-length sequences into 
the pcDNA3.1 vector (Thermo Fisher) and the pcDNA3.1 
empty vector was regarded as a negative control  (pcDNA). 
The short hairpin RNA (shRNA) for SNHG3 (sh-SNHG3, 
5’CUAGGAAUGCACAUUCUUUC-3’), shRNA for YAP1 
(sh-YAP1,  5’-AGGCCUCCUCUUCCTGAUGGAUU-3’), 
shRNA negative control (sh-NC, 5’-UUCUCCGAAC-
GUGUCACGU-3’), miR-340-5p mimic (miR-340-5p, 
5’-UUAUAAAGCAAUGAGACUGAUU-3’) ,   mimic 
negative control (miR-NC, 5’-UUCUCCGAACGUGU-
CACGUUU-3’), miR-340-5p inhibitor (anti-miR-340-5p, 
5’-AAUCAGUCUCAUUGCUUUAUAA-3’),  inhibitor 
negative control (anti-miR-NC, 5’-CAGUACUUUUGU-
GUAGUACAA-3’) were synthesized by GenoMeditech 
(Shanghai, China). TU177 and AMC-HN-8 cells were 
transfected with these vectors or oligonucleotides via the 
Lipofectamine™ 2000 transfection reagent (Thermo Fisher) 
for 24 h.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium 
bromide (MTT). TU177 and AMC-HN-8 cells (4×103 cells 
per well) were plated into 96-well plates. After incubation 
at 37 °C for 0 h, 24 h, 48 h, and 72 h, 10 μl MTT solution 
(Beyotime) was added into each well, and cells continued 
the incubation for 4 h. Next, 100 μl dimethyl sulfoxide was 
applied to dissolve the formed formazan. The optical density 
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(OD) value at 490 nm was examined through a microplate 
reader (Bio-Rad).

Flow cytometry. The cell apoptotic rate was measured 
with flow cytometry via the Apoptosis Detection Kit 
(Beyotime). TU177 and AMC-HN-8 cells (1×105 cells per 
well) were added into 12-well plates and maintained for 72 h. 
Subsequently, cells were harvested, washed with phosphate 
buffer saline, resuspended in binding buffer, and then stained 
with Annexin V-fluorescein isothiocyanate (FITC) and 
propidium iodide (PI) (Solarbio) for 15 min. The cells were 
examined with a flow cytometer (BD, San Jose, CA, USA) 
and the apoptotic rate was presented as the percentage of 
cells at upper and lower right quadrants.

Glucose utilization, oxygen consumption, lactate 
production, and pyruvate level. Glycolysis was assessed via 
glucose utilization, oxygen consumption, lactate production, 
and pyruvate level. TU177 and AMC-HN-8 cells (3×105 cells 
per well) were plated into 6-well plates and incubated for 72 h. 
The medium was collected for detection of glucose utilization, 
lactate production, and pyruvate level using a specific assay 
kit (Biovision, Milpitas, CA, USA) following the manufac-
turer’s protocols. The oxygen consumption was measured by 
the XFe 96 Extracellular Flux Analyzer (Seahorse Bioscience, 
Billerica, MA, USA) as previously reported [25].

Dual-luciferase reporter assay. The complemen-
tary sequences of miR-340-5p and SNHG3 or YAP1 were 
searched by starBase (http://starbase.sysu.edu.cn/index.
php). The SNHG3 sequences or 3’ untranslated region 
(UTR) of YAP1 containing binding sites (CUUUAUA) of 
miR-340-5p were cloned into the downstream of the lucif-
erase gene in the psiCHECK-2 vector (Promega, Madison, 
WI, USA) to form wild-type (WT) luciferase reporter 
vectors WT-SNHG3 or YAP1 3’UTR-WT, respectively. Their 
mutants (MUT) MUT-SNHG3 and YAP1 3’UTR-MUT were 
generated by mutating the seeded sites to GAAAUAU. For 
dual-luciferase reporter assay, these WT or MUT constructs 
and miR-NC or miR-340-5p were co-transfected into TU177 
and AMC-HN-8 cells using Lipofectamine™ 2000 transfec-
tion reagent for 48 h. Subsequently, luciferase activity was 
examined by luciferase assay kit (GeneCopoeia, Rockville, 
MD, USA).

Xenograft model. The animal research was approved 
by the ethics committee of the Zhoukou Central Hospital 
and was performed under the experimental animal use 
guidelines of the National Institutes of Health. Five-week-
old male BALB/c nude mice were obtained from Charles 
River (Beijing, China) and subcutaneously injected with 
AMC-HN-8 cells (2×106 cells/mouse) stably transfected with 
sh-NC, sh-SNHG3 or sh-SNHG3 + anti-miR-340-5p (n=6 
per group). The tumor volume was measured four days after 
the cell injection for one week and calculated with a formula: 
volume = length × width2/2. After 27 days, the mice were 
euthanized and tumors were collected. The tumor weight 
and expression of SNHG3, miR-340-5p, and YAP1 were 
measured.

Statistical analysis. The data were expressed as mean ± 
standard deviation (S.D.) from 3 repeats. Statistical analysis 
was carried out by GraphPad Prism 7 software (GraphPad 
Inc., La Jolla, CA, USA). The linear association of the 
levels of YAP1-SNHG3, miR-340-5p-SNHG3, or miR-340-
5p-YAP1 was analyzed by Spearman’s correlation coefficient. 
The difference was analyzed via Student’s t-test or one-way 
analysis of variance (ANOVA) with Tukey’s test, and was 
significant when p<0.05.

Results

The expression levels of SNHG3 and YAP1 are increased 
in LSCC tissues and cells. To explore the potential role of 
SNHG3 and YAP1 in LSCC development, the expression 
levels of SNHG3 and YAP1 were measured in 25 LSCC 
tissues. As shown in Figure 1A, the expression of SNHG3 was 
significantly upregulated in LSCC tissues compared with that 
in corresponding normal samples. Moreover, the mRNA and 
protein levels of YAP1 were markedly higher in LSCC tissues 
than those in the normal group (Figures 1B, 1C). Meanwhile, 
there was a positive correlation between the levels of YAP1 
mRNA and SNHG3 in LSCC tissues (r=0.6893, p=0.0002, 
Figure 1D). These results suggested that dysregulated SNHG3 
and YAP1 might be involved in the progression of LSCC.

The knockdown of SNHG3 represses cell viability and 
glycolysis but promotes apoptosis in LSCC cells. To investi-
gate the role of SNHG3 in LSCC progression, the abundance 
of this lncRNA was measured in LSCC cell lines and then 
knocked down using shRNA for SNHG3. As displayed in 
Figures 2A and 2B, the expression of SNHG3 was remarkably 
increased in TU177 and AMC-HN-8 cells compared with 
that in NP69 cells, and its abundance was effectively reduced 
more than 54% in TU177 and AMC-HN-8 cells by introduc-
tion of sh-SNHG3. Furthermore, the knockdown of SNHG3 
obviously decreased cell viability at 48 h and 72 h in the 
two cell lines (Figures 2C, 2D). In addition, the data of flow 
cytometry described that silence of SNHG3 induced 18% and 
20% of the apoptotic rate in TU177 and AMC-HN-8 cells, 
respectively (Figure 2E). Besides, the interference of SNHG3 
significantly increased oxygen consumption but decreased 
glucose utilization and the levels of lactate and pyruvate in 
TU177 and AMC-HN-8 cells (Figures 2F–2I). These findings 
indicated that SNHG3 knockdown inhibited LSCC progres-
sion in vitro.

The knockdown of YAP1 inhibits cell viability and 
glycolysis but increases apoptosis in LSCC cells. To assess 
the biological role of YAP1 in LSCC progression, the expres-
sion of YAP1 was detected in LSCC cell lines. As shown in 
Figures 3A–3C, the mRNA and protein levels of YAP1 were 
significantly elevated in TU177 and AMC-HN-8 cells in 
comparison to those in NP69 cells. Moreover, the functional 
assays were performed in TU177 and AMC-HN-8 cells with 
YAP1 knockdown. The knockdown efficacy was confirmed 
in TU177 and AMC-HN-8 cells transfected with sh-YAP1 
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Figure 1. SNHG3 and YAP1 expression levels are enhanced in LSCC tissues. A, B) The expression levels of SNHG3 and YAP1 mRNA were measured in 
LSCC tissues (n=25) and normal samples by qRT-PCR. C) The protein level of YAP1 was detected in LSCC tissues and normal samples by western blot. 
D) The correlation between the levels of YAP1 mRNA and SNHG3 in LSCC tissues was analyzed. *p<0.05

Figure 2. The knockdown of SNHG3 inhibits cell viability and glycolysis but induces apoptosis in LSCC cells. A) The expression of SNHG3 was mea-
sured in LSCC cell lines (TU177 and AMC-HN-8) and control (NP69) by qRT-PCR. B) The abundance of SNHG3 was detected in TU177 and AMC-
HN-8 cells transfected with sh-SNHG3 or sh-NC by qRT-PCR. C, D) Cell viability was measured in TU177 and AMC-HN-8 cells transfected with 
sh-SNHG3 or sh-NC at 0 h, 24 h, 48 h, and 72 h by MTT. E) Cell apoptosis was detected in TU177 and AMC-HN-8 cells transfected with sh-SNHG3 or 
sh-NC at 72 h by flow cytometry. F–I) The relative glucose utilization, oxygen consumption, lactate production, and pyruvate level were examined in 
TU177 and AMC-HN-8 cells transfected with sh-SNHG3 or sh-NC at 72 h by specific kit. *p<0.05
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with more than 60% reduction in the abundance of YAP1 at 
mRNA and protein levels compared with the sh-NC group 
(Figures 3D, 3E). Additionally, the knockdown of YAP1 
evidently declined the viability of TU177 and AMC-HN-8 
cells at 48 h and 72 h (Figures 3F, 3G). Furthermore, the 
downregulation of YAP1 resulted in an approximately 20% 
apoptotic rate in TU177 and AMC-HN-8 cells (Figure 3H). 
Besides, the silence of YAP1 induced the obviously decreased 
glucose utilization and the levels of lactate and pyruvate as 
well as increased oxygen consumption in the two LSCC cell 
lines (Figures 3I–3L, Supplementary Figures S1A–S1D). 
These data uncovered that YAP1 silence suppressed LSCC 
development in vitro.

YAP1 overexpression attenuates the effect of SNHG3 
knockdown on cell viability, apoptosis, and glycolysis 
in LSCC cells. To explore whether YAP1 was involved in 
SNHG3-mediated LSCC progression in vitro, the effect of 
SNHG3 on YAP1 expression was investigated in LSCC cells. 
The results showed that the abundances of YAP1 at mRNA 
and protein levels were significantly reduced by knockdown 
of SNHG3 in TU177 and AMC-HN-8 cells (Figures 4A–4D). 
Moreover, the rescue experiments were performed in TU177 
and AMC-HN-8 cells transfected with sh-NC, sh-SNHG3, 
sh-SNHG3, and pcDNA or YAP1. The data of MTT displayed 

that overexpression of YAP1 reversed knockdown of SNHG3-
mediated viability inhibition in TU177 and AMC-HN-8 cells 
(Figures 4E, 4F). In addition, knockdown of SNHG3-induced 
apoptosis of the two cell lines was weakened by the introduc-
tion of YAP1 (Figures 4G, 4H). Furthermore, the addition 
of YAP1 abrogated the effect of SNHG3 silence on glucose 
utilization, oxygen consumption, and the levels of lactate and 
pyruvate in TU177 and AMC-HN-8 cells (Figures 4I–4L). 
These results suggested that SNHG3 regulated YAP1 expres-
sion to mediate LSCC progression in vitro.

SNHG3 sponges miR-340-5p to regulate YAP1 expres-
sion in LSCC cells. To explore how SNHG3 regulates YAP1 
expression, the potential miRNAs were explored. starBase 
online tool predicted that there were binding sites between 
SNHG3 and miR-340-5p (Figure 5A). To confirm the target 
association between SNHG3 and miR-340-5p, WT-SNHG3 
and MUT-SNHG3 were constructed and dual-luciferase 
reporter assay was performed in TU177 and AMC-HN-8 
cells. Overexpression of miR-340-5p led to approxi-
mately 50% loss of luciferase activity in the WT-SNHG3 
group, while it showed little effect on the activity in the 
MUT-SNHG3 group (Figures 5B, 5C). Meanwhile, YAP1 also 
had the binding sites of miR-340-5p, as predicted by starBase 
(Figure 5D). To validate the association between miR-340-5p 

Figure 3. The interference of YAP1 suppresses cell viability and glycolysis but promotes apoptosis in LSCC cells. A–C) The mRNA and protein levels of 
YAP1 were measured in LSCC cell lines (TU177 and AMC-HN-8) and control (NP69) by qRT-PCR and western blot. D, E) The abundances of YAP1 
mRNA and protein were detected in TU177 and AMC-HN-8 cells transfected with sh-YAP1 or sh-NC by qRT-PCR and western blot. F, G) Cell viability 
was measured in TU177 and AMC-HN-8 cells transfected with sh-YAP1 or sh-NC at 0 h, 24 h, 48 h, and 72 h by MTT. H) Cell apoptosis was detected in 
TU177 and AMC-HN-8 cells transfected with sh-YAP1 or sh-NC at 72 h by flow cytometry. I–L) The relative glucose utilization, oxygen consumption, 
lactate production, and pyruvate level were examined in TU177 and AMC-HN-8 cells transfected with sh-YAP1 or sh-NC at 72 h by specific kit. *p<0.05
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and YAP1, YAP1 3’UTR-WT and YAP1 3’UTR-MUT were 
generated and transfected in TU177 and AMC-HN-8 cells. 
The results of dual-luciferase reporter assay revealed that the 
luciferase activity in the YAP1 3’UTR-WT group was notably 
decreased by miR-340-5p overexpression, whereas it was not 
changed in the YAP1 3’UTR-MUT group (Figures 5E, 5F). 
Furthermore, the effects of SNHG3 and miR-340-5p on YAP1 
expression were analyzed. The data of western blot displayed 
that the protein level of YAP1 was significantly reduced by 
SNHG3 knockdown and restored by miR-340-5p inhibition 
in TU177 and AMC-HN-8 cells (Figures 5G, 5H). Moreover, 
miR-340-5p expression was evidently enhanced by SNHG3 
knockdown (Supplementary Figure S2). These data indicated 
that SNHG3 could regulate YAP1 expression by sponging 
miR-340-5p in LSCC cells.

Overexpression of miR-340-5p suppresses cell viability 
and glycolysis but induces apoptosis in LSCC cells. To 
explore the role of miR-340-5p in LSCC progression, its 
expression was measured in LSCC tissues and cells. As 
displayed in Figures 6A and 6B, the level of miR-340-5p 
was significantly decreased in LSCC tissues and cell lines 
compared with their corresponding controls. Meanwhile, 
the expression of miR-340-5p in LSCC tissues was negatively 

correlated with SNHG3 (r=–0.6052, p=0.0013) and YAP1 
(r=–0.6889, p=0.0001, Figures 6C, 6D). To investigate the 
biological role of miR-340-5p, its abundance was overex-
pressed by miR-340-5p mimic and knocked down by anti-
miR-340-5p in TU177 and AMC-HN-8 cells (Figure  6E). 
Moreover, overexpression of miR-340-5p obviously 
decreased the viability of TU177 and AMC-HN-8 cells at 48 h 
and 72 h (Figures 6F, 6G). In addition, the upregulation of 
miR-340-5p induced significant apoptosis in the two cell lines 
(Figure  6H). Besides, abundant expression of miR-340-5p 
significantly repressed glucose utilization and the levels of 
lactate and pyruvate but promoted oxygen consumption in 
TU177 and AMC-HN-8 cells (Figures 6I–6L, Supplementary 
Figures S3A–S3D). Taken together, miR-340-5p suppressed 
LSCC progression in vitro.

The knockdown of SNHG3 restrains the Wnt/β-catenin 
signaling by regulating miR-340-5p and YAP1 in LSCC 
cells. To explore the potential signaling pathway impli-
cated in this study, the expression of a protein associated 
with the Wnt/β-catenin pathway was measured in TU177 
and AMC-HN-8 cells transfected with sh-NC, sh-SNHG3, 
sh-SNHG3 and anti-miR-NC, anti-miR-340-5p, pcDNA or 
YAP1. The results of western blot showed that the protein levels 

Figure 4. YAP1 overexpression reverses the effect of SNHG3 knockdown on cell viability, apoptosis, and glycolysis in LSCC cells. A–D) The mRNA and 
protein levels of YAP1 were measured in TU177 and AMC-HN-8 cells transfected with sh-SNHG3 or sh-NC by qRT-PCR and western blot. E, F) Cell 
viability was detected in TU177 and AMC-HN-8 cells transfected with sh-NC, sh-SNHG3, sh-SNHG3, and pcDNA or YAP1 at 0 h, 24 h, 48 h, and 72 h 
by MTT. G, H) Cell apoptosis was measured in TU177 and AMC-HN-8 cells transfected with sh-NC, sh-SNHG3, sh-SNHG3, and pcDNA or YAP1 at 
72 h by flow cytometry. I–L) The relative glucose utilization, oxygen consumption, lactate production, and pyruvate level were examined in TU177 and 
AMC-HN-8 cells transfected with sh-NC, sh-SNHG3, sh-SNHG3, and pcDNA or YAP1 at 72 h by specific kit. *p<0.05
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of β-catenin, c-Myc, and Bcl-2 were significantly declined 
and E-cadherin protein expression was notably enhanced by 
the knockdown of SNHG3 in TU177 and AMC-HN-8 cells, 
while these events were abated by miR-340-5p knockdown 
or YAP1 overexpression (Figures 7A, 7B). These findings 
indicated that silence of SNHG3 inhibited the Wnt/β-catenin 
pathway by regulating miR-340-5p and YAP1 in LSCC cells.

The knockdown of SNHG3 reduces LSCC xenograft 
tumor growth by regulating miR-340-5p. To further explore 
the role of SNHG3 in LSCC progression in vivo, AMC-HN-8 
cells stably transfected with sh-NC, sh-SNHG3, or sh-SNHG3 
+ anti-miR-340-5p were used to establish murine xenograft 
model, named as sh-NC, sh-SNHG3 or sh-SNHG3 + anti-
miR-340-5p group, respectively. As displayed in Figure  8A 
and 8B, tumor volume and weight were significantly 
decreased in the sh-SNHG3 group compared with those in 
the sh-NC group. Moreover, the expression levels of SNHG3, 
miR-340-5p, and YAP1 were measured in the tumor tissues. 
The results showed that the expression levels of SNHG3 

and YAP1 mRNA and protein were obviously decreased 
but the miR-340-5p expression was notably increased in 
the tumor tissues of the sh-SNHG3 group when compared 
to those in the sh-NC group (Figures 8C, 8D). However, 
these events were weakened via miR-340-5p downregula-
tion in the sh-SNHG3 + anti-miR-340-5p group compared 
with those in the sh-SNHG3 group (Figures 8A–8D). These 
results indicated the anti-cancer role of SNHG3 knock-
down in LSCC in vivo. A graphic summary of the SNHG3/
miR-340-5p/YAP1/Wnt/β-catenin pathway in LSCC devel-
opment is exhibited in Figure 9.

Discussion

The competitive endogenous RNA (ceRNA) networks of 
lncRNA/miRNA/mRNA have vital roles in the development 
and treatment of LSCC [26]. Based on previous demonstra-
tions, there are many dysregulated lncRNAs involved in the 
development of LSCC, such as nuclear paraspeckle assembly 

Figure 5. SNHG3 targets miR-340-5p to regulate YAP1 in LSCC cells. A) The binding sites of SNHG3 and miR-340-5p were predicted by starBase. B, 
C) Luciferase activity was measured in TU177 and AMC-HN-8 cells co-transfected with WT-SNHG3 or MUT-SNHG3 and miR-NC or miR-340-5p. D) 
The binding sites of miR-340-5p and YAP1 were predicted by starBase. E, F) Dual-luciferase reporter assay was performed in TU177 and AMC-HN-8 
cells co-transfected with YAP1 3’UTR-WT or YAP1 3’UTR-MUT and miR-NC or miR-340-5p. G, H) The expression of YAP1 protein was measured in 
TU177 and AMC-HN-8 cells transfected with sh-NC, sh-SNHG3, sh-SNHG3, and anti-miR-NC or anti-miR-340-5p by western blot. *p<0.05
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transcript 1 (NEAT1), repulsive guidance molecule B 
antisense RNA 1 (RGMB-AS1) and zinc finger E-box-binding 
homeobox 2 antisense RNA 1 (ZEB2-AS1) [27–29]. Wang 
et al. showed that lncRNA SNHG3 could promote laryn-
geal carcinoma progression [11]. This report suggested that 
SNHG3 might serve as a promising target for the progression 
and treatment of LSCC. In the current research, we found 
that SNHG3 abundance was enhanced in LSCC, indicating 
that high expression of SNHG3 might be associated with the 
development of LSCC. To explore the function of SNHG3, 
we further performed the loss-of-function experiments and 
confirmed that SNHG3 knockdown inhibited LSCC cell 
viability and glycolysis but promoted apoptosis, which was 
also in agreement with that in other cell lines [10, 30]. These 
data revealed the potential therapeutic role of SNHG3 inhib-
itor in LSCC.

The former studies indicated that SNHG3 could serve 
as a ceRNA for miR-326, miR-384, and miR-151a-3p in 
numerous types of cancers [7–9]. To figure out the ceRNA 
network of SNHG3 in our study, we were the first to 
confirm the target association of SNHG3-miR-340-5p and 
miR-340-5p-YAP1 in LSCC cells. Moreover, we found that 

YAP1 expression was decreased by SNHG3 knockdown and 
restored by miR-340-5p inhibition, indicating that SNHG3 
could derepress YAP1 expression by competitively binding 
with miR-340-5p. In this work, we found that miR-340-5p 
expression was declined in LSCC and could inhibit cell 
viability and induce apoptosis in LSCC cells, uncovering the 
anti-cancer role of miR-340-5p in LSCC, which was consis-
tent with the former work [17]. Furthermore, our results 
displayed the inhibitive role of miR-340-5p in glycolysis 
in LSCC cells, which was similar to that in other types of 
cancer cells [15, 16, 31]. Meanwhile, miR-340-5p could be 
negatively regulated by SNHG3, indicating that miR-340-5p 
might act as a biomarker to monitor the influence of SNHG3 
antagonism in LSCC. According to the published reports 
on YAP1 in LSCC [20, 32], we also found that high expres-
sion of YAP1 in LSCC contributed to LSCC malignancy by 
regulating cell viability, apoptosis, and glycolysis. Besides, we 
found that overexpression of YAP1 weakened the effect of 
SNHG3 knockdown on LSCC progression; indicating YAP1 
was involved in the SNHG3-mediated mechanism. Collec-
tively, SNHG3 acted as a ceRNA for miR-340-5p to regulate 
YAP1, mediating LSCC progression in vitro. Besides, we 

Figure 6. miR-340-5p overexpression inhibits cell viability and glycolysis but induces apoptosis in LSCC cells. A, B) The expression of miR-340-5p was 
measured in LSCC tissues and cell lines by qRT-PCR. C, D) The correlation between the levels of miR-340-5p and SNHG3 or YAP1 in LSCC tissues 
was assessed. E) The abundance of miR-340-5p was measured in TU177 and AMC-HN-8 cells transfected with miR-NC, miR-340-5p, anti-miR-NC, or 
anti-miR-340-5p by qRT-PCR. F, G) Cell viability was measured in TU177 and AMC-HN-8 cells transfected with miR-340-5p or miR-NC at 0 h, 24 h, 
48 h, and 72 h by MTT. H) Cell apoptosis was detected in TU177 and AMC-HN-8 cells transfected with miR-340-5p or miR-NC at 72 h by flow cytom-
etry. I–L) The relative glucose utilization, oxygen consumption, lactate production, and pyruvate level were examined in TU177 and AMC-HN-8 cells 
transfected with miR-340-5p or miR-NC at 72 h by specific kit. *p<0.05
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also validated the anti-cancer role of SNHG3 knockdown in 
LSCC in vivo by regulating miR-340-5p and YAP1 using a 
murine xenograft model.

Previous studies showed that Wnt/β-catenin signaling 
was mediated by YAP1 [21, 33]. Moreover, activation of the 
Wnt/β-catenin signaling contributed to cell proliferation, 
migration, invasion, and glycolysis in LSCC [23, 34]. There-
fore, we next explored whether Wnt/β-catenin signaling was 
associated with the SNHG3-mediated LSCC progression. 
E-cadherin and β-catenin are the two key regulators of Wnt 
signaling [35]. The reduction of E-cadherin may activate 
Wnt signaling, promoting β-catenin entering the nucleus to 
induce the expression of downstream genes such as c-Myc 
and Bcl-2, and then regulate cancer progression [36, 37]. By 
detecting the abundances of β-catenin, E-cadherin, c-Myc, 
and Bcl-2 in LSCC cells, we found that knockdown of SNHG3 
repressed the activation of the Wnt/β-catenin signaling. 

Moreover, knockdown of miR-340-5p and overexpression of 
YAP1 reversed the suppressive effect of SNHG3 silence on 
this pathway, indicating the inhibitive role of miR-340-5p 
and promoting role of YAP1 in the Wnt/β-catenin signaling, 
which was also in agreement with the previous studies on 
the regulation of miR-340-5p and YAP1 on Wnt/β-catenin 
pathway in other cancers [38, 39]. Hence, we assumed 
that SNHG3/miR-340-5p/YAP1 regulated Wnt/β-catenin 
signaling to mediate LSCC progression. However, the direct 
evidence in support of the interaction between Wnt/β-
catenin signaling and SNHG3-mediated LSCC progression 
should be provided in further study.

In conclusion, SHNG3 knockdown inhibited LSCC 
progression in vitro and in vivo, possibly by regulating 
miR-340-5p and YAP1. This study elucidated a new mecha-
nism for understanding the pathogenesis of LSCC and 
indicated SNHG3 as a target for the treatment of LSCC.

Figure 7. The knockdown of SNHG3 inhibits the Wnt/β-catenin pathway by regulating miR-340-5p and YAP1 in LSCC cells. A, B) The protein levels 
of β-catenin, Bcl-2, c-Myc, and E-cadherin were determined in TU177 and AMC-HN-8 cells transfected with sh-NC, sh-SNHG3, sh-SNHG3, and anti-
miR-NC, anti-miR-340-5p, pcDNA or YAP1 by western blot. *p<0.05
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