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Abstract: Laryngeal squamous cell carcinoma (LSCC) is the second highest incidence among the head and neck 
malignancies. Long noncoding RNA (lncRNA) small nucleolar RNA host gene 1 (SNHG1) functions as an oncogene in 
various human cancers. However, the biological functions and molecular mechanisms of SNHG1 in LSCC have not 
been reported. In this study, we found that lncRNA SNHG1 is significantly upregulated in LSCC and associated with 
prognosis of LSCC patients. Knockdown of SNHG1 inhibited cell proliferation, migration and invasion and induced 
cell apoptosis. In addition, knockdown of SNHG1 inhibits LSCC growth and metastasis in vivo. Mechanistically, 
SNHG1 promotes YAP1 expression and Hippo signaling activity by competitively sponging miR-375. Moreover, YAP1 
could occupy the SNHG1 promoter to enhance its transcription, suggesting that there exists a positive feedback 
regulation between YAP1 and SNHG1. Collectively, our study first elucidates the mechanism of SNHG1-mediated 
malignant phenotypes through evoking the miR-375/YAP1/Hippo signalling axis, which provides a novel target for 
LSCC treatment.
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Introduction

About 160,000 new cases of laryngeal cancer 
are diagnosed annually [1]. Laryngeal squa-
mous cell carcinoma (LSCC), the most common 
laryngeal cancer, is the second highest inci-
dence among the head and neck malignancies, 
and has a poor prognosis due to its uncon-
trolled invasion and metastasis under the pres-
ently available treatments, including surgery 
and chemotherapy. Importantly, the incidence 
of LSCC has been recently increasing [2]. In 
order to develop effective therapy and improve 
the LSCC patient’s prognosis and long-term 
quality of life, the efforts towards understand-
ing the underlying pathological mechanisms of 
LSCC have been intensified recently.

Long noncoding RNAs (lncRNAs) are defined as 
RNA transcripts larger than 200 nucleotides 
without protein-coding potential. Increasing  
evidence indicates that lncRNAs play a critical 
role in cellular function and disease processes, 

including transcription, mRNA stability, epigen-
etic alteration, alternative splicing, translation, 
protein-protein interactions and protein stabili-
ty. lncRNAs can interact with DNA, RNA, or pro-
tein molecules to regulate gene expression and 
then affect cellular processes [3-5]. Recently, it 
has been demonstrated that lncRNAs can act 
as oncogenes or tumor suppressor genes in ini-
tiation and progression of cancers. Moreover, 
lncRNAs may serve as potential biomarkers for 
early diagnosis, prognosis, and therapeutic tar-
gets in various cancers [6-8]. 

lncRNA small nucleolar RNA host gene 1 
(SNHG1) functions as an oncogene in various 
human cancers. For example, upregulation of 
SNHG1 was found in osteosarcoma tissues and 
correlated with poor overall survival. SNHG1 
promoted growth and metastasis of osteosar-
coma cells through sponging miR-326 as a 
competing endogenous RNA (ceRNA) of NOB1 
[9]. Li et al. demonstrated that SNHG1 was 
aberrantly upregulated in prostate carcinoma 
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tissues. SNHG1 increased CDK7 expression by 
competitively binding miR-199a-3p, and then 
promoted cell proliferation and cell cycle pro-
gression in prostate cancer [10]. However, the 
biological functions and molecular mecha-
nisms of SNHG1 in LSCC have not been report-
ed. In this study, we investigated the biological 
functions of SNHG1 in LSCC, especially to ex- 
plore its role in growth and metastasis.

Materials and methods

Cell culture

AMC-HN-8 and Hep-2 cells of human LSCC 
were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM) containing 10% fetal bovine 
serum (Gibco; Life Technologies), 100 U/ml 
penicillin and 100 mg/ml streptomycin in 
humidified air at 37°C with 5% CO2.

Tissues sample collection

Sixty-five matched cancerous and noncancer-
ous tissues were obtained from patients who 
had undergone surgery at The First Affiliated 
Hospital of Zhengzhou University Hospital, bet- 
ween 2011 and 2016 and who were diagnosed 
with LSCC based on histopathological evalua-
tion. All the tissue samples were snap-frozen 
and stored at -80°C. The study was approved 
by the Research Ethics Committee of The First 
Affiliated Hospital of Zhengzhou University Hos- 
pital. Informed consent was obtained from all 
patients.

Lentivirus production and construction of 
stable cells with overexpression or knockdown 
of SNHG1

To obtain cell lines stably expressing SNHG1 or 
SNHG1-mut, AMC-HN-8 and Hep-2 cells were 
transfected with the plasmid pcDNA3.1-SNHG1 
or pcDNA3.1-SNHG1-mut, and selected with 
neomycin (800 μg/ml) for four weeks.

shRNA targeting SNHG1 were subcloned into a 
lentiviral vector pLKO.1. The target sequences 
of SNHG1 shRNAs were shown as follows: sh1: 
GCTGAAGTTACAGGTCTGA, sh2: GACCTAGCTTG- 
TTGCCAAT. We used a scramble shRNA as the 
negative control. The shSNHG1 or negative con- 
trol lentiviral was packaged and harvested from 
293 T cells, and then infected AMC-HN-8 and 
Hep-2 cells in the presence of 8 μg/ml poly-
brene. The cells were selected with puromycin 
(1 μg/ml) for one week.

Transient transfection

Transfections were performed using the Lipo- 
fectamine 3000 (Invitrogen) according to the 
manufacturer’s instructions. The siRNAs or 
microRNA mimics and their respective negative 
control RNAs (GenePharma) were introduced 
into cells at a final concentration of 50 nM. The 
cells were harvested at 48 hour after trans- 
fection.

RNA extraction and quantitative real-time PCR 
(qRT-PCR)

Total RNA was extracted from cells or tissues 
by the TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA) in accordance with the manufacturer’s 
instructions. Total RNA was quantified using 
the NanoDrop 1000 (NanoDrop Technologies, 
Rockland, DE, USA), and the RNA integrity was 
assessed using standard denaturing agarose 
gel electrophoresis. The GoScriptTM Reverse 
Transcription System kit (Promega, Madison, 
WI, USA) was used to reverse-transcribe total 
RNA into cDNA. cDNA was used as a template 
with the GoTaq® qPCR Master Mix kit (Promega) 
and the reaction was monitored in an StepOne 
Plus System (ABI, USA) to detect RNA expres-
sion levels. The expression of mRNA and miRNA 
and lncRNA was normalized to GAPDH or U6. 
The relative expression was calculated using 
the 2-ΔΔCt. Primer sequences were shown as fol-
lows: SNHG1-forward: CCAAACTCAGGCACTGT- 
ATAGAT, SNHG1-reverse: ACAGACACGAAGTGG- 
AGTTATG; GAPDH-forward: CAAGAGCACAAGAG- 
GAAGAGAG, GAPDH-reverse: CTACATGGCAACT- 
GTGAGGAG; YAP1-forward: CCTGAACAGTGTGG- 
ATGAGATG, YAP1-reverse: GGAATGGCTTCAAG- 
GTAGTCTG.

Western blot analysis

Cells lysates were subjected to western blot 
analysis as previously described [11]. Antibo- 
dies employed in the analysis were as follows: 
anti-YAP1 (Santa Cruz Biotechnology), anti-β-
actin (Cell Signaling) and secondary antibodies 
(Jackson).

Microarray analysis

The total RNA was extracted from above men-
tioned control and SNHG1 knockdown Hep-2 
cells, amplified and transcribed into fluorescent 
cRNA using the Quick Amp Labeling kit (Agilent 
Technologies, Palo Alto, CA). The labeled cRNA 
was then hybridized onto the Agilent SurePrint 
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G3 Human Gene Expression version 2 arrays 
(Agilent Technologies), and after the washing 
steps, the arrays were scanned by the Agilent 
Scanner G2505B. Agilent Feature Extraction 
software was used to analyze acquired array 
images. Quantile normalization and subse-
quent data processing were performed using 
the GeneSpring GX v11.5.1 software package 
(Agilent Technologies). The differentially expre- 
ssed mRNAs with statistical significance were 
identified using volcano plot filtering. The thre- 
shold we used to screen upregulated or down-
regulated mRNAs is fold change >2 and a p- 
value <0.05. Gene expression profiles of the 
Hep-2 cells with or without SNHG1 knockdown 
were determined using Phalanx human One- 
Array microarrays (HOA 6.1) following the manu-
facturer’s instructions.

RNA pull-down assay

SNHG1 or SNHG1-mut were in vitro transcrib- 
ed respectively from vector pSPT19-SNHG1 or 
pSPT19-SNHG1-mut, and biotin-labeled with 
the Biotin RNA Labeling Mix (Roche) and T7 
RNA polymerase (Roche), treated with RNase-
free DNase I (Roche), and purified with an 
RNeasy Mini Kit (Qiagen). One milligram of 
whole-cell lysates from Hep-2 cells were incu-
bated with 3 ug of purified biotinylated tran-
scripts for 1 hr at 25°C; complexes were isolat-
ed with streptavidin agarose beads (Invitrogen). 
The RNA present in the pull-down material was 
detected by qRT-PCR analysis.

RNA immunoprecipitation (RIP) assay

LSCC cells were co-transfected with pcDNA3.1-
MS2, pcDNA3.1-MS2-SNHG1 or pcDNA3.1-
MS2-SNHG1 and pMS2-GFP (Addgene). After 
48 hrs, cells were used to perform RNA immu-
noprecipitation (RIP) experiments using a GFP 
antibody (Abcam) and the Magna RIP™ RNA-
Binding Protein Immunoprecipitation Kit (Milli- 
pore) according to the manufacturer’s instruc- 
tions.

Proliferation and colony formation assays

Cell proliferation was assessed using CCK-8 
Assay (Dojindo) according to manufacturer’s 
instruction. For colony formation assays, cells 
were cultured for 10 days, fixed with 70% etha-
nol for 15 min and stained with 2% crystal vio-
let. Colonies with more than 50 cells per colony 
were counted.

Cell apoptosis assays

LSCC cells were harvested by trypsinization. 
After double staining with fluorescein isothio-
cyanate (FITC)-Annexin V and propidium iodide, 
the cells were analyzed by flow cytometry (FAC- 
Scan; BD Biosciences) equipped with CellQuest 
software (BD Biosciences).

Terminal deoxynucleotidyl transferase dUTP 
nick-end labeling (TUNEL) assay

TUNEL assay was performed by TUNEL Apop- 
tosis Assay Kit (Sango Biocompany) according 
to the manufacturer’s instruction.

Migration and invasion assays

The cell invasion assays were conducted using 
Biocoat Matrigel Invasion Chambers (BD Bio- 
sciences) according to manufacturer’s instruc-
tion. The cell migration assays were performed 
by Transwell Polycarbonate Membrane Inserts 
(Corning). Cells that passed through the gel and 
adhered to the bottom side of the chambers 
were counted. All the cell functional experi-
ments were performed three times indepen- 
dently

Construction of luciferase reporter plasmids 
and luciferase reporter assay

The SNHG1 or SNHG1-mut was amplified using 
PCR and subcloned into the pmirGLO vector 
(Promega) for Luciferase reporter assay using 
the one step directed cloning kit (Novoprotein). 
The 3’ untranslated regions (3’-UTR) of YAP1 
mRNA containing the intact miR-375 recogni-
tion sequences were PCR-amplified and sub-
cloned into pmirGLO vector. pmirGLO, pmirGLO-
SNHG1 or pmirGLO-SNHG1-mut was cotrans-
fected with miR-375 mimics or negative control 
miR-NC into Hep-2 cells by Lipofectamine 3000 
(Invitrogen). pmirGLO or pmirGLO-YAP1 was 
transfected into different cell clones by Lipo- 
fectamine 3000 (Invitrogen). Each experiment 
was done in triplicate. The relative luciferase 
activity was normalized to Renilla luciferase 
activity 48 hr after transfection.

To assess changes of Hippo signaling, we per-
formed a luciferase assay according to the 
manufacturer’s protocol (Promega, USA). Cells 
were transfected with the TEAD luciferase re- 
porter plasmid (YouBio, Changsha, China). Two 
days after transfection, the cells were analyzed 
for luciferase activities.
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Chromatin immunoprecipitation assay (ChIP)

ChIP assays were performed by using the EZ 
Magna ChIP Kit (Millipore) according to manu-
facturer’s instruction. Briefly, cells were cross-
linked and then sonicated into DNA fragmen- 
ts. Anti-YAP1 antibody (Abcam) and negative  
control normal IgG (Millipore) were used for 
each immunoprecipitation. Immunoprecipitated 
DNAs were subjected to qRT-PCR analysis. 

In vivo tumorigenicity and metastasis study

To detect the tumor growth, 107 Hep-2 stable 
cells were injected subcutaneously into the 
right flanks of 4-week old Balb/c nude mice. 
Tumor growth was measured every 3 days. 
Tumor weights were calculated 30 days after 
inoculation. To detect the tumor metastasis, 
the stable Hep-2 cells were intravenously in- 
jected (2×106 cells per mouse) into the tail vein 
of mice. After 50 days of inoculation, the mice 
were sacrificed and then their lung tissues were 
obtained and fixated in Bolin’s fluid. Then the 
tissues were histologically analyzed with H&E 
staining for the presence of micrometastases. 
All animal handling and experimental proce-
dures were approved by the Animal Experimen- 
tation Ethics Committee of The First Affiliated 
Hospital of Zhengzhou University Hospital.

Statistical analysis

Statistical analysis was performed using the 
GraphPad Prism Software (GraphPad Software). 
Pearson chi-square test was used to analyze 
the correlation between SNHG1 expression 
and clinical features of LSCC patients. The 
Kaplan-Meier method was used to estimate 

the survival rate for each parameter. The equiv-
alences of the survival curves were tested by 
log-rank statistics. Student’s t test or one-way 
ANOVA were used for comparison between dif-
ferent groups. A two-tailed P-value of less than 
0.05 was considered statistically significant.

Results

Upregulation of SNHG1 is correlated with poor 
prognosis in LSCC

Firstly, qRT-PCR analysis was performed to 
determine the expression level of SNHG1 in 80 
pairs of human primary LSCC tissues and adja-
cent nontumourous samples. We found that 
the expression of SNHG1 in LSCC tissues was 
markedly higher than that observed in pair-
matched adjacent nontumourous tissues (Fig- 
ure 1A). Moreover, the SNHG1 expression was 
much higher in patients with advanced stage 
LSCC than early stage LSCC (Figure 1B). In 
addition, to understand the prognostic signifi-
cance of SNHG1 upregulation in LSCC, we ana-
lyzed the relationship between SNHG1 expres-
sion in LSCC and patients’ survival. It was found 
that high-level SNHG1 expression was signifi-
cantly associated with a poor 5-year overall sur-
vival rate in our LSCC cohort (Figure 1C). Collec- 
tively, these results suggest that increased 
level of SNHG1 may be a feature involved in 
development and progression and prognosis of 
human LSCC.

Knockdown of SNHG1 inhibits cell proliferation 
and induces apoptosis 

To further investigate the function of SNHG1 in 
LSCC, we established stable AMC-HN-8 and 

Figure 1. Upregulation of SNHG1 is correlated with poor prognosis in LSCC. A. The SNHG1 expression levels in 80 
pairs of human primary LSCC tissues and adjacent nontumourous samples were examined by qRT-PCR. B. The 
SNHG1 expression levels of 80 LSCC tissues in early and advanced stage of LSCC were detected by qRT-PCR. C. 
Kaplan-Meier curves depicting overall survival of LSCC patients. Patients were grouped according to SNHG1 expres-
sion in HCC tissues. The median expression level was used as the cutoff.
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Hep-2 cells with SNHG1 silence by using lentivi-
ral infection, and the knockdown of SNHG1 was 
confirmed by qRT-PCR (Figure 2A). The CCK-8 
assays showed that the proliferative abilities of 

AMC-HN-8 and Hep-2 cells expressing SNHG1 
shRNAs was significantly inhibited compared 
with the control cells (Figure 2B). To further  
testify the anti-proliferative effect of SNHG1 

Figure 2. Knockdown of SNHG1 inhibits cell proliferation and induces apoptosis. A. Stable AMC-HN-8 and Hep-2 
cells with SNHG1 silence were established by using lentiviral infection, and the knockdown of SNHG1 was con-
firmed by qRT-PCR. B. Proliferation of LSCC cells assessed by CCK8 assays. SNHG1 interference suppressed both 
AMC-HN-8 and Hep-2 cells proliferation. C. Clone formation assay of differently treated LSCC cells. The data graphs 
depict the count number from three independent experiments. D. AMC-HN-8 and Hep-2 cell apoptosis after trans-
fection with SNHG1 shRNA or the negative control was evaluated by flow cytometry by measuring the percentage 
of Annexin V-stained cells. E. AMC-HN-8 and Hep-2 apoptosis after transfection with SNHG1 shRNA or the negative 
control was evaluated by TUNEL staining assays. Dead cells were labeled with TUNEL (green); nuclear fractions were 
labeled with DAPI (blue). The mean values and SEs were calculated from triplicates of a representative experiment. 
*P<0.05.
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silence on LSCC cells, colony formation assay 
was performed. As shown in Figure 2C, the col-
ony numbers of AMC-HN-8 and Hep-2 cells 
expressing SNHG1 shRNAs were significantly 
lower than those cells expressing control  
shRNAs. Thus, the results of colony formation 
assay were consistent with those of CCK-8 
assay and further indicated that knockdown of 
SNHG1 could inhibit proliferation of LSCC cells. 
Because the above results indicate that SNHG1 
exerts an oncogene in LSCC cells, we then 
investigated whether SNHG1 is involved in reg-
ulating cell apoptosis using flow cytometry and 
TUNEL analyses. Compared with the control ce- 
lls, knockdown of SNHG1 significantly increased 
the LSCC cell apoptotic rate (Figure 2D and 
2E).

SNHG1 promotes cell migration and invasion 
in LSCC cells

To evaluate the effect of SNHG1 on the pro-
gression of LSCC, we performed transwell 
chamber assays to detect the migration and 
invasion of AMC-HN-8 and Hep-2 cells. We 
found that the migratory and invasive ability of 

the LSCC cells was dramatically impaired fol-
lowing deletion of SNHG1 (Figure 3A and 3B).

Knockdown of SNHG1 inhibits tumor growth 
and metastasis in vivo 

To determine whether SNHG1 could influence 
the tumorigenesis of LSCC cells in vivo, the 
SNHG1 stable knockdown of Hep-2 cells or 
control cells were injected into nude mice. The 
results showed that tumors grown from SNHG1 
stable knockdown Hep-2 cells were smaller 
than tumors grown from the control cells 
(Figure 4A). The tumor weight of the shSNHG1 
group was also significantly lower than that of 
the control group (Figure 4B).

On the basis of the above findings that SNHG1 
promotes migration and invasion in LSCC cells, 
we next investigated the effects of SNHG1 on 
cancer metastatic ability in vivo. To establish a 
metastatic cancer model in vivo, control and 
SNHG1 knockdown Hep-2 cells were injected 
into tail vein of nude mice. As shown in Figure 
4C, the incidence of lung metastasis in the 
shSNHG1 groups were significantly decreased, 

Figure 3. SNHG1 promotes cell migration and invasion in LSCC cells. (A and B) The migration (A) and invasive ability 
(B) after knockdown of SNHG1 in AMC-HN-8 and Hep-2 cells was assessed using transwell assays. The mean values 
and SEs were calculated from triplicates of a representative experiment. *P<0.05.
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compared with the control group. In addition, 
downregulation of SNHG1 resulted in a reduc-
tion in metastatic nodules on the mice lungs 
when compared with those in the control group 
(Figure 4D).

SNHG1 is physically associated with miR-375

Increasing evidence demonstrated that many 
lncRNAs act as competing endogenous RNAs 
(ceRNAs) by competitively binding miRNAs [12, 
13]. To reveal the underlying mechanism of 
SNHG1 in LSCC progression, we tested wheth-
er miRNAs are involved in the process. Bio- 
informatics analysis showed that SNHG1 con-
tains a binding site of miR-375 (Figure 5A). 
miR-375 is frequently downregulated in several 
cancers and acts as a tumor suppressor [14-
16]. To validate the direct interaction between 
SNHG1 and miR-375, we performed an RIP 
assay with MS2-binding protein (MS2bp) which 
specifically binds target RNA containing MS2-

binding sequences (MS2bs). We generated a 
construct containing SNHG1 transcripts com-
bined with MS2bs elements and cotransfected 
into LSCC cells with a construct containing 
GFP-MS2bp (Figure 5B). The immunoprecipita-
tion was then carried out using anti-GFP anti-
body (IgG was used as a negative control), and 
miR-375 level was analyzed using qRT-PCR. 
Intriguingly, as shown in Figure 5C, SNHG1 was 
able to significantly enrich miR-375 compared 
with the empty vector (MS2) and SNHG1 with 
mutations in miR-375 targeting sites (SNHG1-
mut). The specific binding between SNHG1  
and miR-375 was further validated by RNA  
pull-down assay using a biotin-labeled-specific 
SNHG1 probe (Figure 5D). 

We then constructed a luciferase construct 
containing SNHG1 or SNHG1-mut. Luciferase 
assay showed that miR-375 significantly inhib-
ited the luciferase activity of SNHG1, but it has 
no effect on the SNHG1-mut (Figure 5E). miR-

Figure 4. Knockdown of SNHG1 inhibits tumor growth and metastasis in vivo. A. Hep-2 cells stably expressing 
SNHG1 shRNAs or the negative control were used for in vivo tumorigenesis. Tumor growth curves after subcutane-
ous injection of Hep-2 cells containing two stable knockdown of SNHG1 or the negative control are shown. The 
tumor volumes were measured every 1 week after inoculation. B. Tumor weights are represented. C. Incidence of 
lung metastasis in each group of nude mice. D. Number of metastatic lung foci observed in each group. The mean 
values and SEs were calculated from triplicates of a representative experiment. *P<0.05.
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Figure 5. SNHG1 is physically associated with miR-375. A. Schematic outlining the predicted binding sites of miR-
375 on SNHG1 or SNHG1-mut. B. Schematic diagram of MS2-RIP assay. C. RIP followed by qRT-PCR to analyze 
endogenous miR-375 interacted with SNHG1. D. LSCC cell lysates were incubated with biotin-labeled SNHG1 or 
SNHG1-mut. After pull-down, miR-375 was assessed by qRT-PCR. E. Luciferase activity in LSCC cells co-transfected 
with miR-NC or miR-375 and luciferase reporters containing wild-type or mutant SNHG1. F. Anti-AGO2 RIP was per-
formed in Hela cells with overexpression of miR-NC or miR-375 and followed by qRT-PCR to detect SNHG1 pulled 
down by AGO2. G. The relative RNA levels of miR-375 in SNHG1 or SNHG1-mut overexpressed LSCC cells. H. The cell 
proliferation was determined by CCK-8 assay in the indicated LSCC cells. I. The cell migration and invasion was de-
termined by Transwell assay in the indicated LSCC cells. J. Cell proliferation of LSCC cells treated with the indicated 
treatments. K. Migration and invasion assay of LSCC cells treated with the indicated treatments. The mean values 
and SEs were calculated from triplicates of a representative experiment. *P<0.05.
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Figure 6. SNHG1 increases YAP1 expression and activates Hippo pathway. A. Schematic outlining the predicted 
binding sites of miR-375 on YAP1 3’UTR. B. The relative mRNA levels of YAP1 in LSCC cells with indicated treatment. 
C. The protein levels of YAP1 in LSCC cells with indicated treatment. D. The changes in mRNA levels of YAP1 in the 
indicated LSCC cells. E. The changes in protein levels of YAP1 in the indicated LSCC cells. F. Luciferase activity of 
YAP1 3’UTR in LSCC cells cotransfected with miR-375 or non-target microRNAs and SNHG1 or mutant transcript. G. 
Luciferase activity of YAP1 3’UTR in LSCC cells cotransfected with miR-375 inhibitor or non-target microRNAs inhibi-
tor and SNHG1 shRNA. H. TEAD luciferase activity in LSCC cells cotransfected with miR-375 or non-target microR-
NAs and SNHG1 or mutant transcript. I. TEAD luciferase activity in LSCC cells cotransfected with miR-375 inhibitor 
or non-target microRNAs inhibitor and SNHG1 shRNA. The mean values and SEs were calculated from triplicates of 
a representative experiment. *P<0.05.
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NAs bind their target genes and cause post-
transcriptional repression in an AGO2-depen- 
dent manner. To assay whether SNHG1 was 
regulated by miR-375 in such a manner, we per-
formed anti-AGO2 RIP in LSCC cells transiently 
transfected with miR-375. Endogenous SNHG1 
was specifically enriched in miR-375-transfect-
ed LSCC cells (Figure 5F), supporting that miR-
375 is a bona fide SNHG1-targeting miRNA.  
In addition, ectopically expressed SNHG1, but  
not the SNHG1, reduced miR-375 expression 
(Figure 5G). Taken together, these data demon-
strate that SNHG1 physically binds with miR-
375 and may function as a ceRNA.

We then tested whether SNHG1 promotes LS- 
CC progression in a miR-375-dependent man-
ner. Overexpression of SNHG1, but not the mu- 
tant, increases Hep-2 cells proliferation, migra-
tion and invasion, whereas transfection of miR-
375 mimics abolished this increase (Figure 5H 
and 5I). Reciprocally, the depletion of SNHG1 
inhibited Hep-2 cells proliferation, migration 
and invasion, which were rescued by inhibition 
of miR-375 (Figure 5J and 5K). There results 
suggest that SNHG1 exerts oncogenic effects 
in a miR-375-dependent manner. 

SNHG1 increases YAP1 expression and acti-
vates Hippo pathway

As described above, SNHG1 could inhibit miR-
375 expression and function in LSCC cells.  
We hypothesized that suppression of miR-375 
might decrease repression to its mRNA targets, 
thereby further promoted the progression of 
LSCC. Consequently, by performing a computa-
tional screen for genes with complementary 
sites of miR-375 in their 3’-UTR using online 
softwares including TargetScan and miRBase, 
we found that YAP1 was a putative target of 
miR-375 (Figure 6A). A previous also demon-
strated that YAP1 was targeted by miR-375 
[14]. YAP1 were upregulated at both the mRNA 
and protein levels after SNHG1 overexpression, 
while SNHG1-mut did not have an effect on 
YAP1 expression (Figure 6B and 6C). Simultane- 
ous ectopic expression of miR-374a abrogated 
this increase. In contrast, YAP1 mRNA and pro-
tein levels decreased after SNHG1 knockdown. 
These effects were reversed by inhibition of 
miR-374a (Figure 6D and 6E). To further deter-
mine whether the SNHG1-mediated YAP1 up- 
regulation depends on regulation of the YAP1 
3’UTR, luciferase reporters containing YAP1 

Figure 7. YAP1 activates SNHG1 transcription. A. The Schematic diagram of the YAP1-binding sites in SNHG1 pro-
moter. B. The LSCC cells were transfected with two different siRNAs targeting YAP1. After 48 hours, the YAP1 and 
SNHG1 expression levels were detected by qRT-PCR. C. The ChIP assay was used to detect the binding of YAP1 on 
SNHG1 promoter region. IgG was taken as a negative control. D. Two predicted YAP1-binding sites of the SNHG1 
promoter was individually deleted. Luciferase assay was used to examine transcriptional activities of the two SNHG1 
promoter deletion mutants when YAP1 was overexpressed in LSCC cells. The mean values and SEs were calculated 
from triplicates of a representative experiment. *P<0.05.
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3’UTR was constructed. As shown in Figure 6F, 
overexpression of SNHG1, but not the SNHG1-
mut, increased the luciferase activity of YAP1 
3’UTR. Ectopic expression of miR-375 abol-
ished this increase. In contrast, the downregu-
lation of SNHG1 suppressed the luciferase 
activity of YAP1 3’UTR, which were rescued by 
inhibition of miR-375 with antisense oligonucle-
otides inhibitors (Figure 6G).

As YAP1 is the major effector of the Hippo path-
way, we then investigated the effect of SNHG1 
on Hippo signaling activity. The activity of the 
TEAD luciferase reporter indicates the tran-
scriptional activity of YAP1 and the activity of 
Hippo signaling. As expected, overexpression 
of SNHG1, but not SNHG1-mut, markedly incre- 
ased the TEAD luciferase activity. miR-375 mi- 
mics transfection reversed this increase (Figure 
6H). Conversely, the transactivating activity of 
YAP1 was decreased by SNHG1 knockdown, 
which was reversed when miR-375 was inhibit-
ed by antisense inhibitors (Figure 6I). These 
data indicate that SNHG1 alters YAP1 expres-
sion and Hippo signaling activity through miR- 
375.

YAP1 activates SNHG1 transcription

Of note, the JASPAR online database predited 
that YAP1 may bound to the SNHG1 promoter 
region (Figure 7A). LSCC cells were transfected 
with YAP1 siRNAs, and the qRT-PCR results 
showed that SNHG1 expression was decreased 
after knockdown of YAP1 (Figure 7B). Moreover, 
we designed two primers that covered the 
SNHG1 binding sites and performed chromatin 
immunoprecipitation (ChIP) assays to validate 
whether YAP1 could bind to these sites. The 
ChIP results showed that YAP1 could bind to 
both sites (Figure 7C).

To clarify which element was necessary for 
YAP1-mediated SNHG1 expression, the two 
predicted YAP1-binding sites were individually 
deleted. Dual luciferase reporter assays sho- 
wed that YAP1 could bind to both the E1 and E2 
elements and activate luciferase, and the lucif-
erase reporter containing both E1 and E2 had 
higher luciferase activity than that containing 
only E1 or E2 (Figure 7D). These findings sug-
gest that there is a regulatory feed-back loop 
between SNHG1 and YAP1, which may syner-
gistically exert their oncogenic activities.

Discussion

In this study, we provided several new insights 
into the function of lncRNA SNHG1 in LSCC 
growth and metastasis. Our results clearly 
showed a positive feedback mechanism invol- 
ving SNHG1 and YAP1, thus promoting the 
understanding of deregulated Hippo signaling 
in LSCC. More importantly, SNHG1 conferred 
clinical significance and potential therapeutic 
target of novel treatment for LSCC. 

LncRNA SNHG1 has been reported to be upreg-
ulated in many cancers [17, 18]. And we also 
found that SNHG1 expression was significantly 
increased in LSCC tissues compared with adja-
cent normal tissues. Recent evidence has iden-
tified elevated SNHG1 as a poor prognostic fac-
tor for many cancers [19, 20]. Consistent with 
these studies, high-level SNHG1 expression 
was also correlated with poor prognosis of pa- 
tients with LSCC. Knockdown of SNHG1 indu- 
ced markedly suppression of cell proliferation, 
migration and invasion ability, whereas promo-
tion of apoptosis in LSCC both in vitro and in 
vivo. These data demonstrated that SNHG1 
functions as an oncogene and plays a critical 
role in LSCC progression.

miRNAs are approximately 20 nucleotides in 
length and regulate gene expression by induc-
tion of mRNA degradation or inhibition of mRNA 
translation [21]. Abnormal expression of miR-
NAs have observed in cancers and closely re- 
lated to tumorigenesis and tumor metastasis 
[22]. Recent studies have demonstrated that 
miR-375 is frequently downregulated in multi-
ple types of cancer and functions as an impor-
tant tumor suppressor by inhibiting malignant 
properties of cancer cells [23]. Lin et al. found 
that miR-375 inhibited cell proliferation, auto- 
phagy, clonogenicity, migration, and invasion 
and also induces G1 arrest and apoptosis by 
targeting AEG-1 and ATG7 [24, 25]. Moreover, 
Liu et al.6 reported that overexpression of miR-
375 decreased liver cancer cell proliferation 
and by invasion targeting oncogene YAP1 [26]. 
Recently, a new posttranscriptional regulatory 
mechanism that lncRNAs act as a natural 
miRNA sponge has been identified [27]. In this 
case, lncRNAs interact with miRNAs to induce 
the derepression of miRNAs targets. In our 
present study, RIP and RNA pull-down assays 
demonstrated that SNHG1 could specifically 
associate with miR-375 in LSCC cells. Previous 
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studies also showed that SNHG1 sponges dif-
ferent miRNAs to regulate cancer progression, 
such as miR-145, miR-15b, miR-326, and miR-
199a [9, 10, 18, 28]. Taken together, these 
data revealed that SNHG1 could function as an 
effective miRNAs sponge. Apart from interac-
tion with miRNA, lncRNAs also act as protein 
scaffolds for bound proteins [33]. It was report-
ed that SNHG1 directly interacted with FUBP1 
and antagonized the binding of FBP-interacting 
repressor to FUBP1, thereby coordinating the 
expression of the oncogene MYC [29]. More 
functions and mechanisms of SNHG1 in LSCC 
development and progression are still need to 
be investigated.

Hippo signaling pathway is an emerging kinase 
cascade in tumorigenesis and tumor metasta-
sis [30]. As the key downstream mediator of 
Hippo pathway, the oncogenic role of YAP1 has 
been extensively investigated [31]. YAP1 is acti-
vated in multiple cancer types and functions as 
a driver oncogene, even bypassing oncogenic 
RAS signaling [32]. Additionally, YAP1 functions 
as a transcription co-activator and TEAD tran-
scription factors are the main binding partner 
for YAP1, together they exert oncogenic roles in 
tumorigenesis [33]. However, to date, the func-
tional role of SNHG1 in Hippo signaling remains 
unknown. Here, for the first time, we demon-
strated that SNHG1 increased YAP1 expression 
and activated Hippo signaling pathway through 
suppression miR-375. Intriguingly, our findings 
also showed that YAP1 directly bound to SNHG1 
promoter region and activated its transcription. 
Taken together, our data indicated that YAP1 
increased the expression level of SNHG1, and 
SNHG1 promoted YAP1 expression via spong-
ing miR-375, which constitutes a feedback loop 
among SNHG1/miR-375/YAP1.

Collectively, we identify the positive feed-for-
ward loop between SNHG1 and YAP1 that 
involves in the regulation of malignant property 
of LSCC. Targeting the SNHG1/miR-375/YAP1 
axis might be an useful therapeutic strategy for 
clinical transformation. Taken together, the dis-
covery of SNHG1 and its interaction with Hippo 
signaling may provide a promising option for 
facilitating the investigation of LSCC develop-
ment and progression.
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