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Abstract
Long non-coding RNA (lncRNA) small nucleolar RNA host gene 1 (SNHG1) has been found to be highly expressed in gastric 
cancer (GC). However, the study for exploring the effects of SNHG1 and microRNA (miR)-195-5p on GC is limited. This 
research commits to unravel the regulatory effects of SNHG1, miRNA-195-5p, and Yes-associated protein 1 (YAP1) on GC. 
SNHG1, miR-195-5p and YAP1 levels in GC tissues and GC cells were detected. The GC cells were treated with various 
constructs altering SNHG1 or miR-195-5p expression to determine the biological activities of GC cell in vitro. The effect 
of SNHG1 inhibition on subcutaneous tumorigenesis of GC cells in a nude mouse model in vivo was detected. The binding 
relation among SNHG1, miR-195-5p, and YAP1 was validated. SNHG1 and YAP1 levels were elevated and miR-195-5p level 
was reduced in GC. Reduction of SNHG1 or elevation of miR-195-5p retarded GC cell biological activity in vitro. Down-
regulated SNHG1 suppressed tumor growth in vivo. SNHG1 bound to miR-195-5p, and miR-195-5p directly targeted YAP1. 
The downregulated SNHG1 hinders the biological behaviors of GC cells via the modulation of the miR-195-5p/YAP1 axis.

Keywords Gastric cancer · Long non-coding RNA small nucleolar RNA host gene 1 · MicroRNA-195-5p · Yes-associated 
protein 1 · Proliferation · Metastasis · Invasion

Introduction

Gastric cancer (GC), as one of the most prevailing cancer 
globally, ranks the top three inducers for cancer-associated 
death globally (Smyth et al. 2020). The risk factors that 
contributing to the high incidence of GC include infectious 
agent, host factors, environmental factors, and virus factors. 

GC patients usually suffer from abdominal pain, frequent 
vomit, and weight loss (Correa 2013). Chemotherapy, radio-
therapy, molecular-targeted therapies, and immunotherapy 
are some newly developed treatments for GC patients in dif-
ferent phases (Song et al. 2017), even so, silent symptom 
still causes the low rate of early diagnosis of GC (Tan 2019), 
and the median survival for patients with advanced GC is 
1 year or less (Zhang and Zhang 2017). Thus, it is neces-
sary and significant to make further research on the effective 
treatment of GC from more different aspects.

Long non-coding RNA (lncRNA) exerts a vital role in 
tumor genesis and development by acting as tumor modu-
lators (Wang et al. 2018a). LncRNA small nucleolar RNA 
host gene 1 (SNHG1) is found to become a crucial regula-
tory RNA for different cancers types, including glioma, GC, 
and many other diseases (Huang et al. 2018). SNHG1 is 
expressed in GC and acts as a promoter for cell growth (Hu 
et al. 2017). Hu et. al. has reported that SNHG1 is robustly 
expressed in GC cells, and high expression of SNHG1 has a 
connection with early tumor stage, tumor size, and reduced 
overall survival (Thin et al. 2019). In addition, it is veri-
fied that lncRNA, as the endogenous RNA, can bind with 

Fahui Cheng and Li Wang are co-first author.

 * Shengen Yi 
 shengenyi@csu.edu.cn

 * Ganglei Liu 
 liuganglei@csu.edu.cn

1 Minimally Invasive Surgery, Hunan Brain Hospital, 
Hunan Second People’s Hospital, Hunan Province, 
Changsha 410011, People’s Republic of China

2 Department of General Surgery, Xiangtan City 
Central Hospital, Hunan Province, Xiangtan 411100, 
People’s Republic of China

3 Department of General Surgery, The Second Xiangya 
Hospital of Central South University, Hunan Province, 
Changsha 410011, People’s Republic of China

/ Published online: 12 July 2022

http://orcid.org/0000-0001-7208-087X
http://crossmark.crossref.org/dialog/?doi=10.1007/s10142-022-00876-2&domain=pdf


Functional & Integrative Genomics (2022) 22:1043–1055

1 3

microRNA (miRNA) (Zhang et al. 2016). According to 
some articles (Zou et al. 2019; Zhao and Wu 2019), miR-
195-5p is lowly expressed in GC patients, and miR-195-5p 
expression can be used as an independent prognostic factor 
for poor prognosis of GC patients. In addition, miR-195-5p 
can restrain the cell activities and the epithelial-mesenchy-
mal transition of hepatocellular carcinoma (HCC) by sup-
pressing the expression of Yes-associated protein (YAP) 
(Zhao and Wu 2019). YAP is regulated by mechanical cues 
through the connection of Hippo pathway with cytoskeleton 
(Qiao et al. 2017). As reported, YAP expression is elevated 
in GC cells, and its high expression enhances the cell func-
tion and survival (Yan et al. 2018). In HCC, the interaction 
of silenced miR-195-5p and enhanced YAP has already 
been verified (Zhao and Wu 2019). However, the regulatory 
mechanism of miR-195-5p and YAP1 in GC needs further 
clear exploration. So, this research committed to unravel 
the detailed roles of the SNHG1/miR-195-5p/YAP1 axis 
in GC, which may help to furnish the research direction for 
GC treatment strategies.

Materials and methods

Ethics statement

The study got approval from the ethics committee of the 
Second Xiangya Hospital of Central South University. All 
participants signed the informed consent form and enjoyed 
the right to know. The animal protocol for this study was 
issued by Institutional Animal Care and Use Committee of 
the Second Xiangya Hospital of Central South University.

Study subjects

The specimens of GC tissues and adjacent normal tissues 
were selected from 160 participants who underwent the 
GC resection in the Second Xiangya Hospital of Cen-
tral South University. The samples were frozen in liquid 
nitrogen after surgery.

Cell culture

The human normal gastric epithelial cell line GES-1 and 
GC cell lines (MNK-45 and HGC-27) were purchased from 
Tong Pai Technology Co., Ltd. (Shanghai, China). After 
resuscitation, the cells were incubated in Roswell Park 
Memorial Institute (RPMI-1640) medium (Hyclone, Thermo 
scientific, USA) supplemented with 10% fetal bovine serum 
(FBS, Hyclone) at 37 °C with 5%  CO2.

Cell transfection and grouping

MNK-45 cells and HGC-27 cells were divided into 8 groups: 
sh-negative control (NC) (transfected with non-targeting 
shRNA containing vector), short hairpin RNA (sh)-SNHG1 
(transfected with sh-SNHG1 vector), mimic NC (transfected 
with mimic NC), miR-195-5p mimic (transfected with miR-
195-5p mimic), sh-SNHG1 + inhibitor NC (transfected with 
sh-SNHG1 vector and inhibitor NC), sh-SNHG1 + miR-
195-5p inhibitor group (transfected with sh-SNHG1 vector 
and miR-195-5p inhibitor), sh-SNHG1 + overexpressed (oe)-
NC group (transfected with sh-SNHG1 vector and oe-YAP1 
vector mock control), and sh-SNHG1 + oe-YAP1 group 
(transfected with sh-SNHG1 vector and overexpressed YAP1 
vector). The Lipofectamine™ 2000 (Invitrogen, Carlsbad, 
California, USA) was adopted for various constructs trans-
fection (the above various constructs were obtained from 
Shanghai GenePharma Co, Ltd., Shanghai, China).

Cell counting kit (CCK)‑8 assay

After transfection, the 96-well plates were used for cell 
seeding (approximately 2000 cells per well) and followed 
by 5-day incubation. The sterile CCK-8 solution (10 μL, 
Solarbio, Beijing, China) was added every 24 h and followed 
by 3-h incubation. The microplate reader (Thermo Fisher 
Scientific, MA, USA) was adopted to examine the optical 
density value at 450 nm (Sun, et al. 2020).

Colony formation assay

Cells were placed in a 6-well plate (500 cells/well). Then, 
colonies were observed on the plate and and the medium 
was discarded 2–3 weeks later to finish cell culture. Then, 
the cells were fixed by methanol, added with 1 mL Giemsa 
working fluid, dyed for 30 min, and washed. Ultimately, the 
plate was dried and photographed (Cai, et al. 2020).

Annexin V‑PI staining

The transfected cells were harvested and resuspended in 
4 °C precooled phosphate-buffered saline. The cells were 
resuscitated by 1 × binding buffer, mixed with 5 μL Annexin 
V-fluorescein isothiocyanate, and incubated for 15 min. 
Thereafter, 5 μL propidium iodide dye and 200 μL 1 × bind-
ing buffered solution were added 5 min before the assay. 
Finally, the samples were examined by a flow cytometer 
(Beckman Coulter, Brea, CA, USA). The Cell Quest (BD 
Bioscience, San Diego, CA) was used for result evaluation. 
The cells were classified into dead cells (Q1, Annexin V 
negative, PI positive), late apoptotic cells (Q2, Annexin V 
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positive, PI positive), early apoptotic cells (Q3, Annexin V 
positive, PI negative), and viable cells (Q4, Annexin V nega-
tive, PI negative) (Cai, et al. 2020; Temiz, et al. 2021).

Scratch test

Forty-eight hours after transfection, GC cells were isolated 
to until the concentration finally reached to 2 × 10 5  mL−1, 
and then cells were coated in a 12-well plate (2 × 10 5 cells /
well) for 24-h deposition. When cell confluence reached to 
100%, the wound was evenly scraped with a sterile pipette 
tip. Cell migration ability was examined by detecting the cell 
movement after scraping. After 24 h, the speed of wound 
closure was assessed by calculating the distance of the 
wound from 0 h (Yang et al. 2020).

Transwell assay

The ability for cell biological behaviors were examined by 
a 24-well Transwell chamber. During the migration test, 
3 ×  104 cells in serum-free medium were put in the top 
chamber, and the bottom chamber was added with 600 μL 
RPMI-1640 medium with 10% FBS for 24-h incubation. The 
cells were subjected to fixation with 4% paraformaldehyde, 
staining with 1% crystal violet and analysis with an inverted 
microscope. During the invasion test, the Matrigel (Becton, 
Dickinson and Company, NJ, USA) diluted with serum-free 
medium was enveloped with the Transwell chamber before 
the cells were added and followed by 48-h incubation in a 
humid environment (at 37 °C with 5%  CO2). The remaining 
steps were elucidated in the assay of cell migration.

Reverse transcription quantitative polymerase 
chain reaction (RT‑qPCR)

The Trizol kit (Invitrogen) was adopted for RNA extrac-
tion. The RNA concentration and purity were measured 
with an ultraviolet spectrophotometer. Complementary DNA 
(cDNA) was generated using PrimeScript RT Reagent Kit 
(TaKaRa, Dalian, China) for lncRNAs or mRNAs and Mir-
X™ miRNA First-Strand Synthesis Kit (TaKaRa) for miR-
NAs. qPCR amplification was carried out in ABI7500 real-
time rapid PCR system (Applied Biosystems, MA, USA). 
SNHG1, miR-195-5p, and YAP1 primer sequences were 
shown (Supplementary Table 1). U6 and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) were used as endoge-
nous references. The gene expression was determined by the 
 2−ΔΔCt method. The experiment was repeated three times.

Western blot assay

Radioimmunoprecipitation buffer was used to extract pro-
teins. Protein samples (15–30 μg) were separated by sodium 

dodecyl sulfate polyacrylamide gel electrophoresis, followed 
by electroblotting onto the polyvinylidene fluoride mem-
brane (Millipore, Billerica, MA, USA). Afterwards, the pro-
tein sample was subjected to 1-h blocking with 5% bovine 
serum albumin, and then added with primary antibodies, 
and incubated at 4 °C overnight. The corresponding sec-
ondary antibody was added for 1-h incubation. The samples 
were imaged by chemiluminescence reagent. The ImageJ 
(National Institutes of Health, Bethesda, MA, USA) was 
adopted for determining the gray value of protein bands. 
YAP1 and GAPDH (both 1:1000; Abcam, Cambridge, MA, 
USA) were the primary antibodies.

Dual luciferase reporter gene assay

The binding sites of miR-195-5p and SNHG1or YAP1 were 
predicted by Starbase website (Li, et al. 2014) and validated 
by dual luciferase reporter gene assay. SNHG1-wild type 
(wt), SNHG1-mutant (mut), or YAP1-wt, YAP1-mut tar-
geted fragments were amplified by PCR and then cloned 
into pmirGLO vector (Promega, WI, USA). The constructed 
vectors were co-transfected of miR-195-5p mimic and mimic 
NC into MNK-45 and HGC-27 cells, respectively. The cells 
were collected and lysed 48 h after transfection, and the 
luciferase activity was examined by the dual luciferase assay 
system (Promega).

In order to evaluate the variation of the Hippo signaling 
pathway, the luciferase activity (Promega) was determined. 
The cells were transfected with transcriptional enhanced 
associate domains (TEAD) luciferase reporter plasmid 
(YouBio, Changsha, China). Two days after transfection, 
the luciferase activity was analyzed (Gao et al. 2018).

RNA immunoprecipitation (RIP) experiment

Magna RIP RNA Binding Protein Immunoprecipitation 
Kit (Millipore) was used for RIP assay. After MNK-45 and 
HGC-27 cells were lysed with RIP lysis buffer, we incubated 
the RIP lysate with protein A/G magnetic beads, which were 
pre-conjugated with antibodies targeting Argonaute-2 (anti-
Ago2) (Abcam) or NC anti-immunoglobulin G (IgG) (Mil-
lipore) antibody in RIP immunoprecipitation buffer. After 
removing the protein through the interaction with protease 
K buffer (Invitrogen), the immunoprecipitated RNAs were 
eluted. The purified RNA was analyzed using RT-qPCR 
assay (Lin et al. 2019).

Tumorigenesis in nude mice

Four-week-old BALB/c nude mice were selected to produce 
a subcutaneous tumor model in nude mice. MNK-45 and 
HGC-27 cells (5 ×  106) were injected into the left armpit of 
nude mice. Four weeks later, the mice were euthanized, and 
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the weight and volume of the subcutaneous tumors were 
measured (Yu et al. 2019).

Statistical analysis

Data were statistically analyzed with SPSS 21.0 (IBM, 
SPSS, Chicago, IL, USA) and GraphPad Prism 6.0 (Graph-
Pad Software Inc., CA, USA). Measurement data were 
represented as mean ± standard deviation. The t-test was 
used for comparison between two groups, while analysis of 
variance (ANOVA) and Tukey’s test were adopted for com-
parisons among multiple groups. Correlation analysis was 
conducted with the Pearson test. P < 0.05 was an indicator 
of statistically significance.

Results

SNHG1 and YAP1 expression levels are elevated 
and miR‑195‑5p expression level is reduced in GC

We conducted RT-qPCR and Western blot assay to deter-
mine the different expression of SNHG1, miR-195-5p, and 
YAP1 in GC and normal gastric tissues. It indicated that 
SNHG1 and YAP1 expression levels were elevated and 
miR-195-5p expression level was reduced in GC tissues 
(Fig. 1A–D).

The correlations among SNHG1, miR-195-5p, and 
YAP1 levels of GC patients were determined by Pearson 
test, which revealed a negative relation between SNHG1 and 

Fig. 1  SNHG and YAP1 are highly expressed, and miR-195-5p is 
lowly expressed in GC tissues. A SNHG1 expression in GC tissue 
and normal gastric tissues (GADPH was used as an endogenous refer-
ence). B miR-195-5p expression in GC tissue and normal gastric tis-
sues (U6 was used as an endogenous reference). C mRNA expression 
of YAP1 in GC tissue and normal gastric tissues (GADPH was used 
as an endogenous reference). D Protein expression of YAP1 in GC 

tissue and and normal gastric tissues. E Correlation between SNHG1 
and miR-195-5p. F Correlation between SNHG1 and YAP1. G Cor-
relation between miR-195-5p and YAP1. H Survival time curve 
between SNHG1 expression and GC patients. *P < 0.05 vs. the nor-
mal gastric tissues. The data were represented by mean ± standard 
deviation (n = 160)
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miR-195-5p expression, a positive relation between SNHG1 
and YAP1 mRNA, and a negative relation between miR-
195-5p and YAP1 mRNA (Fig. 1E–G).

Relationships between SNHG1 expression and clinico-
pathological characteristics of GC were studied (Supple-
mentary Table 2). The results indicated that SNHG1 level 
was not correlated to age (P = 0.748), gender (P = 0.518), 
Lauren tissue type (P = 0.266), and helicobacter pylori 
infection (P = 0.424). However, the expression of SNHG1 
had an association with tumor size (P = 0.001), lymph node 
metastasis (P < 0.001), and TNM stage (P = 0.011). Further-
more, Kaplan–Meier analysis showed that elevated SNHG1 
expression in GC patients was responsible for the poor sur-
vival in GC patients (Fig. 1H).

Downregulation of SNHG1 inhibits cell biological 
activities in vitro, as well as suppresses tumor 
growth in vivo

SNHG1 is a valuable biomarker for early examination and 
prognostic prediction of a range of cancers, such as GC. It 
is reported that SNHG1 level in GC cell line is significantly 
elevated (Guo, et al. 2019). SNHG1 expression in GES-1 
and GC cell lines (MNK-45 and HGC-27) was assessed by 
RT-qPCR, which suggested that SNHG1 expressed highly 
in GC cell lines (Fig. 2A).

To detect the biological activities of SNHG1 in GC cells, 
we transfected the sh-SNHG1 vector into MNK-45 and 
HGC-27 cells, and the transfection was validated success-
fully by RT-qPCR (Fig. 2B). The proliferative capacity of 
MNK-45 and HGC-27 cells was tested by CCK-8 and colony 
formation assays. The outcomes reflected that the treatment 
with sh-SNHG1 in MNK-45 and HGC-27 cells inhibited the 
proliferative and colony formation capacities of MNK-45 
and HGC-27 cells (Fig. 2C, D).

The flow cytometry was adopted to assess the apoptotic 
ability, which of MNK-45 and HGC-27 cells was signifi-
cantly enhanced by down-regulation of SNHG1 (Fig. 2E).

The migratory capacity of MNK-45 cells and HGC-27 
cells was detected by cell scratch test. It was found that the 
migratory capacity of MNK-45 cells and HGC-27 cells was 
diminished after transfected with sh-SNHG1 (Fig. 2F).

Transwell assay unraveled that the number of MNK-
45 and HGC-27 cells invading and migrating to the lower 
Transwell chamber was decreased after transfected with sh-
SNHG1 (Fig. 2G).

To further unveil the effects of SNHG1 expression on the 
occurrence of GC in vivo, sh-NC- and sh-SNHG1-trans-
fected cells were injected into nude mice to establish the 
xenograft tumor model. The weight and volume of tumor 
transplanted into nude mice were measured, and the find-
ings suggested that depleted SNHG1 reduced the weight and 
volume of subcutaneous tumor (Fig. 2H).

The results above showed that the silencing of SNHG1 
blocked the biological activities of GC cells in vivo.

SNHG1 binds to miR‑195‑5p

As previously described, miR-195-5p is decreased in tissue 
and serum of GC patients (Zhao and Wu 2019). The miR-
195-5p levels in GES-1 and GC cell lines (MNK-45 and 
HGC-27) were analyzed by RT-qPCR, which implied that 
miR-195-5p expressed lowly in GC cells (Fig. 3A). Moreo-
ver, when SNHG1 was silenced, miR-195-5p level in MNK-
45 and HGC-27 cells was up-regulated (Fig. 3B).

To investigate the regulatory mechanism of SNHG1 
and miR-195-5p, it was predicted that SNHG1 and miR-
195-5p had specific binding sites through Starbase website 
(Fig. 3C). The relation between SNHG1 and miR-195-5p 
was determined by dual luciferase reporter gene reporter 
assay. It was validated that miR-195-5p enhancement inhib-
ited the luciferase activity of MNK-45 and HGC-27 cells 
transfected with SNHG1-wt (Fig. 3D). RIP experiment indi-
cated that there was a higher level of SNHG1 enrichment in 
Ago2 immunoprecipitation and a higher level of SNHG1 
enrichment after miR-195-5p mimic treatment (Fig. 3E). 
These discoveries suggested that SNHG1 could specifi-
cally bound to miR-195-5p and modulated miR-195-5p 
expression.

Up‑regulation of miR‑195‑5p inhibits GC cell 
activities in vitro

We successfully transfected MNK-45 and HGC-27 cells with 
mimic NC and miR-195-5p mimic, respectively (Fig. 4A). 
To further investigate the impacts of miR-195-5p on GC cell 
biological activities, we up-regulated miR-195-5p, and there 
exhibition reduced the capacities of proliferation, migration, 
and invasion, as well as increased apoptosis in MNK-45 and 
HGC-27 cells (Fig. 4B–G). These findings above uncovered 
that up-regulation of miR-195-5p impeded the malignant 
behaviors of GC cells.

MiR‑195‑5p targets YAP1

YAP1 expression in GC cells was examined by RT-qPCR 
and Western blot assay. It was demonstrated that YAP1 
expressed highly in MNK-45 and HGC-27 cells (Fig. 5A, 
B). As predicted by Starbase, miR-195-5p had binding sites 
with YAP1 (Fig. 5C). As reflected in the luciferase activ-
ity experiment, the relative luciferase activity of MNK-45 
and HGC-27 cells was impaired after the co-transfection of 
YAP1-wt and miR-195-5p mimic (Fig. 5D, E). RIP experi-
ments implied that miR-195-5p and YAP1 were enriched in 
Ago2 immunoprecipitation (Fig. 5F).
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Next, we detected the expression level of YAP1 by RT-
qPCR and Western blot assay. We found that YAP1 expres-
sion was reduced in MNK-45 and HGC-27 after up-regula-
tion of miR-195-5p (Fig. 5G, H), which demonstrated that 
miR-195-5p targeted YAP1.

SNHG1 sponges miR‑195‑5p to target YAP1, thus 
promoting GC cell proliferation and metastasis

Committed to verify the impacts of SNHG1, miR-195-5p, 
and YAP1 on proliferation and metastasis of GC, we trans-
fected sh-SNHG1 + inhibitor NC, sh-SNHG1 + miR-195-5p 

inhibitor, sh-SNHG1 + oe-NC or sh-SNHG1 + oe-YAP1 to 
MNK-45 and HGC-27 cells, respectively. The transfection 
was confirmed successfully by RT-qPCR and Western blot 
assay detection (Fig. 6A, B). The treatment with miR-195-5p 
inhibitor or oe-YAP1 was found to rescue the inhibitory 
effect of downregulated SNHG1 on the proliferation and 
metastasis of GC cells (Fig. 6C–G). Shortly, SNHG1 bound 
to miR-195-5p to target YAP1, thus promoting GC prolifera-
tion and metastasis.

SNHG1/miR‑195‑5p/YAP1 axis affects the Hippo 
signaling pathway

Hippo signaling pathway is expressed abnormally in 
multiple human cancers and exerts crucial influences on 
tumorigenesis and development. Evidence has shown that 
non-receptor tyrosine phosphatase 14 can enhance the prolif-
eration and migration capabilities of GC cells by stimulating 
YAP phosphorylation in the Hippo signaling pathway (Han 
et al. 2019). To probe the mechanism of the SNHG1/miR-
195-5p/YAP1 axis on the Hippo signaling pathway, we veri-
fied the transcriptional activity of YAP1 and the activity of 
Hippo pathway by TEAD luciferase. The results implied that 
the co-transfection of SNHG1-wt and miR-195-5p mimic 
increased the activity of TEAD luciferase in MNK-45 and 
HGC-27 cells, and the co-transfection of SNHG1-mut and 
miR-195-5p mimic exerted no change in the activity of 
TEAD luciferase in MNK-45 and HGC-27 cells (Fig. 7A, 
B). This indicated that SNHG1 could alter YAP1 expres-
sion and Hippo signaling activity through modulating miR-
195-5p expression.

Fig. 2  Down-regulation of SNHG1 inhibits GC cell activities, as well 
as suppresses the tumor growth in  vivo. A, B. RT-qPCR detected 
the expression level of SNHG1 in MNK-45 and HGC-27 cells after 
down-regulation of SNHG1 (GADPH was used as an endogenous ref-
erence). C CCK-8 assay detected the growth curve of MNK-45 and 
HGC-27 cells after down-regulation of SNHG1. D Colony formation 
assay detected the colony formation ability of MNK-45 and HGC-27 
cells after down-regulation of SNHG1. E Flow cytometry detected 
the apoptosis of MNK-45 and HGC-27 cells after down-regulation of 
SNHG1: dead cells (Q1, Annexin V negative, PI positive), late apop-
totic cells (Q2, Annexin V positive, PI positive), early apoptotic cells 
(Q3, Annexin V positive, PI negative), and viable cells (Q4, Annexin 
V negative, PI negative). F Scratch test detected the cell migra-
tion ability of MNK-45 and HGC-27 cells after down-regulation of 
SNHG1. G Transwell assay detected the cell migration and inva-
sion ability of MNK-45 and HGC-27 cells after down-regulation of 
SNHG1. H Tumor formation assay in vivo detected the volume and 
weight of tumors after down-regulation of SNHG1. *P < 0.05 vs. the 
sh-NC group; #P < 0.05 vs. GES-1 cells. The data were represented 
by mean ± standard deviation. The cell experiment was repeated 3 
times with 3 technical repetitions, and the animal experiment was 
performed with 3 animals in each group with 3 technical repetitions

◂

Fig. 3  SNHG1 binds to miR-195-5p. A, B RT-qPCR detected the 
expression of miR-195-5p in MNK-45 and HGC-27 cells (U6 was 
used as an endogenous reference). C Starbase predicted the binding 
site of miR-195-5p to SNHG1. D Dual luciferase reporter gene assay 
verified the targeting relationship between miR-195-5p and SNHG1; 

E RIP experiment detected the binding of SNHG1 to miR-195-5p. 
*P < 0.05 vs. the sh-NC group; #P < 0.05 vs. GES-1 cell; ^P < 0.05 
vs. the mimic NC group. The data were represented by mean ± stand-
ard deviation. The cell experiment was repeated 3 times with 3 tech-
nical repetitions
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Discussion

GC has a low detection rate because of insufficient signs in 
early stage (Smyth et al. 2020). Based on our study, SNHG1 
and YAP1 were high-expressed, and miR-195-5p was low-
expressed in GC. After the down-regulation of SNHG1, the 
GC cell biological activities were impeded, and the tumor 
growth was suppressed. Through Starbase, it was predicted 
that SNHG1 had specific binding sites with miR-195-5p, and 
it was unveiled that elevated miR-195-5p retarded GC cell 
growth. Later, the target relationship between miR-195-5p 
and YAP1 was detected, and overexpression of YAP1 was 
found to deteriorate the proliferation and metastasis of GC 
cells. Collectively, SNHG1 facilitated the development of 
GC cells via the modulation of the miR-195-5p/YAP1 axis 
and regulating the Hippo signaling pathway (Supplementary 
Fig. 1).

There are some articles highlighting that SNHG1 acts as 
an oncogene in diverse human diseases. For instance, it has 
been verified that SNHG1 level is extremely high in GC (Hu 
et al. 2017), and the median survival of GC patients with up-
regulated SNHG1 is shorter than those with downregulated 
SNHG1 (Huang et al. 2018). Dong et al. have reported that 
the elevation of SNHG1 is a predictor for poor outcome of 
digestive system (Dong et al. 2019). Our research validated 
that SNHG1 level was amplified in GC cells, and the up-reg-
ulation of SNHG1 could accelerate the biological functions 
of GC cells, suggesting the promotive role of SNHG1 in GC. 
Similarly, in another study, the up-regulation of SNHG1 is 
demonstrated in colorectal cancer, and the SNHG1 enrich-
ment contributes to accelerate colorectal cancer cells 
growth, implying that SNHG1 may be a potent biomarker for 
diagnosis and treatment of colorectal cancer (Xu et al. 2018). 
Pei et al. have elucidated that SNHG1 expression is elevated 
in breast cancer patients, which will repress the Treg cell 
activities, thereby impeding the immune escape of breast 
cancer (Pei et al. 2018). In another study about laryngeal 

cancer (LC), it is found that SNHG1 is highly expressed, 
and the SNHG1 knockdown suppresses LC cell development 
(Liu et al. 2019). These findings furnished theory references 
for this study.

The targeted relationship of SNHG1 to miR-195 has 
been verified, and the augment of SNHG1 and knockdown 
of miR-195 enhance the cervical cancer cell activities (Ji 
et al. 2020). In our study, we also found that SNHG1 could 
bind to miR-195-5p. As previously reported, miR-195-5p 
could serve as a tumor suppressor gene in many types of 
human diseases. It is verified that miR-195 is depleted in 
lung cancer, and thus the overexpression of miR-195 can 
effectively suppress the tumor cell survival and proliferation 
(O'Donnell et al. 2020). It is found miR-195-5p is depleted in 
circulating tumor cells (CRC), and the enrichment of miR-
195-5p can effectively suppress CRC biological function 
(Lin et al. 2019). Furthermore, it has also found that miR-
195 displays a low level in GC cells, and overexpression 
of miR-195 effectively blocks GC migration and invasion 
(Wang et al. 2018b; Liang et al. 2019). All these aforemen-
tioned evidence indicate that suppressive role of miR-195-5p 
in human disease. Though the preceding studies for probing 
the mechanism of miR-195-5p in GC were limited, these 
existed findings still afforded valuable references. In line 
with these findings, this study demonstrated that miR-195-5p 
was silenced in GC cells, while the induction of miR-195-5p 
effectively repressed the growth of GC cells, implying the 
inhibitory effect of miR-195-5p in GC.

Furthermore, some miRNAs may act as either onco-
genes or tumor suppressors via regulating gene expres-
sion (Zhang et al. 2007). Another article has indicated 
that one of the inferior targets of miR-195-5p is YAP1, 
whose expression levels are suppressed by miR-195-5p 
(Wang et al. 2020). A previous study has verified the nega-
tive relation between miR-195-5p and YAP1, and the res-
cue experiments further uncovered that YAP1 is involved 
in the negative effects of miR-195-5p on cell biological 
function (Liu, et al. 2020). In line with this finding, our 
research also validated that YAP1 was a downstream tar-
get gene of miR-195-5p. Additionally, YAP1 acting as an 
oncogene in diverse human diseases has been widely in 
explored. For example, Zhou et al. have mentioned that 
YAP1 acts an indicator for malignant prognosis and dis-
ease recurrence for pancreatic cancer patients (Zhou et al. 
2020). Yu et al. have reported that the YAP1 is up-reg-
ulated in GC, and high expression of YAP1 will cause 
deep invasion of GC cells (Yu et al. 2017). In accordance 
with these article, our study also demonstrated the promo-
tive role of YAP1 in GC. As a cancer signaling network, 
Hippo pathway has a correlation with tumorgenesis and 
cancer-related biological function (Harvey et al. 2013). 
It has been verified the Hippo signaling activity can be 
enhanced by competitively sponging with miR-375 (Gao 

Fig. 4  Up-regulation of miR-195-5p inhibits GC cell activities. A 
RT-qPCR detected the expression of miR-195-5p in MNK-45 and 
HGC-27 cells after up-regulation of miR-195-5p (U6 was used as an 
endogenous references). B, C CCK-8 assay detected the growth curve 
of MNK-45 and HGC-27 cells after up-regulation of miR-195-5p. 
D Colony formation assay detected the colony formation ability 
of MNK-45 and HGC-27 cells after up-regulation of miR-195-5p. 
E Flow cytometry detected the apoptosis of MNK-45 and HGC-27 
cells after up-regulation of miR-195-5p: dead cells (Q1, Annexin V 
negative, PI positive), late apoptotic cells (Q2, Annexin V positive, PI 
positive), early apoptotic cells (Q3, Annexin V positive, PI negative), 
and viable cells (Q4, Annexin V negative, PI negative). F Scratch test 
detected the cell migration ability of MNK-45 and HGC-27 cells after 
up-regulation of miR-195-5p. G Transwell assay detected cell migra-
tion and invasion ability of MNK-45 and HGC-27 cells after up-reg-
ulation of miR-195-5p. *P < 0.05 vs. the mimic NC group. The data 
were represented by mean ± standard deviation. The cell experiment 
was repeated 3 times with 3 technical repetitions

◂
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Fig. 5  MiR-195-5p targets YAP1. A RT-qPCR detected mRNA 
expression in YAP1 in GES-1, MNK-45 and HGC-27 cells (GADPH 
was used as an endogenous reference). B Western blot assay detected 
the protein expression level of YAP1 in GES-1, MNK-45, and HGC-
27 cells. C Starbase predicted the target sites between miR-195-5p 
and YAP1. D, E Luciferase reporter gene experiment verified the 
targeting relationship between miR-195-5p and YAP1. F RIP experi-
ment detected that the binding of miR-195-5p and YAP1. G RT-

qPCR detected the mRNA expression of YAP1 after transfection 
of miR-195-5p mimic in MNK-45 and HGC-27 cells (GADPH was 
used as an endogenous reference). H Western blot assay detected 
the expression of YAP1 protein after transfection with miR-195-5p 
mimic in MNK-45 and HGC-27 cells. #P < 0.05 vs. GES-1 cells; 
*P < 0.05 vs. the mimic NC group. The data were represented by 
mean ± standard deviation. The cell experiment was repeated 3 times 
with 3 technical repetitions
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et al. 2018). YAP is function as a effector of Hippo path-
way (Qiao, et al. 2018), and the Hippo signaling pathway 
is promoted for the predictor of miR-195-5p (Sun et al. 
2017), which is conformed with our study.

To sum up, our study deciphers that SNHG1 and 
YAP1 express highly while miR-195-5p expresses 
lowly in GC cells. The depletion of SNHG1 could 

impede the GC cell biological functions via regu-
lating the miR-195-5p/YAP1 axis. Our study may 
afford therapeutic targets for the clinical treatment 
of GC by highlighting the importance of the SNHG1/
miR-195-5p/YAP1 axis. However, further investiga-
tion should be conducted to enrich the data in the 
experimental results.

Fig. 6  SNHG1 binds to miR-195-5p to target YAP1, thus promot-
ing GC cell proliferation and metastasis. A RT-qPCR detected the 
expression level of YAP1 in MNK-45 and HGC-27 cells in the res-
cue experiments (GADPH was used as an endogenous reference). B 
Western blot assay detected YAP1 protein expression level of MNK-
45 and HGC-27 cells in the rescue experiments. C CCK-8 assay 
detected the growth curve of MNK-45 and HGC-27 cells. D Colony 
formation assay detected the clone formation ability of MNK-45 and 
HGC-27 cell. E Flow cytometry detected the apoptosis of MNK-45 
and HGC-27 cells: dead cells (Q1, Annexin V negative, PI posi-

tive), late apoptotic cells (Q2, Annexin V positive, PI positive), early 
apoptotic cells (Q3, Annexin V positive, PI negative), and viable 
cells (Q4, Annexin V negative, PI negative). F Scratch test detected 
the cell migration ability of MNK-45 and HGC-27 cells in the res-
cue experiments. G Transwell assay detected the migration and 
invasion ability of MNK-45 and HGC-27 cells in the rescue experi-
ments. *P < 0.05 vs. the sh-SNHG1 + inhibitor NC group; #P < 0.05 
vs. the sh-SNHG1 + oe-NC group. The data were represented by 
mean ± standard deviation. The cell experiment was repeated 3 times 
with 3 technical repetitions
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