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Background: The correlation between long non-coding RNAs (lncRNAs) and gastric 
cancer (GC) has been indicated. As a newly found lncRNA, small nucleolar RNA host 
gene 22 (SNHG22) functions as an oncogene in ovarian carcinoma and breast cancer. 
However, its action has not been explored in GC. Herein, the purpose of the current research 
was to examine the influence of SNHG22 on GC development.
Methods: RT-qPCR was used to identify SNHG22 and microRNA-361-3p (miR-361-3p) in 
GC tissues and cells. Functional assays were implemented to measure changes on biological 
activities of GC cells under different transfections. Besides, after human umbilical vein 
endothelial cells (HUVECs) were co-cultured with supernatant of transfected GC cells, 
angiogenesis was assessed by tube formation assay in vitro. HMGA1 and β-catenin expres-
sion were determined. Finally, mechanistic assays, including RNA pull-down assay and 
dual-luciferase reporter assay, were employed to assess relationships among SNHG22, 
miR-361-3p, and HMGA1.
Results: SNHG22 and HMGA1 were highly expressed but miR-361-3p was poorly 
expressed in GC tissues. Mechanistically, SNHG22 bound to miR-361-3p, and miR-361-3p 
targeted HMGA1 to disrupt the Wnt/β-catenin pathway. Following SNHG22 or HMGA1 
silencing or miR-361-3p upregulation, we observed a decline of proliferation, migration, and 
invasion of GC cells and HUVEC angiogenesis but acceleration of GC cell apoptosis and cell 
cycle arrest.
Conclusion: Collectively, SNHG22 silencing possessed tumor-suppressing potentials in GC 
development via Wnt/β-catenin pathway by binding to miR-361-3p and downregulating 
HMGA1, highlighting a new promising road for GC treatment development.
Keywords: gastric cancer, long noncoding RNA SNHG22, microRNA-361-3p, HMGA1, 
Wnt/β-catenin pathway

Introduction
Gastric cancer (GC) ranks the fifth most prevalent cancer on a global scale with 
geographically varying incidence and prevalence, and 952 thousand new cases (7% 
of total cancer incidence rate) and 723 thousand deaths were estimated in 2012.1 

Although the survival rate of GC patients has improved significantly in the past few 
decades, GC is often diagnosed at the late stage, and the prognosis is still unsa-
tisfactory owing to the high recurrence rate.2 There are several risk factors for GC, 
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like Helicobacter pylori infection, genetic susceptibility of 
the host, and other environmental factors.3 As 
a heterogeneous disease, GC is the result of the stepwise 
accumulation of numerous (epi)genetic alterations, trig-
gering the imbalance of carcinogenic and anti-cancer 
pathways.4 These changes are essential to accelerate and 
maintain a series of pathways participating in tumor devel-
opment, such as immune surveillance, cell-to-cell and 
cell-to-matrix interactions, cell cycle, metabolism, apop-
tosis, DNA repair, and angiogenesis.5 Interestingly, the 
crucial implication of various noncoding RNAs 
(ncRNAs), like microRNAs (miRs) and long noncoding 
RNAs (lncRNAs) has been documented in GC 
development.6

There are multiple reports about the oncogenic effect 
of various lncRNAs, including small nucleolar RNA host 
genes (SNHGs), like SHNG1, SHNG3, SHNG4, and 
SHNG15, on tumorigenesis and cancer progression.7–10 

As a newly discovered lncRNA located on chromosome 
18q21.1, SNHG22 has been detected to be overexpressed 
and to act as an oncogene in epithelial ovarian carcinoma 
through interacting with miR-2467.11 LncRNAs assume 
a sponge in the mediation of multiple miRNAs, and sub-
sequently orchestrate miRNAs and mRNA function in 
various cancers.12 Moreover, the anti-oncogenic effects 
of miR-361-3p on cervical cancer have been documented 
by a prior study.13 Similarly, miR-361-3p was also 
reported to possess tumor-suppressing potentials in GC 
by targeting PDPK1.14 Furthermore, our bioinformatics 
prediction using Starbase showed that miR-361-3p tar-
geted high mobility group A1 (HMGA1). It is well- 
known that HMGA1 is an oncofoetal gene to correlate to 
various malignant cancers.15 More importantly, HMGA1 
could accelerate epithelial–mesenchymal transition (EMT) 
to facilitate the malignant progression of GC.16 HMGA1 
was capable of activating Wnt/β-catenin pathway in circu-
lating tumor cells from patients with gastrointestinal stro-
mal tumor.17 A prior research provided evidence 
highlighting the tumor-promoting capacity of Wnt/β- 
catenin pathway in GC.18

These findings triggered a network of SNHG22/miR- 
361-3p/HMGA1/Wnt/β-catenin pathway in GC. Since the 
growth of newly formed blood vessels by the tumor 
(termed as angiogenesis) has been established as a vital 
mechanism for tumor cell survival, antiangiogenic treat-
ment might be a novel target for the current cancer treat-
ment regimens.19 Therefore, tissue and cell experiments 
were conducted in this study to investigate the influence of 

this network on cell proliferation, invasion, migration, 
apoptosis, cell cycle progression and angiogenesis in GC.

Materials and Methods
Clinical Sample Collection
Tumor and adjacent normal tissues were harvested from 
60 GC patients who underwent surgery in China-Japan 
Union Hospital of Jilin University from 2012 to 2014 
and preserved at −80ºC. These patients with complete 
medical history did not receive preoperative chemora-
diotherapy, nor had other malignancies. Patients were fol-
lowed-up every 6 months for 5 years after surgery. The 
experimental protocol was ratified by the Ethics 
Committee of China-Japan Union Hospital of Jilin 
University, all included patients provided signed informed 
consent and all procedures were aligned with the 
Declaration of Helsinki.

Cell Incubation and Transfection
Two human GC cell lines, SNU-1 (CRL-5971) and AGS 
(CRL-1739) were procured from American Type Culture 
Collection (Manassas, VA, USA), and another two human 
GC cell lines, KATO III (CL-0372) and MKN-45 (CL- 
0292) from Procell Life Science & Technology Co., Ltd. 
(Wuhan, China). Human normal gastric epithelial cell line, 
GES-1 (SCSP-308), was procured from CCTCC 
(Shanghai, China). Roswell Park Memorial Institute-1640 
medium encompassing 10% fetal bovine serum (FBS, 
Wisent, Montreal, Canada) and 1% antibiotics (100 U/mL 
penicillin G and 100 mg/mL streptomycin) was adopted 
for incubation of all aforesaid cell lines at 37ºC with 5% 
CO2.

GenePharma (Shanghai, China) provided short hairpin 
RNA (sh)-SNHG22 1, 2, 3#, miR-361-3p mimic/inhibitor 
and their respective controls. The overexpression plasmid 
pcDNA-HMGA1 was designed and synthesized by 
GenePharma, and the empty PDNA3.1 vector served as 
the control. Then, cell transfection was conducted based 
on protocols of Lipofectamine 3000 reagent (Invitrogen, 
Carlsbad, CA, USA).

Reverse Transcription Quantitative 
Polymerase Chain Reaction (RT-qPCR)
Through TRIzol reagent (Invitrogen), we conducted total 
RNA isolation from GC and adjacent normal tissues and 
cultured cells before synthesis of cDNA using PrimeScript 
RT kit (Takara, Shiga Prefecture, Japan). cDNA was mixed 
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with TB Green Premix Ex Taq II (Takara) for RT-qPCR 
reaction. The relative expression was calculated by means of 
relative quantification (2−ΔΔCt method) and normalized to 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH; for 
lncRNAs and mRNAs) and U6 (for miRs). The primers used 
are depicted in Table 1.

Cell Counting Kit (CCK)-8 Assay
Cells were incubated in 96-well plates at 1 × 103 cells/well 
with 5% CO2. Cells were treated with 10 μL CCK-8 solution 
(Beyotime, Shanghai, China) at 0, 24, 48, 72 h, respectively, 
followed by another 2-h incubation. The growth rate of cells 
was evaluated by detecting the optical density at 450 nm 
using a SpectraMax M5 multimode microplate reader 
(Molecular Devices LLC, Sunnyvale, CA, USA).

Colony Formation Assay
Cells were cultured in 6-well plates (1 × 103 cells/well) for 
3 weeks, followed by a 15-min methanol fixing and 
a 1-h 2% crystal violet staining. Images of colonies were 
captured with ChemiDoc Imaging Systems (Bio-Rad, 
Hercules, CA, USA), followed by counting of colonies 
using Image J software.

5-Ethynyl-2ʹ-Deoxyuridine (EdU) Assay
The EdU Apollo DNA in vitro kit (RiboBio Co., Ltd., 
Guangzhou, China) was employed in this experiment. 
One day before transfection, cells were seeded in 96-well 
plates at 5 × 103 cells/well. Forty-eight hours post- 
transfection, 100 μL EdU solution (50 μM) was supplemen-
ted to each well for a 2-h incubation at 37ºC. After a 30-min 
fixing at room temperature using 100 μL phosphate buffer 

saline (PBS) containing 4% polyformaldehyde, the cells 
were incubated with 50 μL glycine (2 mg/mL) for 5 min. 
After permeating with 0.5% Triton X, the cells were reacted 
with 1 × Apollo solution in dark for 30 min at room tem-
perature. Following 10-min nuclei staining with 
4ʹ,6-Diamidino-2-Phenylindole (DAPI; Sigma-Aldrich, 
St. Louis, MO, USA), the cells were then observed and 
photographed under an inverted fluorescence microscope, 
and the positive cell rate, determined as EdU positive cells/ 
DAPI positive cells, was counted using Image-J software.

TdT-Mediated dUTP-Biotin Nick 
End-Labeling (TUNEL) Assay
Apoptotic cells were assessed based on the manuals of 
a TUNEL Cell Apoptosis Detection Kit (Beyotime). 
Briefly, 30-min fixing of the transfected GC cells (1 × 105) 
was carried out with 4% paraformaldehyde (Solarbio, 
p1110, Beijing, China) at 4ºC, followed by a 5-min incuba-
tion with 0.3% TritonX-100 (Sigma-Aldrich, 9002–93-1). 
Afterwards, TUNEL solution (Beyotime, c1088) was sup-
plemented to each well for a 60-min incubation in dark at 
37ºC. After that, DAPI (Sigma-Aldrich) was used for nuclei 
staining in dark at room temperature for 10 min, followed by 
observation and photographing under the inverted fluores-
cence microscope. Finally, the positive cell rate, defined as 
TUNEL positive cells/DAPI positive cells, was counted 
using Image-J software.

Flow Cytometry
Flow cytometry was used to analyze the cell cycle. Briefly, 
GC cells were seeded into 6-well plates at a density of 1 × 
106 cells/well for culture. Cells were detached by trypsin 

Table 1 Primer Sequences for RT-qPCR

Targets Forward Primer (5ʹ-3ʹ) Reverse Primer (5ʹ-3ʹ)

LncRNA SNHG22 AGGCGTGCACTACTGAGTTC TTCGCCTCAGGGATTTGGAC

miR-361-3p TCAGAATCTCCAGGGGT GAACATGTCTGCGTATCTC
HMGA1 GAAGTGCCAACACCTAAGAGACC GGTTTCCTTCCTGGAGTTGTGG

miR-331 GTATGGTCCCAGGGATC CCGGAATTCCCCAACTGGCCTGT

miR-429 TACTGTCTGGTAAAACCG CCGGAATGAATGTGCTATGCTC
miR-1913 TCTGCCCCCTCCGCT TATCCTTGTTCACGACTCCTTCAC

miR-101 CAGTTATCACAGTGCTGA GCCTAGCACCATTTGAAAT

E-cadherin GCCTCCTGAAAAGAGAGTGGAAG TGGCAGTGTCTCTCCAAATCCG
N-cadherin CCTCCAGAGTTTACTGCCATGAC GTAGGATCTCCGCCACTGATTC

GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG

U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

Notes: lncRNA SNHG22, long noncoding RNA small nucleolar RNA host gene 22; miR, microRNA; HMGA1, high mobility group A1; GAPDH, 
glyceraldehyde-3-phosphate dehydrogenase.
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and then centrifuged at 500 g for 12 min. The harvested 
cells were fixed overnight at 4°C with 70% ethanol and 
resuspended in cold propidium iodide (PI) solution 
(Sigma-Aldrich) containing RNase for 40 min in the 
dark. A flow cytometer (Accuri C6 FACS, MA, USA) 
was applied to determine cell cycle progression, and data 
analysis was performed using FlowJo software (BD 
FACSCalibur, USA).

Wound Healing Test
The transfected 5 × 104 cells were cultured in 64-well plates 
for confluence. Linear wounds were formed with 10 μL 
sterile pipette tips, followed by cell culture in serum-free 
medium. Images were captured at 0 and 24 h, and 24-h 
migration rate was measured using Image J software.

Transwell Assay
GC cells (1 × 105) were positioned in Matrigel (40 μL, BD 
Biosciences, San Jose, CA, USA)-coated Transwell apical 
chamber, followed by dilution to 4 μg/μL with serum-free 
medium. Then, the medium encompassing 10% FBS (600 
μL) was supplemented to the basolateral chamber, fol-
lowed by a 24-h incubation at 37ºC. The upper surface 
of the membrane was wiped with a cotton swab before 
paraformaldehyde fixing and 15-min crystal violet staining 
of the cells attached to the lower surface. Cells in five 
random fields of view were counted under a microscope, 
followed by calculation of the average number of cells.

Tube Formation in vitro Assay
A 96-well plate was coated with Matrigel (BD 
Biosciences; 100 μL/well), followed by a 30-min standing 
at 37ºC. Afterwards, human umbilical vein endothelial 
cells (HUVECs) were seeded into the plates at a density 
of 1 × 104 cells/well. After the cells fully adherent to the 
wells, the medium was replaced with a conditioned med-
ium of AGS and MKN-45 cells. After 24-h incubation, 
cells were monitored and imaged using an Olympus DP71 
immunofluorescence microscope (Olympus, Tokyo, 
Japan), and the number of microvessels in the focus area 
was measured and analyzed using Chemi Imager 5500 
V2.03 software (Alpha Innotech, San Leandro, CA, USA).

Nuclear-Cytoplasmic Separation 
Experiment
Nuclear and cytoplasmic RNAs were isolated from AGS 
and MKN-45 cells in the light of the protocols of a PARIS 

kit (Invitrogen), followed by RT-qPCR with GAPDH 
(cytoplasmic control) and U6 (nuclear control) for 
standardization.

Dual-Luciferase Reporter Assay
The putative miR-361-3p binding sites on SNHG22 or 
HMGA1 3ʹ-untranslated region (3ʹ-UTR) were obtained 
through Starbase (http://starbase.sysu.edu.cn/), followed 
by designing of the mutants of their binding sites. 
Luciferase reporter plasmids for SNHG22-wild type 
(WT)/SNHG22-mutant type (MT) and HMGA1-WT 
/HMGA1-MT were generated by cloning sequences into 
downstream of the luciferase gene in the pmirGLO luci-
ferase vector (Promega, Madison, WI, USA). After the 
miR-361-3p mimic or mimic negative control (NC) were, 
respectively, co-transfected with pmirGLO reporter plas-
mids, a dual-luciferase reporter assay system (Promega) 
was adopted to assess relative luciferase activity.

RNA Pull-Down
After synthesis of biotin-labeled probes for miR-361-3p- 
WT/MT or NC (GenePharma Shanghai, China), probe- 
coated beads were prepared by culturing probes with 
streptomycin antibiotic magnetic beads (Thermo Fisher 
Scientific, Waltham, MA, USA) at 25ºC for 2 h. Beads 
coated with probes were incubated with GC cell lysates 
overnight at 4ºC, followed by RNA extraction for RT- 
qPCR to measure the enrichment capacity of SNHG22.

Western Blot Analysis
Following total protein extraction with cell lysis buffer 
(Beyotime) containing a mixture of protease and phospha-
tase inhibitors, protein concentration was estimated in the 
light of the manuals of the bicinchoninic acid protein assay 
kit (Pierce, San Jose, CA, USA). Following sodium dodecyl 
sulfate polyacrylamide gel electrophoresis, samples (30 μg 
protein/lane) were electroblotted to polyvinylidene fluoride 
membranes (0.22 μm pore, Roche Diagnostics GmbH, 
Mannheim, Germany). After blockage with Tris-buffered 
saline with Tween-20 buffer containing 5% skimmed milk, 
overnight membrane probing was conducted with primary 
antibodies against HMGA1 [1:1000, #7777, Cell Signaling 
Technologies (CST), Beverly, MA, USA], β-catenin 
(1:1000, #8480, CST), and the internal reference GAPDH 
(1:10,000, ab181602, Abcam, Cambridge, UK) at 4ºC. 
Then, the membrane was re-probed with the goat anti- 
rabbit Immunoglobulin G H&L [horseradish peroxidase 
(HRP)] secondary antibody (1:10,000, ab205718, Abcam) 
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for 1 h at room temperature. Protein bands were visualized 
using Immobilon Western chemiluminescent HRP substrates 
(Millipore, Burlington, MA, USA) and quantified using 
Quantity One software (Bio-Rad).

Statistical Analysis
All data were summarized as mean ± standard deviation and 
analyzed by GraphPad Prism 8 software (GraphPad 
Software Inc., La Jolla, California, USA), with p < 0.05 as 
a level of statistically significance. Data between two groups 
were compared by paired or unpaired t test. Comparisons 
among multiple groups were performed using two-way ana-
lysis of variance (ANOVA), followed by Tukey’s post hoc 
test. Log-rank test was adopted for survival analysis, and 
Pearson correlation coefficient for analyzing correlation.

Results
SNHG22 Overexpression Was Observed 
in GC Tissues and Correlated to Disease 
Progression and Poor Prognosis
SNHG22 has shown cancer-promoting effects in numerous 
cancers.11,20,21 However, little is acknowledged about 
whether SNHG22 orchestrated GC. Therefore, we tested 
whether SNHG22 mediated GC development. GEPIA 
(http://gepia.cancer-pku.cn/) showed that SNHG22 was 
highly expressed in GC patients (Figure 1A). Then, RT- 

qPCR detection of SNHG22 expression was conducted in 
GC tissues and adjacent tissues. Its expression in GC 
tissues was significantly elevated versus adjacent tissues 
(Figure 1B). After the tumor tissues were grouped accord-
ing to the tumor node metastasis (TNM) stage of the 
patients, we found that SNHG22 expression was signifi-
cantly higher in the tissues of patients with high TNM 
stage than in the tissues of patients with low TNM stage 
(Figure 1C). Meanwhile, patients were assigned into high 
SNHG22 expression group and low SNHG22 expression 
group according to the mean value of SNHG22 expression 
in tumor tissues (3.13). The five-year survival rate of GC 
patients in low SNHG22 expression group was obviously 
augmented in contrast to high SNHG22 expression group 
(Figure 1D). Therefore, SNHG22 high expression corre-
lated to disease progression and poor prognosis of GC 
patients.

Inhibition of SNHG22 Repressed GC Cell 
Proliferation and Promoted Cell 
Apoptosis
To investigate whether SNHG22 had an effect on GC, 
we conducted the following experiments. RT-qPCR 
detection of SNHG22 expression was performed in 
GES-1 and GC cell lines. As depicted in Figure 2A, 
SNHG22 expression was significantly higher in GC cell 

Figure 1 SNHG22 is overexpressed in GC tissues and is related to disease progression and poor prognosis of GC patients. (A) SNHG22 high expression in GC patients 
predicted by GEPIA (unpaired t test, * p < 0.05). (B) The expression of SNHG22 in tumor tissues and adjacent normal tissues of GC patients measured by RT-qPCR (paired 
t test, ** p < 0.01). (C) The relationship between SNHG22 expression in tumor tissues of GC patients and their TNM stage (unpaired t test, ## p < 0.01). (D) The effect of 
SNHG22 expression on the five-year survival rate of patients (Log-rank test, p = 0.019). All experiments were repeated three times independently, and the results were 
averaged.
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lines than in GES-1 cells with the highest expression in 
MKN-45 and AGS cell lines, which were selected for 
subsequent experiments.

MKN-45 and AGS cells were transfected with sh- 
SNHG22 1, 2, 3#, followed by RT-qPCR measurement 
of the transfection efficiency (Figure 2B). The sh- 
SNHG22 1# with best transfection efficiency was 
selected as sh-SNHG22 for following experiments. 
From results of CCK-8 (Figure 2C), colony formation 
(Figure 2D), and EdU (Figure 2E) assays, silencing of 
SNHG22 reduced the proliferation, colony formation, 
and DNA synthesis ability of MKN-45 and AGS cells. 
TUNEL staining revealed that the apoptotic rate of 
SNHG22-silenced MKN-45 and AGS cells was 

strikingly enhanced (Figure 2F). Consistently, flow cyto-
metry showed that inhibition of SNHG22 in GC cells 
resulted in G1 phase block (Figure 2G) in GC cells.

Inhibition of SNHG22 Suppressed GC 
Cell Migration and Invasion and HUVEC 
Angiogenesis
To further investigate the effect of SNHG22 on GC cells, 
we detected the expression of EMT-related factors 
(E-cadherin and N-cadherin) in MKN-45 and AGS cells 
by RT-qPCR (Figure 3A). We found that sh-SNHG22 
remarkably diminished N-cadherin expression and ele-
vated E-cadherin expression. Further wound healing and 
Transwell assays described prominent decline of 24-h 

Figure 2 GC cell proliferation is repressed but cell apoptosis is accelerated by silencing of SNHG22. (A) RT-qPCR detection of SNHG22 expression in human normal 
gastric epithelial cells and GC cells. (B) RT-qPCR detection of the transfection efficiency of sh-SNHG22 1, 2, 3#. (C) CCK-8 assay of the effect of sh-SNHG22 on MKN-45 
and AGS cell viability. (D) The effect of sh-SNHG22 on the ability of MKN-45 and AGS cell colony formation determined by colony formation assay. (E) EdU assay of the 
effect of sh-SNHG22 on the DNA synthesis ability of MKN-45 and AGS cells. (F) TUNEL assay of the effect of sh-SNHG22 on the apoptotic rate of MKN-45 and AGS cells. 
(G) Flow cytometry of the effect of sh-SNHG22 on MKN-45 and AGS cell cycle. In panel A, * p < 0.05 vs GES-1 cells according to one-way ANOVA; in panel B, # p < 0.05 
vs MKN-45 and AGS cells transfected with sh-NC according to one-way ANOVA; in panel C–G, # p < 0.05 vs MKN-45 and AGS cells transfected with sh-NC according to 
two-way ANOVA. All experiments were repeated three times independently, and the results were averaged.
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migration rate (Figure 3B) and invasion (Figure 3C) of 
MKN-45 and AGS cells after sh-SNHG22 treatment.

Finally, the supernatant of MKN-45 and AGS cells 
stably transfected with sh-NC or sh-SNHG22 was har-
vested, and HUVECs were seeded into a conditioned med-
ium containing the supernatant for co-culture. Then, tube 
formation assays in vitro (Figure 3D) displayed that after 
sh-SNHG22 treatment, the tube formation ability of MKN- 
45 and AGS cells was prominently reduced. In conclusion, 
GC cell migration and invasion and HUVEC angiogenesis 
were repressed by SNHG22 downregulation.

Overexpression of SNHG22 Promotes 
Malignant Biological Behavior in GC Cells
We have shown that silencing of SNHG22, which is highly 
expressed in GC cells, inhibited the malignant biological 
behavior of GC cells. We then selected the SNU-1 cells 
with the lowest SNHG22 expression relative to other GC 

cells to perform gain-of-function assay to study the effect 
of SNHG22 overexpression in GC cells. We transfected 
pcDNA-SNHG22 into SNU-1 cells and measured effective 
transfection by RT-qPCR (Figure 4A). We performed the 
following experiments to detect cell growth. By the CCK8, 
colony formation assay and EdU staining, we found that 
overexpression of SNHG22 led to increases in cell prolif-
eration, colony formation ability and DNA synthesis abil-
ity of GC cells (Figure 4B-D). TUNEL staining showed 
that overexpression of SNHG22 inhibited apoptosis, while 
flow cytometry displayed that it significantly promoted the 
transition of GC cells from G1 to S phase (Figure 4E and 
F). We also observed that overexpression of SNHG22 
significantly contributed to the elevated migratory and 
invasive abilities of GC cells (Figure 4G and H), as 
detected by the wound healing test and Transwell assay. 
Finally, by tube formation in vitro assay, we observed that 
overexpression of SNHG22 significantly promoted the 
tube formation of the cells (Figure 4I).

Figure 3 SNHG22 silencing causes declines in GC cell migration and invasion and HUVEC angiogenesis. MKN-45 and AGS cells were transfected with sh-NC or sh- 
SNHG22. (A) RT-qPCR to assess the expression of E-cadherin and N-cadherin in MKN-45 and AGS cells. (B) MKN-45 and AGS cell migration evaluated by wound healing 
assay. (C) Transwell assay to detect MKN-45 and AGS cell invasion. (D) HUVEC angiogenesis examined by tube formation assay in vitro. # p < 0.05 vs MKN-45 and AGS 
cells transfected with sh-NC according to two-way ANOVA. All experiments were repeated three times independently, and the results were averaged.
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SNHG22 Bound to miR-361-3p in GC Cells
To investigate the mechanism of SNHG22 in GC, 
SNHG22 localization was evaluated in GC cells. 
Through nuclear-cytoplasmic separation experiments, it 
was observed that SNHG22 was mainly localized in the 
cytoplasm (Figure 5A). miRs binding to SNHG22 were 
predicted in Starbase (http://starbase.sysu.edu.cn/) and 
Diana (http://carolina.imis.athena-innovation.gr/diana_ 
tools/web/index.php?r=lncbasev2%2Findex-experimental) 
, with five intersected genes (Figure 5B). The expression 
of these miRNAs was measured by RT-qPCR in sh-NC or 
sh-SNHG22-transfected MKN-45 and AGS cells. As 
exhibited in Figure 5C, only miR-361-3p showed notable 
differences between the two GC cells at the same time. 
miR-361-3p expression in GC tissues was severely 

reduced in contrast to adjacent normal tissues (Figure 
5D). Moreover, miR-361 expression was inversely corre-
lated with SNHG22 expression in GC tissues (Figure 5E).

Next, MKN-45 and AGS cells were transfected with 
miR-361-3p mimic and its control, followed by transfection 
efficiency measurement by RT-qPCR (Figure 5F). To verify 
the binding relationship between SNHG22 and miR-361-3p, 
we designed SNHG22-WT with the binding sites of miR- 
361-3p and SNHG22-MT with mutations in the binding site 
(Figure 5G). Then, dual-luciferase reporter assay (Figure 
5H) manifested that miR-361-3p mimic markedly inhibited 
the luciferase activity of SNHG22-WT, but had no signifi-
cant effect on that of SNHG22-MT. Finally, RNA pull-down 
(Figure 5I) showed that compared with Bio-NC, Bio-miR 
-361-3p-WT noticeably enriched SNHG22, while there was 

Figure 4 Overexpression of SNHG22 promotes the biological behavior of GC cells. SNU-1 cells were transfected with pcDNA-SNHG22 or pcDNA. (A) transfection efficiency of 
pcDNA-SNHG22 detected by RT-qPCR. (B) CCK-8 assay of the effect of pcDNA-SNHG22 on SNU-1 cell viability. (C) The effect of pcDNA-SNHG22 on the ability of SNU-1 cell colony 
formation determined by colony formation assay. (-D) EdU assay of the effect of pcDNA-SNHG22 on the DNA synthesis ability of SNU-1 cells. (E) TUNEL assay of the effect of pcDNA- 
SNHG22 on the apoptotic rate of SNU-1 cells. (F) Flow cytometry of the effect of pcDNA-SNHG22 on SNU-1 cell cycle. (G) SNU-1 cell migration evaluated by wound healing assay. (H) 
Transwell assay to detect SNU-1 cell invasion. (I) HUVEC angiogenesis examined by tube formation assay in vitro. In panel (A, C, D, E, G, H and I) * p < 0.05 vs pcDNA transfection 
according to unpaired t test; in panel B and F, * p < 0.05 vs pcDNA transfection according to unpaired t test. All experiments were repeated three times independently, and the results 
were averaged.
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no significant difference in enrichment ability of Bio-miR 
-361-3p-MT for SNHG22. In summary, SNHG22 expres-
sion was inversely correlated with miR-361-3p expression in 
GC cells by binding to miR-361-3p.

Downregulation of miR-361-3p 
Attenuated the Effect of SNHG22 
Silencing on GC Cell Biological Function
We validated that SNHG22 could bind to miR-361-3p in 
GC cells. Next, we investigated whether miR-361-3p 

would affect the role of SNHG22 in GC by rescue 
experiments.

MKN-45 and AGS cells were co-transfected with sh- 
SNHG22 + miR-361-3p inhibitor or NC inhibitor, and the 
transfection efficiency was assessed by RT-qPCR (Figure 
6A). Moreover, in the presence of sh-SNHG22, MKN-45 
and AGS cell viability (Figure 6B), colony formation 
(Figure 6C), and DNA synthesis (Figure 6D) were augmen-
ted by miR-361-3p inhibitor. While TUNEL staining showed 
that the apoptosis rate of GC cells after sh-SNHG22 treat-
ment was significantly reduced after inhibition of miR-361- 

Figure 5 SNHG22 binds to miR-361-3p in GC cells. (A) The localization of SNHG22 in GC cells detected by nuclear-cytoplasmic separation experiment. (B) Predicted 
SNHG22-bound miRNAs in Starbase and Diana. (C) RT-qPCR to measure the effect of sh-SNHG22 on the expression of predicted binding miRs (* p < 0.05 according to 
two-way ANOVA). (D) RT-qPCR detection of miR-361-3p expression in GC and adjacent normal tissues (## p < 0.01 according to paired t test). (E) The correlation 
between miR-361-3p and SNHG22 expression in tumor tissues (Pearson correlation analysis, r = −0.745, p < 0.001). (F) RT-qPCR determination of the transfection 
efficiency of miR-361-3p mimic (&p < 0.05 according to two-way ANOVA). (G) The binding sites of miR-361-3p to SNHG22. (H) The effect of miR-361-3p mimic on the 
luciferase activity of SNHG22-WT/SNHG22-MT luciferase reporter plasmid detected by dual-luciferase reporter assay (&p < 0.05 according to two-way ANOVA). (I) RNA 
pull-down assay to detect the enrichment of SNHG22 by Bio-miR-361-3p-WT/Bio-miR-361-3p-MUT (@@ p < 0.01 vs Bio-NC according to two-way ANOVA). All 
experiments were repeated three times independently, and the results were averaged.
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3p (Figure 6E). Flow cytometry results showed that the cell 
cycle blocking effect of SNHG22 was significantly attenu-
ated after inhibition of miR-361-3p (Figure 6F).

Furthermore, wound healing and Transwell assays exhib-
ited that miR-361-3p inhibitor restored the decreased migra-
tion and invasion of MKN-45 and AGS cells caused by 
sh-SNHG22 (Figure 6G and H). The supernatants of MKN- 
45 and AGS cells transfected with sh-SNHG22 + NC inhi-
bitor and sh-SNHG22 + miR-361-3p inhibitor were collected 
for tube formation assay in vitro (Figure 6I). The results 
displayed that miR-361-3p inhibitor triggered HUVEC 
angiogenesis around MKN-45 and AGS cells in the presence 
of sh-SNHG22. Taken together, SNHG22 decreased miR- 
361-3p expression to promote cell proliferation, migration, 
invasion, and angiogenesis but inhibit apoptosis in GC.

Overexpression of miR-361-3p Inhibits the 
Promotive Effect of pcDNA-SNHG22 on 
the Malignant Biological Behavior of GC 
Cells
To validate the effect of miR-361-3p expression on the 
carcinogenic effect of SNHG22, we transfected miR-361- 
3p mimic into SNU-1 cells overexpressing SNHG22 and 
measured effective transfection by RT-qPCR (Figure 7A). 
By the CCK8, colony formation and EdU staining, we found 
that overexpression of miR-361-3p significantly inhibited 
the promoting effect of overexpression of SNHG22 on the 
proliferation, colony formation and DNA synthesis abilities 
of GC cells (Figure 7B-D). TUNEL staining showed that 
overexpression of miR-361-3p promoted apoptosis of GC 
cells in the presence of pcDNA-SNHG22. Moreover, miR- 
361-3p attenuated the promotive role of GC cell cycle entry 
by pcDNA-SNHG22 (Figure 7E and F). Overexpression of 
miR-361-3p significantly reversed the promoting effect of 
overexpression of SNHG22 on the migratory and invasive 
ability of GC cells by wound healing method and Transwell 
assay (Figure 7G and H). Finally, by tube formation in vitro 
assay, we observed a significant decline in the tube forma-
tion capacity of pcDNA-SNHG22-transfected GC cells after 
overexpression of miR-361-3p (Figure 7I).

SNHG22 Activated the HMGA1/Wnt/β- 
Catenin Axis by Binding to miR-361-3p in 
GC Cells
miR-361-5p can inhibit GC progression through the Wnt/ 
β-catenin axis,22 while HMGA1 can promote GC 

progression through Wnt/β-catenin pathway.23 In addition, 
it was predicted in Starbase that miR-361-3p targeted 
HMGA1 (Figure 8A). Therefore, we speculated that 
HMGA1 was a downstream target gene of miR-361-3p 
in GC.

GEPIA predicted HMGA1 overexpression in GC 
patients (Figure 8B). HMGA1 expression was evaluated 
by RT-qPCR in GC and adjacent normal tissues collected 
from GC patients. As demonstrated in Figure 8C, higher 
HMGA1 expression was observed in GC tissues than in 
adjacent normal tissues. Furthermore, HMGA1 expression 
was positively correlated with SNHG22 expression 
(Figure 8D) and inversely associated with miR-361-3p 
expression (Figure 8E) in GC tissues. RT-qPCR and 
Western blot analysis found that miR-361-3p mimic treat-
ment substantially diminished HMGA1 expression in 
MKN-45, AGS cells as well as normal gastric epithelial 
cell line GES-1 (Figure 8F and G). Dual-luciferase repor-
ter assay exhibited that luciferase activity of HMGA1-WT 
was decreased by miR-361-3p mimic, whereas the lucifer-
ase activity of HMGA1-MT did not change (Figure 8H).

MKN-45 and AGS cells were delivered with sh-NC, sh- 
SNHG22, sh-SNHG22 + NC inhibitor, or sh-SNHG22 + 
miR-361-3p inhibitor. RT-qPCR results documented that 
silencing of SNHG22 appreciably restrained HMGA1 
expression, and this inhibition was strikingly reversed after 
treatment with miR-361-3p inhibitor (Figure 8I). Western 
blot analysis in Figure 8J exhibited that sh-SNHG22 con-
tributed to significant declines in the expression of HMGA1 
and β-catenin, which was remarkably annulled by miR-361- 
3p inhibitor. The above findings suggested that SNHG22 
downregulated miR-361-3p, which targeted HMGA1 to 
activate the Wnt/β-catenin pathway in GC cells.

Overexpression of HMGA1 Alleviated 
the Repressive Effect of SNHG22 
Silencing on the Malignant Biological 
Behavior of GC Cells
The aforementioned results demonstrated that SNHG22 
enhanced HMGA1 expression by binding to miR-361-3p, 
thereby promoting GC progression through the Wnt/β- 
catenin pathway. Next, we conducted a rescue experiment 
to explore whether HMGA1 overexpression affected the 
effect of sh-SNHG22 on GC cells. MKN-45 and AGS 
cells were co-transfected with sh-SNHG22 + pcDNA- 
HMGA1 or pcDNA3.1, followed by RT-qPCR detection 
of HMGA1 overexpression efficiency. The results 
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manifested the obvious elevation of HMGA1 expression in 
MKN-45 and AGS cells after co-transfection (Figure 9A). 
Western blot analysis depicted that pcDNA-HMGA1 
transfection neutralized the diminished HMGA1 and 

β-catenin expression induced by SNHG22 silencing in 
MKN-45 and AGS cells (Figure 9B).

CCK-8 (Figure 9C), colony formation (Figure 9D), and 
EdU (Figure 9E) assays described that in the presence of 

Figure 6 SNHG22 overexpression promotes cell proliferation, migration, invasion, and angiogenesis but inhibits apoptosis in GC by downregulating miR-361-3p. MKN-45 
and AGS cells were co-transfected with sh-SNHG22 + NC inhibitor or sh-SNHG22 + miR-361-3p inhibitor. (A) RT-qPCR determination of the transfection efficiency of 
miR-361-3p inhibitor in SNHG22-silenced MKN-45 and AGS cells. (B) CCK-8 assay of MKN-45 and AGS cell viability. (C) MKN-45 and AGS cell colony formation 
determined by colony formation assay. (D) EdU assay of the DNA synthesis ability of MKN-45 and AGS cells. (E) TUNEL assay of the apoptotic rate of MKN-45 and AGS 
cells. (F) flow cytometry of MKN-45 and AGS cell cycle changes. (G) MKN-45 and AGS cell migration evaluated by wound healing assay. (H) Transwell assay to detect MKN- 
45 and AGS cell invasion. (I) HUVEC angiogenesis examined by tube formation assay in vitro. * p < 0.05 vs MKN-45 and AGS cells transfected with sh-SNHG22 + NC 
inhibitor according to two-way ANOVA. All experiments were repeated three times independently, and the results were averaged.
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sh-SNHG22, MKN-45 and AGS cells had augmented via-
bility, colony formation, and DNA synthesis after pcDNA- 
HMGA1 transfection. Meanwhile, TUNEL assay 
presented that the apoptosis of MKN-45 and AGS cells 
was enhanced by overexpressing HMGA1 even under the 
influence of sh-SNHG22 (Figure 9F). Flow cytometry 
analysis revealed that the cell cycle arrest caused by sh- 
SNHG22 could be significantly reversed by pcDNA- 
HMGA1 (Figure 9G).

According to wound healing and Transwell assays, 
HMGA1 overexpression resulted in elevation of migration 
and invasion of MKN-45 and AGS cells in the presence of 
sh-SNHG22 (Figure 7H and I). Besides, tube formation 

assay in vitro indicated that HMGA1 overexpression 
negated the reduction of HUVEC angiogenesis around 
MKN-45 and AGS cells induced by sh-SNHG22 (Figure 
7J). To sum up, HMGA1 upregulation decreased the inhi-
bitory effect of SNHG22 silencing on the malignant bio-
logical behavior of GC cells.

Discussion
In spite of significant improvements in surgical techniques, 
radiotherapy, chemotherapy, and neoadjuvant therapy, GC 
remains the second principle cause of cancer-related death 
across the globe.24 Hence, there is an urgent need to figure 
out the underlying molecular mechanism of GC for a more 

Figure 7 Overexpression of miR-361-3p abrogates the promotion of the malignant biological behavior of GC cells by pcDNA-SNHG22. SNU-1 cells were co-transfected 
with pcDNA-SNHG22 + NC mimic or pcDNA-SNHG22 + miR-361-3p mimic. (A) RT-qPCR determination of the cell transfection efficiency. (B) CCK-8 assay of SNU-1 cell 
viability. (C) SNU-1 cell colony formation determined by colony formation assay. (D) EdU assay of the DNA synthesis ability of SNU-1 cells. (E) TUNEL assay of the 
apoptotic rate of SNU-1 cells. (F) flow cytometry of SNU-1 cell cycle changes. (G) SNU-1 cell migration evaluated by wound healing assay. (H) Transwell assay to detect 
SNU-1 cell invasion. (I) HUVEC angiogenesis examined by tube formation assay in vitro. * p < 0.05 vs SNU-1 cells transfected with pcDNA-SNHG22 + NC mimic according 
to unpaired t test (panel (A, C, D, E, G, H and I) or two-way ANOVA (panel B and F)). All experiments were repeated three times independently, and the results were 
averaged.
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effective and safe treatment. Moreover, the correlation of 
altered ncRNAs with GC progression has been well- 
acknowledged.25 In our study, we conducted tissue and 
cell experiments to test whether SNHG22 and miR-361- 
3p orchestrated GC cell biological function. Our findings 
highlighted that downregulation of SNHG22 hampered 

GC cell proliferation, migration and invasion and 
HUVEC angiogenesis but accelerated GC cell apoptosis 
and cell cycle arrest by disrupting HMGA1-activated Wnt/ 
β-catenin pathway via miR-361-3p.

Our initially finding manifested that SNHG22 was 
highly expressed in GC tissues and associated with disease 

Figure 8 SNHG22 promotes Wnt/β-catenin pathway activation via HMGA1 upregulation by binding to miR-361-3p in GC cells. (A) Potential binding sites of miR-361-3p to 
HMGA1. (B) HMGA1 expression in GC patients predicted in GEPIA database. (C) HMGA1 expression in GC and adjacent normal tissues of GC patients detected by RT-qPCR. (D) 
Correlation between HMGA1 and SNHG22 expression in GC tissues (r = 0.759). (E) The correlation between HMGA1 and miR-361-3p expression in GC tissues (r = −0.775). (F) 
RT-qPCR to measure the effect of miR-361-3p mimic on HMGA1 mRNA expression. (G) Western blot analysis of the effect of miR-361-3p mimic on HMGA1 protein expression. 
(H) The effect of miR-361-3p mimic on the luciferase activity of HMGA1-WT/HMGA1-MT detected by dual-luciferase assay. (I) RT-qPCR detection on the effect of sh-SNHG22 and 
miR-361-3p inhibitor on HMGA1 mRNA expression. (J) Western blot analysis to assess the effect of sh-SNHG22 and miR-361-3p inhibitor on HMGA1 and β-catenin protein 
expression. In panel (A), **p < 0.01 according to two-way ANOVA; in panel (D) and (E), Pearce correlation analysis was conducted, p < 0.001; in panel (F–H) #p < 0.05 according to 
two-way ANOVA; in panel (I) and (J), and p < 0.05 vs MKN-45 and AGS cells transfected with sh-SNHG22, & p < 0.05 vs GES-1, MKN-45 and AGS cells transfected with sh-NC, & 
p<0.05 vs GES-1, AGS and MKN-45 cells transfected with sh-NC according to two-way ANOVA, @ p < 0.05 vs GES-1, MKN-45 and AGS cells transfected with sh-SNHG22 + NC 
inhibitor according to two-way ANOVA. All experiments were repeated three times independently, and the results were averaged.
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progression and poor prognosis of GC. Similarly, there is 
a report showing the contribution of lncRNA SNHGs to 
tumorigenesis of digestive cancers by modulating cell 

proliferation, migration, invasion, and apoptosis.26 For 
instance, Zhou et al observed that SNHG16 was overex-
pressed in GC tissues, which was related to poor prognosis 

Figure 9 SNHG22 silencing restricts cell proliferation, migration, invasion, and angiogenesis but facilitates cell apoptosis in GC by downregulating HMGA1. MKN-45 and 
AGS cells were transfected with sh-SNHG22 + pcDNA-HMGA1 or sh-SNHG22 + PDNA3.1. (A) RT-qPCR determination of the transfection efficiency of pcDNA-HMGA1 
in SNHG22-silenced MKN-45 and AGS cells. (B) HMGA1 and β-catenin expression in MKN-45 and AGS cells evaluated by Western blot analysis. (C) CCK-8 assay of MKN- 
45 and AGS cell viability. (D) MKN-45 and AGS cell colony formation determined by colony formation assay. (E) EdU assay of the DNA synthesis ability of MKN-45 and AGS 
cells. (F) TUNEL assay of the apoptotic rate of MKN-45 and AGS cells. (G) flow cytometry analysis of MKN-45 and AGS cell cycle changes. (H) MKN-45 and AGS cell 
migration evaluated by wound healing assay. (I) Transwell assay to detect MKN-45 and AGS cell invasion. (J) HUVEC angiogenesis examined by tube formation assay in vitro. 
* p < 0.05 vs MKN-45 and AGS cells transfected with sh-SNHG22 + PDNA3.1 according to two-way ANOVA. All experiments were repeated three times independently, 
and the results were averaged.
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and malignant phenotype of GC.27 Also, the data provided 
by Yan et al indicated that the high SNHG6 expression in 
GC tissues and cell lines was associated with poor prog-
nosis of GC.28 Similarly, another research illustrated that 
higher SNHG20 expression was observed in GC tissues 
than in adjacent normal tissues.29 In line with our results, 
SNHG22 was measured to be highly expressed in triple- 
negative breast cancer tissues by a prior investigation.20 

These findings indirectly supported our results of SNHG22 
overexpression in GC tissues. Moreover, our data sug-
gested that SNHG22 silencing restrained cell proliferation, 
migration, invasion, and angiogenesis but facilitated cell 
apoptosis and cell cycle arrest in GC. Concurred with our 
results, an investigation on papillary thyroid cancer eluci-
dated decreased proliferation, migration, and invasion but 
increased apoptosis of SNHG22-silenced papillary thyroid 
cancer cells.21

Another interesting finding in our study was that 
SNHG22 reduced miR-361-3p expression by binding to 
miR-361-3p in GC cells. A previous study documented 
that SNHG1 sponged miR-361-3p and negatively modu-
lated miR-361-3p expression in non-small-cell lung cancer 
cells, which indirectly supported our finding.30 More 
importantly, the results in the present study demonstrated 
that miR-361-3p was downregulated in GC tissues and that 
GC cell proliferation, migration, and invasion and 
HUVEC angiogenesis were facilitated but GC cell apop-
tosis and cell cycle arrest were restricted after miR-361-3p 
knockdown in the presence of sh-SNHG22. Similarly, 
a previous research identified miR-361-3p poor expression 
in cervical cancer tissues and the repressive role of miR- 
361-3p upregulation on cervical cancer cell growth and 
migration.31 Also, another study clarified that the low 
miR-361-3p expression was found in thyroid cancer tis-
sues, and that miR-361-3p upregulation caused declines in 
thyroid cancer cell proliferation, migration and invasion 
but elevation in cell apoptosis.32 Interestingly, the results 
obtained by Xin et al unveiled that GC cell proliferation 
was reduced but cell apoptosis was accelerated by upre-
gulating miR-361-3p, which was agreed with our results.14

Intriguingly, it is widely acknowledged that miRs 
assumed a critical role in posttranscriptional control of 
target gene expression.33 In the subsequent assays of our 
study, we validated that HMGA1 was directly targeted by 
miR-361-3p in GC cells. Further investigation discovered 
that miR-361-3p blocked Wnt/β-catenin pathway by tar-
geting HMGA1 to inhibit cell proliferation, migration, 
invasion, and angiogenesis but enhance cell apoptosis 

and cell cycle arrest in GC. Coincided with our results, 
HMGA1 was documented by a prior study to be highly 
expressed in GC tissues and to augment GC cell prolifera-
tion, invasion, and anti-apoptosis.34,35 More recently, it 
was determined that HMGA1 contributed to breast cancer 
angiogenesis, which supported our results.36 Furthermore, 
a research conducted by Han et al observed that HMGA1 
induced activation of the Wnt/β-catenin pathway to pro-
mote endometrial cancer cell migration and invasion.37 

More importantly, impairment of Wnt/β-catenin pathway 
could result in suppression of cell migration, invasion, and 
angiogenesis in GC.38

Conclusion
To sum up, our work proved that SNHG22 had a strong 
expression in GC and exerted carcinogenic effects in GC. 
Mechanistically, SNHG22 could facilitate GC progression 
by upregulating HMGA1 and then activating the Wnt/β- 
catenin pathway via miR-361-3p downregulation. 
Considering this mechanism, SNHG22 inhibition was sug-
gested to serve as a promising molecular target for targeted 
therapy in GC in the future. Further in vivo studies are 
warranted to substantiate our assumption.
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