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A B S T R A C T   

Gastric cancer (GC) is one of the most common human malignancies worldwide, but the molecular mechanism of 
GC has not been fully elucidated. Tetraspanin 31 (TSPAN31) has been rarely studied in human malignant tumors. 
This study aimed to investigate the effects of TSPAN31 on GC. We analyzed GC tissues through high-throughput 
sequencing technology and chose TSPAN31 with high expression. The expression of TSPAN31 in GC was 
analyzed through bioinformatics website and qRT-PCR. The protein level of TSPAN31 in GC tissues was deter-
mined by western blot and immunochemistry. The proliferation, migration, and apoptosis of GC cells were 
detected by the cell counting kit-8, transwell, and apoptosis experiments. METTL1 and CCT2 that may co-express 
with TSPAN31 were predicted by the GEPIA database, and analyzed the correlation between the expression 
levels of TSPAN31, METTL1 and CCT2. The results shows TSPAN31 was highly expressed in GC tissues, and high 
expression of TSPAN31 was found to result in poor prognosis of patients with GC. TSPAN31 could regulate the 
proliferation, migration and apoptosis of GC cells. The relative expression levels of TSPAN31, METTL1 and CCT2 
in GC were positively correlated. Low expression of TSPAN31 could partially reverse the effect of high expression 
of METTL1 and CCT2 on the tumor progression of GC cells. In conclusion, TSPAN31 was highly expressed in GC 
tissues and led to poor prognosis of patients with GC. TSPAN31 may regulate the proliferation, migration, and 
apoptosis of GC cells. This regulatory mechanism may be achieved through co-expression with METTL1 and 
CCT2.   

Background 

Gastric cancer (GC) is globally one of the most common malignant 
tumors of the human digestive tract. In 2020, there were 1.089 million 
new cases of GC and 769,000 deaths worldwide, accounting for 5.6% 
and 7.7% of all cancer cases and deaths, respectively [1]. Early diagnosis 
of GC is often difficult due to unclear or lack of specific symptoms, and it 
is usually diagnosed in the advanced stage once detected [2]. Although 
the continuous advancement of medical science has led to immense 
progress in the diagnosis and therapy of GC, the overall survival rate of 
patients with GC is still a cause of concern [3]. Therefore, it is particu-
larly important to detect genes that are closely related to GC develop-
ment and have diagnostic and therapeutic significance. These genes can 
be used as new targets to achieve early detection, diagnosis, and treat-
ment of GC. 

Tetraspanins (TSPANs) are a family of small transmembrane proteins 

[4] that participate in a variety of biological processes such as cell 
migration, cell signal transduction, and transmembrane transport [5–7]. 
Structurally, TSPAN consists of four transmembrane segments, a small 
extracellular domain, and a large extracellular loop. The intracellular 
domain, including the N-terminal and C-terminal tails, is relatively small 
and contains palmitoyl cysteine. Except for a small variable region 
located in the extracellular loop, the homology between homotypes is 
highly conserved [8]. Tetraspanin 31 (TSPAN31) is a member of the 
TSPAN protein family and was first reported by Jankowski in 1994 [9]. 
In recent years, the research on the role of TSPAN31 in human malignant 
tumors has gradually increased. A previous study reported that the 
expression of TSPAN31 is significantly upregulated in osteosarcoma and 
may be closely related to tumor growth and metastasis [10]. It is also 
worth noting that TSPAN31 is a natural antisense transcript of CDK4, 
and studies have revealed that TSPAN31 regulates tumor progression by 
regulating the expression of CDK4 in cervical cancer and liver cancer 
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[11,12]. Previous studies have found that some members of the TSPAN 
protein family are abnormally expressed in gastric cancer. For example, 
DErrico and Cho et al. found that the expressions of TSPAN4, TSPAN9, 
TSPAN28 and TSPAN29 in gastric cancer patients were higher than 
those in the normal population, and Chen et al. found that TSPAN7 was 
low expressed in gastric cancer, then Qi et al. found that TSPAN31 
expression level was elevated in colorectal cancer. In this study, Qi et al. 
investigated the biological function of TSPAN7 in liver cancer and found 
that TSPAN7 may play a role of tumor suppressor gene in liver cancer 
[13]. However, to date, no studies have reported the role of TSPAN31 in 
GC. 

Qi et al. [13] found no significant difference in TSPAN31 expression 
in gastric cancer from oncomine database. But in the early stage of the 
present study, we found that TSPAN31 was abnormally highly expressed 
in GC tissues through high-throughput sequencing. In addition, we also 
found in TCGA database that the expression level of TSPAN31 in gastric 
cancer tissues was higher than that in normal tissues. We speculated that 
the differences in TSPAN31 expression levels might be caused by 
different data sets. As a starting point, we hypothesized that TSPAN31 
potentially plays an oncogene role in GC development. The present 
study investigated the biological function and molecular mechanisms of 
TSPAN31 in GC through a series of in vivo and in vitro experiments. The 
biological functions and molecular mechanisms of TSPAN31 reported in 
this article are expected to provide new ideas for the diagnosis and 
treatment of GC. 

Methods 

Sample collection 

Three pairs of GC tissues and corresponding normal tissues were 
collected to supply Quantitative Proteomics Research by (TMT)Tandem 
Mass Tag labeling Strategy, TMT labelling of trypsin-digested proteins 
was performed according to the manufacturer’s instructions (TMT- 
10plex kit, Thermo Fisher, China). Equal volumes of all samples were 
mixed, concentrated in a vacuum concentrator and acidified with TFA 
for LC/MS/MS analysis. Samples were separated by nano-HPLC (Ulti-
mate RSLC 3000, Thermo Fisher) using reversed phase C18 columns and 
420 min gradients. The eluate was directly introduced into an Orbitrap 
Fusion Tribrid mass spectrometer (Thermo Fisher) equipped with nano- 
ESI source. Samples were analyzed using a collision-induced dissocia-
tion (combined ion trap-CID/high resolution-HCD) MS/MS strategy for 
peptide identification and reporter ion quantification. A total of 37 pairs 
of GC tissues and corresponding normal tissues from patients admitted 
to the Second Affiliated Hospital of Nanjing Medical University were 
collected in this study. All patients did not receive radiotherapy or 
chemotherapy before the operation. After obtaining the tissues in vitro, 
they were quickly stored in a refrigerator at -80 ◦C and then stored in 
liquid nitrogen. Tumor pathological classification and staging standards 
were implemented in accordance with American Joint Committee on 
Cancer (AJCC) staging standards. This study was approved by the ethical 
review committee of the Second Affiliated Hospital of Nanjing Medical 
University, and all patients provided their informed consent for sample 
collection. The ethics of this study conformed to the Declaration of 
Helsinki. 

Cell culture 

Human normal gastric mucosal cells GES-1 and gastric cancer cell 
lines AGS, HGC-27, MGC-803, BGC-823, and SGC-7901 were obtained 
from the Type Culture Collection of the Chinese Academy of Sciences 
(Shanghai, China). All cells were cultured in RPMI-1640 medium con-
taining 10% fetal bovine serum (FBS) and double antibiotic (penicillin 
100U/ mL, streptomycin 100 μg/ml). All cells were cultured in a cell 
incubator at 37 ◦C and 5% CO2. 

Cell transfection 

Small interfering RNAs (si-TSPAN31#1 and si-TSPAN31#2) and 
negative control (si-NC) against TSPAN31 were purchased from RiboBio 
(Guangzhou, Guangdong, China). Interference plasmid (shRNA) and 
overexpression vectors (OEs) of TSPAN31, METTL1, and CCT2 were 
obtained from GenePharma (Shanghai, China). For siRNA, when the cell 
fusion rate reached 70%, Lipofectamine 3000 (Invitrogen, Shanghai, 
China) was used for cell transfection according to the manufacturer’s 
instructions. The cells were exchanged for 6 h after transfection, and the 
transfected cells were digested after 24–48 h for subsequent cell ex-
periments. For OEs, when the cell fusion rate reached 70%, lentiviral 
vectors were added according to the product instructions, and fluores-
cent staining cells were observed to adhere to more than 60% under 
fluorescence microscope. All cells were cultured in a cell incubator at 
37 ◦C and 5% CO2. 

Quantitative real-time PCR (qRT-PCR) 

Total RNA was extracted from tissues or cells using Trizol reagent 
(Invitrogen, Shanghai, China) according to the manufacturer’s protocol. 
A NanoDrop 2000 microplate reader (Thermo Fisher Scientific, 
Shanghai, China) was used to measure RNA concentration, and reverse 
transcription of RNA into cDNA was performed using the PrimeScript RT 
kit (Takara, Dalian, China) according to the manufacturer’s instructions. 
SYBR® Green Master Mix (Takara, Dalian, China) was used to detect the 
CT value of the gene in the cell, with GAPDH as an internal reference. 
The primer sequences are shown in Table 1. The expression of the target 
gene was calculated according to the 2− ΔΔCt method, and the experi-
ment and technique were repeated three times. 

Immunochemistry 

GC tissue sections were dewaxed, hydrated, and immersed in 
methanol containing 0.3% hydrogen peroxide for 30 min. The tissues 
were washed three times with PBS and blocked with 1% blocking serum 
for 30 min, followed by overnight incubation with primary antibodies 
TSPAN31(Invitrogen, China), which were diluted 1000 times by anti-
body dilution(Invitrogen, China). The slides were washed three times 
with PBS, incubated with biotinylated sheep anti-rat IgG for 15 min, and 
then washed three times with PBS again. Finally, the slides were incu-
bated with diaminobenzidine (DAB) for 10 min to observe the peroxi-
dase reaction. Each experiment was repeated once and the technique 
was repeated three times. 

Cell counting kit-8 (CCK-8) assay 

The GC cells transfected for 48 h were collected by trypsin digestion 
and seeded onto a 96-well plate at the cell concentration of 4 × 103 cells 
per well. The medium in the 96-well plate was aspirated at 0, 24, 48,and 
72h. The CCK-8 kit (Beyotime Biotechnology,Shanghai,China) was used 
according to the manufacturer’s instructions, wherein 10 μL CCK-8 

Table 1 
Primer sequence for qRT-PCR.  

Gene  Primer sequence 

TSPAN31 Forward 5’- CTGCTCCAAGAATGCGCTTTG -3’  
Reverse 5’- CAATGACTCCGCCGATGATGT-3’ 

METTL1 Forward 5’-GGCAACGTGCTCACTCCAA-3’  
Reverse 5’-CACAGCCTATGTCTGCAAACT-3’ 

CCT2 Forward 5’-GCACTACCTCTGTTACCGTTTT-3’  
Reverse 5’-CTTCTCTCCAACCCGCTATGA-3’ 

GAPDH Forward 5’-CGGAGTCAACGGATTTGGTCGTAT-3’  
Reverse 5’-AGCCTTCTCCATGGTGGTGAAGAC-3’ 

Note: METTL1, methyltransferase-like1; CCT2,T-complex protein-1 ring com-
plex2; GAPDH, glyceraldehyde-3-phosphate dehydrogenase. 
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reagent and 90 μL RPMI-1640 medium were added to each well, and the 
plate was incubated in a cell incubator for 2 h. Following the incubation 
period, the absorbance was read at 450 nm by using a microplate reader. 
The experiment was repeated three times. Each experiment and tech-
nique were repeated three times. 

Wound healing 

After transfection, the GC cells were seeded onto a 6-well plate. 
When the cell adhesion was above 80%, a sterile pipette tip was used to 
manually create a wound, and the cells were washed with RPMI 1640 
medium without FBS. The 6-well plate was then observed under a mi-
croscope, and images were acquired. Image Pro Plus 6.0 software was 
used for quantitative analysis. Each experiment and technique were 
repeated three times. 

Transwell assay 

The Transwell assay was performed in a 24-well plate with an 8 mm 
pore size chamber. A 100 µL of the transfected GC cells was inoculated in 
the upper chamber containing RPMI-1640 medium without FBS at the 
concentration of 1 × 105 cells per well. In the lower chamber, 600 μL of 
RPMI-1640 medium containing 10% FBS was added. After culturing for 
24 h in a cell cabinet at 37 ◦C and 5% CO2, the upper cavity was wiped 
with a cotton swab from the culture dish for nonmigrated cells. The cells 
were then fixed with 4% paraformaldehyde for 10 min at room tem-
perature and stained with 0.1% Crystal Violet for 20 min at room tem-
perature. The number of cells in five fields of each chamber was counted. 
Each experiment and technique were repeated three times. 

Apoptosis experiment 

GC cells transfected for 48 h were incubated in 6-well plates at the 
concentration of 2 × 105 cells per well. The cells were then collected and 
washed twice with PBS at 4 ℃. The annexin V-FITC/propidium iodide 
(PI) apoptosis detection kit (BD Biosciences, San Jose, CA, USA) was 
used for apoptosis analysis in accordance with the manufacturer’s in-
structions. The GC cells were stained with FITC and PI, and FACScan (BD 
Biosciences) was used for fluorescence-activated cell sorting analysis. 
Each experiment and technique were repeated three times. 

Western blot assay 

Proteins were extracted from GC cells by using RIPA lysis buffer, and 
the protein content was then determined using a protein detection kit 
(Takara, Dalian, China). The target protein was separated by SDS- 
polyacrylamide gel electrophoresis (SDS-PAGE) and loaded on a poly-
vinylidene fluoride (PVDF) membrane. The membrane was then blocked 
with Tris buffer salt solution containing 5% skimmed milk and 0.1% 
TBST for 1h at room temperature. METTL1, CCT2 and internal reference 
GAPDH antibodies were purchased from Abcam (Shanghai, China). All 
antibodies were diluted 1000 times with antibody diluent (Abcam, 
Shanghai, China). Specific primary antibodies in TBST containing 5% 
non-fat milk were added, and the membrane was blocked overnight at 4 
℃. The membrane was then washed and incubated with secondary 
antibodies. Each experiment was repeated three times and the technique 
was repeated once. 

Tumor bearing experiment 

The nude mice used in the experiment were SPF 4-weeks-old BALB/C 
nude mice of Shanghai Institute of zoology, Chinese Academy of Sci-
ences. The transfected gastric cancer cells AGS were subcutaneously 
injected into the immunodeficient mice in the experimental group and 
the control group, respectively, there were 3 nude mice in each group, 
the number of injected cells was 1 × 106 per nude mouse. After 28 days 

of tumor formation, the tumor was removed and the volume was 
measured and the volume was measured. All animal experiments 
comply with the ARRIVE guidelines and should be carried out in 
accordance with the National Research Council’s Guide for the Care and 
Use of Laboratory Animals. The experiment was repeated once and the 
technique was repeated three times. 

Statistical analysis 

SPSS 16.0 software and GraphPad 7.0 software were used for sta-
tistical analysis of the study data. The data were expressed as the mean 
±standard deviation (mean±SD). For experimental results of normal 
distribution, student’s t-test was used for comparing between the two 
groups and Pearson’s correlation was used for the correlation analysis. 
Analysis of variance (ANOVA) was used to compare the differences 
between two groups or more. When multiple groups of data do not meet 
the normality and homogeneity of variance, we can adopt Kruskal- 
Wallis single-factor ANOVA analysis and two-way ANOVA analysis for 
the data that meet the normal distribution. P < 0.05 was considered to 
be statistically significant. 

Results 

TSPAN31 is highly expressed in GC cells 

First, we screened abnormally expressed genes in GC tissues through 
the high-throughput sequencing technique and Proteins with expression 
differential multiple greater than 1.2 times (up-expression or down- 
expression) and P value (T test) less than 0.05 as screening criteria 
were considered as differentially expressed proteins, among which 
TSPAN31 was highly expressed in GC tissues was 3.33 times than normal 
tissues(The multiples of gene expression fold change are shown in sup-
plementary document 2). Futher more, TSPAN31 has not been studied in 
gastric cancer. Hence, this gene was selected for further studies 
(Fig. 1A). Western blot assay and immunohistochemistry methods were 
used to determine the protein level of TSPAN31 in GC tissues. The results 
showed that the TSPAN31 protein expression level in GC tissues was 
significantly higher than that in normal tissues (Fig. 1D and E). Ac-
cording to the UALCAN database, the expression level of TSPAN31 was 
significantly higher in GC tissues than in normal tissues (Fig. 1B). Sub-
sequently, we detected the expression of TSPAN31 in the 37 pairs of GC 
tissues, GC cell lines (AGS, HGC-27, MGC-803, BGC-823, and SGC- 
7901), and GES-1 cells. The results showed that TSPAN31 was upregu-
lated in GC tissues or GC cells as compared to that in normal tissues or 
GES-1 cells (Fig. 1C and F). 

TSPAN31 expression is related to the prognosis of patients with GC 

We investigated the association between TSPAN31 expression and 
the clinicopathological characteristics of patients with GC. The results 
showed that higher TSPAN31 expression tended to correlate with larger 
tumor size, more advanced TNM stage, and higher lymphatic metastasis 
rate (Table 2; Fig. 2A–C). The Kaplan-Meier plotter (KM-plotter) data-
base (https://kmplot.com/analysis/) was used to analyze the influence 
of TSPAN31 expression level on the overall survival rate of patients with 
GC. As shown in Fig. 2D, a negative association was found between 
TSPAN31 expression level and the overall survival rate of patients with 
GC. 

TSPAN31 can promote proliferation of GC cells and inhibit their apoptosis 

Transfection efficiency was verified by qRT-PCR as shown in Fig. 3A 
and B. The expression level of TSPAN31 in GC cells was significantly 
changed after transfection with si-TSPAN31 or Lv-TSPAN31 OE. The 
CCK-8 assay showed that the downregulation of TSPAN31 expression 
inhibited and the upregulation of TSPAN31 expression promoted the 
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proliferation of GC cells (Fig. 3C and D). We then tested the clonogenic 
of GC cells through the clone formation experiment. The results showed 
the same trends as those observed in the CCK-8 assay (Fig. 3E and F). 
Subsequently, the apoptosis level was detected by flow cytometry, and it 
was found that the apoptotic level of GC cells was significantly increased 
following the upregulation of TSPAN31 expression and decreased 

following the downregulation of TSPAN31 expression (Fig. 3G and H). 
Regarding whether TSPAN31 could affect tumor growth in vivo, the 
results showed that the tumor diameter of nude mice transfected with 
Lv-shTSPAN31 was significantly smaller than that of the control group 
(Fig. 3I), while the tumor diameter of nude mice transfected with Lv- 
TSPAN31 OE was significantly larger than that of nude mice trans-
fected with Lv-NC (Fig. 3J). These results indicated that TSPAN31 
aggressively promoted GC proliferation and apoptosis in vitro and pro-
mote GC tumor growth in vivo. 

TSPAN31 can promote migration and invasion of GC cells 

Next, we performed a wound healing assay and the Transwell assay 
to investigate whether TSPAN31 played a role in GC cell migration and 
invasion. The Transwell assay showed that the downregulation of 
TSPAN31 expression drastically inhibited the migration and invasion 
ability of GC cells, while overexpression of TSPAN31 had the opposite 
effect on GC cells (Fig. 4A and B). The results of the wound healing assay 
are consistent with those of the Transwell assay (Fig. 4C and D). These 
results indicated that TSPAN31 promoted migration and invasion of GC 
cells. 

TSPAN31 and METTL1/CCT2 expression levels are positively correlated 

The String database (https://string-db.org/) predicted that METTL1 
and CCT2 may be co-expressed with TSPAN31 (Fig. 5A). We then 
analyzed the expression levels of METTL1 and CCT2 in GC tissues 
through the GEPIA database (http://gepia.cancer-pku.cn/) and in the 37 
paired GC tissues. The results showed that the expression levels of 

Fig. 1. TSPAN31 is highly expressed in GC. (A) High-throughput sequencing analysis of differentially expressed genes in gastric cancer (GC) tissues. (B) The 
UALCAN database was used to analyze the expression level of TSPAN31 in GC tissues. (C) Determination of the expression level of TSPAN31 in GC tissues by qRT- 
PCR. (D) Analysis of the protein level of TSPAN31 in GC tissues by western blot assay. (E) Determination of the protein level of TSPAN31 in GC tissues by 
immunohistochemistry. (F) Analysis of the expression level of TSPAN31 in GC cells by qRT-PCR (**P < 0.01; ***P < 0.001). 

Table 2 
Relationship between TSPAN31 expression and the clinical pathological char-
acteristics of GC patients (n  = 37).  

Clinic pathological features NO. of 
cases 

TSPAN31 expression p - value 
Low(n =
18) 

High(n =
19) 

Gender Male 9 3 6 P =
0.269  

Female 28 15 13  
Age ≤60 12 6 6 P =

0.641  
> 60 25 12 13  

Tumor size <5 17 12 5 P =
0.003  

≥5 20 6 14  
Differentiation Well 14 5 9 P =

0.557  
Poor 23 13 10  

TNM stage I/II 10 7 3 P =
0.015  

III/Ⅳ 27 11 16  
Lymph node 

metastasis 
Negative 7 6 1 P <

0.001  
Positive 30 12 18   
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METTL1 and CCT2 in GC tissues were significantly higher than those in 
normal tissues (Fig. 5B and C). We also found that the expression level of 
TSPAN31 and METTL1 or TSPAN31 and CCT2 was positively correlated 
through the analysis of the GEPIA database and the present study data 
(Fig. 5D and E). We used qRT-PCR to determine the mRNA expression 
levels of METTL1 and CCT2 in GC cell lines with overexpression or 
knockdown of TSPAN31. The results revealed that the overexpression of 
TSPAN31 increased the mRNA expression level of METTL1 and CCT2, 
while the knockdown of TSPAN31 had an opposite effect (Fig. 5F and G). 
We then performed western blot assay after TSPAN31 downregulation 
and found that the protein expression levels of METTL1 and CCT2 were 
significantly downregulated, and after the upregulation of TSPAN31 
expression, the protein expression levels of METTL1 and CCT2 were also 
significantly upregulated (Fig. 5H and I). Moreover, we found that the 
expression levels of METTL1 and CCT2 showed identical results with 
TSPAN31 expression (Fig. 5J and K). These results suggest that 
TSPAN31 may regulate METTL1 and CCT2, respectively, but METTL1 
and CCT2 expression levels are only positively correlated in gastric 
cancer, but the specific relationship between the two is still unclear and 
needs further study. 

Low expression of TSPAN31 can partially reverse the inhibitory effect of 
high expression of METTL1 on the malignant phenotype of GC cells 

We co-transfected GC cells with METTL1 OE and shTSPAN31 and 
tested the transfection efficiency by qRT-PCR. The mRNA expression 
level of METTL1 in GC cells co-transfected with METTL1 OE and 
shTSPAN31 was higher than that of the control but lower than that in 
cells transfected with METTL1 OE alone (Fig. 6A). The CCK-8 assay 

showed that the OD value of GC cells co-transfected with METTL1 OE 
and shTSPAN31 at 450 nm was higher than that of the control but lower 
than that of cells transfected with METTL1 OE (Fig. 6B). The colony 
formation assay revealed that the number of colonies of GC cells co- 
transfected with METTL1 OE and shTSPAN31 was higher than that of 
the control but lower than that of cells transfected with METTL1 OE 
(Fig. 6C). The Transwell assay and the scratch test showed that the 
migration ability of GC cells co-transfected with METTL1 OE and 
shTSPAN31 was higher than that of the control but lower than that of 
cells transfected with METTL1 OE (Fig. 6D and E). The apoptosis ex-
periments showed that the apoptotic level of cells co-transfected with 
METTL1 OE and shTSPAN31 was lower than that of the control but 
higher than that of cells transfected with METTL1 OE (Fig. 6F). 

Low expression of TSPAN31 can partially reverse the inhibitory effect of 
high expression of CCT2 on the malignant phenotype of GC cells 

We co-transfected GC cells with CCT2 OE and shTSPAN31 and tested 
the transfection efficiency by qRT-PCR. The mRNA expression level of 
CCT2 in GC cells co-transfected with CCT2 OE and shTSPAN31 was 
higher than that of the control but lower than that of cells transfected 
with CCT2 OE alone (Fig. 7A). The CCK-8 assay showed that the OD 
value of GC cells co-transfected with CCT2 OE and shTSPAN31 at 450 
nm was higher than that of the control but lower than that of cells 
transfected with CCT2 OE (Fig. 7B). The colony formation assay 
revealed that the number of colonies of GC cells co-transfected with 
CCT2 OE and shTSPAN31 was higher than that of the control but lower 
than that of cells transfected with CCT2 OE (Fig. 7C). The Transwell 
assay and the scratch test showed that the migration ability of GC cells 

Fig. 2. TSPAN31 expression is related to the prognosis of patients with GC. (A) Relationship between TSPAN31 expression level and tumor size in patients with 
GC. (B) Relationship between TSPAN31 expression level and TNM stage in patients with GC. (C) Relationship between TSPAN31 expression level and TNM stage in 
patients with GC. (D) Effect of TSPAN31 on the overall survival rate of patients with GC (*P < 0.05; ***P < 0.001). 
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co-transfected with CCT2 OE and shTSPAN31 was higher than that of 
the control but lower than that of cells transfected with CCT2 OE 
(Fig. 7D and E). The apoptosis experiments showed that the apoptotic 
level of cells co-transfected with CCT2 OE and shTSPAN31 was lower 

than that of the control but higher than that of cells transfected with 
CCT2 OE (Fig. 7F). 

Fig. 3. TSPAN31 regulates the proliferation, tumor growth, and apoptosis of GC cells. (A and B) Determination of the expression level of TSPAN31 in GC cells 
transfected with siTSPAN31 and Lv-TSPAN31 OE by qRT-PCR. (C and D) The optical density (OD value) of GC cells transfected with si-TSPAN31 and Lv-TSPAN31 OE 
was measured at 450 nm by the CCK-8 assay. (E and F) The clonogenic of GC cells transfected with si-TSPAN31 and Lv-TSPAN31 OE was determined by the clone 
formation assay. (G and H) The apoptosis level of GC cells transfected with si-TSPAN31 and Lv-TSPAN31 OE was determined by the apoptosis assay. (I and J) The 
effect of si-TSPAN31 and LV-TSPAN31 OE transfection on GC tumor growth was detected by tumor bearing experiment in nude mice (*P < 0.05; **P < 0.01; ***P 
< 0.001). 
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Discussion 

As one of the most common human malignant tumors, GC shows 
characteristics of high heterogeneity, strong invasion ability, and 
metastasis. Distant metastasis and chemotherapy resistance are the main 
reasons for increased mortality of patients with GC [14]. Presently, the 
main treatment for early GC is usually surgery and chemotherapy. The 
effect of postoperative chemotherapy may affect the prognosis and 
survival rate of patients with cancer [15]. Most malignancies may 
eventually metastasize, Once tumor metastasis occurs, the prognosis of 
these patients becomes worse [16,17]. Therefore, it is essential to find 
new biomarkers that indicate the progression of GC and provide new 
targets for the diagnosis and treatment of GC. 

In recent years, several studies have shown that the TSPAN family 
plays an important biological role in GC. Qi et al. reported that TSPAN9 
played the role of a tumor suppressor gene in GC and regulated the 
migration and invasion of GC cells, which was closely related to the 
expression of EMILIN1. EMILIN1 can synergistically promote the tumor 
suppressive effect of TSPAN9 [18]. Lu et al. showed that TSPAN1 was 
the target of miR-573 in GC and regulated the proliferation and migra-
tion of GC cells [19]. Moreover, Cai et al. found that the high expression 
of TSPAN-1 is associated with the TNM staging of advanced gastric 
cancer and the tumor diameter, influences the survival prognosis, and 
may involve the processes of angiogenesis and epithelial-mesenchymal 
transition [20]. Li et al. indicated that TSPAN9 inhibited the prolifera-
tion, migration, and invasion of SGC7901 cells through the ERK1/2 
pathway [21]. These studies indicated that TSPAN protein family reg-
ulates the progression of gastric cancer to varying degrees and is closely 
related to the clinical characteristics and prognosis of gastric cancer 

patients. Our study also showed that TSPAN31 may be a new oncogene 
in the genesis and progression of GC; however, its function and mech-
anism have not yet been fully clarified. We initially found that the 
expression level of TSPAN31 in GC was abnormally increased and 
affected the prognosis of patients with GC. The downregulation of 
TSPAN31 expression inhibited the proliferation and migration of GC 
cells and promoted cell apoptosis, while the overexpression of TSPAN31 
promoted the malignant phenotype of GC cells; this finding indicated 
that TSPAN31 regulated the proliferation, migration, and apoptosis 
levels of GC cells. We further searched the GEPIA database (http://ge 
pia.cancer-pku.cn/) and found that TSPAN31 was co-expressed with 
METTL1 and CCT2 in GC; moreover, a series of in vitro experiments 
confirmed that the expression levels of TSPAN31 and METTL1 or CCT2 
were significantly positively correlated, which indicated that TSPAN31 
may regulate GC development through METTL1/CCT2. A previous study 
showed that many cytogenetic abnormalities in the region of chromo-
some 12q13-q15, mainly the amplification of chromosome 12, were 
closely related to the development of well-differentiated lipoma. Many 
genes with carcinogenic potential have been detected in the region of 
chromosome 12q14-q15, including MDM2, CDK4, HMGA2, and 
TSPAN31. METTL1 is a flanking gene of CDK4 and CCT2 is a flanking 
gene of MDM2 [22–25]. TSPAN31 may regulate the malignant pheno-
type of GC cells through regulate expression of METTL1 and CCT2. The 
abnormal expression of m6A-related genes in GC, such as FTO and 
WTAP, is closely related to the prognosis of patients with GC [26]. 
Through the bioinformatics website (http://rna.sysu.edu.cn/rmbase/), 
we further found that TSPAN31 had a methylation site with a high 
predictive score on chromosome 12, and we speculated that TSPAN31 
may be regulated by some m6A-related genes in GC and played a relative 

Fig. 4. TSPAN31 regulates the migration of GC cells. (A and B) The longitudinal migration capacity of GC cells transfected with siTSPAN31 and Lv-TSPAN31 OE 
was determined by the Transwell assay (magnification: 100×). (C and D) The lateral migration capacity of GC cells transfected with siTSPAN31 and Lv-TSPAN31 OE 
was determined by the wound healing assay (magnification: 100×) (*P < 0.05; **P < 0.01; ***P < 0.001). 
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biological role. TSPAN31 is the natural antisense transcript of CDK4, and 
natural antisense transcripts may play a variety of regulatory functions 
through transcriptional interference at the transcriptional level [27]. 
The PI3K/Akt/mTOR pathway is the key upstream regulator of CDK4 
[28]. Previous studies have found that PI3K/Akt/mTOR can participate 
in the malignant progression of gastric cancer through Long noncoding 
RNA TPPO-AS1/Mir-126-5p/BRCC3 axis [29]. It has also been found 
that PI3K/Akt/mTOR can regulate the proliferation, migration and in-
vasion of gastric cancer through m6A modification mediated by meth-
yltransferase METTL14 [30], Shu et al. found that BCAT1 is involved in 
the angiogenesis and tumorigenesis of gastric cancer by activating the 
PI3K/AKT/mTOR pathway [31]. These results suggest that 
PI3K/Akt/mTOR also plays a vital biological role in gastric cancer. The 
effect of TSPAN31 on the malignant phenotype of GC is probably 
regulated by the PI3K/Akt/mTOR pathway. 

METTL1 (methyltransferase-like 1) is a tRNA and miRNA modifica-
tion enzyme that catalyzes the 7-methylguanosine (m7G) modification 
of tRNA and miRNA in mammalian cells [32,33]. In recent years, several 
studies have been conducted to elucidate the role of METTL1 in human 
malignant tumors. Previous studies have shown that METTL1 played an 
important biological function in human malignancies such as liver 
cancer [34], colorectal cancer [35], and lung cancer [36], including cell 
proliferation, cell migration, cell invasion, and cell apoptosis. In the 
present study, we found that METTL1 was highly expressed in GC and 
participated in the regulation of the proliferation, migration, and 
apoptosis of GC cells. This regulatory ability may be mediated by 
TSPAN31. 

CCT (T-complex protein-1 ring complex) is an important eukaryotic 
chaperonin protein with a molecular weight of 1 MDa; it contains a 
double ring structure, and each ring has a central hole [37]. Each loop 
contains eight homologous but different structural subunits (CCT1-8). 
Each subunit is approximately 60 kDa in size and contains three do-
mains: apical, intermediate, and equatorial [38,39]. Previous studies 
have shown that each subunit of CCT played an independent function 
[40]. Among these subunits, CCT2 is a molecular chaperone that helps 
many proteins to fold correctly and is particularly important for main-
taining the dynamic balance of cell stability [41]. Previous studies have 
reported that CCT2 was highly correlated with tumorigenesis, tumor 
progression, and prognosis of several human malignant tumors, 
including liver cancer and colorectal cancer [42,43]. However, few 
studies have been conducted on the role of CCT2 in GC. The present 
study found that CCT2 was involved in the regulation of proliferation, 
migration, and apoptosis of GC cells. We also found that this regulatory 
mechanism may be closely related to the expression level of TSPAN31. 

The biological functions and related molecular mechanisms of 
METTL1 and CCT2 in GC, however, for the same molecule, the predicted 
results of these databases may be different, mainly due to the differences 
in data source, sample size and cutoff value, the effect of TSPAN31 on 
the overall survival rate of gastric cancer patients remains to be further 
explored. Our study showed that TSAPN31, METTL1, and CCT2 played 
the function of oncogenes in GC and their regulation of the malignant 
progression of GC may be achieved through mutual expression. More-
over, TSPAN31 was found to may regulate METTL1 or CCT2 in malig-
nant phenotypes of GC. This may be related to the fact that METTL1 and 

Fig. 5. TSPAN31 and METTL1/CCT2 expression levels are positively correlated. (A) The String database was used to predict the genes that might be co- 
expressed with TSPAN31. (B) The expression levels of METTL1 and CCT2 in GC were analyzed by the GEPIA database. (C) The expression levels of METTL1 and 
CCT2 in 37 pairs of GC tissues were detected by qRT-PCR. (D) The relationship between the expression levels of TSPAN31 and METTL1, TSPAN31 and CCT2, and 
METTL1 and CCT2 in GC was determined by the GEPIA database. (E) The correlation of the expression levels between TSPAN31 and METTL1, TSPAN31 and CCT2, 
and METTL1 and CCT2 in GC was analyzed by Pearson’s correlation method. (F and G) After the downregulation or upregulation of TSPAN31 in GC cells, the 
expression levels of METTL1 and CCT2 were detected by qRT-PCR. (H and I) Western blot was used to detect the protein expression levels of METTL1 and CCT2 after 
TSPAN31 downregulation or upregulation. (J) The protein expression level of METTL1 after GC cells were transfected with shCCT2 or CCT2 OE (K) The protein 
expression level of CCT2 after GC cells were transfected with sh METTL1 or METTL1 OE (*P < 0.05;**P < 0.01; ***P < 0.001). 
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CCT2 are flanking genes of oncogenes which are enriched on chromo-
some 12q14-q15. However, the mechanism of interaction of TSAPN31, 
METTL1, and CCT2 has not been thoroughly investigated in this study 
and should be further explored in future studies. 

Conclusion 

In conclusion, TSPAN31 was highly expressed in GC. The high 
expression of TSPAN31 in GC tissues led to poor prognosis of patients 
with GC, as it could promote the malignant phenotype of GC. TSPAN31 
expression was significantly positively correlated with the expression 
levels of METTL1 and CCT2 in GC. Thus, the TSPAN31/METTL1/CCT2 
pathway may co-regulate tumor progression in GC. 
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