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Background: The present study aimed to identify key differentially expressed genes (DEGs) and miRNAs 
(DEmiRNAs) in gastric adenocarcinoma.
Methods: We performed integrated analysis to determine DEGs and DEmiRNAs of gastric 
adenocarcinoma based on the GEO database. A DEmiRNA-target interaction network was established. GO 
and KEGG pathway enrichment analyses were utilized. Then, MKN45 cells were transfected with shRNA-
RAB23 to knock down the expression of RAB23. CCK-8, transwell and flow cytometry assays were utilized 
to measure the capacities for cell proliferation, migration and apoptosis, and the apoptosis-related gene and 
protein levels were measured by using polymerase chain reaction (PCR) and Western blot, respectively. 
Colocalization analysis of Snc1 with the vesicular protein VAMP3 and the endoplasmic reticulum protein 
Calnexin was performed to assess the influence of RAB23 on vesicle transport. Finally, we performed 
metabolomic analysis by using gas chromatography mass spectrometry (GC-MS). 
Results: We performed MMIA of gastric adenocarcinoma based on two miRNA datasets and two mRNA 
datasets. A total of 4,586 DEmRNAs and 30 DEmiRNAs were obtained. The DEmRNAs of gastric 
adenocarcinoma were significantly enriched in PI3K/Akt signaling. We identified three interactions, hsa-
miR-23a-3p-PTPN4, hsa-miR-20b-5p (hsa-miR-130a-3p)-TNFRSF10B, and hsa-miR-130a-3p (hsa-miR-
363-3p)-RAB23, that may be related to the pathogenesis of gastric adenocarcinoma. The growth of MKN45 
cells was inhibited by RAB23 knockdown via shRNA-RAB23 transfection. Metabolic analysis of three groups 
revealed a number of significantly altered metabolites, including glycerol, niacinamide, and nonadecanoic 
acid methylester.
Conclusions: RAB23 might be a target gene of hsa-miR-130a-3p and hsa-miR-363-3p. In gastric 
adenocarcinoma cells, knockdown of RAB23 inhibited cell proliferation, migration, and invasion and 
increased apoptosis by downregulating the PI3K/Akt pathway.
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Introduction

Gastric cancer, a common and pernicious disease, is the 
third most common cause of cancer death worldwide. 
Morbidity and mortality differ geographically, with 
East Asia having the highest mortality and morbidity 

(1,2). The 5-year survival rate is more than 90% if the 
tumor is diagnosed at a very early stage and resected. 
Nevertheless, early stages of gas chromatography (GC) 
are usually asymptomatic, and if patients are diagnosed 
at advanced stage, the 5-year survival rate is reduced to 

745

https://crossmark.crossref.org/dialog/?doi=10.21037/atm.2019.11.130


Chen et al. The role of RAB23 in gastric adenocarcinoma

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(23):745 | http://dx.doi.org/10.21037/atm.2019.11.130

Page 2 of 13

20% (3). Therefore, the development of early noninvasive 
biomarkers is essential for the early diagnosis of GC, which 
may improve the prognosis of GC.

Gastroscopy is widely used for early screening, but it is 
invasive, uncomfortable and expensive. Some valid ways to 
enhance prognosis are to identify early cancerous changes 
and metastases, to study the molecular mechanism of cancer 
occurrence, and to find biomarkers for the early diagnosis of 
GC. RAB23 is associated with the occurrence and metastasis 
of tumors (4). Recently, numerous studies have indicated 
that RAB23 is upregulated in renal cell carcinoma (5), 
hepatocellular carcinoma (6), osteosarcoma (7), esophageal 
squamous cell carcinoma (8) and bladder cancer (9), which 
are regulated by miR-384, miR-16, miR-802, miR-665 and 
miR-92b. According to our integrated microarray analysis, 
RAB23 is upregulated in the tissues of patients with gastric 
adenocarcinoma and involved in the PI3K-Akt signaling 
pathway and intracellular vesicle processes. Furthermore, 
RAB23 was a predicted target of hsa-miR-130a-3p and hsa-
miR-363-3p and was dysregulated in the tissues of patients 
with gastric adenocarcinoma. To further research the roles 
of RAB23 in gastric adenocarcinoma, MKN45 cells were 
transfected with shRNA-RAB23 to inhibit the expression of 
RAB23.

Thus, we aimed to determine the expression of RAB23 
in GC, analyze the association between RAB23 expression 
and tumor progression, and further explore the possible 
underlying mechanism. We found that RAB23 was elevated 
in GC, was related to the diagnosis of GC, and was 
regulated by hsa-miR-130a-3p and hsa-miR-363-3p and 
that RAB23 knockdown by shRNA interference reduced 
proliferation and migration and enhanced apoptosis by 
suppressing the activation of PI3K/Akt signaling in gastric 
cancer.

Methods

Identification of differentially expressed mRNAs 
(DEmRNAs) and miRNAs (DEmiRNAs)

Based on the GEO database, we downloaded mRNA data 
from 104 samples (75 tumor tissues and 29 normal tissues) 
and miRNA data from 79 samples, including 66 tumor 
tissues and 13 normal tissues. MetaMA is an R package 
that performs meta-analysis methods for microarrays. The 
method used to merge p values was the inverse normal 
method. Multiple comparisons correction was performed to 
obtain the values of the false discovery rate (FDR) with the 

Benjamini & Hochberg method (10).

Protein-protein interaction (PPI) network

Next, we established the PPI network by using Biological 
General Repository for Interaction Datasets (BioGRID) (11)  
and Cytoscape (12) on the top 50 DEmRNAs between 
tumor tissues and normal tissues. Proteins with a degree of 
≥30 were defined as hub proteins of the PPI network.

Detection of DEmiRNAs

To further investigate the correlation between DEmiRNAs 
and DEmRNAs, we obtained DEmiRNA-DEmRNA 
interaction pairs (including downregulated DEmiRNA-
upregulated DEmRNA pairs and upregulated DEmiRNA-
downregulated DEmRNA pairs) in tumor tissues vs. normal 
tissues. Detection of the target gene was performed as 
previously described (13).

Functional annotation of target genes

To explore the biological function of the target genes, we 
used WebGestalt to analyze all the DEmRNAs and target 
genes identified via the GO functional classification and 
the KEGG biochemical pathway analyses (http://www.
webgestalt.org/option.php) (14).

Survival analysis for RAB23

The prognostic value of RAB23 was analyzed using 
OncoLnc (http://www.oncolnc.org/). Patients were divided 
into high-level and low-level groups based on the median 
value of RAB23. The overall survival (OS) rates of the 
patients in the high-level and low-level RAB23 groups were 
evaluated using Kaplan-Meier analysis (gepia.cancer-pku.
cn/detail.php?gene=&clicktag=survival).

Cell culture 

To validate the effect of selected DEmiRNAs and 
DEmRNAs on gastric cancer cells in vitro, we obtained 
the human gastric cancer cell line MKN45 from the Key 
Laboratory of Digestive Tract Malignancy, Ministry of 
Education of Fujian Medical University (Shanghai, China). 
Cells were transfected with shRNA-RAB23 (RAB23 
knockdown, RAB23-KD) or shRNA negative control (NC). 
Cells with no treatment were used to determine background 



Annals of Translational Medicine, Vol 7, No 23 December 2019 Page 3 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(23):745 | http://dx.doi.org/10.21037/atm.2019.11.130

effects (the blank group).

Plasmid construction and transfection

Total  RNA was  i so la ted  f rom MKN45 ce l l s  and 
r e v e r s e  t r a n s c r i b e d  i n t o  c o m p l e m e n t a r y  D N A 
(cDNA). The primer sequences of RAB23 were 5 ′‐
TGACTGCGCACTTGGAATAGT‐3′ (forward) and 
5′‐CATAACCACGGGGCCCTAAG‐3′ (reverse). The 
sequences of shRNA-7350, shRNA-7351, shRNA-7352 
and shRNA-7353 were obtained from Oligobio. Cells were 
transfected with shRNA-7350, shRNA-7351, shRNA-7352 
and shRNA-7353 or shRNA NC. 

Cell proliferation, migration and apoptosis assays

Cell viability was detected using the Cell Counting Kit-
8 (CCK-8) (Sigma-Aldrich, USA). We added 10 µL of the 
CCK8 reagent (Solarbio Science & Technology, Beijing, 
China) to every well, and then the cells were incubated for 
90 min at 37 ℃. We measured the OD value at 450 nm 
every 24 h (15).

We used transwell chambers to evaluate cell migration 
and invasion. Cells were digested with trypsin and 
resuspended in culture medium without serum, and 
approximately 1×104 cells were added to the upper chamber. 
Subsequently, the cells were incubated for 24 h, and the 
invasive cells were fixed using 4% paraformaldehyde and 
then stained with 0.1% crystal violet for 5 min. Finally, we 
imaged and counted the invasive cells.

Flow cytometry was utilized to evaluate cell apoptosis 
via the Annexin V-FITC-PI Apoptosis Detection Kit. Cells 
were analyzed via a FACSCalibur and a BD FACSDiva.

Quantitative reverse transcription PCR (RT-PCR) and 
Western blot

Using the SYBR Master Mixture, we detected the 
expression of mRNAs. Western blot assays were performed 
to detect the relative expression of RAB23, Bcl-2, Rac1 
and PI3K. RIPA Lysis Buffer was utilized to lyse cells to 
extract proteins. This assay was performed as previously 
described (16).

Metabolomic analysis of gastric cancer cells using gas 
chromatography mass spectrometry (GC-MS)

To identify the influence of RAB23 on the metabolism of 

gastric cancer cells, we performed GC-MS analysis by using 
a GCMS-QP2010 Ultra with a DB-5MS capillary column. 
The temperature programming was as follows: the initial 
temperature of the column oven was 90 ℃; the temperature 
was kept here for 0.2 min and then was increased by  
10 ℃/min to 180 ℃, 5 ℃/min to 240 ℃, and 20 ℃/min to 
280 ℃; the temperature was then held at 280 ℃ for 11 min. 
The raw data from the GC/MS experiments were imported 
into the Shimadzu GC solution software for analysis, 
including peak extraction, denoising, and deconvolution, 
and metabolites were characterized using the Fiehn Lab 
database.

Immunofluorescence

To assess the influence of RAB23 on vesicle transport, we 
performed colocalization analysis of Snc1, the vesicular 
protein VAMP3 and the endoplasmic reticulum protein 
Calnexin. Cells were fixed in 4% paraformaldehyde for  
15 min and then incubated at 4 ℃ in PBS with 0.5% Triton 
X-100 for 3 min. Subsequently, 3% bovine serum albumin 
was used to block cells three times (5 min per time) at 
room temperature in PBS. We used immunofluorescence 
to detect protein expression at 4 ℃ overnight. Next, cells 
were incubated with secondary antibodies for 30 min at 
room temperature. Nuclei were counterstained with DAPI 
(Beyotime; Shanghai, China), and images were captured 
using an upright fluorescence microscope (DM3000; Leica, 
Solms, Germany) at room temperature (17).

Results

Identification of DEmRNAs and DEmiRNAs between 
gastric carcinoma tissues and adjacent normal tissues

Two datasets (GSE79973 and GSE13861) of mRNAs and 
two datasets (GSE94882 and GSE26595) of miRNAs 
were used in our study. Compared with adjacent normal 
tissues, 4,586 DEmRNAs were identified in tumor 
tissues, including 2,606 upregulated DEmRNAs and  
1,980 downregulated DEmRNAs. The top 100 upregulated 
and downregulated DEmRNAs are displayed in Figure S1A. 
Furthermore, a total of 30 DEmiRNAs (15 upregulated and 
15 downregulated) were obtained. A hierarchical clustering 
map of DEmiRNAs is shown in Figure S1B. The details of 
the top 20 DEmRNAs and DEmiRNAs between gastric 
carcinoma tissues and adjacent normal tissues are shown in 
Tables S1,S2.
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PPI network

The PPI network consisted of 586 nodes and 650 edges 
(Figure S2). Five hub proteins, including ENO1 (degree 
=69), HDGF (degree =66), CDK4 (degree =50), KPNA2 
(degree =45) and ATP4A (degree =32), were identified 
according to the PPI network.

DEmiRNA-DEmRNA interaction network

A total of 5,091 DEmiRNA-DEmRNA pairs were obtained 
(Figure 1). Among these, 705 downregulated DEmiRNA-
upregulated DEmRNA pairs and 592 upregulated 
DEmiRNA-downregulated DEmRNA pairs were predicted 
by ≥4 algorithms, and 667 validated downregulated 
DEmiRNA-upregulated DEmRNA pairs (Figure 1A) and 
302 upregulated DEmiRNA-downregulated DEmRNA 
pairs (Figure 1B) were derived from miRWalk. Among 
these, hsa-miR-130a-3p (18) and hsa-miR-363-3p (19) were 
predicted to regulate the expression of RAB23 and were 
found to be related to gastric cancer after searching the 
literature. Therefore, RAB23 was selected as the focus of 
subsequent experiments.

Functional annotation of DEmiRNA targets

In Figure 2A,B,C, based on the GO enrichment analysis, 
cell proliferation (FDR =0), regulation of cell proliferation 
(FDR =2.85E-12), vesicle-mediated transport (FDR 
=0.003872877), endoplasmic reticulum (FDR =0), catalytic 
complex (FDR =5.72E-14), cytoplasmic vesicle (FDR 
=6.95E-12) and intracellular vesicle (FDR =6.95E-12) were 
the most significantly enriched GO terms in gastric cancer. 
The PI3K-Akt signaling pathway (FDR =0.002893618) 
and ECM-receptor interaction (FDR =0.002893618) 
were two significantly enriched pathways in gastric cancer  
(Figure 2D). TNFRSF10B (20) and HIPK2 (20,21) were 
enriched in the cell proliferation and regulation of cell 
proliferation terms. RAB23 (22) was enriched in the 
cytoplasmic vesicle and intracellular vesicle terms. The 
Kaplan-Meier survival curves of 378 GC cases showed 
that RAB23 was not significantly (P=0.0921) related to the 
prognosis of GC (Figure S3).

RAB23 knockdown inhibits the growth capacity and cell 
migration of gastric cancer in vitro

We transfected the gastric cancer cell line MKN45 

with shRNA-7350, shRNA-7351, shRNA-7352 and 
shRNA-7353 or shRNA NC to inhibit the expression of 
RAB23. The expression level of RAB23 was significantly 
blocked by shRNA-7351 and shRNA-7353 in MKN45 cells 
(P<0.01, Figure 3A), and shRNA-7353 (RAB23 knockdown, 
RAB23-KD) was used for subsequent experiments.

To examine the proliferative effect of RAB23 on gastric 
cancer cells, we utilized the gastric cancer cell line MKN45 
for transfection with RAB23 shRNA-7353 to inhibit the 
expression of RAB23. Cell proliferation was determined by 
CCK8 assay. As presented in Figure 3B, the cell viability was 
decreased in RAB23-deficient MKN45 cells.

A transwell assay was performed to determine whether 
RAB23 affected tumor metastasis. As shown in Figure 3C, 
cell migration was slightly decreased in MKN45 cells. We 
observed that the RAB23-knockdown group did not have 
a changed apoptosis rate compared with the NC group or 
blank group (P>0.05, Figure 3D).

RAB23 knockdown inhibits the activation of the PI3K/Akt 
pathway in gastric cancer

To investigate the mechanism by which RAB23 affects 
gastric cancer progression, we investigated the changes in 
the PI3K/Akt pathway after RAB23 knockdown in MKN45 
cells. As the qPCR and Western blot results suggest, RAB23 
knockdown significantly reduced the expression level of 
Bcl-2 and the tumor angiogenesis-promoting protein 
Rac1. There was no significant change in the level of PI3K 
protein or PI3K phosphorylation, RAB23 knockdown also 
significantly reduced the expression of CD44v6, MMP9 
and VEGF (Figure 4). Additionally, immunofluorescence 
staining revealed that RAB23 influenced vesicle transport 
(Figure 5).

GC/MS metabolic profiling

Typical GC/MS TIC chromatograms of MKN45 cells with 
three different treatments and the matched normal control 
are shown in Figure 6A. As shown in Figure 6B, a total of  
56 endogenous metabolites, including glycerol, niacinamide, 
and nonadecanoic acid methylester, were detected 
sequentially.

Discussion

Despite the development of diagnostic techniques and 
treatment methods for gastric adenocarcinoma, most 
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Figure 1 DEmiRNA-mRNA interaction network. (A) Six hundred and sixty-seven validated downregulated DEmiRNAs-upregulated 
DEmRNAs pairs; (B) 302 upregulated DEmiRNAs-downregulated DEmRNAs pairs. The rhombus represents DEmiRNAs, and the 
ellipse represents the target DEGs. Red colour represent upregulated DEmiRNAs or DEmRNAs, green colour represent downregulated 
DEmiRNAs or DEmRNAs. The lines indicate miRNAs-targets pairs with correlations. DEmiRNA, differentially expressed miRNA; 
DEmRNA, differentially expressed mRNA.
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Figure 2 The top 15 most significantly enriched GO terms and KEGG pathways of target DEGs in gastric adenocarcinoma. The x-axis 
shows −log P and y-axis shows the terms of GO and KEGG. (A) Biological process. (B) cellular component; (C) molecular function; (D) 
KEGG.
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Figure 3 RAB23 knockdown inhibits cell migration and invasion, promotes apoptosis of gastric cancer cells. (A) Expression of RAB23 
in MKN45 cell with or without shRNA. (B) cell proliferation of MKN45 cell with or without shRNA-7353 from CCK8 assay; (C) 
cell migration of MKN45 cell with or without shRNA-7353 was assessed using Transwell assay. (0.1% crystal violet staining, 400× 
magnification); (D) cell apoptosis of MKN45 cell with or without shRNA-7353 was evaluated using flow cytometry assay. Blank: cells 
without any treatment; NC: negative control, cells transfected with siRNA negative control; Rab23-KD: cells transfected with shRNA-
RAB23. shRNA-7350, shRNA-7351, shRNA-7352 and shRNA-7353: cells transfected with shRNA-7350, shRNA-7351, shRNA-7352 and 
shRNA-7353. Results are from three repeated experiments. **, P<0.01; ***, P<0.001. 
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Figure 4 Expression of genes and proteins in MKN45 cell with or without shRNA-7353 by Western blot and RT-PCR. (A) the gene 
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patients are diagnosed with disease at an advanced stage (23). 
As a consequence, the 5-year survival rate is extremely poor, 
at <10%, and this diagnosis at an advanced stage is partially 
due to a lack of identified early-stage diagnostic markers 
and efficient monitoring methods for cancer progression. 
In the present study, after integrated analysis, RAB23 was 
indicated to be upregulated in gastric adenocarcinoma 
tissues compared to normal tissues, and this upregulation 
was affected by hsa-miR-130a-3p and hsa-miR-363-3p. 
We speculated that RAB23 may be a potential noninvasive 
biomarker for the early diagnosis of gastric adenocarcinoma. 
To verify the function of RAB23 in gastric adenocarcinoma 
cells, MKN45 cells were transfected with shRNA-
RAB23 to inhibit the expression of RAB23. Cell Counting  
Kit-8, transwell and flow cytometry assays were utilized to 
measure the cell proliferation, migration and apoptosis rate 
of cells, and gene and apoptosis-related protein expression 
levels were determined using PCR and Western blot assays.

In this study, we constructed a DEmRNAs-DEmiRNAs 
interaction network and identified several DEmRNA-
DEmiRNA pairs involved in gastric adenocarcinoma. Based 
on the interaction network in this study, we identified 
three interactions, hsa-miR-23a-3p-PTPN4, hsa-miR-20b-
5p (hsa-miR-130a-3p)-TNFRSF10B, and hsa-miR-130a-
3p (hsa-miR-363-3p)-RAB23, that may be related to the 
pathogenesis of gastric adenocarcinoma.

PTPN4 is related to signal transduction, which regulates 
cell growth and differentiation, and regulates cell functions 
that promote apoptosis (24). The role of PTPN4 in tumors 
has rarely been discussed, and one study showed that it 
negatively regulated cell proliferation and the movement of 
HeLa and Hep3B cells (25). Zhu et al. reported that miR-
183 exerted a proinvasive effect by inhibiting the expression 
of PTPN4, which may be a new therapeutic target for 
inhibiting the metastasis of non-small-cell lung cancer 
tumor stem cells (26). In our present study, the decreased 
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Figure 6 Metabolomic analysis was performed by using GC-MS. GC-MS, gas chromatography mass spectrometry.

expression of PTPN4 in the tissues of patients with gastric 
adenocarcinoma compared to normal tissues was regulated 
by hsa-miR-23a-3p. This finding was in line with those of 
other studies and emphasized the significance of PTPN4 
in gastric adenocarcinoma. We speculated that PTPN4 was 
involved in gastric adenocarcinoma and that its role was 
regulated by hsa-miR-23a-3p.

It is evident that RAB23 overexpression plays a key role in 
malignant tumors (16). For instance, Jiang et al. (9) reported 
that overexpressed RAB23 increased cell growth and 
invasion by increasing NF-kappa B signal transduction. 
Jian et al. (27) also reported that RAB23 increased the 
migration and invasion of squamous cell carcinoma cells 

through the integrin 1/Rac1 pathway. More importantly, 
Hou et al. (22) found that RAB23 promoted tumor 
progression in GC. In our integrated analysis, RAB23 
was significantly upregulated in tissues of patients with 
gastric adenocarcinoma compared to normal tissues, 
and this increased expression was regulated by hsa-miR-
130a-3p and hsa-miR-363-3p based on the DEmiRNA-
DEmRNA interaction network. Furthermore, in the GO 
and KEGG analyses, we found that RAB23 was enriched 
in the GO terms “cytoplasmic vesicle” and “intracellular 
vesicle”. RAB23 was related to vesicle transport, as revealed 
by the immunofluorescence results. More relevant to our 
study, another recent report confirmed that RAB23 was an 
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upregulated gene in nonmalignant gastric tissue compared 
to normal gastric mucosa (28). These findings confirm 
that upregulated RAB23 may be related to an early stage of 
gastric carcinogenesis due to atrophic gastritis, which may 
increase the risk of GC. Importantly, Bin et al. (29) indicated 
that miR-367 overexpression inhibited the metastasis and 
invasion of gastric cancer by directly regulating RAB23. All 
of these data demonstrate the important role of RAB23 in 
the pathogenesis of gastric adenocarcinoma.

Rac1 is a member of the Rac subfamily of the Rho 
family. Abnormal activation of GTPases has been shown to 
promote cancer cell movement, invasion and metastasis in 
several cancers (30). Jian et al. found that Rac1 activation 
was crucial for Rab23-induced hepatocellular carcinoma 
cell migration. Upregulated Rab23 efficiently increased 
the active Rac1 levels, while silencing Rab23 decreased 
Rac1 activation. When Rac1 was silenced, the increased 
Hep3B cell migration induced by Rab23 expression was 
significantly attenuated. In squamous cell carcinoma cells, 
Rab23 promoted migration and invasion by regulating 
the integrin β1/Tiam1/Rac1 pathway (27), and Rab23 
promoted migration and invasion by regulating NF-κB in 
bladder cancer (9). In the present study, RAB23 knockdown 
significantly reduced the expression level of Rac1. These 
findings demonstrated that Rab23 promoted gastric cancer 
cell migration via the PI3K-Akt signaling pathway by 
activating Rac1. We also speculate that Rab23 promotes the 
proliferation and metastasis of GC via multiple mechanisms 
and that Rab23 might be a useful molecular therapeutic 
target for gastric cancer. More studies should be performed 
to explore the regulation of Rab23 in gastric cancer.

Based on the GO and KEGG enrichment analyses, 
we found that the intracellular vesicle, vesicle-mediated 
transport and the PI3K-Akt signaling pathways were the 
most enriched pathways, and RAB23 was enriched in 
the GO term intracellular vesicle. Abnormal PI3K/AKT 
signaling can cause cancer and other diseases. The PI3K-
Akt signaling pathway regulates basic cellular functions 
such as transcription, translation, proliferation, growth and 
survival. Bcl-2 and Rac1 are involved in these processes (31). 
As originally reported by Wu et al. (32), the PI3K/AKT 
signaling pathway was found to be involved in cell migration 
in vitro and metastasis in vivo in gastric cancer. In the GO 
and KEGG analyses, the PI3K-Akt signaling pathway was 
the most significantly enriched pathway. Our in vitro study 
indicated that RAB23 knockdown significantly reduced 
the expression of Bcl-2 and the tumor angiogenesis-
promoting protein Rac1. There was no significant change 

in the level of PI3K protein or PI3K phosphorylation. Our 
immunofluorescence analysis also revealed that RAB23 
knockdown affected vesicle transport. RAB23 was enriched 
in the GO term intracellular vesicle. The Rab protein 
is considered to be one of the crucial protein molecules 
involved in vesicle transport. Muniz et al. (33) found that in 
pancreatic cancer, the overexpression of RABL6A protein 
can promote the proliferation of tumor cells. Lin et al. (2) 
found that Rab25 regulated vesicle transport by changing 
the conformation of guanosine triphosphate, which plays 
an important role in the development of ovarian cancer. 
Jacob et al. (34) found that Rab40b was involved in the 
metastasis of breast cancer by regulating vesicle transport. 
Based on these findings, we speculated that hsa-miR-130a-
3p and hsa-miR-363-3p regulate the expression of RAB23 
and affect the vesicle transport-related pathways in gastric 
cancer cells.

The results from the metabolic analysis revealed 
significantly altered metabolites, including glycerol, 
niacinamide,  nonadecanoic  acid methylester  and 
methionine. Glycerol may serve a crucial purpose in cell 
growth and vitality by leading to the production of ATP 
and lipids (35,36). Studies have shown that damage to 
glycerin uptake leads to loss of T cell activity, which can 
be reversed by glycerin administration (35). We found that 
RAB23 deficiency partially blocked glycerol uptake, and 
the decrease was associated with proliferation, injury and 
lipid synthesis. As mentioned earlier, there are significant 
differences in circulating levels of endogenous metabolites 
such as fatty acids, organic acids, carbohydrates, amino acids 
and steroids in patients with GC (37-39). These variations 
may indicate that the metabolism of tumor cells disrupts 
several metabolic pathways in patients.

In conclusion, we present evidence of the significance of 
RAB23 as a diagnostic marker and a therapeutic target for 
human gastric adenocarcinoma. The PI3K/AKT pathway 
is involved in promoting cell growth, inhibiting apoptosis, 
promoting cell migration, and carrying out RAB23-
mediated metabolic changes and is important for the 
etiology of the disease.
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Table S1 Top 20 differentially expressed mRNAs between gastric carcinoma tissues and adjacent normal tissues

ID Symbol Combined.ES P value FDR UpDown

9076 CLDN1 2.518676164 0 0 Up

7070 THY1 2.395677941 0 0 Up

55959 SULF2 2.383579003 0 0 Up

1366 CLDN7 2.327402034 0 0 Up

7076 TIMP1 2.232796835 0 0 Up

51330 TNFRSF12A 2.191340955 2.22E-16 3.86E-14 Up

91461 PKDCC 2.1597033 8.88E-16 1.41E-13 Up

4913 NTHL1 2.122437085 1.33E-15 2.00E-13 Up

27043 PELP1 2.082010138 6.66E-15 8.78E-13 Up

26528 DAZAP1 2.074501176 7.11E-15 9.16E-13 Up

495 ATP4A −5.006828519 0 0 Down

2104 ESRRG −4.226611973 0 0 Down

135892 TRIM50 −4.066034428 0 0 Down

887 CCKBR −4.023543347 0 0 Down

2694 GIF −3.992196723 0 0 Down

9992 KCNE2 −3.842617254 0 0 Down

1358 CPA2 −3.819030328 0 0 Down

440556 LINC00982 −3.616788411 0 0 Down

4118 MAL −3.472888379 0 0 Down

222235 FBXL13 −3.462400246 0 0 Down

FDR, false discovery rate.
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Figure S1 Heat-map image displaying the top 100 DEGs and DEmiRNAs that were significantly up-regulated or down-regulated 
(P<0.05) in gastric adenocarcinoma tissues compared to normal tissues. (A) DEGs; (B) DEmiRNAs. DEGs, differentially expressed genes; 
DEmiRNA, differentially expressed miRNA.
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Figure S3 Overall survival analysis in GAC based on the TCGA 
data as determined by. Survival curves of RAB23 by univariate Cox 
regression analysis. Kaplan-Meier estimates (log-rank test) were 
made and found the expression of RAB23.

Figure S2 GC-specific protein-protein interaction network. Red and green ellipses represent proteins encoded by up- and down-regulated 
DEGs, respectively. Edges indicate integrations between proteins. Blue ellipses represent other proteins. DEGs, differentially expressed 
genes; GC, gas chromatography.



Table S2 Top 20 differentially expressed miRNAs between gastric carcinoma tissues and adjacent normal tissues

Symbol Combined.ES P value FDR UpDown

hsa-miR-135b-5p 2.411406499 5.33E-10 3.67E-08 Up

hsa-miR-425-5p 1.954423418 1.74E-07 4.80E-06 Up

hsa-miR-181c-5p 1.901387702 3.32E-07 7.55E-06 Up

hsa-miR-23a-3p 1.576200036 7.96E-06 0.000109866 Up

hsa-miR-197-3p 1.438758908 4.14E-05 0.000412366 Up

hsa-miR-181b-5p 1.484959414 4.18E-05 0.000412366 Up

hsa-miR-224-5p 1.433213685 4.54E-05 0.000417767 Up

hsa-miR-10a-5p 1.491875273 5.99E-05 0.000470771 Up

hsa-miR-18a-3p 1.368261508 0.000168255 0.001105673 Up

hsa-miR-214-3p 1.161427594 0.00122815 0.006053026 Up

hsa-miR-204-5p −3.086768205 5.41E-13 7.47E-11 Down

hsa-miR-363-3p −2.190803804 1.43E-08 6.58E-07 Down

hsa-miR-30c-5p −2.080027306 7.95E-08 2.74E-06 Down

hsa-miR-20b-5p −1.867359692 7.05E-07 1.08E-05 Down

hsa-miR-29c-3p −1.524917472 2.05E-05 0.000257408 Down

hsa-miR-29b-3p −1.442591448 6.38E-05 0.000470771 Down

hsa-miR-186-5p −1.398074249 6.82E-05 0.000470771 Down

hsa-miR-133a −1.281172099 0.000325219 0.001951315 Down

hsa-miR-130a-3p −1.082787295 0.001224211 0.006053026 Down

hsa-miR-137 −1.126028682 0.001388646 0.006608037 Down

FDR, false discovery rate.


