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Purpose: Semaphorin 5A (SEMA5A) and autophagy-related genes (ARGs) are pivotal in the pathogenesis of gastric cancer (GC). 
However, the potential regulatory role of SEMA5A in autophagy via its associated ARGs and the underlying molecular mechanisms 
remain unresolved.
Patients and Methods: GC-related datasets from The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) were 
analyzed to identify differentially expressed genes (DEGs) between GC and control samples. The intersection of DEGs with ARGs 
produced candidate genes, which were further analyzed using Spearman correlation with SEMA5A to identify signature genes. 
Stratification of GC samples based on signature gene expression, followed by Kaplan-Meier survival analysis, identified key genes. 
Subsequent analyses, including gene set enrichment analysis (GSEA), immune infiltration, and immune checkpoint evaluation, were 
conducted on the key genes and SEMA5A. The mRNA expression level was quantified using real-time quantitative polymerase chain 
reaction (RT-qPCR).
Results: Ninety candidate genes were identified for Spearman correlation with SEMA5A, revealing TNFSF11, BMP6, ITPR1, and 
DLC1 with correlation coefficients exceeding 0.3. Survival analysis underscored DLC1 and BMP6 as key genes due to significant 
prognostic differences. GSEA implicated SEMA5A, BMP6, and DLC1 in the ECM receptor interaction pathway. Immune infiltration 
analysis indicated a negative correlation of SEMA5A and BMP6 with M1 macrophages, while DLC1 exhibited the strongest association 
with the immune checkpoint PDCD1LG2 (p < 0.05, cor = 0.43). The mRNA expression level of SEMA5A was significantly 
upregulated in AGS parental cells compared to GES-1 cells (p < 0.01), whereas DLC1 and BMP6 mRNA levels were markedly 
downregulated in AGS parental cells relative to GES-1 (p < 0.0001).
Conclusion: ARGs BMP6 and DLC1, associated with SEMA5A, were identified, and their prognostic significance in GC was 
demonstrated. Additionally, their regulatory mechanisms were further elucidated through immune infiltration analysis and molecular 
network construction, providing a theoretical foundation for future research on the molecular mechanisms in patients with GC.
Keywords: GC, SEMA5A, autophagy, ARGs, bioinformatics analysis

Introduction
Gastric cancer (GC) ranks as one of the most common malignancies globally, holding the fifth position in both morbidity 
and mortality.1 In China alone, approximately 480,000 incidence cases of GC and 370,000 related deaths occur annually, 
representing nearly half of the global burden of this disease. Despite notable advancements in GC research and clinical 
treatment, the majority of patients are diagnosed at an advanced stage, resulting in a 5-year survival rate of less than 
20%.2 Therefore, it is imperative to explore the risk factors and carcinogenic mechanisms associated with GC and to 
strengthen preventive measures and treatment strategies to lower the incidence and mortality rates.

Semaphorin 5A (SEMA5A), located on human chromosome 5p15.2, is a member of the semaphorin family, initially 
recognized for its role in central nervous system development across various species. SEMA5A exerts a repulsive effect 
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on neuronal axons, guiding their growth and preventing misrouting. While primarily identified as a nerve axon guidance 
molecule, its role in human tumorigenesis has been less studied.3 Our research group found that SEMA5A is upregulated 
in GC tissues and cells, where it promotes invasion and metastasis through the ERK/MMP9 and PI3K/Akt/uPA signaling 
pathways.4–7

Autophagy, a highly conserved process present in nearly all eukaryotic cells, plays a critical role in various 
physiological and pathological conditions, including maintaining cellular homeostasis, DNA damage repair, and regulat
ing metastasis in malignant tumors.8,9 Depending on the mechanism of lysosomal substrate transport, autophagy is 
categorized into macroautophagy, microautophagy, and molecular chaperone-mediated autophagy, with macroautophagy 
being the most extensively studied.10

Autophagy, a critical mechanism for maintaining cellular homeostasis, significantly influences the pathogenesis and 
progression of various malignant tumors, including GC.11 Research has shown that stomach cancer cells exhibit 
markedly elevated levels of autophagy, where essential substances necessary for GC cell survival are degraded, 
hindering the uptake of nutrients vital for their growth and division, ultimately leading to tumor cell death. This 
process represents an intrinsic inhibitory mechanism against tumor progression. The suppressive effect of autophagy 
on GC is further demonstrated by its ability to induce autophagy and mediate apoptosis, thereby effectively inhibiting 
GC cell proliferation. Conversely, the inhibition of autophagy may facilitate the onset and metastasis of GC.12,13 

Currently, the potential role of SEMA5A in mediating autophagy in GC, and the nature of its involvement, remains 
unreported in the literature, requiring further investigation and validation. Bioinformatics technology is increasingly 
utilized in the prognostic and mechanistic analysis of cancer. Gao et al14–16 through bioinformatics analysis, identified 
key pathways affecting the survival and prognosis of patients with cancers, unveiling new biomarkers and therapeutic 
targets for cancer diagnosis, treatment, and prognostic evaluation, thus laying the foundation for more effective anti- 
gastrointestinal tumor strategies.

This study aims to investigate the regulatory mechanisms and immune microenvironment associated with SEMA5A 
and its related ARGs in GC through bioinformatics analysis, offering novel insights for the diagnosis, treatment, and 
prognosis of patients with GC.

Materials and Methods
Data Extraction
The Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/) and The Cancer Genome Atlas 
(TCGA) database (https://tcga-data.nci.nih.gov/tcga/) were the sources of the GC-related datasets. The TCGA database 
was used to obtain the transcriptome data associated to GC (including count and FPKM data), clinical, and survival 
information. After removing duplicate patient samples, the TCGA-GC contained 373 GC samples and 32 normal 
samples. To find DEGs, the TCGA-GC dataset was used. The external validation set GSE118916, comprising of 15 
normal samples and 15 GC samples, was used to verify the DEGs. A total of 757 ARGs were collected after duplicate 
genes were removed from the Gene Set Enrichment Analysis (GSEA) website (https://www.gsea-msigdb.org/gsea/index. 
jsp) and the Human Autophagy Database (HADb, http://www.autophagy.lu/index.html).

Correspondence Analysis of the SEMA5A Gene
We divided the GC samples into two categories: high expressed gene groups and low expressed gene groups based 
on the ideal threshold of expression, which were determined by the SEMA5A gene’s expression levels in the 
training set. We next assessed the predictive importance of SEMA5A in these two groups using Kaplan-Meier (K-M) 
survival analysis. Furthermore, we assessed the expression of the SEMA5A gene among GC samples with varying 
clinicopathological characteristics, taking into account the gender, age, TNM staging, and cancer stage of the GC 
patients in the training set. With the “DESeq2 (Version1.38.3)” and “Limma” packages, we assessed the expression 
of the SEMA5A gene in the GC group compared to the normal group in the TCGA-GC and GSE118916, 
respectively.17
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Identification of Candidate Genes
In this research, the differential expression genes (DEGs) in the training set between the GC and control groups were 
compared using the R programming language’s “DESeq2 (Version 1.38.3)”.18 The criteria for screening were p adj < 
0.05 and |log2FC| > 1. Additionally, candidate genes were produced by joining ARGs and DEGs.

Functional Enrichment Analysis of Candidate Genes
To understand the main metabolic and signaling pathways that are influenced by candidate genes. Using the 
“clusterProfiler (Version 4.4.4)” package, candidate genes were subjected to enrichment analyses for Kyoto 
Encyclopedia of Genes and Genomes (KEGG) and Gene ontology (GO) in order to find shared functions and linked 
pathways.19 Molecular functions (MF), biological processes (BP), and cellular components (CC) make up the three parts 
of the GO system. For both KEGG and GO enrichment analyses, the screening criterion of p<0.05 was applied, and the 
same cutoff was employed.

Identification of Key Genes
Using the SEMA5A gene as a candidate, we performed a spearman analysis. The study’s signature genes were found using 
the standards of |cor|>0.3 and p<0.05. Using the ideal threshold of the signature gene expression levels, we separated the GC 
samples in the training set into groups with high expressed genes and low expressed genes. We used the “survival (Version 
3.4–0)” program to perform K-M survival analysis on these groups in order to assess the predictive importance of each 
signature gene. Next, key genes were identified from the genes that showed substantial changes in survival between the high 
and low expression groups. Following that, the training set’s key genes’ expression trends and associations with SEMA5A 
were examined. Finally, based on a number of clinicopathological characteristics, including gender, age, cancer stage and 
TNM staging, the expression difference of key genes in different clinicopathological features was further explored.

Gene Set Enrichment Analysis (GSEA)
GO and KEGG enrichment analysis was performed using the R package “org.Hs.eg.db (Version 3.15.0)” and the R package 
“clusterProfiler” (Version 4.4.4) to investigate the biological mechanisms and signaling pathways linked to the SEMA5A 
gene and key genes.20 The reference datasets for the GSEA analysis were the GO: c5.go.v2022.1.Hs.entrez.gmt and KEGG: 
c2.cp.kegg.v2022.1.Hs.entrez.gmt gene set files, which were downloaded from the official GSEA website. Based on the 
median value of SEMA5A expression, GC samples were divided into groups for high expressed genes and low expressed 
genes. Following this, GSEA enrichment analysis was performed on all the genes in the categories of high expressed genes 
and low expressed genes, sorting the results based on differential gene expression. The following criteria were used to rank 
the analysis results: |NES| > 1, NOM p < 0.05, and q < 0.25.

Analysis of the Immune Microenvironment
Disease development is significantly influenced by alterations in the immunological environment of the body. To 
monitor the immune cell composition in the samples, we used CIBERSORT to assess the samples for immune 
infiltration. The differences in immune cell infiltration between the disease and normal groups, as well as between 
the groups with high and low expression of SEMA5A, BMP6, and DLC1, were compared using a t-test. The 
relationship between SEMA5A and key genes with distinct immune cells in each group was investigated using the 
spearman method. The differences in the expression of the eight immunological checkpoints between the groups of 
SEMA5A genes with high and low expression were next assessed, as well as the correlation of SEMA5A and key 
genes with differential immune checkpoints. Furthermore, in groups of high- and low-expressed genes, the 
ESTIMATEScore, ImmuneScore, and StromalScore were calculated using the ESTIMATE algorithm.

Construction of miRNA-mRNA-TF Network of Signature Genes
Through the use of microRNA response elements, co-construction of competitive endogenous RNA (ceRNA) networks can 
provide insight into interactions between various RNA molecules. To gain further insight into the function of important 
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genes in the onset and progression of disease. Competitive endogenous RNAs (ceRNAs) were created in this work to 
investigate the molecular processes of important genes. First, using the PicTar (http://pictar.mdc-berlin.de) and miRmap 
(https://mirmap.ezlab.org) databases, miRNAs for important genes were predicted. Next, based on clipExpNum ≧20, the 
lncRNA related to miRNA was predicted. Next, the mirnet database (https://www.mirnet.ca) was used to determine the 
transcription factors of important genes. Lastly, the TF-mRNA network of important genes and the ceRNAs regulatory 
network were built, respectively.

Cell Culture
In RPMI 1640 media, GES-1 and AGS were cultivated at 37°C, 5% CO2, and 10% PBS. Suzhou Hysigen Biotechnology 
Co., Ltd. was sold GES1. Wuhan Procell Life Sciences Co. was sold to AGS.

Real-Time Quantitative polymerase Chain Reaction (RT-qPCR)
Total RNA was extracted from cell line using Trizol reagent (Invitrogen). In accordance with the instructions, 5 μg of 
total RNA were used to create 10 μL of cDNA. The first cycle of RT-qPCR is conducted at 95°C with a 15-minute pre- 
denaturation period. Cycle 2: reaction, 95°C for 30 seconds, 60°C for 60 cycles. Cycle 3: Dissociation at 95°C; Cycle 4: 
Dissolution curve at 95°C. The RT-qPCR primers utilized were listed in Table 1. The relative expression of the RNA of 
interest was calculated using the 2−ΔΔCt method.

Statistical Analysis
R software was used for all bioinformatics analysis in this study. An ANOVA was used to evaluate the RT-qPCR results. 
A difference that was deemed significant was one with p<0.05.

Results
SEMA5A Was Correlated with GC Prognosis
To assess the role of the SEMA5A gene in GC, its expression levels were compared between the GC and control groups. 
Figure 1A and B reveals significant differences in SEMA5A expression, with elevated levels observed in the GC group of 
the training set, while the control group exhibited lower levels. This expression pattern in the validation set was 
consistent with that of the training set. Kaplan-Meier survival analysis indicated that patients with higher SEMA5A 
expression had a significantly poorer prognosis, in contrast to those with lower expression (Figure 1C).

Table 1 Primer Sequences for RT-qPCR

Genes Primer Sequences

SEMA5A F:5’-AAGATCCAGTAGCGTAGAAGAG-3’

R:5’-TGTTGATGTGGTTGGTTATGC-3’

DLC1 F:5’-GATCACTGAAGCAACGCAACC-3’
R:5’-ACAGACCCTCAACAAACAGGA-3’

BMP6 F:5’-GTCAGCGACACCACAAAGAG-3’

R:5’-ACACAGTCCTTGTAGATGCGG-3’
GAPDH F:5’-TGTTGCCATCAATGACCCCTT-3’

R:5’-CTCCACGACGTACTCAGCG-3’

Abbreviations: ARGs, autophagy-related genes; GC, gastric can
cer; TCGA, Cancer Genome Atlas; GEO, gene expression omni
bus; DEGs, differential expression genes; GSEA, gene set 
enrichment analysis; RT-qPCR, real-time quantitative polymerase 
chain reaction; HAD, human Autophagy; GSEA, gene set enrich
ment analysis; KEGG, Kyoto Encyclopedia of Genes and Genomes; 
CC, cellular components; MF, molecular functions; BP; biological 
process; ceRNA, competitive endogenous RNAs.
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Additionally, the relationship between SEMA5A expression and various clinicopathological features in the training set 
was examined, including gender, age, cancer stage, and TNM staging. The analysis, illustrated in Figure 1D, highlighted 
a notable difference in SEMA5A expression between T1 and T4 stages.

Identification of Candidate Genes
Following a differential analysis between GC and control samples, 5235 DEGs were identified, with 2683 genes 
upregulated and 2552 downregulated (Figure 2A and B). These DEGs were then intersected with ARGs, yielding 90 
candidate genes (Figure 2C).

Figure 1 The prognostic performance of the EMA5A gene is identified. (A)The TCGA dataset’s EMA5A gene expression levels. (B)The EMA5A gene’s expression levels in 
GSE118916 . (C) Kaplan-Meier survival curves for the SEMA5A gene in the TCGA dataset for high and low expression groups. (D)The EMA5A gene’s expression levels in 
clinicopathological traits (T stages). ns, no significance; * p < 0.05; ** p < 0.01; *** p < 0.001. **** p < 0.0001.
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Functional investigation of these candidate genes was conducted through GO and KEGG analyses. The GO 
enrichment analysis results, presented in Figure 2D, revealed that, in terms of biological processes, the candidate 
genes were associated with autophagy regulation, positive regulation of cellular catabolic processes, macroautophagy, 
and cellular responses to oxidative and chemical stress. Regarding cellular components, significant enrichment was 
observed in microtubules, intercellular bridges, polarized growth sites, plasma membrane rafts, and vacuolar proton- 
transporting V-type ATPase complexes. For molecular functions, the candidate genes were notably enriched in categories 
such as structural constituents of the cytoskeleton, receptor-ligand activity, signaling receptor activator activity, cytokine 
activity, and protein kinase inhibitor activity. KEGG analysis indicated significant enrichment of the candidate genes in 
pathways related to neurodegeneration, including various diseases, Salmonella infection, Pathogenic Escherichia coli 

Figure 2 Candidate genes linked to autophagy in GC identified. (A) The Volcano plot from differential expression analysis; blue indicates down-regulated gene expression 
and red indicates up-regulated gene expression. (B) A heatmap showing the genes that differ in expression (DEGs) between the GC and control groups in the TCGA 
dataset. (C) A Venn diagram used to identify potential genes. (D) GO and (E) Candidate of potential genes’ KEGG enrichment.
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infection, Amyotrophic lateral sclerosis, Cytokine-cytokine receptor interaction, EGFR tyrosine kinase inhibitor resis
tance, and Prion disease (Figure 2E).

BMP6 and DLC1 Were Identified as Key Genes
To identify signature genes, the candidate genes were analyzed using Spearman correlation with SEMA5A. Four genes 
(TNFSF11, BMP6, ITPR1, and DLC1) satisfied the criteria of |cor|>0.3 and p < 0.05 and were designated as signature 
genes for further analysis. As illustrated in Figure 3A, all signature genes exhibited a significant positive correlation with 
SEMA5A.

GC samples in the training set were categorized into high and low expression groups based on the optimal threshold 
of signature gene expression levels. Kaplan-Meier survival analysis revealed significant prognostic differences between 
the high and low expression groups for DLC1 and BMP6. However, no significant differences were observed between the 
expression groups for TNFSF11 and ITPR1 (Figure 3B–E). Consequently, BMP6 and DLC1 were identified as key genes. 
Notably, both DLC1 and BMP6 were significantly downregulated in the GC groups and showed a strong correlation with 
SEMA5A (BMP6: p < 0.05, cor = 0.3315; DLC1: p < 0.05, cor = 0.3816) (Figure 3F and G). Additionally, significant 
differences in BMP6 and DLC1 expression were observed across T-stage groups (Figure 3H).

SEMA5A, BMP6, and DLC1 Were Both Enriched in the ECM Receptor Interaction 
Pathway
To explore the potential biological functions of SEMA5A and key associated genes, GSEA was performed. The SEMA5A 
gene was enriched in 1676 GO terms and 52 KEGG pathways. From these, the top 5 most significant GO terms (eg, B cell 
receptor signaling pathway, collagen fibril organization) and KEGG pathways (eg, ECM-receptor interaction, focal adhesion) 
were selected for visualization (Figure 4A and B). For the BMP6 gene, enrichment analysis revealed its involvement in 2456 
GO terms and 79 KEGG pathways. The top 5 significant GO terms (eg, phagocytosis recognition, immunoglobulin complex) 
and KEGG pathways (eg, cell adhesion molecules CAMs, ECM-receptor interaction) were mapped (Figure 4C and D). 
Similarly, enrichment analysis of the DLC1 gene identified its presence in 2126 GO terms and 69 KEGG pathways. The top 5 
significant GO terms (eg, muscle contraction, collagen-containing extracellular matrix) and KEGG pathways (eg, ECM- 
receptor interaction, focal adhesion) were selected for mapping (Figure 4E and F).

The Correlation of Key Genes with Immune Cells and Immune Checkpoints
To investigate the immune microenvironment in patients with GC, an immune infiltration analysis was conducted. Using 
the CIBERSORT algorithm, the infiltration abundance of 22 immune cell types in GC and control samples was calculated 
in the training set (Figure 5A). Among these, 12 cell types exhibited significant differences between the GC and control 
groups (Figure 5B). Additionally, significant differences were observed in 4, 7, and 4 immune cell types between the high 
and low expression groups of SEMA5A, BMP6, and DLC1, respectively (Figure 5C–E). Further analysis of the 
correlation between key genes, including SEMA5A, and the differentially infiltrated cells across various groups revealed 
that SEMA5A and BMP6 were negatively correlated with M1 macrophages (Figure 5F–I).

In this study, the expression levels of 8 immune checkpoints were also compared between the high and low 
expression groups of SEMA5A. The high expression group exhibited significantly higher levels of HAVCR2 and 
PDCD1LG2 compared to the low expression group (Figure 6A). Furthermore, DLC1, BMP6, and SEMA5A were 
significantly associated with two different immune checkpoints, with DLC1 showing the strongest positive correlation 
with PDCD1LG2 (p < 0.05, cor = 0.43) (Figure 6B). Additionally, the ESTIMATE, Immune, and Stromal Scores were 
significantly elevated in the high expression group (Figure 6C).

The ceRNA and TF-mRNA Network for SEMA5A, BMP6, and DLC1 Were 
Constructed
To systematically identify the ceRNAs and TF-mRNA interactions involved in the gene expression regulation of SEMA5A, 
BMP6, and DLC1, and to elucidate the relationships among these components, a computational approach was employed. Using 

International Journal of General Medicine 2024:17                                                                             https://doi.org/10.2147/IJGM.S471370                                                                                                                                                                                                                       

DovePress                                                                                                                       
4107

Dovepress                                                                                                                                                                Su et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 3 Acquisition of important genes and study of their connection with clinicopathological features. (A) The SEMA5A gene and candidate gene were correlated; the 
wider the circle, the stronger the association. Red indicated positive correlation and blue represented negative correlation. The Kaplan-Meier survival curves of the signature 
genes (B) DLC1, (C) BMP6, (D) ITPR1, and (E) TNFSF11 in the TCGA dataset, showing high (red) and low (blue) expression groups, respectively. (F) The TCGA dataset’s 
DLC1 and BMP6 expression levels. (G) An examination of the association between DLC1, BMP6, and SEMA5A. (H): The BMP6 and DLC1 gene expression levels in 
clinicopathological features (T stages). * p < 0.05; ** p < 0.01; *** p < 0.001.**** p < 0.0001. 
Abbreviation: ns, no significance.
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Figure 4 SEMA5A, BMP6, and DLC1 gene sets enrichment analysis (GSEA). (A) GO and (B) KEGG enrichment analyses of SEMA5A, respectively. BMP6’s (C) GO and (D) 
KEGG enrichment analyses, respectively. (E) GO and (F) KEGG enrichment analysis of DLC1, respectively. * p < 0.0001; ** p < 0.01; *** p < 0.001. 
Abbreviation: ns, no significance.
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Figure 5 Comparison of immune cell infiltration between several groups (A) The heat map displayed the number of immune cells that infiltrated the GC (red) and control (green) 
samples in the TCGA dataset. (B) The GC (red) and control (green) groups differed significantly in 12 immune cells. (C) Variations in immune cells between SEMA5A gene high and 
low expression groups; (D) BMP6 gene; and (E) DLC1 gene. (F) A comparison of the GC and control groups’ SEMA5A, BMP6, DLC1, and differential immune cells. The investigation 
of the link between SEMA5A and differential immune cells in the high and low expression groups of the genes BMP6, DLC1, and SEMA5A (G), (H), and (I). The wider the circle, the 
stronger the association; red denoted positive correlation while blue indicated negative correlation. * p < 0.05; ** p < 0.01; *** p < 0.001.**** p < 0.0001. 
Abbreviation: ns, no significance.
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the PicTar and miRmap databases, 34 miRNAs potentially associated with SEMA5A, BMP6, and DLC1 were predicted. 
Additionally, 44 lncRNAs were identified to interact with these miRNAs based on a clipExpNum threshold of ≥ 20. 
Subsequently, a ceRNA regulatory network was constructed, including interaction pairs such as NEAT1-hsa-miR-5195-3p- 
DLC1 and SNHG16-hsa-let-7d-5p-SEMA5A (Figure 7A). Finally, 29 transcription factors (TFs) were predicted to correspond to 
SEMA5A, BMP6, and DLC1, forming 37 interactions within the TF-mRNA network, including pairs such as RELA-DLC1 and 
FOXL1-BMP6 (Figure 7B).

Verification of Gene Expression from Cells
In vitro studies analyzed the mRNA levels of the three genes in human gastric adenocarcinoma cells (AGS) compared to 
normal human gastric mucosal cells (GES-1). The results demonstrated that SEMA5A mRNA expression was signifi
cantly upregulated in AGS parental cells compared to GES-1 cells (Figure 8A). Conversely, the mRNA expression levels 
of DLC1 and BMP6 were downregulated in AGS parental cells relative to GES-1 cells (Figure 8B and C).

Figure 6 ESTIMATE analysis and immune checkpoint analysis. (A): The GC and control groups differed significantly at both immunological checkpoints. (B): The differential 
checkpoint’s association study with SEMA5A, BMP6, and DLC1. The wider the circle, the stronger the association; red denoted positive correlation while blue indicated 
negative correlation. (C): ESTIMATE scores in the high and low expression groups plotted on a box line. * p < 0.05; ** p < 0.01; *** p < 0.001.**** p < 0.0001. 
Abbreviation: ns, no significance.
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Discussion
The incidence of GC continues to rise annually, posing a significant threat to public health.21 Although the 5-year 
survival rate for early-stage GC can exceed 95%, most cases are diagnosed at advanced stages, where the prognosis is 
poor and drug resistance is challenging.22 For advanced GC, despite the widespread use of anti-angiogenic drugs, 
immunotherapies, and biologics, the median survival rarely exceeds 12 months.23 Understanding the molecular mechan
isms driving GC development is therefore essential for identifying therapeutic targets and devising effective treatments. 
Previous research has demonstrated that SEMA5A promotes GC invasion and metastasis through the ERK/MMP9 and 
PI3K/Akt/uPA signaling pathways.6,7 Given that PI3K/Akt is a critical pathway in autophagy,24 it is hypothesized that 
SEMA5A may regulate ARGs and thereby drive GC progression. The association between SEMA5A and ARGs is not 
well-explored in GC; however, SEMA5A has been identified as a hub gene potentially involved in the damage process of 
type 2 alveolar epithelial cells during acute respiratory distress syndrome by modulating autophagy.25 This suggests that 
SEMA5A may influence autophagy-related molecular pathways in certain pathological contexts.

In this study, SEMA5A and its associated ARGs were identified through bioinformatics analysis, with their prognostic 
significance in GC assessed. Additionally, molecular regulatory mechanisms and immune infiltration patterns that may 

Figure 7 SEMA5A, BMP6, and DLC1 regulatory networks being constructed. (A) The SEMA5A, BMP6, and DLC1 ceRNA networks. (B) The SEMA5A, BMP6, and DLC1 TF-mRNA 
networks. A reciprocal relationship is indicated by connected lines.

Figure 8 RT-qPCR results for the three genes (SEMA5A, BMP6, and DLC1) in AGS and GES-1. (A) The degree of SEMA5A mRNA expression. (B) DLC1’s mRNA expression 
level. (C) The degree of BMP6 mRNA expression. * p < 0.05; ** p < 0.01; *** p < 0.001.**** p < 0.0001.
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contribute to GC progression were explored, offering valuable insights for further investigation into GC molecular 
mechanisms.

SEMA5A was significantly upregulated in GC samples compared to adjacent normal tissues. Survival and clinico
pathological analyses demonstrated that high SEMA5A expression correlated with significantly worse outcomes, parti
cularly at more advanced stages of GC. These results indicate that SEMA5A may play a critical role in GC development 
and is associated with poor prognosis, consistent with previous research. Notably, there is no existing report on whether 
SEMA5A regulates autophagy to promote GC development, prompting further analysis in conjunction with ARGs.

By intersecting DEGs with the ARGs set in the GC and control groups within the training set, 90 differentially 
expressed ARGs were identified. GO and KEGG analyses revealed significant enrichment of these ARGs in pathways 
related to the regulation of autophagy, positive regulation of autophagy, and macroautophagy, indicating their potential 
roles in either promoting or inhibiting GC progression through autophagy modulation. Correlation analysis further 
identified four ARGs (TNFSF11, BMP6, ITPR1 and DLC1) as characteristic genes, each exhibiting a correlation 
coefficient greater than 0.3 with SEMA5A. Prognostic evaluation of these genes highlighted BMP6 and DLC1 as key 
ARGs for subsequent analysis.

Further investigation revealed significantly lower expression levels of DLC1 and BMP6 in the GC group compared to 
the normal group, with marked upregulation in more advanced T stages, suggesting potential oncogenic properties for 
both genes. However, literature suggests that DLC1, as a GTPase-activating protein for Rho family members, plays 
a central role in cancer development and progression.26,27 While DLC1 is recognized as a potential tumor suppressor 
across various cancers,28 its reduced expression in GC has been reported, albeit in studies with small sample Sizes.29,30 

The exact role and underlying mechanisms of DLC1 in GC remain unclear. Moreover, some studies indicate that DLC1 
may inhibit the progression of liver, lung, and colorectal cancers by promoting autophagy,29,31–33 though its impact on 
GC via autophagy regulation has not yet been reported.

BMP6, a member of the transforming growth factor-β (TGF-β) ligand superfamily, is implicated in regulating iron 
homeostasis, inhibiting invasion by enhancing adhesion and cell-cell interactions, and directly promoting angiogenesis in 
vascular endothelial cell.34 BMP6 is primarily considered a tumor suppressor, with its low expression closely associated 
with tumor progression. During tumorigenesis, BMP6 binds to BMPR, activating intracellular Smad effectors, while gene 
silencing is predominantly mediated by methylation.35 Additionally, Maria Catalina Gomez-Puerto et al demonstrated 
that BMPR2 can be degraded in primary human pulmonary artery endothelial cells (PAECs) via a lysosomal pathway 
related to autophagy.36 Despite these findings, the role of BMP6 in GC remains unexplored, and our study is the first to 
confirm its downregulation in GC via qPCR. In conclusion, the mechanisms by which DLC1 and BMP6 function in GC, 
particularly their potential roles in autophagy regulation and interaction with SEMA5A, remain inadequately understood 
and require further clinical and experimental investigation.

To explore the potential biological functions of SEMA5A and its associated ARGs, GSEA analyses were performed. 
The analysis revealed the co-enrichment of three genes within the ribosome pathway and ECM receptor interaction 
pathways. The ribosome pathway is implicated in the progression of various diseases, including malignant tumors, 
neurodegenerative disorders, hematological diseases, and congenital abnormalities.37 Ribosomes play a pivotal role in 
cell autophagy, with ribosome autophagy (ribophagy) serving as a key mechanism for selective autophagy in eukaryotes. 
Wyant et al demonstrated that NUFIP1, in the context of starvation-induced ribophagy, is closely associated with 
ribophagy initiation and acts as a key receptor mediating this process.38 The ECM receptor interaction pathway is 
integral to tumor cell proliferation and metastasis, as upregulation of ECM expression, commonly observed in tumor 
tissues, facilitates epithelial-mesenchymal transition, thereby enhancing tumor invasion and metastasis.39,40 This pathway 
is also critically involved in tumorigenesis, cell detachment, adhesion, and metastasis.41 These results suggest that 
SEMA5A and the two key genes form an interconnected network of pathways.

It is noteworthy that the potential influence of these three genes on the biological behavior of GC through the 
ribosome pathway and ECM receptor interaction pathway has not yet been reported, warranting further investigation.

Currently, immunotherapy has shown promising results in the clinical treatment of patients with GC, improving their 
prognosis.42 However, a significant portion of patients with GC do not respond to immunotherapy.43 Structural and 
functional alterations in genes play a critical role in immune escape and suppression within the tumor microenvironment 
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(TME), potentially regulating tumor development and progression directly.44,45 Additionally, autophagy exerts a dual 
role, both inhibiting and promoting tumor formation as well as treatment resistance.46 Studies have demonstrated that 
autophagy can modulate the immune response by influencing the release of immune cells and cytokines, with these 
effects primarily mediated by ARGs.47 Further analysis of the differential expression of SEMA5A and key ARGs in the 
immune microenvironment of GC revealed a negative correlation between SEMA5A, BMP6, and M1 macrophages. 
Tumor-associated macrophages (TAMs) are emerging as pivotal players in GC development, with M1 and M2 TAMs, 
derived from circulating CCR2+ inflammatory monocytes, playing distinct roles. M1 TAMs primarily suppress GC 
progression by inhibiting pro-angiogenic and immune-promoting signaling pathways.48 This suggests that SEMA5A and 
its associated ARGs, such as DLC1 and BMP6, may inhibit M1 macrophage expression in the GC immune microenvir
onment, thereby promoting tumor progression. However, the specific mechanisms underlying this effect remain to be 
elucidated. Moreover, immune checkpoint analysis revealed significant differences in HAVCR2 and PDCD1LG2 expres
sion between high and low SEMA5A expression groups, with higher levels observed in the former. DLC1 showed the 
strongest correlation with PDCD1LG2. Current research indicates that the expression of immune checkpoint molecules 
can limit immune and anti-tumor responses, enabling tumor cells to evade immune surveillance.49 Additionally, both 
immune and stromal cells were significantly upregulated in the SEMA5A high-expression group. These cell types, as 
major non-tumor components in the TME, are considered valuable for tumor diagnosis and prognostic assessment.50 In 
summary, these results suggest that SEMA5A, DLC1, and BMP6 may act as potential immunomodulatory genes involved 
in GC development and progression, potentially regulating GC through their impact on the immune microenvironment 
and immune response.

In this study, a ceRNA regulatory network was constructed, identifying key interaction pairs such as NEAT1-hsa-miR 
-5195-3p-DLC1 and SNHG16-hsa-let-7d-5p-SEMA5A. These genes within the ceRNA network may play critical roles in 
influencing the prognosis of patients with GC, offering a rich pool of candidates for future research. Concurrently, a TF- 
mRNA regulatory network was established, including interactions like ELK1-SEMA5A, RELA-DLC1, and FOXL1- 
BMP6, with predicted TFs potentially binding to SEMA5A, DLC1, and BMP6. These findings provide critical evidence 
for further investigation into the biological processes of TF regulation of target genes and the pathogenesis of GC, aiding 
in the elucidation of GC’s pre-transcriptional regulation models.

Finally, mRNA expression analysis confirmed that SEMA5A was significantly upregulated in AGS cells compared to 
GES-1 cells, while DLC1 and BMP6 exhibited the opposite trend. This consistency with our bioinformatics analysis 
suggests that SEMA5A is associated with poor GC prognosis, whereas DLC1 and BMP6 may be positively correlated 
with favorable prognosis. These results lay an important preliminary foundation for our subsequent studies.

Limitations
The RT-PCR technique was employed in this study to validate the expression of genes (SEMA5A, DLC1, BMP6). 
Although this method offers advantages such as high sensitivity and speed, it may exhibit variability in gene expression 
across different cells or tissues, potentially leading to inaccurate detection results. To address this, future research will 
involve establishing a tumor model in immunodeficient mice to investigate the specific functions of these genes and their 
interactions in an in vivo environment. This approach will allow for the observation of changes in tumor growth, 
metastasis, and survival, providing experimental data more reflective of physiological conditions and enhancing the 
biological relevance and credibility of the findings. Furthermore, considering that gene expression heterogeneity may be 
closely linked to disease status, prognosis, and treatment response, the next phase will involve collecting data from 
a broader range of clinical samples, including tumors at various stages and of different pathological types. This 
comprehensive analysis of SEMA5A, DLC1, and BMP6 expression levels and their correlation with clinical character
istics aims to provide a more detailed understanding. By integrating in vivo functional studies with clinical sample 
validation, the biological functions and clinical significance of SEMA5A, DLC1, and BMP6 can be explored in greater 
depth, thereby addressing the limitations of relying solely on RT-qPCR analysis and offering more comprehensive 
insights into their roles in disease mechanisms.
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Conclusions
Ultimately, our investigation demonstrated that SEMA5A was increased in GC and was strongly associated with a poor 
outcome for GC, as validated by RT-qPCR validation and bioinformatics analysis. Furthermore, we discovered that 
DLC1 and BMP6 could be ARGs that are strongly associated with the expression of SEMA5A and have a significant 
prognostic value. Furthermore, by building a molecular network and analyzing immune infiltration, we were able to 
clarify the regulatory mechanism of SEMA5A and the related ARGs in GC. These results provide a vital theoretical 
framework for our later clinical investigation and experimental validation of the underlying biological process.
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