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A B S T R A C T   

Background: Milk Fat Globule-Epidermal Growth Factor 8 (MFG-E8) has been reported to play an 
oncogenic role in a variety of tumors. However, its involvement in gastric cancer (GC) devel-
opment has not been described. 
Methods: The cancer genome atlas (TCGA) and the gene expression omnibus database (GEO) 
databases were used to analyze the expression of MFG-E8 in GC. These findings were further 
validated using immunohistochemistry (IHC) and western blotting assay (WB). Kaplan-Meier 
method, univariate logistic regression, and Christopher Cox regression were used to study the 
relationship between MFG-E8 and clinical pathology. In addition, the potential signaling path-
ways involved in MFG-E8 and its potential correlation with levels of immune cell infiltration were 
investigated. Finally, the biological function of MFG-E8 in GC cells was revealed. 
Results: MFG-E8 was highly expressed in GC patients and cells, and the high level of MFG-E8 was 
associated with poor overall survival (OS). KEGG analysis indicated that MFG-E8 may play an 
important role in the cAMP signaling pathway. The expression of MFG-E8 was positively corre-
lated with the infiltration of M2 macrophages. The patients with high MFG-E8 were easy to 
develop chemotherapy resistance. Furthermore, the knockdown of MFG-E8 significantly inhibited 
the proliferation and invasion of GC cells. 
Conclusion: MFG-E8 in GC may serve as a prognostic marker and a potential immunotherapy 
target for GC.   

1. Introduction 

Gastric cancer (GC) has more than one million new cases each year, 700,000 of which occur in developing countries, and is the fifth 
most common cause of the disease nationwide [1,2]. With the improved understanding of GC molecules in recent years, we have come 
to believe that cancer may have unique pathogenic mechanisms and abundant oncogenic pathways. Based on these reasons, finding 
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and identifying molecular markers associated with GC occurrence can clarify the clinical features of GC and thus predict the conse-
quences such as recurrence and metastasis of GC patients, which is an important goal of GC research [3,4]. 

Milk fat globule-EGF factor 8 (MFG-E8) is a peripheral membrane protein [5]. It was first identified in the lactating mammary 
glands of mice and is also present in many other cell types. The N-terminal end of MFG-E8 binds to integral proteins on the cell 
membrane surface via the arginine-glycine-aspartate (RGD) integrin sequence in the epidermal growth factor-like (EGF) structural 
domain, which in turn can regulate intercellular adhesion, invasion, and apoptosis [6]. At its C-terminus, it is able to specifically bind 
to the phospholipid bilayer on the cell membrane surface due to the tyrosine kinase receptor F5/8C structural domain [7,8]. It has been 
found that exposure of phosphatidylserine (PS) to the outside surface of cell membranes is a major feature of apoptotic and dead cells. 
Many investigators have demonstrated that MFG-E8 is an important factor in the development of various inflammatory diseases. For 
example, it can prevent osteoarthritis by targeting chondrocytes through the NF-KB pathway to delay senescence and promote 
macrophage M2 polarization [9–12]. Several studies recently have also found that it plays an important part in multiple kinds of 
malignant tumors, like breast cancer [13], as well as in colorectal cancer [14], ovarian cancer [15], melanoma [16], and others. 
Nevertheless, the expression and function of MFG-E8 in GC remain unknown. 

The tumor-associated macrophages (TAMs) in the tumor immune microenvironment (TIME) play an important role in the 
development of tumors [17]. TAMs fall into two types: M1, which promotes inflammation, and M2, promotes cancers [18]. Therefore, 
the effective inhibition of M2 macrophages in cancer therapy has attracted more and more attention [19]. Recent studies have shown 
that MFG-E8 induces macrophage M2 polarization through the SOCS3/STAT3 signaling pathway, accelerating the repair of spinal cord 
injury (SCI) [20]. In addition, MFG-E8 promotes angiogenesis in melanoma by enhancing the M2 polarization of macrophages [21]. 

In this study, we comprehensively explored the association between MFG-E8 expression and the prognostic value of GC patients 
using the cancer genome atlas (TCGA) and the gene expression omnibus database (GEO). In addition, the signaling pathways involved 
in MFG-E8 and their correlation with immune cell infiltration and predictions for drug sensitivity analysis will be analyzed. Finally, 
MFG-E8 was knocked down in AGS and MKN-45 cells and performed EDU, wound healing, and Transwell invasion assays to further 
validate the pro-cancer role of MFG-E8 in GC. 

2. Methods 

2.1. Data collection 

Pan-cancerous mRNA Transcripts Per Million (TPM) data were downloaded from the TCGA database, where the TCGA-STAD 
dataset contains 375 GC tissues and 32 normal tissues. In addition, the GEO database was used to validate the expression of MFG- 
E8, the data included the GSE54129 data set (21 normal and 111 tumor tissues) and the GSE79973 data set (10 Paracancerous and 
10 tumor tissues). The data were visualized by R software (version 4.2.1). 

2.2. Clinical samples 

A total of 40 GC tumors and adjacent tissues were obtained from the First Affiliated Hospital of Anhui Medical University. Fresh 
specimens from patients were saved in liquid nitrogen immediately after surgery. The pathological characteristics of the specimens had 
been analyzed by two independent pathologists according to the guidelines established by the World Health Organization（WHO）. 
The study protocol obtained approval from the ethics committee of the First Affiliated Hospital of Anhui Medical University. All the 
patient samples and clinical data involved in this study were in accordance with the Declaration of Helsinki. 

2.3. Correlation analysis of prognosis 

Based on the clinicopathological features and survival data of GC in the TCGA database, the GC patients were divided into high and 
low groups according to the expression of MFG-E8. The relationship between the high group and the low group was analyzed by the 
ggplot2, stats, and car package of R. Kaplan Meier analysis was used to visualize the prognosis of GC patients. The ability to predict the 
prognosis of GC patients was assessed using receiver operating characteristic curves (ROC) generated by timeROC and ggplot2 
packages. In addition, we performed univariate and multivariate Christopher Cox regression analyses, and hazard ratios for MFG-E8 
expression and clinicopathological features were obtained. On this basis, we constructed nomograms to predict the OS of GC patients, 
using survival, rms package in R for analysis and visualization. 

2.4. GO and KEGG pathway enrichment analyses of differential expression genes 

Differential expression genes (DEGs) analysis between these two groups was performed using the DESeq2 package in R. Select | 
log2-fold-change (FC)| > 1 with an adjusted p-value <0.05. Volcano plots and co-expression heatmaps were plotted using the ggplot2 
package (the top 30 positively correlated proteins were selected). In addition, Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) enrichment analyses were performed using the ClusterProfiler R package. 

2.5. Immune infiltration analysis 

First, based on the expression data of samples in the TCGA-GC dataset, the immune cell content in each sample was evaluated by the 
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CIBERSORT algorithm. Secondly, the expression data of MFG-E8 was extracted by calculating the score of each sample in stromal cells 
and immune cells by estimate package, the differences of MFG-E8 expression in stromal cells, immune cells, and total score were 
obtained. The correlation between the MFG-E8 gene and 24 kinds of immune cells was analyzed based on the GSVA package in R. The 
relationship between MFG-E8 and macrophage subtypes was evaluated by the CIBERSORT algorithm. Finally, the relationship be-
tween MFG-E8 expression and macrophage prognosis was evaluated by tumor immune estimation resource (TIMER). The correlation 
between MFG-E8 and M2 macrophage marker was analyzed, and the results were visualized using the ggplot2 package in R. 

2.6. Cell culture 

GC cell lines (AGS, MKN-45) and human gastric mucosal cells (GES-1) were purchased from the Shanghai Cell Bank, Chinese 
Academy of Sciences. The cell culture medium consisted of RPMI-1640 medium (Corning, USA), 10 % fetal bovine serum (Gibco; 
Thermo Fisher Scientific, USA), and 100 U/ml penicillin, 100 U/ml streptomycin (90 %:10 %:1 %). Then, we incubated in an incubator 
at 37 ◦C with 5 % CO2. The medium was changed every 3 days. 

2.7. Immunofluorescence staining 

AGS cells were spread on coverslips of 24-well plates and cultured in the complete medium under cell culture conditions. Cells were 
fixed with 4 % paraformaldehyde for 10 min at room temperature and then punched with 0.1 % Triton-100 for 8 min at room tem-
perature. Cells were blocked in 2 % BSA for 45 min, washed in 1 × PBS, and stained with phalloidin (diluted with 2 % BSA) for 30 min 
at room temperature. After a brief wash in 1 × PBS, cells were incubated overnight at 4 ◦C with a human monoclonal anti-MFG-E8 
antibody (Santa Cruz, USA), diluted 1:200 in 2 % BSA. After cell washing, cells were incubated with goat anti-mouse IgG diluted 
1:400 in 2 % BSA with Alexa fluor488 (Invitrogen, USA) for 1 h at room temperature. After washing with 1 × PBS, cells were stained 
with DAPI for 2 min and visualized by confocal microscopy. 

2.8. Immunohistochemistry 

We first cut the paraffin-embedded GC specimens into roughly 4–5 μm sections. The slices were baked in a 65 ◦C oven for 2 h before 
the experiment. The sections were then dewaxed twice in xylene for 15 min each. They were hydrated in an alcohol gradient (100 %, 
95 %, 80 %) for 5 min each time. Finally, they were rinsed with deionized water. Following the antibody instructions, antigen repair 
was performed using citrate buffer and blocked using endogenous peroxidase. The sections were then incubated with an MFG-E8 
antibody (1:4000 dilution, Proteintech, China) overnight at 4 ◦C, followed by a secondary antibody (Proteintech, China) for 30 min 
at normal temperature. Sections were rinsed twice using Phosphate Buffered Saline (PBS), followed by DAB staining, and finally 
restained with hematoxylin. The results were evaluated based on the intensity of staining (I), classified as none (0), weak (1), moderate 
(2), or strong (3), and the percentage of positive results (P), classified as 1: 1–25 %, 2: 26–50 %, 3: 51–75 %, or 4: 76–100 %. The 
product value of I and P was between 0 and 6 for the low-expression group and between 7 and 12 for the high-expression group, and the 
results were evaluated accordingly. 

2.9. siRNA transfection 

Knockdown of MFG-E8 expression in AGS and MKN-45 cells was performed. The specific siRNA was synthesized in Tsingke Bio-
technologyCo.,Ltd. (Nanjing, China). The sequences were as follows: si-MFGE8-1(sense):5′-GGAACATTGCCAACTCACA-3′, si-MFGE8- 
2 (sense):5′-GGACACGAATTCGATTTCA-3′ and si-Control (sense):5′-TTCTCCGAACGTGTCACGT-3’. The siRNA was transfected into GC 
cells using Lipo2000 (Invitrogen, USA) with non-targeting siRNA NC as control. The transfected cells were cultured at 37 ◦C for 4–6 h, 
then the fresh medium was changed. After 48 h of continuous culture, the following tests can be performed with the cells. 

2.10. 5-Ethynyl-20-deoxyuridine (EDU) proliferation assay 

GC cells transfected with siRNA were seeded into 96-well plates at 5 × 104/well. Next, 100 μl of EDU (KeyGEN BioTECH, Nanjing, 
China) working solution with a final concentration of 10 μm was added to each well to culture cells. After a period of culture, the cells 
were fixed in 4 % formaldehyde, infiltrated with 0.5 % TritonX-100, and then incubated with 100 μL of EDU mixture. The cells were 
then stained with 100 μl Hoechst 33342 and observed under an inverted Fluorescence microscope（Zeiss, Germany). The number of 
EDU-positive cells (erythrocytes) was calculated by Image J software, and the EDU incorporation rate is expressed as the proportion of 
EDU-positive cells to total cells. 

2.11. Wound healing assay 

First, we used the marker pen to draw the horizontal line evenly. GC cells transfected with siRNA were plated in 12-well plates and 
grown to fusion. Then, after 24 h of cell starvation, we made a horizontal wound using a 10 μL pipette tip. We then captured the 
wounds and measured their width under a light microscope at 0 and 24 h after the cuts. 
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2.12. Transwell invasion assay 

For this assay, a 24-hole Transwell chamber (Corning, USA) was used. Matrigel (Sigma-Aldrich, USA) diluted with serum-free RPMI 
1640 was added vertically to the upper chamber while cells were also seeded into the upper chamber, and 500 μL of RPMI 1640 
medium was added to the basolateral chamber, it was then cultured at 37 ◦C for 24 h. We then fixed the cells with 4 % para-
formaldehyde and stained them with 0.1 % crystal violet dye. Next, place the chamber in 1 × PBS and carefully swab the cells and gel 
from the upper chamber with a cotton swab. Finally, 5 fields were selected for cell counting and the results were analyzed under an 
inverted microscope (Zeiss, Germany). 

2.13. Western blotting method 

Total cellular proteins were extracted from cells (GES-1, MKN45, AGS). A 10 % sodium dodecyl sulfate-polyacrylamide gel (SDS- 
PAGE) was first prepared, and then approximately 25 μg of protein samples were added to each well. Next, electrophoresis, membrane 
transfer, 5 % milk blocking, and finally incubation with MFG-E8 antibody (1:300 dilution, Santa Cruz Biotechnology, USA) overnight 
in a 4 ◦C shaker were performed. The next day the secondary antibody (1:4000 dilution, Proteintech, China) was washed for 10 min 
using TBST and next incubated at room temperature. Finally, the signal was detected using BeyoECL Moon (beyotime, China). 

2.14. Predictions for drug sensitivity analysis 

The OncoPredict R package, designed by Maeser and colleagues, includes a repertoire of 198 chemotherapy drugs, with the primary 
aim of predicting drug responses in cancer patients. Prior to conducting the analysis, two essential files must be prepared. The first file 
is the gene expression profile obtained from the TCGA database. The second file is the Genomics of Drug Sensitivity in Cancer (GDSC) 
matrix. This matrix encompasses data for half-maximal inhibitory concentrations (IC50) of cancer cells. 

To further assess how drug sensitivity changes with varying levels of MFG-E8 expression, two essential files are required: one is the 
gene expression profile downloaded from the TCGA database, and the other is the drug sensitivity data obtained through OncoPredict 
R analysis. All analyses were conducted using the R (version 4.2.1). 

Fig. 1. Expression of MFG-E8 in GC tissues and cells. (A) Expression levels of MFG-E8 in pan-carcinomas based on the TCGA database. (B) 
Comparison between GC and paired normal tissues in the TCGA database. (C) Comparison between GC and unpaired normal tissues in the TCGA 
database. (D) Comparison between GC and unpaired normal tissues in GSE54129. (E) Comparison between GC and paired normal tissues in 
GSE79973. (F, G) WB assay was used to detect the protein level of MFG-E8 in GC cells. *p < 0.05, **p < 0.01, ***p < 0.001, ###p < 0.001. 
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2.15. Statistical analysis 

Statistics from TCGA and GEO databases were analyzed using R software (version 4.2.1). Wilcoxon rank-sum test was used to 
analyze the correlation between MFG-E8 expression and pathological features. Univariate Cox and multivariate Cox regression ana-
lyses were combined to evaluate the independent prognostic value of MFG-E8 expression. P < 0.05 was considered statistically 
significant. 

3. Results 

3.1. Expression of MFG-E8 in different types of human tumors 

Based on the TCGA database, we first analyzed MFG-E8 in pan-cancer. As shown in Fig. 1A, MFG-E8 expression in chol-
angiocarcinoma (CHOL), colon adenocarcinoma (COAD), esophageal carcinoma (ESCA), glioblastoma multiforme (GBM), head and 
neck squamous cell carcinoma (HNSC), renal clear cell carcinoma (KIRC), hepatocellular carcinoma (LIHC), thyroid cancer carcinoma 
(THCA), and gastric carcinoma (STAD) show high expression. MFG-E8 was highly expressed in 32 pairs of GC tissues (Fig. 1B). 
Furthermore, the expression of MFG-E8 in GC samples was significantly higher than that in normal tissues (Fig. 1C). In addition, the 
GSE79973 and GSE54129 data sets further confirmed this finding (Fig. 1D and E). We subsequently extracted proteins from GC cells 
and found by WB experiments that MFG-E8 was highly expressed in GC cells compared to gastric mucosal cells (Fig. 1F and G). 

MFG-E8 was located by immunofluorescence assay. As shown in Fig. 2A, MFG-E8 is expressed in the cytoplasm and membrane 
[22]. Furthermore, we collected clinical samples and further verified by IHC experiments that MFG-E8 was expressed in the cytoplasm 
and cell membrane and upregulated in GC tissues (Fig. 2B and C). 

3.2. The relationship between the expression of MFG-E8 and the clinicopathological features and prognosis of GC 

As shown in Fig. 3A, high expression of MFG-E8 was significantly associated with the T stage (T1 vs. T2, T1 vs. T3, T1 vs. T4, p <
0.001). It was independent of age, N grade, and M grade. In addition, KM survival analysis showed that MFG-E8 expression was 
negatively correlated with age, T grade, and N grade (Fig. 3B). 

3.3. Prognosis of MFG-E8 in GC and establishment of the Nomogram 

Kaplan-Meier analysis was used to analyze the correlation between MFG-E8 expression and OS, and DSS in GC patients in TCGA. As 

Fig. 2. Localization of MFG-E8 in cells and expression in GC tissues. (A) The localization of MFG-E8 in AGS cells was determined by immuno-
fluorescence. (B, C) Expression of MFG-E8 in 40 tumors and adjacent tissues as determined by IHC (The nucleus was colored blue, MFG-E8 was 
labeled with green fluorescence, the cell morphology was colored red, and the merged result is shown in yellow; Magnification, × 200). (For 
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 
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shown in Fig. 4A and B, MFG-E8 expression was inversely associated with OS and DSS (HR = 1.42, p = 0.042; HR = 1.56, p = 0.043). In 
addition, in the GC cohort of TCGA, we applied receiver operating characteristic (ROC) curves to predict AUC areas of 0.540, 0.614, 
and 0.815 for 1-, 3-, and 6-year OS, respectively (Fig. 4C). This suggests that MFG-E8 may be a potential biomarker for GC patients. 

To plot Nomograms, we performed univariate and multivariate Cox regression analyses to determine prognostic indicators. As 
shown in Fig. 4D and E, N stage, M stage, age, and MFG-E8 expression were independent factors for OS in GC patients. According to the 
regression coefficient of the independent factor, the scoring standard is set, and the total score of each individual is calculated. On the 
Nomogram, higher total points were associated with a worse prognosis (Fig. 4F). In addition, calibration curves are used to assess the 
accuracy of nomograms. As shown in Fig. 4G, the predictions of the modeled nomograms were consistent with observations in GC 
patients. 

3.4. Identification and functional enrichment analysis of MFG-E8-related DEGs in GC 

As shown in Fig. 5A, a total of 2114 DEGs associated with MFG-E8 were identified, including 1160 up-regulated genes and 954 
down-regulated genes. We selected the first 30 DEGs and rendered them as heat maps (Fig. 5B). To further investigate the function of 
DEGs in GC associated with MFG-E8 expression, we performed a functional enrichment analysis. As shown in Fig. 5C, the GO 
enrichment analysis focused on the following three areas: biological processes (BP) including Muscle system process, muscle 
contraction, and regulation of muscle system process; cellular components (CC) including contractile fiber, myofibril, Z disc; and 
biological processes (BP) including Muscle system process, muscle contraction, and regulation of muscle system process Molecular 
functions (MF) include hormone activity, structural constituent of muscle and acetylcholine receptor activity. KEGG enrichment 
analysis showed that MFG-E8 may be related to the Neuroactive ligand-receptor interaction, cAMP signaling pathway, Cholinergic 
synapse, and other pathways. 

3.5. Analysis of immune infiltration related to MFG-E8 in GC 

We first analyzed the proportion of immune cell subsets in each GC patient using the CIBERSORT algorithm (Fig. 6A). Then the 
expression of MFG-E8 in TCGA-GC was extracted and the relationship between MFG-E8 and the immune microenvironment (TMB) was 
analyzed. Results as shown in Fig. 6B, the MFG-E8 high expression group was upregulated in ImmuneScore, ESTIMATEScore, and 
StromalScore compared with the MFG-E8 low expression group. We subsequently had to utilize the ssGESA algorithm to compare the 
proportions of 24 immune cell subtypes between the low-MFG-E8 group and the high-MFG-E8 group, and our results again showed 
that MFG-E8 was significantly associated with immune cells (Fig. 6C). Furthermore, macrophage enrichment scores were significantly 
higher in the MFG-E8 high-expression group than in the MFG-E8 low-expression group (Fig. 6D and E). We further analyzed the 
relationship between MFG-E8 and macrophage subtypes using the CIBERSORT algorithm. As shown in Fig. 6F and G, MFG-E8 was 
positively correlated with M2 subtype macrophages. Finally, we used the TIMER database analysis to conclude that macrophage 
expression in GC was inversely correlated with OS (Fig. 6H). 

Fig. 3. Expression and prognosis of MFG-E8 in different subgroups of GC patients. (A) The relationship between high and low MFG-E8 expression 
and age, T classification, N classification, and M classification. (B) OS survival curves for high and low MFG-E8 with age >65 years, T1 and T4, N1 
and N3, M0 and M1. 
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(caption on next page) 

Y. Li et al.                                                                                                                                                                                                               



Heliyon 10 (2024) e23917

8

3.6. Correlation between immune infiltration and MFG-E8 expression in GC 

MFG-E8 is closely associated with immune cell infiltration. To verify this hypothesis, we conducted an analysis of the correlation 
between MFG-E8 and molecular markers for TAM (IL-10, CCL2, and CXCL8), M1 macrophages (RFX5, NOS2, and IFNG), and M2 
macrophages (MRC1, CD163, and VSIG4). The results of the analysis revealed a positive correlation between MFG-E8 and IL-10 in 
TAM (rho = 0.339), with IL-10 being a factor secreted by M2 macrophages. In contrast, MFG-E8 showed no significant correlation with 
the infiltration levels of M1 macrophages (RFX5, rho = 0.164; NOS2, rho = 0.029; IFNG, rho = 0.022). However, MFG-E8 exhibited a 
positive correlation with the infiltration levels of M2 macrophages (MRC1, rho = 0.333; CD163, rho = 0.358; VSIG4, rho = 0.427) (see 
Fig. 7A–C). In summary, our findings indicate a close association between MFG-E8 and the polarization of M2 macrophages. 

Fig. 4. Prognostic analysis of MFG-E8 expression in GC patients and construction and validation of nomograms. (A, B) Overall survival and disease- 
specific survival of GC patients with high versus low MFG-E8. (C) The Receiver operating characteristic (ROC) curve of MFG-E8 expression. (D, E) 
Forest plots for univariate and multivariate Cox regression analysis based on overall survival. (E) Nomograms predicting 1-, 3-, and 5-year OS in GC 
patients. (F) The calibration curve of nomograms for predicting 1-, 3-, and 5-year overall survival in patients with breast cancer. HR, hazard ratio; 
CI, confidence interval. 

Fig. 5. Identification and functional enrichment analysis of differentially expressed genes (DEGs) related to MFG-E8 in GC. (A) Volcano map of 
DEGs. (B) Co-expression heatmap of DEGS. (C) GO and KEGG enrichment analysis of MFG-E8-related DEGs in GC. BP, biological Process; CC, 
cellular compositions; MF, molecular functions. ***p < 0.001. 
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3.7. Correlation analysis between MFG-E8 and chemotherapeutic drugs in GC 

We used the oncoPredict package to evaluate the relationship between MFG-E8 expression and the chemotherapeutic drugs 
commonly used in GC. Our analysis results showed that patients with high expression of MFG-E8 had low sensitivity to Dihydror-
otenone, whereas they were sensitive to AZD1332 and Dasatinib (Fig. 8A). To better describe the relationship between MFG-E8 
expression and drug IC50, we further mapped the scatter plot. Our results showed that the sensitivity to AZD1332 and Dasatinib 
increased with the increase of MFG-E8 expression (Fig. 8B). 

3.8. MFG-E8 plays an important role in promoting GC 

To verify whether MFG-E8 could play an important role as a pro-oncogene in GC, we knocked it down in GC cell lines using siRNA 
targeting human MFG-E8. To further explore the carcinogenic role of MFG-E8 in GC. First, we examined the mRNA expression levels of 

Fig. 6. The relationship between MFG-E8 and immune infiltration of GC. (A) The relative proportion of high and low MFG-E8 immune infiltrates. 
(B) The StromalScore, ImmuneScore, and ESTIMATEScore of TME differed between high and low MFG-E8 expression groups. (C) Correlation be-
tween MFG-E8 and the relative abundance of 24 immune cells in GC. (D) Comparison of immune infiltration levels of macrophages between high 
and low MFG-E8 expression groups. (E) Correlation between relative enrichment score of macrophages and MFG-E8 expression. (F, G) Relationship 
between MFG-E8 expression and macrophage subtypes. (H) OS survival curves of macrophages between high and low MFG-E8 expression groups. 
**p < 0.01, ***p < 0.001. 
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MFG-E8 after transfection of siRNA, and the results showed that the expression of MFG-E8 was downregulated in the AGS and MKN-45 
cell lines compared with the control group (Fig. 9 A, B). The ability of cells to proliferate was then evaluated by EDU proliferation 
assay. The proliferative ability of AGS and MKN-45 was attenuated after MFG-E8 knockdown compared with the control (Fig. 9C, D). 
To assess whether MFG-E8 affects GC cell migration, we also performed a wound healing assay to further clarify. Wound healing assay 
showed that GC cells with knockdown of MFG-E8 exhibited weaker wound healing ability compared with the control group (Fig. 9 E, 
F). In addition, we carried out a Transwell invasion assay to investigate whether MFG-E8 could affect the invasion of GC cells. As we 
suspected, the invasiveness of AGS and MKN-45 was significantly attenuated after the knockdown of MFG-E8 compared with the 
control group (Fig. 9 G, H). 

4. Discussion 

In this study, we elucidated the clinical significance and expression level of MFG-E8 in GC using bioinformatics analysis. In our 
analysis, we have found that MFG-E8 is highly expressed in GC tissues and that high expression of MFG-E8 is correlated with poor 
prognosis in GC patients. Furthermore, our data show that MFG-E8 expression in GC patients also has some correlation with the 
immune system of the organism, especially playing a significant function in the M2 polarization of macrophages. Therefore, our study 
offers new insights into the critical function of MFG-E8 in GC, which may be a prognostic marker associated with immune levels in GC 
patients. 

We evaluated the expression of MFG-E8 in GC using TCGA and GEO databases. Our analysis showed that MFG-E8 was highly 
expressed in GC compared with normal para-cancerous tissues. In addition, we performed a WB analysis of the GC cells and the results 
were consistent with the database analysis. We collected clinical samples from GC patients for IHC experiments and found that MFG-E8 
expression levels were higher in most samples than in paired paraneoplastic samples. These findings suggest that MFG-E8 may be a 
diagnostic marker for GC. Furthermore, to further analyze whether MFG-E8 may be a prognostic marker for GC, we analyzed the 
association between MFG-E8 expression and overall patient survival using KM. The results showed that the expression of MFG-E8 is 

Fig. 7. Correlation of MFG-E8 expression with immune infiltration cell markers. (A) The correlation between MFG-E8 and TAM. (B) The cor-
relation between MFG-E8 and M1 macrophages. (C) The correlation between MFG-E8 and M2 macrophages.. (CXCL8, also known as IL8; RFX5, also 
referred to as MHC II; NOS2, alternatively named INOS; IFNG, also recognized as IFN gamma; and MRC1, also commonly referred to as CD206.) 
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negatively correlated with the prognosis of GC patients, and the up-regulation of MFG-E8 is related to the poor state of GC. Taken 
together, these findings strongly support our hypothesis that MFG-E8 is a novel biomarker for GC. Consistent with our previous data 
the knockdown of MFG-E8 significantly reduces cell proliferation, migration, and invasion in GC cell lines. In follow-up studies, we will 
conduct further in vivo experiments to elucidate the possible mechanism of MFG-E8 involvement in GC phenotypic changes. 

Furthermore, through a series of data analyses, the present study found that MFG-E8 expression was closely related to the immune 
status of GC patients, especially macrophage M2 polarization. In the tumor microenvironment, the enrichment and activation of 
immune infiltrating cells are closely related to tumor progression, and tumor immune status is a key factor determining the prognosis 
of patients. It has been found that MFG-E8 is secreted by activated macrophages, which bind to apoptotic cells and carry them into 
phagocytes for phagocytosis. In addition, MFG-E8 is clearly associated with macrophages in many aspects, such as inflammation, 
tumor, and immune tolerance [19,23]. It is not clear whether the expression of MFG-E8 is related to the immune infiltration of GC. 
When we analyzed by CIBERSORT, ssGSEA algorithm, we found that MFG-E8 expression was significantly correlated with macro-
phages and NK cells. However, many researchers have explored the relationship between MFG-E8 and macrophages, but the role of 
MFG-E8 in NK cells has not been studied. 

Macrophages are Hapten cells that exist widely in the body and can be divided into M1 and M2 macrophages. Macrophages can 
stimulate angiogenesis, enhance the migration and invasion of tumor cells, inhibit anti-tumor immunity, and thus promote the 
development of cancer and malignant progression [24]. This may be due to genetic changes in the tumor microenvironment that are 
initiated by cancer cells or immune helper cells during tumor progression, with macrophages exhibiting predominantly M2-type 
polarization; It exhibits an immunosuppressive tumor phenotype and promotes tumor progression, metastasis, and treatment resis-
tance. MFG-E8 expression has been found to be associated with M2 polarization in a variety of cancers, including the oral cavity, 
prostate, and melanoma [25]. In our study, we found that MFG-E8 can promote the transformation of macrophages from GC patients to 
M2. Further analysis of the TIMER database showed that the expression of macrophages was negatively correlated with the prognosis 
of GC patients. This also suggests from another perspective that MFG-E8 influences tumor progression and ultimately prognosis by 
promoting macrophage M2 polarization. 

In addition, we performed gene enrichment to speculate on the potential mechanism of MFG-E8. KEGG analysis showed that MFG- 
E8 was associated with Neuroactive ligand-receptor interaction, cAMP signaling pathway, and Cholinergic synapse [26,27]. The cAMP 
signaling pathway is a classical oncogenic pathway [28]. It has been found that the cAMP signaling pathway can promote M2 po-
larization of macrophages and promote tumor progression [29]. We also analyzed the sensitivity of MFG-E8 in GC cells to chemo-
therapy drugs, screening out its sensitivity to Dasatinib and AZD1332. Research on AZD1332 is relatively limited, whereas Dasatinib is 
a commonly used antitumor drug. Dasatinib is a classical Src inhibitor [30]. Src, a tyrosine kinase receptor, is involved in several 
cancer-related signaling pathways [31]. For instance, Src plays a crucial role in cAMP signaling, and we speculate that the high 
expression of MFG-E8 may lead to an increase in cAMP phosphorylation, subsequently increasing the levels of Src. Furthermore, 
Dasatinib is an inhibitor of Src. In conclusion, we hypothesize that the high expression of MFG-E8 may enhance the sensitivity of GC 
patients to Dasatinib, possibly through the upregulation of Src levels [32]. Taken together, we hypothesized that Dasatinib use in GC 
patients with high expression of MFG-E8 would delay tumor progression by inhibiting M2 macrophage polarization. 

However, our current research still has some deficiencies. Most of the data is based on database predictions and is constantly 

Fig. 8. Relationship between MFG-E8 expression in GC and chemotherapeutic drugs. (A) Low and high expression MFG-E8 pairs Box plots of IC50 
for Dihydrorotenone, AZD1332, Dasatinib. (B) The relationship between MFG-E8 expression and drug sensitivity. 
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updated and expanded, so research results may be affected. Nevertheless, in future studies, we will explore the detailed mechanisms in 
more detail and conduct experiments to further validate the predicted results. 

5. Conclusion 

Overall, we found increased expression of MFG-E8 in samples from GC patients and correlated with the clinical stage of the pa-
tients. The high expression of MFG-E8 is closely related to the poor prognosis of GC. Notably, MFG-E8 expression was positively 
correlated with macrophage infiltration. In particular, the expression of MFG-E8 was significantly correlated with M2 polarization. In 

Fig. 9. Knockdown of MFG-E8 inhibited cell proliferation, migration, and invasion. (A, B) Expression levels of MFG-E8 in AGS and MKN45 after 
siRNA transfection. (C, D) EDU proliferation assay was used to detect the effect of siRNA transfection on cell proliferation. (E, F) After siRNA 
transfection, scratches were performed, and the healing area was recorded at 0 and 24 h, showing the effect on migration ability. (G, H) After the 
knockdown of MFG-E8, the effect of MFG-E8 on cell migration and invasion was examined by Transwell assay. **p < 0.01, ***p < 0.001. 
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addition, based on OncoPredict, we observed that GC patients with high MFG-E8 expression showed sensitivity to Dasatinib. 
Therefore, MFG-E8 may become a new marker of GC, but the potential mechanism to promote the development of GC remains to be 
further studied. 
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