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FASLG as a Key Member of Necroptosis Participats in Acute 
Myocardial Infarction by Regulating Immune Infiltration
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Abstract

Background: Acute myocardial infarction (AMI) is a major cause of 
human health risk. Necroptosis is a newly and recently reported mode 
of cell death, whose role in AMI has not been fully elucidated. This 
study aimed to search for necroptosis biomarkers associated with the 
occurrence of AMI and to explore their possible molecular mecha-
nisms through bioinformatics analysis.

Methods: The dataset GSE48060 was used to perform weighted gene 
co-expression network analysis (WGCNA) and differential analy-
sis. Key modules, differential genes, and necroptosis-related genes 
(NRGs) were intersected to obtain candidate biomarkers. Groups 
were classified and differentially analyzed according to the expres-
sion of the key biomarker. Gene Ontology (GO), Kyoto Encyclope-
dia of Genes and Genomes (KEGG) enrichment analysis, gene set 
enrichment analysis (GSEA), and construction of protein-protein 
interaction (PPI) networks are performed on differentially expressed 
genes (DEGs). Finally, CIBERSORT was used to assess immune cell 
infiltration in AMI and the correlation of key biomarkers with im-
mune cells. Immune cell infiltration analysis revealed the correlation 
between FASLG and multiple screened immune cells.

Results: WGCNA determined that the MEsaddlebrown module 
was the most significantly associated with AMI. Intersecting it with 
DEGs as well as NRGs, we obtained two key genes, FASLG and 
IFNG. But only FASLG showed statistically significant differenc-
es between the AMI group and the normal control group. Further 
analysis suggested that the down-regulation of FASLG may exert 
its function through the regulation of the central genes CD247 and 
YES1. Furthermore, FASLG was positively correlated with T-cell 
CD4 memory activation and T-cell gamma delta, and negatively cor-
related with macrophage M0.

Conclusion: In conclusion, FASLG and its regulatory genes CD247 

and YES1 might be involved in the development of AMI by regulat-
ing immune cell infiltration. FASLG might be a potential biomarker 
for AMI and provides a new direction for the diagnosis of AMI.

Keywords: Acute myocardial infarction; Necroptosis; FASLG; Im-
mune infiltration; Bioinformatics

Introduction

The latest data from the American Heart Association revealed 
that the crude incidence of cardiovascular disease (CVD) 
increased by 29.01% and the mortality rate increased by 
18.71% in 2020 compared to 2010. CVD continued to be the 
leading cause of death worldwide. Acute myocardial infarc-
tion (AMI), characterized by interruption of blood flow to 
the heart, is a common CVD [1]. The age of onset of AMI is 
becoming younger and younger in recent years, making it a 
major risk factor for human health in all age groups [2]. The 
diagnosis of AMI depends mainly on the electrocardiogram 
and changes in myocardial injury markers (e.g., troponin T, 
creatine kinase isoenzymes, myoglobin, etc.) [3]. However, 
the sensitivity and specificity of currently used markers of 
myocardial injury are still unsatisfactory [4, 5]. Therefore, 
exploring new blood biomarkers is particularly important for 
the diagnosis of AMI.

With the development of high-throughput sequencing 
technology and bioinformatics in recent years, new diagnostic 
and prognostic biomarkers are increasingly being discovered. 
It is generally known that primary lesion tissue for CVD is 
difficult to be obtained. It has been observed that the periph-
eral blood transcriptome has an 80% overlap with genes ex-
pressed in human tissues such as the heart [6]. The peripheral 
blood gene expression profile has been validated in a variety 
of diseases involving inflammation, and the role of inflamma-
tion in CVDs such as AMI has also been demonstrated. This 
relationship makes peripheral blood an easily available sample 
to explore the disease process of AMI and seems to be a viable 
alternative [7]. Applying peripheral blood bioinformatics anal-
ysis, it has been identified that leukocyte immunoglobulin-like 
receptor B2 (LILRB2), neutrophil cytosolic factor 2 (NCF2), 
Toll-like receptor 2 (TLR2), Fc fragment of IgE receptor Ig 
(FCER1G), formyl peptide receptor 1 (FPR1), etc. may be 
potential biomarkers for the diagnosis and treatment of AMI 
[8-10]. Despite these advances, the critical biomarkers that 
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serve an important role in AMI have remained incompletely 
explored.

Necroptosis is a newly discovered mode of cell death that 
is characterized by enhanced plasma membrane permeabil-
ity and mitochondrial swelling [11]. In necroptotic apopto-
sis, receptor-interacting protein kinase-3 (RIPK3) is recruited 
to necrotic vesicles phosphorylated by receptor-interacting 
protein 1 (RIP1). Activated RIPK3 then phosphorylates the 
mixed lineage kinase domain-like protein (MLKL) and gen-
erates a pore complex at the plasma membrane. This pore 
complex disrupts the integrity of the plasma membrane and 
increases its permeability, causing an inward flow of Ca2+ and 
Na+, releasing cellular contents such as mitochondrial DNA, 
and ultimately leading to cell swelling and membrane rupture 
[12]. Necroptosis has been identified to function in a variety 
of diseases, such as atherosclerosis, myocardial infarction, is-
chemia/reperfusion (I/R) injury, chronic intestinal inflamma-
tion, and tumors [13-17]. In recent years, several studies have 
revealed the relationship between necroptosis-related genes 
(NRGs) and AMI, such as pigment epithelium-derived fac-
tor (PEDF) and its functional peptides protect cardiomyocytes 
from hypoxia-induced necroptosis in AMI [18]; TNFR1 and 
DR6 serve as direct targets of miR-223-5p and are engaged in 
myocardial I/R-induced inflammation and necroptosis [19]. 
However, the roles that NRGs play in AMI have not been 
fully elucidated.

In this study, we performed weighted gene co-expression 
network analysis (WGCNA) on the dataset GSE48060 to iden-
tify key gene co-expression modules and analyzed them bio-
informatically. We found that the NRG FASLG has reduced 
expression after AMI and may be a potential biomarker of 
myocardial infarction. Furthermore, we grouped FASLG with 
differential expression and explored the possible mechanisms 
of FASLG involvement in myocardial infarction.

Materials and Methods

Data download and preprocessing

Genome-wide microarray datasets GSE48060 and GSE60993 
were obtained from the Gene Expression Omnibus (GEO) [20]. 
GSE48060 was based on the GPL570 (HG-U133_Plus_2) 
Affymetrix Human Genome U133 Plus 2.0 Array platform. 
This dataset contained 52 human peripheral blood samples, 
including 31 blood samples from patients with their first AMI 
within 48 h of onset and 21 blood samples from normal heart 
function controls. GSE60993 was based on the GPL6884 Il-
lumina HumanWG-6 v3.0 expression beadchip platform and 
included 17 patients with AMI, nine patients with unstable an-
gina pectoris, and seven healthy controls. The study sample 
consisted of whole blood collected from patients with a first 
AMI within 48 h of MI and controls with normal echocardio-
grams. Patients with prior participation in a cardiac rehabilita-
tion programme, a history of CVD, or clinical or biochemical 
evidence of other comorbidities such as cancer, rheumatoid 
arthritis, liver disease, or myeloproliferative disorders were 
excluded. For samples in the GSE48060 and GSE60993 data-

sets, written informed consent was obtained from all subjects 
and approved by the Ethics Committee [21, 22]. GSE48060 
was adopted as the experimental set and GSE60993 as the 
validation set. Probes were converted to gene symbols using 
the R package. If a plurality of probes matched a gene sym-
bol, the first occurring expression value was selected as the 
expression value for that gene. Meanwhile, we collected 159 
human NRGs in the Kyoto Encyclopedia of Genes and Ge-
nomes (KEGG) [23].

WGCNA

WGCNA was designed to search for co-expressed gene 
modules and to explore the association between gene net-
works and phenotypes of interest, as well as the core genes 
in the network. We executed WGCNA on all samples in the 
GSE48060 dataset using the WGCNA package in R software 
to identify key modules. The “pickSoftThreshold” function 
calculated a weighted network by the expression similarity 
of all genes. It analyzed information such as the scale-free 
topological fit index and connectivity of the network at the 
specified soft thresholding power, to assist in the selection of 
a suitable soft thresholding power for network construction. 
Subsequently, a scale-free network was constructed using 
selected soft thresholding power. The similarity of expres-
sion between genes was calculated based on the gene ex-
pression value matrix to obtain the neighborhood matrix and 
then computed the topological overlap matrix. Co-expres-
sion modules were further identified by drawing hierarchi-
cal clustering trees based on the topological overlap matrix. 
The minimum number of genes per gene module was set at 
30 and similar modules merged using 0.25 as the cut height. 
Correlation coefficients between co-expression modules and 
diseases were calculated and the modules with the highest 
correlation coefficients and the genes they contained were 
selected for subsequent analysis.

Identification of key genes

The R package “FactoMineR” was used to perform principal 
component analysis (PCA) on the AMI and healthy control 
samples, and the R package “factoextra” was used for visuali-
zation. Differentially expressed genes (DEGs) were selected 
using the R package “limma” and the selection criterion was 
set to be |logFC| > 0.263, P value < 0.05. The DEGs, the genes 
in the key modules of the WGCNA, and the NRGs were then 
intersected to obtain possible biomarkers, using the R pack-
age “ggvenn” to validate them as Venn diagrams. To further 
identify key genes, a Wilcox rank-sum test was used to ver-
ify whether the expression of the intersecting genes differed 
between the AMI and healthy controls. Construct a receiver 
operating characteristic (ROC) curve to determine the diag-
nostic value and validate it in GSE60993. These analyses were 
performed using the “wilcox. test” function and the R package 
“ROCR”. FASLG was chosen as the key gene for subsequent 
analysis based on the foregoing analysis.
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Analysis of DEG identification and functional enrichment

The AMI samples in the GSE48060 dataset were divided into 
a high FASLG expression group and a low FASLG expression 
group according to their FASLG expression. PCA was per-
formed for both groups using the R package “FactoMineR”, 
and the “limma” package was used to analyze the differences 
between the two groups, with the difference criterion set at 
|logFC| > 0.263, P value < 0.05.

Gene Ontology (GO) analysis annotates and classifies 
genes by biological pathway (BP), molecular function (MF), 
and cellular components (CC), and locates the most likely 
associated GO term for the differential gene by performing 
GO terms enrichment statistics on the differential gene. The 
KEGG database is a comprehensive database that integrates 
gene function, linked genomic information, and functional in-
formation, with a pathway database for storing information on 
gene pathways in different species. The R package “cluster-
Profiler” was used to implement GO and KEGG enrichment 
analysis and to visualize it using the “GOplot” package.

Gene set enrichment analysis (GSEA)

GSEA was used to estimate whether a predefined set of genes 
shows significant and consistent differences between two bio-
logical states. We used GSEA to analyze the enriched functions 
and pathways in the high and low FASLG expression groups, 
avoiding the omission of genes that are not significantly dif-
ferentially expressed but are biologically important.

Construction of protein-protein interaction (PPI) network

The PPI network was constructed through the online analysis 
site STRING [24] database. The obtained protein interaction 
relationship data were imported into Cytoscape for visualiza-
tion, and the top 10 core genes were filtered using the MCC 
method in the plug-in CytoHubba.

Next, we used the function “wilcox. test” to verify wheth-
er the expression of the core genes differed between the AMI 
group and the normal control group. Then we used the func-
tion “cor” to explore the correlation between the differentially 
expressed core genes and FASLG.

Analysis of immune cell infiltration assessment

The CIBERSORT algorithm evaluates the abundance of individu-
al immune cell subpopulations using deconvolution. The R pack-
age “CIBERSORT” was used to calculate the composition ratio 
of 22 immune cell types. Two types of non-expressing immune 
cells were removed from the samples. Box plots were drawn us-
ing the “ggplot2” package to compare immune cell expression 
differences in the FASLG high expression group, FASLG low 
expression group, and normal control group. Correlation analysis 
was performed to explore the correlation between key genes and 
immune cells, and visualized by the R package “ggplot2”.

Results

One hundred nine genes in Saddlebrown Module were 
identified to be the most closely associated with the onset 
of AMI by WGCNA

All genes contained in the 52 samples in GSE48060 were ana-
lyzed by WGCNA to identify key modules and hub genes as-
sociated with AMI. Hierarchical clustering was conducted on 
all samples and no outliers were found (Fig. 1a). We selected 
β = 8 as the optimal soft threshold power, in which case the 
constructed network is more consistent with the scale-free net-
work characteristics (Fig. 1b). A total of 14 modules were con-
structed after setting 0.25 as the merging threshold to merge 
similar modules (Fig. 1c), with each represented by one color 
(Fig. 1d). Genes that belonged to none of the other modules 
were included in the gray modules. Further analysis of the 
correlation between gene co-expression modules and clinical 
features revealed that the saddlebrown module was the most 
correlated module with AMI (P = 1 × 10-4) (Fig. 1e), and a total 
of 109 genes are contained in this module.

FASLG was a key gene associated with necroptosis for 
AMI diagnosis

The PCA demonstrated differences in gene expression levels 
between the AMI and normal control groups in GSE48060 (Fig. 
2a). We identified 598 DEGs by variance analysis, including 
431 up-regulated genes and 167 down-regulated genes. DEGs 
were represented by volcano plots (Fig. 2b). After intersecting 
the DEGs with the genes in the brown module and the necrotiz-
ing apoptosis-related genes, we obtained two overlapping genes, 
FASLG and IFNG (Fig. 2c). We tentatively suggested that FA-
SLG and IFNG are key necrotizing apoptotic genes associated 
with AMI. Both genes FASLG and IFNG were decreased in 
AMI samples compared with normal control samples; however, 
we found that down-regulation of FASLG was significant by the 
Wilcox rank-sum test (P = 1.89687 × 10-5), while down-regula-
tion of IFNG was no significant difference by the same assay (P 
= 0.07021089 (Fig. 2d, e). Plotting the ROC curve evaluated the 
diagnostic ability of FASLG and IFNG for AMI. The area under 
the ROC curve (AUC) of FASLG reached 0.836, while the AUC 
of IFNG was only 0.650 (Fig. 2f, g). FASLG presented a signifi-
cant difference in the test set GSE60993 and reached an AUC 
of 0.82, with good diagnostic performance (Fig. 2h, i). FASLG 
showed better diagnostic performance, therefore, FASLG was 
recommended as a hub gene to be investigated further.

Detection and enrichment analysis of differential genes in 
FASLG high and low expression groups of AMI patients

To explore the mechanism of FASLG involved in AMI regula-
tion, the median FASLG expression was used as the boundary 
to divide the 31 AMI samples in GSE48060 into a high FASLG 
expression group and a low FASLG expression group. PCA 
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indicated that the gene expression levels differed between the 
two groups (Fig. 3a). A total of 769 differential genes, includ-
ing 506 down-regulated genes and 263 up-regulated genes, 
were obtained from differential analysis of the high and low 
expression groups of FASLG (Fig. 3b). These genes were con-
sidered as related genes of FASLG. A volcano plot was created 
and the top 100 genes with |logFC| values were selected for a 
heat map to visualize the results (Fig. 3c).

In order to explore the function of FASLG, we further per-

formed GO enrichment analysis and KEGG enrichment analy-
sis on these differential genes. In the GO enrichment analysis, 
we concentrated on the BP part. The results show that these 
differential genes are mainly enriched in the GO terms of, for 
instance, regulation of T-cell activation, immune response-reg-
ulating signaling pathway, cell activation involved in immune 
response, and regulation of lymphocyte proliferation (Fig. 3d). 
Additionally, KEGG enrichment analysis demonstrated that 
differential expression of FASLG probably functioned through 

Figure 1. WGCNA revealed that genes contained in the saddlebrown module were maximally associated with AMI. (a) Cluster 
dendrogram of 52 samples, including 31 AMI samples (purplishred) and 21 normal control samples (lightyellow). (b) Analysis 
of network topology for various soft-thresholding powers, and 8 was the fittest power value. (c) Clustering diagram of module 
feature genes. (d) Clustering dendrogram of genes, with dissimilarity based on the topological overlap. A total of 14 modules 
were acquired after consolidation, and the saddlebrown module was considered to be the most relevant to AMI. (e) Heatmap 
showing the correlation between different color modules and clinical traits. AMI: acute myocardial infarction; WGCNA: weighted 
gene co-expression network analysis.
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pathways such as natural killer cell-mediated cytotoxicity, B-
cell receptor signaling pathways, Th1 and Th2 cell differentia-
tion, Th17 cell differentiation, lipids and atherosclerosis, and 
apoptosis (Fig. 3e). The foregoing analysis indicated that FA-
SLG might be involved in the progression of AMI by modulat-
ing immune cells and functions.

GSEA

We also performed a GSEA on the expression of all genes in 
the FASLG grouping to find consistently different enriched 
functions and pathways in the two groups to avoid the one-
sidedness of the differential gene function enrichment anal-
ysis. Figure 4a, b illustrates the top 20 GO enrichment and 
KEGG enrichment entries, respectively. GO enrichment 
analysis showed that several biological processes were con-

verged, for instance, the B-cell activation, the regulation of 
lymphocyte activation, the immune response-regulating sign-
aling pathway, the positive regulation of cytokine production, 
and the Toll-like receptor signaling pathway (Fig. 4c). KEGG 
enrichment analysis revealed that low expression of FASLG 
may act through B-cell receptor signaling pathways, lipid and 
atherosclerosis, and oxidative phosphorylation (Fig. 4d). The 
conclusions drawn from the GSEA corroborated with the GO 
and KEGG enrichment analysis, further confirming the pos-
sible involvement of FASLG in the AMI process through the 
regulation of immune cells and functions.

Construction of PPI networks and identification of hub 
genes based on FASLG

To further explore the potential mechanisms underlying the role 

Figure 2. FASLG was a key gene associated with necroptosis for AMI diagnosis. (a) PCA of AMI group and normal control group. 
(b) Volcano plot of difference analysis between AMI group and normal group in GSE48060. (c) Venn diagram of intersecting 
genes in DEGs, WGCNA_GSE48060, NRG. (d) The Wilcox rank-sum test for the expression level of FASLG in the AMI and 
normal control groups (P = 1.89687 × 10-5). (e) The Wilcox rank-sum test for the expression level of IFNG in the AMI group and 
normal control group (P = 0.07021089). (f) The ROC curve of FASLG to differentiate the AMI group and normal control group with 
an AUC of 0.836. (g) The ROC curve of IFNG to differentiate the AMI group and normal control group with an AUC of 0.650. (h) 
The Wilcox rank-sum test for the expression level of FASLG in GSE60993 (P = 0.01). (i) The ROC curve of FASLG to differenti-
ate the AMI group and normal control group in GSE60993 with an AUC of 0.824. AUC: area under the ROC curve; AMI: acute 
myocardial infarction; DEGs: differentially expressed genes; NRG: necroptosis-related gene; PCA: principal component analysis; 
ROC: receiver operating characteristic; WGCNA: weighted gene co-expression network analysis.
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of FASLG in AMI, we constructed a PPI network of FASLG-
associated genes using the STRING database, which included 
212 nodes and 405 edges (Fig. 5a). Ten central genes (LYN, 
YES1, SYK, JAK2, GRB2, HCK, FGR, CD247, BLK, and 
PRKCD) were identified by calculating MCC values through 
the CytoHubba plugin in Cytoscape (Fig. 5b). These 10 genes 
are those with a strong association with FASLG. Subsequent-
ly, our analysis revealed that the expression levels of YES1, 
HCK, CD247, and PRKCD in the AMI group and the healthy 
control group presented certain differences, in which the HCK 
and PRKCD expression was higher in the AMI group than in 
the control group, while YES1 and CD247 expression was 
lower in the AMI group than in the control group (Fig. 5c), and 
they may be equally involved in the development of AMI. The 

Pearson correlation analysis indicated that CD247 and YES1 
presented a more significant positive correlation with FASLG 
expression. In contrast, the negative correlation between HCK, 
PRKCD, and FASLG expression was not significant (Fig. 5d). 
Therefore, CD247 and YES1 might be the underlying regula-
tors of FASLG and are involved in the AMI process.

Correlation analysis of FASLG and hub genes with im-
mune cell infiltration in patients with AMI

Significant differences were detected in the proportion of im-
mune cells between individual samples in the AMI group using 
the CIBERSORT algorithm analysis (Fig. 6a). Two immune 

Figure 3. Differentially expressed gene identification and functional enrichment of FASLG high and low expression groups. (a) 
PCA was performed on the FASLG high expression and FAGLG low expression groups. (b) Volcano plot for differential analysis 
of FASLG high and low expression groups. Purple dots represent down-regulated genes and yellow dots represent up-regulated 
genes. (c) Heatmap showed the top 100 genes with |logFC| values among the differentially expressed genes in the FASLG high 
expression and FASLG low expression groups. (d) GO analysis of differentially expressed genes. (e) KEGG analysis of differ-
entially expressed genes. GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; PCA: principal component 
analysis.
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cell subtypes with characteristic genes unexpressed in the sam-
ples were removed. Further study revealed that eosinophils, 
natural killer (NK) cells resting, T cells CD4 memory activat-
ed, and T cells gamma delta presented differences in FASLG 
high expression group versus FASLG low expression group. 
Neutrophils and eosinophils showed differences in the FASLG 
high expression group versus the normal group. Monocytes, 
neutrophils, NK cells resting, T cells CD4 memory activated, 
and T cells gamma delta showed differences in the FASLG low 
expression group versus the normal group (Fig. 6b). Spearmen 
correlation analysis indicated that FASLG was positively cor-
related with NK cells resting, T cells CD4 memory activated, 
and T cells gamma delta, and negatively correlated with B cells 
naive and macrophages M0 (Fig. 6c). CD247 was positively 
correlated with T cells CD4 memory resting, T cells gamma 
delta, and negatively correlated with macrophages M0, neu-
trophils (Fig. 6d). YES1 was negatively correlated with T cells 
follicular helper only (Fig. 6e). The findings further indicated 

that the expression level of FASLG probably impacted the im-
mune status of AMI patients.

Discussion

The high mortality rate of AMI imposes a serious economic 
burden on society and families. Timely diagnosis and predic-
tion of myocardial infarction contribute to improved prognosis 
of AMI. The currently used diagnostic indexes for AMI, such 
as cardiac troponin T (cTnT) and creatine kinase isoenzyme 
(CK-MB), still have limitations and might lead to underdiag-
nosis [25]. Recent studies have found that necrotizing apopto-
sis may participate in the regulation of cardiomyocyte death 
after the onset of AMI and affect ventricular remodeling after 
AMI. Upregulation of RIP1 and RIP3 after AMI activates the 
RIP1-RIP3-MLKL axis, which exacerbates cardiomyocyte 
death [26]. In addition, RIP3 can also cause necroptosis in 

Figure 4. GSEA analysis. (a) GO enrichment analysis of GSEA enrichment analysis. (b) KEGG enrichment analysis of GSEA 
enrichment analysis. (c) A portion of the enriched GO terms. (d) A portion of the enriched KEGG pathways. GSEA: gene set 
enrichment analysis; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes.
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Figure 5. Construction of PPI network and identification of hub genes. (a) PPI network. The larger the diameter of the circle 
and deeper the color, the greater its mesoscopic centrality indicated, which has a central position in the network. (b) CytoHubba 
screens for 10 central genes. A deeper color represents a higher MCC score. Genes that tend to obtain high MCC scores are 
key genes associated with FASLG. (c) Examination of the differences in expression of 10 central genes in the AMI and normal 
groups. YES1, HCK, CD247 and PRKCD showed significant differences between the AMI and normal groups (their P values 
were less than 0.05) and were considered to be involved in the myocardial infarction process. (d) Correlation analysis of YES1, 
HCK, CD247, PRKCD, and FASLG. R-values closer to 1 indicate a stronger positive correlation and r-values closer to -1 indicate 
a stronger negative correlation. AMI: acute myocardial infarction; PPI: protein-protein interaction.
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cardiomyocytes through mobilization of Ca2+-calmodulin-de-
pendent protein kinase (CaMKII) [27]. Therefore, the search 
for biomarkers associated with necroptosis to identify AMI 
patients is a feasible approach.

Blood samples from AMI patients and normal subjects 
were collected from the GEO database, and we found that FA-
SLG and IFNG were genes associated with AMI, and necrop-
tosis by WGCNA and differential analysis. FASLG (FAS 
ligand, also known as CD95L) is a member of the tumor ne-
crosis factor (TNF) superfamily, and its binding to its recep-
tor FAS could initiate apoptotic signaling causing apoptosis 
and immune response. It has been found that FASLG shows a 
down-regulation trend in AMI patients [28]. In addition, pros-
taglandin-E1 (PGE1) protects cardiomyocytes from I/R injury 
by regulating the miR-21-5p/FASLG axis [29]. IFNG encodes 
interferon-γ (IFN-γ), which activates macrophages and pro-
motes Th1 responses, and plays a role in the inflammatory 
response after the onset of AMI [30]. Next, we applied statisti-
cal tests and found that the expression of FASLG was statisti-
cally different in the AMI group and the normal control group, 
but the expression of IFNG was not statistically different in 
the two groups. The ROC curve demonstrates the capability 
of FASLG to diagnose AMI effectively and was validated in 

the validation set GSE60993. IFNG has a role in AMI, and 
the non-differential status of IFNG presented by the above re-
sults might be due to an insufficient sample size. In the present 
study, we identified FASLG as a valid biomarker for AMI [31].

To further investigate the function and mechanism of ac-
tion of FASLG, we applied to GO, KEGG and GSEA to do 
functional and pathway enrichment studies. GO enrichment 
analysis revealed that the genes were enriched in the regula-
tion of T-cell activation, regulation of immune response signal-
ing pathways, activation of cells involved in immune response, 
and regulation of lymphocyte proliferation; KEGG enrichment 
analysis showed that FASLG was involved in the regulation of 
NK cell-mediated cytotoxicity, B-cell receptor signaling path-
ways, Th1 and Th2 cell differentiation, Th17 cell differentia-
tion and other pathways. The role of inflammatory response in 
AMI has been demonstrated. The early stages after the onset 
of AMI are characterized by a variety of immune cells (e.g., 
monocytes, macrophages, and lymphocytes) involved in the 
inflammatory response in the myocardium. After AMI, neu-
trophils are first recruited to the ischemic cardiac tissue, where 
they can contribute to the repair of the infarcted myocardium 
by spreading the inflammatory response to the surrounding 
myocardium through degradation and degranulation and pro-

Figure 6. Analysis of immune cell infiltration assessment. (a) The box plot shows the relative percentages of different types of 
immune cells in all AMI samples. The horizontal axis shows the 31 AMI samples, and the length of each color block on the vertical 
axis indicates its percentage (0-1) of all immune cells. (b) Comparison of the proportion of various immune cell infiltrates in the 
FASLG high expression group, FASLG low expression group and normal group. (c-e) The correlations of FASLG, CD247, and 
YES1 with various immune cells were analyzed separately, and the larger circles and darker colors indicated their more obvious 
correlations. AMI: acute myocardial infarction.
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moting infiltration of other immune cells [32]. Monocytes, 
macrophages, lymphocytes, and NK cells were together in-
volved in the transition from the pro-inflammatory response 
to the anti-inflammatory repair phase after AMI, promoting 
healing and scar repair of the infarcted myocardium and pre-
venting cardiac rupture [33]. T lymphocytes could exacerbate 
cardiomyocyte death by releasing cytokines such as IFN-γ 
and IL-17 [34]. Mature B lymphocytes selectively produce 
the chemokine CCL7, leading to increased myocardial injury 
and deterioration of cardiac function [35]. NK cells interact 
with macrophages, thereby enhancing each other’s activity and 
increasing the inflammatory response at the infarct site [36]. 
These results suggest that FASLG may participate in the devel-
opment of AMI by modulating the immune response.

Next, we constructed a PPI network to obtain two central 
genes: CD247 and YES1 as potential downstream regula-
tors of FASLG. CD247 (also known as CD3 zeta chain), an 
important component of the T-cell receptor (TCR)-CD3, is 
involved in the regulation of the immune response and func-
tions in a variety of diseases with an inflammatory response 
involved (e.g., systemic sclerosis, type 2 diabetes) [37-39]. 
A previous study showed that FASLG, together with CD247, 
was identified as a potential biological target for MI immuno-
therapy [40]. It also has been noted that apoptosis mediated 
by FASL-expressing tumor cells in ovarian cancer can induce 
loss of CD3-zeta and CD3-ε chain expression in T lympho-
cytes [41]. YES1 is a tyrosine kinase [42], and it has been 
suggested that overexpression of miR-140 could inhibit car-
diomyocyte apoptosis by regulating YES1, thereby reducing 
myocardial I/R injury [43]. In hepatocytes, NADPH oxidase 
activation induced by CD95L could lead to rapid activation 
of YES, which induced apoptosis [44]. These studies suggest 
that CD247 and YES1 might be involved in the development 
of AMI, and the exact mechanisms remain to be elucidated in 
future studies.

Finally, we investigated the infiltration of immune cells 
in AMI and their correlation with key genes using CIBER-
SORT. We found that neutrophils, NK cells resting, T-cell 
CD4 memory activation, and T-cell γδ infiltration in the AMI 
group showed differences from the control group, which 
could be related to the occurrence of inflammation after AMI. 
In addition, we found that both FASLG and CD247 correlate 
with T-cell γδ and macrophage M0; therefore, FASLG might 
affect T-cell γδ and macrophage M0 through regulation of 
CD247 to participate in the immune response. T-cell folli-
cular helper cells play a key role in protective immunity by 
helping B cells produce antibodies against foreign pathogens 
[45]. In the KEGG enrichment analysis, we found that FA-
SLG is involved in the B-cell receptor signaling pathway; 
therefore, FASLG might affect T-cell follicular helper cells 
by regulating YES1, and thus participate in the regulation of 
the B-cell receptor signaling pathway. The exact evidence re-
quires further research to obtain. It has long been established 
that the complex inflammatory response after AMI is medi-
ated by a combination of immune cells. Notably, the relation-
ship between necrotizing apoptosis and the immune response 
is still being explored. It has been suggested that necrotizing 
apoptosis leads to the release of large amounts of intracel-
lular substances after the disruption of cell membranes lead-

ing to the occurrence of inflammatory responses. Necrotizing 
apoptosis is an important modality leading to myocardial cell 
death after myocardial infarction, which in turn is closely as-
sociated with multiple immune responses and immune cells. 
It is reasonable to believe that necrotizing apoptosis may be 
involved in the development of AMI by regulating immune 
infiltration.

The main biomarker currently used for AMI detection is 
troponin, and despite its high specificity and sensitivity, there 
are certain limitations, such as troponin levels rise significant-
ly only a few hours after the onset of AMI, which may lead to 
a delay in early diagnosis; certain non-cardiac diseases (e.g., 
chronic kidney disease, sepsis) may also lead to an increase 
in troponin levels, which affects the accuracy of the diagno-
sis [46]. Our study showed that FASLG showed a tendency 
to increase in the early stages after the onset of AMI, which is 
important for the early diagnosis and timely treatment of AMI. 
FASLG, as a complementary marker, in combination with 
markers such as troponin, can improve the accuracy and time-
liness of the diagnosis. In conclusion, we identified FASLG 
as a possible biomarker for AMI based on the bioconductivity 
analysis method according to the flow chart in Figure 7a and 
explored the possible mechanisms of its involvement in the 
development of AMI (Fig. 7b), providing a new perspective 
for the early diagnosis of AMI.
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