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Glycolysis-Related Genes, S100A8 and CXCL1, Participate 
in Acute Myocardial Infarction by Regulating  

Immune Cell Infiltration
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Abstract

Background: Acute myocardial infarction (AMI) is one of the most 
severe forms of acute coronary syndrome. During myocardial is-
chemia, cardiac glycogen is metabolized through glycolysis, which 
becomes the primary source of ATP. The genetic regulation of gly-
colysis is well established, yet its contribution to AMI pathogenesis 
remains poorly understood. This study aimed to use bioinformatics 
approaches to identify glycolysis-related genes (GRGs) associated 
with AMI, providing a foundation for their potential applications as 
molecular markers and therapeutic targets.

Methods: GRGs were retrieved from the GeneCards database. 
Weighted gene co-expression network analysis (WGCNA) was ap-
plied to the GSE66360 dataset to identify hub genes, which were 
validated by the Wilcoxon rank-sum test and the receiver operating 
characteristic (ROC) curve analysis. Immune cell infiltration and its 
association with hub gene expression in AMI were further examined 
using the CIBERSORT algorithm.

Results: Analysis of the GSE66360 dataset identified 695 differen-
tially expressed genes (DEGs). Gene set enrichment analysis (GSEA) 
indicated that these genes may contribute to AMI pathogenesis by 
regulating cellular energy metabolism. Intersecting DEGs with GRGs 
yielded 31 differentially expressed glycolysis-related genes (DE-
GRGs). Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analyses suggested that DEGRGs may 
influence AMI development by modulating immune cell function and 
immune response status. Construction of a protein-protein interaction 
(PPI) network identified seven hub genes, all of which demonstrated 

diagnostic performance in GSE66360 based on the ROC analysis. 
Validation in the independent dataset GSE59867 confirmed two hub 
genes with diagnostic potential. Immune infiltration analysis further 
revealed that these two hub genes were significantly associated with 
multiple types of immune cells.

Conclusion: Two GRGs, S100A8 and CXCL1, were identified as po-
tential biomarkers and therapeutic targets in AMI. Both genes were 
associated with immune cell infiltration, suggesting that they may 
contribute to AMI pathogenesis through immunometabolic regula-
tion. Importantly, combined detection of these hub genes may facili-
tate early risk stratification and prediction of major adverse cardiac 
events, offering a new direction for AMI diagnosis and prognosis.

Keywords: Acute myocardial infarction; Energy metabolism; Glyco-
lysis; Immune infiltration; Bioinformatics

Introduction

Cardiovascular disease (CVD) is the leading cause of death 
worldwide, accounting for approximately 45% of all deaths 
in Europe [1], including 49% of all deaths in women and 40% 
in men [2]. Acute myocardial infarction (AMI) is defined as 
cardiomyocyte necrosis in the clinical context of acute myo-
cardial ischemia, resulting from atherothrombotic events or 
other causes of myocardial ischemia and myocyte injury [3]. 
AMI represents one of the most critical forms of acute coro-
nary syndrome. The acute phase of AMI is often complicated 
by malignant arrhythmia and sudden death, while the chronic 
phase is frequently accompanied by impaired cardiac function. 
Among the various biomarkers evaluated for AMI diagnosis, 
such as high-sensitivity cardiac troponin (hs-cTn), creatine 
kinase-MB, myosin-binding protein C, and copeptin, only hs-
cTn is currently recommended in all patients with suspected 
AMI [3]. Although additional biomarkers may provide incre-
mental value when combined with hs-cTn, their standalone di-
agnostic utility remains limited. Therefore, understanding the 
molecular mechanisms underlying AMI and identifying novel 
contributors to its pathogenesis may support the discovery of 
new biomarkers for diagnosis and treatments.

Healthy myocardium is highly metabolically adaptable, 
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capable of utilizing diverse substrates to sustain energy pro-
duction under physiological conditions. Under normoxic 
conditions, mitochondrial oxidative metabolism generates ap-
proximately 90% of cardiac ATP, whereas cytosolic glycolysis 
contributes only 5-10%. During ischemia, however, cardiac 
metabolism shifts rapidly, with suppression of oxidative me-
tabolism compensated by activation of anaerobic glycolysis to 
conserve oxygen. Consequently, glycogen-derived glycolysis 
becomes the predominant source of ATP [4, 5].

Lactate, the end-product of glycolysis, is a key meta-
bolic intermediate, and its circulating levels carry established 
prognostic significance in AMI [6]. Enhanced glycolysis can 
protect the ischemic myocardium by reducing mitochondrial 
reactive oxygen species (ROS) production and limiting cell 
death during ischemia-reperfusion injury [7-9]. However, ex-
cessive glycolysis may be detrimental; it contributes to sepsis-
related macrophage activation [10], and glucose transporter 1 
(GLUT1)-dependent glycolysis has been shown to exacerbate 
lung fibrogenesis during Streptococcus pneumoniae infection 
[11, 12]. Growing evidence further indicates that metabolic 
reprogramming is critical for immune regulation, particularly 
under ischemic conditions, where hypoxia suppresses mito-
chondrial oxidative phosphorylation (OXPHOS) and promotes 
reliance on glycolysis. For instance, FASLG, a key mediator of 
necroptosis, may influence AMI by modulating immune cell 
infiltration [13]. Moreover, the activation of the proinflam-
matory transcriptional program is closely tied to preferential 
glucose metabolism in leukocytes. A deeper understanding 
of glycolysis-driven metabolic adaptation could reveal novel 
therapeutic targets to reduce ischemic injury and inflamma-
tion, thereby preventing progression to heart failure [14]. Nev-
ertheless, the contribution of glycolysis-related genes (GRGs) 
to AMI pathogenesis remains poorly defined, and further stud-
ies are required to clarify their roles in myocardial apoptosis, 
necrosis, necroptosis, and immune modulation.

In this study, weighted gene co-expression network analy-
sis (WGCNA) was applied to the GSE66360 dataset to identify 
key gene modules associated with AMI, followed by compre-
hensive bioinformatic analyses. Among the candidate genes, 
S100A8 and CXCL1 were found to be upregulated following 
AMI and were identified as potential biomarkers. Their dif-
ferential expression was further validated, and downstream 
analyses were performed to investigate potential mechanisms 
linking these genes to AMI pathogenesis.

Materials and Methods

Dataset acquisition and preprocessing

The GSE66360 (GPL570) dataset was obtained from the 
Gene Expression Omnibus (GEO [15]) database and used as 
the training set, while GSE59867 (GPL6244) was used as the 
validation set. The GSE66360 dataset includes blood samples 
from 49 patients with AMI and 50 healthy controls, whereas 
GSE59867 comprises blood samples from 111 AMI patients 
and 46 patients with stable coronary artery disease without a 
history of myocardial infarction. Probe identifiers were con-

verted to gene symbols using R software (version 4.2.1), with 
the first probe value retained when multiple probes mapped to 
the same gene symbol. In addition, a total of 4110 GRGs were 
retrieved from the Human Gene Database (GeneCards [16]).

WGCNA

WGCNA was performed to identify gene modules with simi-
lar expression patterns, examine interconnections between 
modules, and relate modules to candidate biomarkers or 
therapeutic targets. WGCNA was applied to all samples in 
the GSE66360 dataset using the “WGCNA” package in R 
software (version 4.2.1). The “pickSoftThreshold” function 
was used to construct a weighted network by assessing pair-
wise gene expression similarities, and a soft threshold of 12 
was selected based on the scale-free topology fitting index 
and connectivity. The correlation matrix was then converted 
into an adjacency matrix, from which a topological overlap 
matrix (TOM) was generated. Hierarchical clustering was 
performed on the TOM to identify co-expression modules. 
A minimum module size of 30 was set, and modules with 
highly similar expression patterns were merged at a threshold 
of 0.9. Finally, module-trait correlations were calculated, and 
the module with the highest correlation to AMI was selected 
for subsequent analysis.

Identification of hub genes

Principal component analysis (PCA) was performed on the 
AMI and healthy control groups in the GSE66360 dataset us-
ing the “stats” package in R, and results were visualized with 
“ggplot2”. Differentially expressed genes (DEGs) were identi-
fied using the “limma” package with thresholds of |log2 fold 
change (FC)| > 1 and P < 0.05 [17, 18]. DEGs were visualized 
in a volcano plot generated with “ggplot2” and subsequently 
intersected with GRGs to obtain differentially expressed gly-
colysis-related genes (DEGRGs), which were displayed using 
online Venn diagram tools and the VennDetail Shiny App [19].

Gene set enrichment analysis (GSEA)

GSEA was conducted to identify pathways enriched in AMI 
compared with healthy controls. This approach allowed the 
detection of gene sets with potential biological relevance, even 
when the individual gene expression changes were modest. A 
significance threshold of P < 0.05 was applied.

Analysis of DEG identification and functional enrichment

Functional enrichment analysis of DEGs was performed using 
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) databases. GO enrichment was conducted 
across the categories of biological pathway (BP), molecular 
function (MF), and cellular components (CC), while KEGG 
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analysis was applied to identify gene-related signaling path-
ways. Both GO and KEGG analyses were conducted with the 
“clusterProfiler” package in R, and the results were visualized 
with the “enrichplot” R package.

Protein-protein interaction (PPI) network construction

To identify the core DEGs and key gene modules, a PPI net-
work was constructed using the STRING database [20] with 
a confidence score threshold of > 0.4 and visualized in Cy-
toscape (version 3.10.1). The CytoHubba algorithm in Cy-
toscape software was used to calculate maximal clique central-
ity (MCC) values, and the top 10% of genes ranked by MCC 
were retained. Genes were additionally required to be involved 
in at least three AMI-related pathways. Lastly, based on the de-
gree and MCC algorithm in Cytoscape, seven hub genes were 
identified [21].

Expression and diagnostic performance of hub genes

The “stats” package in R was used to conduct the Wilcoxon 
rank-sum test to evaluate expression differences of the seven 
hub genes between AMI and healthy controls, and results were 
visualized with “ggplot2”. Receiver operating characteris-
tic (ROC) curve analysis was conducted to assess the diag-
nostic performance of hub genes in both the GSE66360 and 
GSE59867 datasets. Diagnostic performance was further vali-
dated in the GSE59867 dataset.

Immune cell infiltration analysis

Immune cell composition was estimated using the CIBER-
SORT algorithm, which applies a deconvolution approach to 
quantify the relative proportions of 22 immune cell types. To 
further investigate immune mechanisms in AMI, correlations 
between hub gene expression and immune cell abundance 
were assessed using Spearman’s rank correlation analysis in 
R. Results were visualized with “ggplot2”.

Results

Identification of AMI-associated genes by WGCNA

A multi-step analysis of the GSE66360 and GSE59867 data-
sets was performed to identify and validate candidate hub 
genes (Fig. 1a). Data quality was assessed using boxplots, 
which showed consistent distributions of median, upper quar-
tile, and lower quartile across both datasets (Fig. 1b, c).

WGCNA was performed on 99 samples in the GSE66360 
dataset to identify gene modules associated with AMI. A soft 
threshold power of 12 was selected to achieve scale-free to-
pology (Fig. 1d). Modules with similar expression patterns 
were merged at a threshold of 0.9 (Fig. 1e), resulting in five 
distinct modules (Fig. 1f). Based on module-trait correlations, 

the brown module, comprising 184 genes, showed the highest 
AMI correlation index (P = 4.38 × 10-10) (Fig. 1g).

Thirty-one DEGRGs obtained

PCA demonstrated clear separation between AMI and healthy 
control groups in the GSE66360 dataset (Fig. 2a). A total of 
695 DEGs were identified, including 493 upregulated genes 
and 202 down-regulated genes (Fig. 2b). Intersection of DEGs 
with GRGs yielded 31 DEGRGs (Fig. 2c).

GSEA

GSEA was applied to the GSE66360 dataset to evaluate func-
tional differences between AMI and healthy controls. The top 
10 enriched pathways were identified through GO (Fig. 3a) and 
KEGG (Fig. 3b) analyses. GO enrichment indicated that 695 
DEGs were primarily involved in processes such as adenylate 
cyclase-activating G protein-coupled receptor signaling, fatty 
acid catabolism, fatty acid metabolism, lipid oxidation, and 
monocarboxylic acid catabolism (Fig. 3c). KEGG pathway 
analysis further revealed enrichment in pathways including 
ABC transporters, fatty acid metabolism, glycolysis/gluconeo-
genesis, pyruvate metabolism, and branched-chain amino acid 
degradation (Fig. 3d). Together, GO and KEGG results suggest 
that DEGs may contribute to AMI pathogenesis by modulating 
immune cell function and immune response status.

Detection and enrichment analysis of DEGRGs in high 
and low expression groups of AMI patients

GO and KEGG enrichment analyses were performed to in-
vestigate the functions of DEGRGs. GO enrichment in the BP 
category indicated that DEGRGs were primarily involved in 
responses to molecules of bacterial origin, particularly lipopol-
ysaccharide, as well as regulation of inflammatory processes, 
neutrophil and granulocyte chemotaxis, and neutrophil mi-
gration (Fig. 4a). KEGG analysis revealed enrichment in im-
mune- and inflammation-related pathways, including interleu-
kin (IL)-17, tumor necrosis factor (TNF), nucleotide-binding 
oligomerization domain (NOD)-like receptor, C-type lectin 
receptor, Toll-like receptor (TLR), and nuclear factor-kappa 
B (NF-κB) signaling. Additional enriched pathways included 
adaptive immunity (B-cell receptor signaling, T-cell receptor 
signaling, Th17 cell differentiation), apoptosis, adipocytokine 
signaling, and the lipid and atherosclerosis pathway (Fig. 4b). 
Together, GO and KEGG analyses indicated a role for DE-
GRGs in modulating immune function and inflammatory re-
sponses, which contribute to AMI pathogenesis.

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

To investigate interactions among DEGRGs, a PPI network 
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Figure 1. WGCNA analysis. (a) A flow diagram of using a multi-step strategy to select hub genes of AMI in GSE66360 dataset 
and DEGRGs, and carry out multi-step validation. (b) Data quality evaluation of GSE66360 datasets. (c) Data quality evaluation 
of GSE59867 dataset. (d) Analysis scale free topology fitting index and connectivity, 12 is the optimal soft threshold. (e) Cluster-
ing diagram of module feature genes. (f) Clustering dendrogram of genes, with dissimilarity based on the topological overlap. 
The saddlebrown module was considered to be the most relevant to AMI. (g) A heatmap of the correlation between different 
color modules and clinical traits. WGCNA revealed that genes contained in the saddlebrown module were maximally associated 
with AMI. WGCNA: weighted gene co-expression network analysis; AMI: acute myocardial infarction; DEGRGs: differentially 
expressed glycolysis related genes; GRG: glycolysis-related gene; PPI: protein-protein interaction; GSEA: gene set enrichment 
analysis; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; ROC: receiver operating characteristic.
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was constructed using the STRING database. The network 
comprised 28 nodes and 220 edges. Based on the degree al-
gorithm in Cytoscape, seven hub genes were identified: TNF, 
IL1B, NFKBIA, NAMPT, S100A8, CXCL1, and JUN (Fig. 4c).

Two hub genes have good diagnostic efficacy in AMI

The Wilcoxon rank-sum test was conducted to assess expres-
sion differences of hub genes in the GSE66360 and GSE59867 
datasets. All seven hub genes showed significant differential 
expression between AMI and controls in both datasets (Fig. 
5a). ROC curve analysis demonstrated that all seven hub genes 
had an area under the curve (AUC) > 0.6 in GSE66360, in-
dicating good diagnostic performance (Fig. 5b). Validation in 
the GSE59867 dataset confirmed five of these genes, among 
which two (S100A8, CXCL1) achieved AUC values between 
0.6 and 0.8 (Fig. 5c). While these results suggest diagnostic 

potential, further validation is required due to the absence of 
detailed clinical characteristics in the datasets and the com-
plexity of AMI pathogenesis, which involves multiple gene 
interactions.

Correlation analysis of hub genes with immune cell infil-
tration in patients with AMI

The CIBERSORT algorithm was used to estimate immune cell 
composition in AMI specimens, showing significant differenc-
es compared with controls (Fig. 6a). Specifically, levels of γδ T 
cells, resting CD4 memory T cells, neutrophils, activated mast 
cells, activated dendritic cells, and monocytes were dysregu-
lated in AMI (Fig. 6b). Spearman’s rank correlation analysis 
further demonstrated that CXCL1 expression was positively 
correlated with neutrophils, activated mast cells, and mono-
cytes, but negatively correlated with resting CD4 memory T 

Figure 2. Select DEGRGs. (a) PCA of AMI group and healthy control group. (b) A volcano plot of difference analysis between 
AMI group and healthy control group in GSE66360. (c) Venn diagram of intersecting genes in DEGs, WGCNA_GSE66360, GRG. 
DEGRGs: differentially expressed glycolysis related genes; PCA: principal component analysis; AMI: acute myocardial infarction; 
DEGs: differentially expressed genes; GRG: glycolysis-related gene; WGCNA: weighted gene co-expression network analysis.
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cells and γδ T cells (Fig. 6c). Similarly, S100A8 displayed a 
similar pattern, with positive correlations to neutrophils, acti-
vated mast cells, and monocytes, and a negative correlation to 
resting CD4 memory T cells (Fig. 6d). These findings suggest 
that CXCL1 and S100A8 may be associated with immune cell 
dysregulation in AMI.

Discussion

AMI is a leading cause of cardiovascular mortality world-
wide. Timely intervention can significantly reduce compli-
cations and improve prognosis [22]. The heart is one of the 
most energy-demanding organs, with mitochondrial oxidative 
metabolism generating more than 80% of ATP required for 
normal myocardial function. Consequently, cardiomyocytes 
are highly sensitive to hypoxia and oxidative stress induced 
by ischemia-reperfusion and myocardial infarction (MI) [23]. 
Studies have shown that hypoxia for 6 h followed by 18 h 
of reoxygenation, or sustained hypoxia for more than 24 h, 
reduces cardiomyocyte viability by 59% and 51%, respec-
tively [24]. Hypoxia impairs mitochondrial function, disrupts 
energy metabolism, induces oxidative stress, and ultimately 
causes severe mitochondrial and organ damage [25]. Beyond 
the primary glycolytic pathway, auxiliary glucose metabo-
lism pathways, including the polyol, hexosamine, and pentose 

phosphate pathways, also contribute to cardiovascular patho-
physiology during ischemia-reperfusion. Thus, targeting gly-
colysis and related metabolic processes represents a promising 
strategy for therapeutic intervention in CVD [26]. Alterations 
in cardiac energy metabolism after MI contribute to the de-
velopment and severity of heart failure (HF) [27]. Modulating 
cardiac energy metabolism is therefore considered a potential 
therapeutic approach to mitigate HF progression and improve 
clinical outcomes [28]. A deeper understanding of the mecha-
nisms regulating cardiac energy metabolism may facilitate the 
discovery of novel metabolic targets and strategies for prog-
nostic assessment and AMI treatment.

Current pharmacological strategies to improve cardiac en-
ergy metabolism and energy supply primarily focus on three 
areas: regulating substrate utilization, enhancing mitochondrial 
function, and supporting ATP synthesis and transport. By mod-
ulating these processes, such therapies aim to preserve myocar-
dial energy balance, improve cardiac performance, and delay 
the progression of CVD [29-31]. Agents that regulate substrate 
utilization include trimetazidine and levocarnitine, which shift 
substrate preference away from fatty acids towards glucose, 
thereby improving metabolic efficacy during ischemia. Met-
formin and dapagliflozin regulate sugar metabolism and have 
demonstrated cardioprotective effects. Compounds including 
coenzyme Q10 and the reduced form of nicotinamide-adenine 
dinucleotide (NADH) support mitochondrial function and re-

Figure 3. GSEA analysis. (a) GO analysis of GSEA enrichment analysis. (b) KEGG analysis of GSEA enrichment analysis. (c) 
The main enriched pathway of GO. (d) The main enriched pathway of KEGG. GSEA: gene set enrichment analysis; GO: Gene 
Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; DEGs: differentially expressed genes; GRG: glycolysis-related 
gene.
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duce oxidative stress, while phosphocreatine has been studied 
as an adjunct to maintain ATP availability during ischemia.

In this study, GSEA showed that DEGs were predomi-
nantly enriched in pathways related to energy metabolism, 
inflammation, and immune regulation. Functional enrichment 
of the 31 identified DEGRGs further confirmed their involve-
ment in immune-related pathways, consistent with the broader 
DEG analysis. Construction of a PPI network combined with 
gene expression and diagnostic analyses identified S100A8 
and CXCL1 as two key hub genes associated with AMI. Im-
mune cell deconvolution with CIBERSORT demonstrated sig-
nificant differences in inflammatory cell populations between 
AMI and controls, and both hub genes were strongly corre-
lated with these immune alterations. These findings suggest 
that S100A8 and CXCL1 may contribute to AMI pathogenesis 
through their roles in immune cell regulation, consistent with 

the enrichment results and Spearman’s rank correlation analy-
sis.

S100A8 and S100A9, members of the calcium-binding 
S100 protein family, have been recognized as proinflamma-
tory danger signals once released into the extracellular space 
[32]. They have been implicated in MI through receptor-
mediated mechanisms, including interactions with the recep-
tor for advanced glycation end products (RAGE). Function-
ally, S100A8/A9 can induce calcium ion (Ca2+) release in 
cardiomyocytes and drive macrophage polarization toward a 
proinflammatory M1 phenotype [33], thereby impairing per-
fusion of ischemic tissue. Elevated serum concentrations of 
S100A8/A9 have been reported in acute coronary syndrome 
(ACS), coronary artery calcification, and cardiovascular in-
timal hyperplasia [25]. S100A8/A9 exert dual effects during 
myocardial ischemia-reperfusion. On the one hand, they ac-

Figure 4. Construction of PPI networks and identification of hub genes based on DEGRGs. (a) GO enrichment analysis of DE-
GRGs. (b) KEGG enrichment analysis of DEGRGs. (c) Screening hub genes by constructing PPI network and get seven hub 
genes (TNF, IL1B, NFKBIA, NAMPT, S100A8, CXCL1, and JUN). The circle with the larger diameter and deeper color indicates 
the higher intervention centrality and central position in the network. PPI: protein-protein interaction; DEGRGs: differentially ex-
pressed glycolysis related genes; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes.
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Figure 5. Assess the diagnostic efficacy of seven hub genes and get two hub genes (S100A8, CXCL1) with good diagnostic 
performance in AMI. (a) Expression of hub genes in GSE66360 dataset. (b) ROC curve of hub genes in GSE66360 dataset. (c) 
ROC curve of hub genes in GSE59867 dataset. AMI: acute myocardial infarction; ROC: receiver operating characteristic.
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tivate proinflammatory signaling through TLR4, leading to 
extracellular signal-regulated kinase (ERK) pathway activa-
tion, NADH activity inhibition, and mitochondrial respiration 
impairment. This disruption of energy metabolism amplifies 
oxidative stress, ultimately causing cardiomyocyte death and 
exacerbated myocardial injury [34]. On the other hand, experi-
mental studies suggest that S100A8/A9 can support immu-
noregulation and tissue repair by modulating gene expression, 
contributing to improved contractility and reduced fibrosis 
after ischemia-reperfusion [35]. Consistently, S100A8/A9 are 
elevated in infarcted myocardium and plasma of AMI patients 
[36], and their sustained upregulation has been implicated in 
post-MI HF [37]. Beyond CVD, S100A9 has been shown to 
enhance glycolytic activity in tumor cells via a c-Myc-depend-
ent pathway, thereby influencing immune cell infiltration and 
long-term patient outcomes [38]. S100A8/A9 have also been 
proposed as diagnostic or prognostic biomarkers in cancer [39] 
and acute lymphocytic myocarditis [40]. Importantly, pharma-
cological blockade of S100A8/A9 with ABR-238901 exerts 

potent anti-inflammatory effects and mitigates myocardial 
dysfunction [41]. Taken together, these findings suggest that 
S100A8/A9 are closely related to myocardial energy metabo-
lism and inflammation after MI, underscoring their potential as 
biomarkers and therapeutic targets in AMI.

Chemokines are a family of small cytokines with potent 
chemotactic properties, guiding the directed migration of leu-
kocytes and other cell types to sites of inflammation or injury. 
They are critical for immune surveillance and host defense, 
but also contribute to the pathogenesis of inflammatory, au-
toimmune, and neoplastic diseases [42]. Chemokines act as 
key mediators of intercellular communication, expressed by 
both immune and non-immune cells, and participate in diverse 
physiological and pathological processes. A central role is the 
recruitment of neutrophils, the first line of host defense against 
bacterial infection. CXCL1, primarily expressed in neutro-
phils, macrophages, and epithelial cells, functions as a pro-in-
flammatory mediator that promotes neutrophil and monocyte 
infiltration [43]. The CXCL1/CXCR2 signaling axis has been 

Figure 5. (continued) Assess the diagnostic efficacy of seven hub genes and get two hub genes (S100A8, CXCL1) with good 
diagnostic performance in AMI. (a) Expression of hub genes in GSE66360 dataset. (b) ROC curve of hub genes in GSE66360 
dataset. (c) ROC curve of hub genes in GSE59867 dataset. AMI: acute myocardial infarction; ROC: receiver operating charac-
teristic.



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   https://cr.elmerpub.com442

Role of Glycolysis During AMI Cardiol Res. 2025;16(5):433-446

Figure 6. Immune cell infiltration analysis. (a) The box plot shows the relative percentages of different types of immune cells in 
all AMI samples. The vertical axis shows the 49 AMI samples, and the length of each color block on the horizontal axis indicates 
its percentage (0 - 1) of all immune cells. (b) Comparison of the proportion of various immune cell infiltrates between AMI and 
healthy control. (c) Correlation between CXCL1 and infiltrating immune cells. (d) Correlation between S100A8 and infiltrating 
immune cells. AMI: acute myocardial infarction.
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shown to mediate Ang II-induced cardiac hypertrophy, inflam-
mation, and remodeling [44], whereas its antagonism reduces 
myocardial fibrosis and thereby preserves cardiac function [43, 
45]. Elevated plasma levels of CXCL1 have also been reported 
in AMI patients compared with healthy controls [46]. Beyond 
its chemotactic role, CXCL1 also influences metabolic path-
ways; it regulates glycolysis and lactate production, thereby 
facilitating neutrophil mobilization from the bone marrow 
[47]. These findings suggest that CXCL1 may contribute to 
AMI pathogenesis not only by promoting immune cell infiltra-
tion but also by altering energy metabolism in cardiomyocytes 
and immune cells. CXCL1 expression can be triggered by 
pathogen-associated molecular patterns (PAMPs) [48] or dam-
age-associated molecular patterns (DAMPs) [49, 50], linking 
it to both infectious and sterile inflammatory responses. Out-
side CVDs, CXCL1 has been implicated in rheumatoid arthri-
tis, melanoma, and gastric cancer, where it enhances COX-2 
expression in synovial fibroblasts [51], stimulates tumor pro-
liferation (initially referred to as melanoma growth-stimula-
tory activity, MGSA), and is upregulated by Helicobacter py-
lori in gastric epithelial cells [52]. In summary, these findings 
highlight CXCL1 as a multifunctional chemokine with both 
pathogenic and metabolic roles. Further studies are needed to 
determine whether CXCL1 acts as a primary driver of neutro-
phil chemotaxis in AMI or represents a secondary response to 
tissue injury.

Immune cells play important roles in the pathogenesis of 
CVDs, including AMI [53]. Their metabolic programming 
is closely linked to functional state: effector T cells, such as 
CD8+ cytotoxic T cells and CD4+ helper T cells, rely primar-
ily on aerobic glycolysis, whereas memory T cells and regu-
latory T cells depend on fatty acid oxidation [54]. Following 

AMI, multiple immune cell subtypes, including neutrophils 
and monocyte/macrophages, are dynamically recruited to the 
injured myocardium, driving robust inflammatory responses 
[55]. Inflammation further shapes post-AMI pathology by 
influencing immune cells, endothelial cells, and smooth mus-
cle cells, thereby contributing to vascular remodeling and 
lesion progression [56, 57]. Among these immune cell pop-
ulations, neutrophils are the first responders to the infarcted 
myocardium, where they promote inflammation and initiate 
wound-healing cascades [14]. This activity is tightly coupled 
to metabolism, as neutrophil proinflammatory function de-
pends heavily on glycolysis [58]. Resting neutrophils express 
GLUTs, including GLUT1, GLUT3, and GLUT4, whereas 
activation induces marked GLUT1 upregulation [59] accom-
panied by enhanced glucose uptake [60]. This metabolic shift 
fuels the release of matrix-degrading enzymes and contributes 
to post-infarction adverse remodeling [61]. Similarly, aerobic 
glycolysis has been identified as the primary energy source for 
activated dendritic cells [62], neutrophils [63], and M2 mac-
rophages [64]. Consistent with these observations, our find-
ings indicate that the two hub genes S100A8 and CXCL1 are 
correlated with multiple immune cell populations. These genes 
may influence AMI pathogenesis by modulating immune cell 
metabolism and function and could represent potential targets 
for more precise diagnosis and therapeutic strategies.

Despite these findings, a few limitations are acknowl-
edged. First, our analyses were based on the whole-blood tran-
scriptomic dataset, which lacks detailed clinical information 
such as age, sex, and comorbidities. These missing variables 
may introduce confounding factors in both gene expression 
and immune infiltration analyses. Secondly, PCA, while useful 
for dimensionality reduction, cannot capture nonlinear rela-

Figure 6. (continued) Immune cell infiltration analysis. (a) The box plot shows the relative percentages of different types of im-
mune cells in all AMI samples. The vertical axis shows the 49 AMI samples, and the length of each color block on the horizontal 
axis indicates its percentage (0 - 1) of all immune cells. (b) Comparison of the proportion of various immune cell infiltrates be-
tween AMI and healthy control. (c) Correlation between CXCL1 and infiltrating immune cells. (d) Correlation between S100A8 
and infiltrating immune cells. AMI: acute myocardial infarction.
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tionships and may overlook biologically relevant features with 
low variance, potentially limiting the accuracy of data interpre-
tation. Finally, our conclusions were drawn from bioinformatic 
analyses, and experimental validation through in vitro and in 
vivo studies will be essential to investigate the mechanistic in-
terplay between S100A8, CXCL1, and AMI pathogenesis.

In conclusion, this study identified two GRGs, S100A8 
and CXCL1, as potential biomarkers and therapeutic targets 
in AMI through comprehensive bioinformatic analyses of 
publicly available datasets. Both genes were associated with 
immune cell infiltration, suggesting that they may contribute 
to AMI pathogenesis via immunometabolic regulation. Impor-
tantly, combined detection of these hub genes may enable ear-
lier risk stratification of AMI patients and prediction of major 
adverse cardiac events, providing a new direction for diagnosis 
and prognosis. These findings lay the groundwork for the de-
velopment of novel diagnostic strategies and therapeutic in-
terventions, although further experimental validation will be 
required to confirm their clinical utility.
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