
 

Journal of Contemporary Medical Practice (JCMP)                    ISSN: 2006-2745Journal of Contemporary Medical Practice (JCMP)                     ISSN: 2006-2745

http://www.bryanhousepub.com

  
  
   

 

                                                                        Volume 7 Issue 8 2025Volume 7 Issue 9 2025    

    
 

               

                  
                 
                

       

Identification of Autophagy-Related Biomarkers  

in Ischemic Stroke 
  

Yaoyao Dai1,#, Rui HaoGeng Wang1,#, Mengqi Shu2, Chen Zhang1,* 
 

1Department of Neurology, Shahe City Hospital of Traditional Chinese Medicine, Shuhe 054100, Hebei, China 
2The Key Research Laboratory of Benefiting Qi for Acting Blood Circulation Method to Treat Multiple Sclerosis of State Administration of 

Traditional Chinese Medicine, Research Center of Neurobiology, Shanxi University of Chinese Medicine, Jinzhong 030619, Shanxi, China 
#Co-first authors: Dai Yaoyao and Wang Rui Haogeng contributed equally to this work. 

*Correspondence Author 

 

Abstract: Objective: This study utilizes bioinformatics technology to screen and predict potential diagnostic autophagy related 

biomarkers in CIS. Methods: By analyzing genes in the GEO dataset GSE16561 and the autophagy database HADb, differentially 

expressed genes (DEGs) related to autophagy in CIS were identified. GO and KEGG enriched and analyzed these autophagy related DEGs. 

Subsequently, module analysis was conducted using LASSO and SVM-REF algorithms, and finally, the diagnostic value of autophagy 

related biomarkers in CIS was evaluated through subject operating characteristic curve (ROC) univariate analysis. Results: After 

intersection of differential genes and autophagy gene data, a total of 31 DEGs related to autophagy were identified. GO and KEGG 

analysis showed that these autophagy related DEGs are mainly enriched in the reactions of autophagy, apoptosis, inflammation, and 

aging. They have molecular functions such as binding to cadherin and cell adhesion molecules, and are involved in utilizing autophagy 

mechanisms, biological processes of apoptosis, and cellular components of lysosomes, whole membranes, cytoplasmic colloids, and 

cytoplasmic vesicles. And it is related to the FoxO signaling pathway, NOD like receptor signaling pathway, chemokine signaling pathway, 

PI3K Akt signaling pathway, IL-17 signaling pathway, etc. In addition, LASSO and SVM-REF identified 10 autophagy related 

biomarkers, namely CASP4, FOXO3, HSPA8, EIF2AK2, PRKCQ, GAA, NLRC4, TNFSF10, CXCR4, RAB1A. ROC univariate analysis 

showed that CASP4, FOXO3, EIF2AK2, NLRC4, and CXCR4 have good expression and diagnostic value in CIS. Conclusion: CASP4, 

FOXO3, EIF2AK2, NLRC4, and CXCR4 genes may be potential autophagy related biomarkers for the diagnosis and treatment of CIS, 

and provide some evidence for the important role of autophagy in CIS. 
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1. Introduction 
 

Cerebral ischemic stroke (CIS) is a condition characterized by 

the sudden loss of blood flow to a specific area of the brain. It 

is not only a major cause of permanent disability but also one 

of the leading causes of death worldwide [1]. Once CIS occurs, 

it triggers a cascade of harmful signals, including 

excitotoxicity, calcium overload, inflammatory responses, 

apoptosis, and mitochondrial dysfunction. These factors 

interact with each other, creating a vicious cycle that 

ultimately leads to irreversible brain damage [2]. To date, 

there is no specific cure for CIS. Thrombolytic therapy is the 

most widely used treatment for CIS and cerebral infarction, 

but its clinical efficacy is only confirmed for patients within 

4.5 hours of stroke onset, which is time-limited [3]. Therefore, 

it is necessary to identify effective biomarkers for CIS 

diagnosis and therapeutic targets, as there is currently no 

definitive method for effectively treating CIS. 

 

Autophagy, a cellular “self-eating” process, is involved in the 

development of various diseases, including cancer [4], 

Parkinson’s disease [5], neurodegenerative diseases [6], 

Crohn’s disease [7], and cerebral ischemic stroke (CIS). As a 

lysosome-mediated catabolic process, autophagy involves the 

cytoplasm, organelles, and proteins. Its function is to recycle 

misfolded proteins and damaged organelles by forming 

autophagosomes that fuse with lysosomes to degrade the 

recycled proteins and organelles, thereby maintaining cellular 

metabolism and homeostasis [8]. In diseases such as cancer 

and tumors, autophagy-related genes can serve as biomarkers 

and potential therapeutic targets for diagnosis, treatment, and 

prognosis [9]. Studies have shown that autophagy regulation 

is impaired in CIS. Moreover, ample evidence indicates that 

autophagy acts as a “double-edged sword” in CIS. However, 

its role in the pathogenesis of CIS has not been fully 

elucidated, suggesting that autophagy regulation may be a 

novel therapeutic target for CIS [10]. However, the role of 

autophagy-related biomarkers in the diagnosis and treatment 

of CIS remains unexplored. 

 

After performing a comprehensive analysis of the least 

absolute shrinkage and selection operator (LASSO) 

regression and support vector machine (SVM), we 

constructed receiver operating characteristic (ROC) curves 

for biomarkers based on key genes from an independent 

database and compared their diagnostic capabilities for CIS 

between gene pairs and single genes. Importantly, we further 

explored the potential related biomarkers from the 

perspectives of CIS and autophagy. This study provides a 

starting point for further investigation into the molecular 

mechanisms of CIS and may lead to new intervention 

strategies targeting autophagy in CIS patients. 

 

2. Materials and Methods 
 

2.1 Data Collection 

 

GEO (http://www.ncbi.nlm.nih.gov/geo) is a high-throughput 

functional genomics database that includes microarray, 

microarray, and gene expression data [11].  

 

2.2 Identification of DEGs 

 

The GSE16561 dataset was processed using the “affy” and 

“limma” packages in R (version 4.0.5) to calculate the 

adjusted P - value and |log2FC|. DEGs were identified using a 
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threshold of adjusted P - value < 0.05 and |log2FC|≥ 1. The 

autophagy - related DEGs in CIS were identified by 

intersecting the DEGs with the autophagy dataset, and a Venn 

diagram was constructed. 

 

2.3 GO and KEGG Enrichment Analysis 

 

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 

Genomes (KEGG) pathway enrichment analyses were used to 

identify significant pathways. The DAVID bioinformatics 

resource (version 6.8) was used to perform GO and KEGG 

enrichment analyses on autophagy-related differentially 

expressed genes (DEGs) and to distinguish and enrich the 

biological attributes of significant DEGs, including biological 

processes, cellular components, molecular functions, and 

pathways (https://david.ncifcrf.gov/).A P-value of <0.05 was 

set as the threshold for significant enrichment, and the results 

were visualized using Cytoscape. 

 

2.4 Diagnostic Value of Autophagy-Related Genes in CIS: 

LASSO, SVM-REF, and ROC 

 

The LASSO binomial logistic regression model was 

employed, and the “glmnet” package was used to select the 

optimal feature genes from DEGs, with the optimal penalty 

parameter λ determined by the minimum binomial deviance. 

The SVM-RFE algorithm was used, and the “e1071,” 

“kernlab,” and “caret” packages were employed to select the 

optimal feature genes by cross - validating the point with the 

minimum error. The receiver operating characteristic (ROC) 

curve was constructed using the “survival” package in R to 

evaluate the diagnostic value of autophagy - related 

biomarkers in CIS. 

 

3. Results 
 

3.1 Identification of Autophagy-Related Differentially 

Expressed Genes 

 

After intersecting the screened CIS differentially expressed 

genes (DEGs) with autophagy-related genes, a total of 31 

autophagy-related DEGs were identified (Figure 1), including 

NLRC4, EIF2AK2, RAB1A, GAA, TNFSF10, PRKCQ, 

CASP4, PTEN, FOXO3, NAMPT, VAMP3, LAMP2, 

RAB24, HSPA8, FOS, BNIP3, GNAI3, BAG3, RB1CC1, 

CANX, SH3GLB1, BID, USP10, EEF2, ATIC, CD46, RAF1, 

GABARAP, PPP1R15A, HSP90AB1, and CXCR4. 

 

3.2 Enrichment Analysis of Autophagy-Related DEGs: 

GO and KEGG Analysis 

 
Figure 1(a): Volcano plot of DEGs in the GSE16561 dataset 
Note: Red dots represent upregulated differentially expressed genes (DEGs), 
and blue dots represent downregulated DEGs. 

 
Figure 1(b): Venn diagram showing the intersection of 

GSE16561 dataset and autophagy database HADb 

GO and KEGG enrichment analyses were performed on these 

autophagy-related DEGs. The GO analysis results showed 

(Figure 2a) that these autophagy-related DEGs were mainly 

enriched in responses to autophagy, apoptosis, inflammation, 

and aging, with molecular functions such as cadherin binding, 

cell adhesion molecule binding, ubiquitin ligase binding, 

identical protein binding, and small molecule binding. They 

are involved in biological processes like autophagy 

mechanisms and apoptosis, and cellular components such as 

lysosomes, plasma membrane, cytosol, and cytoplasmic 

vesicles. The KEGG analysis results showed (Figure 2b) that 

these DEGs were mainly enriched in pathways such as 

autophagy (animal), FoxO signaling pathway, estrogen 

signaling pathway, measles, protein processing in 

endoplasmic reticulum, NOD-like receptor signaling pathway, 

Kaposi sarcoma-associated herpesvirus infection, PD-L1 

expression and PD-1 checkpoint pathway in cancer, 

sphingolipid signaling pathway, apoptosis, necroptosis, 

chemokine signaling pathway, PI3K-Akt signaling pathway, 

antigen processing and presentation, and IL-17 signaling 

pathway. 

 
(a) GO 
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(b) KEGG 

Figure 2: Enrichment Analysis of Autophagy-Related DEGs 

3.3 Identification of Optimal Autophagy-Related 

Diagnostic Biomarkers in CIS: LASSO, SVM-REF, and 

ROC 

 

LASSO and SVM-REF algorithms identified 10 

autophagy-related biomarkers (Figure 3): CASP4, FOXO3, 

HSPA8, EIF2AK2, PRKCQ, GAA, NLRC4, TNFSF10, 

CXCR4, and RAB1A.The area under the receiver operating 

characteristic curve (AUC) for autophagy-related biomarkers, 

calculated using R, showed that CASP4, FOXO3, EIF2AK2, 

NLRC4, and CXCR4 had AUC scores greater than 0.7, 

indicating accurate diagnostic value and good expression and 

diagnostic potential in CIS (Figure 4). 

 
(a) LASSO 

 
(b) SVM-REF 

 
(c) Intersection Venn Diagram 

Figure 3: Autophagy-Related Biomarkers Identified by 

LASSO and SVM-REF Algorithms 
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(d) ROC Curve 

Figure 4: Validation of ROC Curves for Optimal 

Autophagy-Related Diagnostic Biomarkers 

4. Discussion 
 

In recent years, against the backdrop of the high incidence and 

mortality rates of CIS, significant advancements in 

bioinformatics have enhanced our understanding of the 

mechanisms underlying CIS development and enabled timely 

adjustments to subsequent treatment strategies. Autophagy, a 

conserved intracellular catabolic degradation pathway, can be 

activated under conditions of starvation and stress [12]. This 

process maintains homeostasis by transporting misfolded 

proteins and other cytoplasmic components to lysosomes for 

digestion and recycling degraded metabolic components, 

which is crucial for cell survival [13]. However, it is 

well-known that autophagy has a dual effect. Studies have 

shown that excessive activation of autophagy can have 

adverse effects on cell function, leading to cell damage or 

even death [14]. Similarly, the role of autophagy in CIS 

remains unclear. Acting as a double-edged sword, it can 

protect or damage neurons during ischemic injury [15]. 

Accumulating evidence indicates that autophagy is associated 

with pathological cell death related to neurodegenerative 

diseases, carcinogenesis, stroke, and traumatic brain injury, 

and it plays a crucial role in the progression of CIS [16]. 

Elucidating the correlation between autophagy and CIS can 

provide new biomarkers and therapeutic strategies for the 

diagnosis and treatment of this disease. 

 

In this study, we first investigated the autophagy-related 

DEGs between CIS and normal controls and compared the 

results of GSE16561 with the normal control group, 

identifying a total of 31 autophagy-related DEGs. 

Additionally, GO and KEGG analyses revealed that these 31 

autophagy-related DEGs are mainly involved in responses to 

autophagy, apoptosis, inflammation, and aging. They possess 

molecular functions such as cadherin binding, cell adhesion 

molecule binding, ubiquitin protein ligase binding, identical 

protein binding, and small molecule binding. They participate 

in biological processes like autophagy mechanisms and 

apoptosis and are components of cellular structures such as 

lysosomes, plasma membranes, cytosol, and cytoplasmic 
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vesicles. Moreover, these DEGs are primarily enriched in 

pathways such as autophagy (animal), FoxO signaling 

pathway, estrogen signaling pathway, measles, protein 

processing in the endoplasmic reticulum, NOD-like receptor 

signaling pathway, Kaposi’s sarcoma-associated herpesvirus 

infection, PD-L1 expression and PD-1 checkpoint pathway in 

cancer, sphingolipid signaling pathway, apoptosis, necrosis, 

chemokine signaling pathway, PI3K-Akt signaling pathway, 

antigen processing and presentation, and IL-17 signaling 

pathway. Interestingly, many of these pathways are associated 

with CIS. The upregulation of the FoxO signaling pathway 

and the downregulation of the chemokine signaling pathway 

have positive effects on cerebral ischemia [17]. IL-17 plays a 

crucial role in promoting inflammatory responses and 

inducing secondary injury after stroke through hypoxic 

preconditioning, and the cascading IL-17 signaling pathway 

can induce stroke tolerance [18]. NLRP3, a member of the 

NOD-like receptor signaling pathway, plays an important role 

in the progression of inflammatory responses in CIS [19]. The 

PI3K-Akt signaling pathway regulates neuroinflammation, 

neuronal apoptosis, and autophagy following CIS [20-21]. 

Therefore, these 31 autophagy-related DEGs may also 

function in CIS through these pathways. 

 

By constructing a random forest model and performing ROC 

univariate analysis, we identified five optimal 

autophagy-related biomarkers: CASP4, FOXO3, EIF2AK2, 

NLRC4, and CXCR4.These five autophagy-related 

biomarkers demonstrated good performance in the diagnosis 

of CIS. In fact, previous studies have reported that these 

autophagy-related biomarkers may play crucial roles in CIS or 

serve as biomarkers for CIS and other diseases. 

 

Caspase-4 (CASP4) is a member of the caspase protein family. 

As a key molecule in the non-canonical cell death pathway, 

CASP4 is a core component of the non-canonical 

inflammasome and plays a role in the coordination of immune, 

inflammatory, and cellular processes, including cellular 

homeostasis, apoptosis, and pyroptosis [22]. Studies have 

shown that CASP4 may be a potential cancer biomarker, and 

its expression levels may be associated with the occurrence 

and development of various cancers, including rectal cancer 

and esophageal squamous cell carcinoma [23]. Recent studies 

have found that CASP4 can participate in autophagosome 

formation [24]. Forkhead box O3 (FOXO3) is a transcription 

factor that plays a central role in various cellular functions and 

is also known as FOXO3a.Studies have shown that FOXO3 is 

a key regulator of ischemia-reperfusion injury and can 

promote ischemia-reperfusion injury by inducing 

inflammatory responses, apoptosis, autophagy, mitophagy, 

pyroptosis, and oxidative damage [25]. Del [26] et al. found 

that FOXO3 expression was increased in the penumbra of rats 

with cerebral ischemia, which may have a protective effect 

against ischemic injury. Additionally, Deng A [27] et al. 

demonstrated that in a rat model of cerebral 

ischemia-reperfusion, autophagy could be activated and brain 

damage alleviated via the Akt/FOXO3 signaling pathway. A 

bioinformatics study indicated that FOXO3 may be a key 

target gene regulating the development of acute CIS [28]. 

Eukaryotic translation initiation factor 2 alpha kinase 2 

(EIF2AK2) is an IFN-stimulated gene that shows higher 

expression in systemic lupus erythematosus (SLE) probands, 

which may account for the impaired translation and 

proliferative responses of T cells to mitogens in SLE patients 

[29]. In the quantitative proteomics analysis of the brain by 

Zhang X [30] et al., the differentially expressed protein 

EIF2AK2 was found to be mainly related to autophagy and 

inflammatory responses, and it changes between cerebral 

ischemia-reperfusion injury and drug effects. The 

NLR-family CARD-containing protein 4 (NLRC4) 

inflammasome, a member of the nucleotide-binding and 

oligomerization domain-like receptor family, amplifies 

inflammation by promoting the processing of caspase-1, 

interleukin (IL)-1β, and IL-18. Studies have found that the 

NLRC4 inflammasome is involved in inflammation induced 

by intracerebral hemorrhage. However, the molecular 

mechanisms of NLRC4 inflammasome activation in 

intracerebral hemorrhage are poorly understood [31]. Another 

study showed that the NLRC4 inflammasome is a biomarker 

for the progression of coronary artery disease in type 1 

diabetes and is positively correlated with neutrophils, making 

it a potential therapeutic target [32]. Poh L [33] et al. 

demonstrated that the NLRC4 inflammasome can mediate 

microglial cell death in CIS.C-X-C motif chemokine receptor 

4 (CXCR4) is a G-protein-coupled receptor involved in 

homing and chemotaxis in the hematopoietic and immune 

systems [34]. Zou R [35] et al. bioinformatics studies have 

shown that CIS may be associated with atrial fibrillation, 

which is a risk factor for ischemic stroke, and CXCR4 may be 

related to atrial fibrillation. 

 

In summary, our results indicate that CASP4, FOXO3, 

EIF2AK2, NLRC4, and CXCR4 are potential diagnostic 

biomarkers for CIS and provide further evidence for the 

significant role of autophagy in CIS. Our study has certain 

limitations. First, the autophagy-related genes included in our 

study may not be comprehensive. Additionally, these findings 

need to be validated through in vivo and in vitro experiments.  
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