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Background: Aortic valve sclerosis (AVS) is a pathological state that can progress to aortic stenosis (AS), which is a high-mortality 
valvular disease. However, effective medical therapies are not available to prevent this progression. This study aimed to explore 
potential biomarkers of AVS-AS advancement.
Methods: A microarray dataset and an RNA-sequencing dataset were obtained from the Gene Expression Omnibus (GEO) database. 
Differentially expressed genes (DEGs) were screened from AS and AVS samples. Functional enrichment analysis, protein–protein 
interaction (PPI) network construction, and machine learning model construction were conducted to identify diagnostic genes. 
A receiver operating characteristic (ROC) curve was generated to evaluate diagnostic value. Immune cell infiltration was then used 
to analyze differences in immune cell proportion between tissues. Finally, immunohistochemistry was applied to further verify protein 
concentration of diagnostic factors.
Results: A total of 330 DEGs were identified, including 92 downregulated and 238 upregulated genes. The top 5% of DEGs (n = 17) 
were screened following construction of a PPI network. IL-7 and VCAM-1 were identified as the most significant candidate genes via 
least absolute shrinkage and selection operator (LASSO) regression. The diagnostic value of the model and each gene were above 
0.75. Proportion of anti-inflammatory M2 macrophages was lower, but the fraction of pro-inflammatory gamma-delta T cells was 
elevated in AS samples. Finally, levels of IL-7 and VCAM-1 were validated to be higher in AS tissue than in AVS tissue using 
immunohistochemistry.
Conclusion: IL-7 and VCAM-1 were identified as biomarkers during the disease progression. This is the first study to analyze gene 
expression differences between AVS and AS and could open novel sights for future studies on alleviating or preventing the disease 
progression.
Keywords: aortic stenosis, aortic valve sclerosis, diagnostic genes, machine learning, immune infiltration, immunohistochemistry

Introduction
According to 2020 American College of Cardiology/American Heart Association guidelines, aortic valve sclerosis (AVS) is 
defined as aortic valve thickening without flow limitation and with maximum aortic velocity <2 m/s.1 The prevalence of AVS 
is 25% to 30% among individuals over 65 years of age.2 Additionally, one-third of AVS will progress to a certain degree of 
aortic stenosis (AS) during an average follow-up period of 4 years.3 AS is defined as aortic valve calcification or fibrosis with 
a maximum aortic velocity >2 m/s.1 AS is one of the most prevalent high-mortality valvular diseases, with a 4-year event-free 
survival rate of only 16%, even in asymptomatic severe AS cases.4,5 Surgical aortic valve replacement (SAVR) and 
transcatheter aortic valve implantation (TAVI) can significantly decrease AS mortality.6,7 However, surgical operations 
come with risks, such as infections and arrhythmias.8,9 Unfortunately, effective medical therapies are not available to prevent 
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the progression from AVS to AS.10,11 Therefore, it is vital to study gene expression differences in AVS and AS and research the 
role of potential genes to better understand the underlying disease progression mechanism.

Previous studies have reported that inflammation contributes to the occurrence of AS and based on the development 
of microarray and transcriptome sequencing technology, some immune-related biomarkers distinguishing patients with 
AS from healthy controls have been identified.12,13 By analyzing gene expression differences between stenosis and 
normal valves, Wang et al reported that chemokines, such as CXCL13, CXCL8 and CXCL16, could serve as vital 
markers.14 Further, Liu et al found that MMP9, a mitochondria-related gene, was a novel biomarker and potential 
therapeutic target for AS.15 Wu et al also discovered five immune-related diagnostic hub genes for AS patients with 
metabolic syndrome.16 All of these studies aimed to compare stenosis and normal valves. However, limited research has 
been conducted to identify biomarkers during the progression from AVS to AS and to analyze changes in immune 
microenvironments between sclerotic and stenotic valves.

To the best of our knowledge, this is the first study to distinguish diagnostic biomarkers for the progression from AVS to 
AS. First, we obtained a microarray dataset and an RNA-sequencing dataset from the Gene Expression Omnibus (GEO) 
database, both of which contained AVS and AS samples. The microarray dataset was applied to identify differentially 
expressed genes (DEGs) by Limma. We also performed protein–protein interaction construction and machine learning to 
identify diagnostic genes which could mark AVS-AS progression. The efficacy of the diagnostic model was further 
validated using the RNA-sequencing dataset. We also analyzed the correlation between biomarkers and immune cells to 
understand changes in immune microenvironments during disease development. Finally, the expression levels of diagnostic 
genes were validated in normal, sclerotic, and stenotic valves using immunohistochemistry.

Materials and Methods
Data Resources and Clinical Samples
In this study, gene expression data for sclerotic and stenotic aortic valves were retrieved from the GEO database (https://www. 
ncbi.nlm.nih.gov/geo/). The GSE51472 dataset, which included both AVS (n = 5) and AS (n = 5) samples, was considered as 
the training cohort. The GSE138531 dataset, which also contained both AVS (n = 3) and AS (n = 3) samples, was used as the 
validation cohort.

Clinical samples were also obtained for further testing. The severity of aortic valve calcification was assessed by 
Doppler echocardiography and two-dimensional echocardiography. AS was characterized by leaflet stiffness, reduced 
leaflet motion and maximum aortic velocity over 2 m/s. Five stenotic aortic valves were acquired from patients with AS 
undergoing surgical aortic valve replacement. The criteria for SAVR in AS patients were patients with severe AS or with 
moderate AS undergoing coronary artery bypass grafting. SAVR can significantly relieve symptoms of cardiac insuffi-
ciency caused by AS and improve survival of patients. AVS was characterized by irregular thickening of leaflets and 
local echo enhancement. Five sclerotic aortic valves and five normal aortic valves were obtained from patients, with 
severe aortic valve prolapse undergoing surgical treatment. Valve replacement surgery can largely improve symptoms of 
cardiac dysfunction caused by valve prolapse. Patients with acute inflammation, such as the rheumatic valvular heart 
disease, endocarditis, and connective tissue diseases, such as syphilis, arteritis and Marfan syndrome were excluded from 
the study. All aortic valves were acquired from Ruijin Hospital, Shanghai Jiao Tong University School of Medicine 
(Shanghai, China). Study protocol was approved by the Ethics Committee of Ruijin Hospital, Shanghai Jiao Tong 
University School of Medicine, and written informed consent was obtained from all patients.

Identifying Differentially Expressed Genes
Log2 transformation was performed on the GSE51472 dataset. Principal component analysis (PCA) was conducted to 
examine heterogeneity between the AVS and AS groups. After annotation of probes, the Limma R package was used to 
perform DEG analysis between the AVS and AS samples. A heatmap plot was drawn with the pheatmap R package to present 
differential expressions of DEGs between sclerosis and stenosis. The criteria for DEGs were set as |log2(fold change)| >1 and 
P value <0.05.
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Enrichment Analysis
The conversion from gene symbol to Entrez ID for enrichment analysis was performed by the org.Hs.eg.db R package. Gene 
Ontology (GO) analysis involves three domains: biological process (BP), molecular function (MF), and cellular component 
(CC). GO and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were conducted using the 
ClusterProfiler R package. Bubble and the circle charts were created to visualize analysis of functions and pathways. 
Enrichment analysis was performed for DEGs, and node genes were selected using Cytoscape. The P value was adjusted by 
the Benjamini‒Hochberg method. An adjusted P value <0.05 was set as the cut-off criterion.

Protein–Protein Interaction Network Construction
A protein–protein interaction (PPI) network of DEGs was constructed based on the String database (https://string-db.org). 
Cytoscape (Version 3.9.1) was applied to visualize the PPI network. The CytoNCA plug-in of Cytoscape was applied to 
analyze the betweenness centrality of genes. The cytoHubba plug-in was used to calculate protein node scores by the MCC 
algorithm. The top 5% of DEGs (n = 17) were identified for subsequent analysis. From the previous enrichment analysis, 
functions and pathways were related to the immune response. Therefore, immune-related genes were downloaded from the 
ImmPort Database. A Venn diagram was drawn to analyze interactions between these 17 nodes and immune genes.

Constructing a Diagnostic Model
Least absolute shrinkage and selection operator (LASSO) regression was applied to further filter candidate genes and 
identify diagnostic genes for predicting AVS progression to AS. LASSO regression is a method for variable selection and 
regularization to enhance the prediction accuracy and understanding of statistical models.17 The GSE138531 dataset was 
used to validate the LASSO model. The LASSO model was constructed using the Glmnet R Package. The lambda.min 
and lambda.1se were calculated, and any lambda value between them was considered reasonable. The lambda.1se value 
was applied to select the smallest number of diagnostic genes in the appropriate range. Receiver operating characteristic 
(ROC) analysis was performed using the pROC package for both datasets to evaluate the efficacy of the model and each 
diagnostic gene. An area under the curve (AUC) >0.75 was regarded as having efficient diagnostic value.

Immune Infiltration Analysis
CIBERSORT is an analytical method to estimate abundances of cell types from tissue gene expression profiles.18 

Immune cell infiltration analysis was conducted to identify the immune cell proportion in AVS and AS using the 
Cibersort R package (https://cibersort.stanford.edu/index.php). A bar plot was applied to display the percentage of 
diverse immune cells in each sample. In addition, a boxplot was used to compare the proportions of 22 types of immune 
cells between the AVS and AS groups. Correlation analysis between diagnostic gene expressions and immune cell 
fractions was performed using the Hmisc package, and the results were displayed as charts using the ggplot R package.

Immunohistochemistry
Immunohistochemistry for valve tissues was performed as previously described.19,20 The collected valve tissues were 
fixed overnight in 4% paraformaldehyde and then embedded in optimal cutting temperature compound. Tissues were 
sliced into 6-μm-thick frozen sections that were then stained with hematoxylin and eosin (H&E), Alizarin Red S, and 
Masson’s trichrome stain for histological examination.

Expressions of IL-7 and VCAM-1 in valve tissues were measured by immunohistochemistry with rabbit polyclonal 
antibodies against IL-7 (1:200, Cat# ab175380, Abcam, MA, USA) and VCAM-1 (1:200, Cat# ab134047, Abcam, MA, 
USA). Then, sections were incubated with horseradish peroxidase (HRP)-conjugated secondary antibodies (1:500, Cat# 
7076S, CST, MA, USA), followed by incubation with 3.3’-diaminobenzidine and counterstaining with hematoxylin. All 
sections were photographed with a microscope (Olympus Microsystems). Immunohistochemistry results were measured 
and analyzed by Image-Pro Plus software (v6.0; Media Cybernetics).
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Statistical Analyses
Comparisons of continuous variables between two independent groups were conducted using a Student’s t-test. Analysis 
of variance (ANOVA) was applied to analyze continuous variables among three independent groups. Chi-square test was 
used to analyze categorical variables. Correlation analysis was performed based on the Pearson correlation. P < 0.05 was 
considered statistically significant. R software (version 4.1.3) and SPSS Statistics (version 29.0.2) were used to conduct 
all analyses. Figure 1 was presented by Figdraw to illustrate possible role of diagnostic genes in CAVD progression.

Result
Identification and Functional Analysis of DEGs
Figure 2 shows the study flowchart. The significant difference between AVS samples and AS samples are shown in 
a PCA graph. The PCA graph of the first two components explained 42.5% of the variation, with the first principal 
component (PC1 or Dim1) accounting for 25.8% and the second (PC2 or Dim2) for 16.7% (Figure 3A). A total of 330 
DEGs were identified in the GSE51472 dataset, including 92 downregulated genes and 238 upregulated genes. IL-7 and 
VCAM-1, genes identified as diagnostic genes in follow-up analysis, were both upregulated, with logFC values of 1.07 
and 1.43, respectively. DEGs are visualized using a volcano plot (Figure 3B). Expressions of DEGs among samples are 
displayed by a heatmap (Figure 3C).

To further study the biological functions of the DEGs, GO and KEGG pathway enrichment analyses were conducted. 
GO analysis indicated that DEGs were significantly enriched in “leukocyte migration”, “humoral immune response”, and 
“cytokine activity.” KEGG analysis showed that DEGs were primarily related to “viral protein interaction with cytokine 
and cytokine receptor” and “chemokine signaling pathway.” The top 5 enriched terms of BP, CC, and MF are displayed 
in Figure 3D. The top 10 enriched KEGG pathways are presented in Figure 3E.

Figure 1 The possible mechanisms IL7 and VCAM1 involved in for the disease progression. The two diagnostic genes, IL7 and VCAM1 interact with immune cells to 
promote the progression from AVS to AS together. By Figdraw.
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Node Gene Identification and Functional Analysis
A PPI network of DEGs was constructed using the STRING database and visualized by Cytoscape. Red dots represent 
upregulated genes and blue dots represent downregulated genes. Dot sizes represent the betweenness centrality of genes 
(Figure S1). Analysis of the CytoHubba plugin in Cytoscape identified the top 17 node genes (5% of DEGs), including 
IL-7 and VCAM-1, ranked by the MCC algorithm for subsequent analysis (Figure 4A). The Venn diagram showed that 
most of the node genes (88.2%) were immune-related genes, further validating immune microenvironment changes 
during the progression from AVS to AS (Figure 4B). GO and KEGG pathway enrichment analyses were then performed 
for node genes. GO analysis showed that the node genes were enriched in “positive regulation of response to external 
stimulus”, “cytokine activity”, and “chemokine activity.” KEGG analysis illustrated that the node genes were mainly 
enriched in “cytokine‒cytokine receptor interaction”, “toll-like receptor (TLR) signaling pathway”, and “chemokine 
signaling pathway.” The top 5 enriched terms of BP, CC, and MF are shown in Figure 4C. The top 10 enriched KEGG 
pathways are shown in Figure 4D.

Figure 2 Study flowchart. 
Abbreviations: GSE, Gene Expression Omnibus series; DEGs, differentially expressed genes; Limma, linear models for microarray data.

Journal of Inflammation Research 2024:17                                                                                          https://doi.org/10.2147/JIR.S453100                                                                                                                                                                                                                       

DovePress                                                                                                                       
3463

Dovepress                                                                                                                                                                Yu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=453100.docx
https://www.dovepress.com
https://www.dovepress.com


Figure 3 Identification of DEGs between sclerotic and stenotic tissues and enrichment analysis of DEGs. (A) PCA for sclerotic and stenotic tissues. (B) Volcanic map of 
identified DEGs (P < 0.05, |logFC| > 1) between sclerotic and stenotic tissues. Red dots represent upregulated genes and blue dots represent downregulated genes. (C) 
Heatmap of DEGs. Upregulated genes are shown in red and downregulated genes are shown in blue. (D) The top five GO analysis results of DEGs. (E) KEGG pathway 
enrichment analysis results of DEGs (top 10 according to adjusted P value).

https://doi.org/10.2147/JIR.S453100                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 3464

Yu et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

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


IL-7 and VCAM-1 as Diagnostic Genes via LASSO Regression
To identify diagnostic genes for AVS progression to AS, LASSO regression was performed to screen diagnostic 
biomarkers. Two genes, IL-7 and VCAM-1, were identified based on machine learning (Figure 5A and B). We then 
proceeded to analyze expressions of these two genes in the GSE138531 dataset. The median expression levels of IL-7 
and VCAM-1 were both increased in AS samples compared to AVS samples, consistent with the expression pattern in the 
GSE51472 dataset (Figure 5C). ROC analysis was conducted to evaluate the sensitivity and specificity of the model and 
each gene. The AUC of the model constructed by LASSO regression was 1.00 for the training group and 0.78 for the 

Figure 4 Identification of node genes between sclerotic and stenotic tissues and enrichment analysis of node genes. (A) The top 17 node genes were identified from the PPI 
network. (B) Fifteen genes were identified from the interaction of node genes and immune-related genes were downloaded from ImmPort and placed in the Venn diagram. 
(C) The top five GO analysis results of node genes. (D) KEGG pathway enrichment analysis results of node genes (top 10 according to adjusted P value).
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validation group, which indicated that the diagnostic model possessed a high ability to differentiate AVS samples from 
AS samples (Figure 5D). In addition, the diagnostic value for each gene (IL-7 or VCAM-1) was also strong (Figure 5D).

Immune Cell Infiltration Analysis
Our enrichment analysis revealed that DEGs were primarily enriched via the inflammatory response and immune 
regulation. Thus, immune cell infiltration analysis was conducted to better elucidate changes in the immune microenvir-
onment during the progression from AVS to AS. A bar plot shows the proportion of 22 types of immune cells in different 
samples (Figure 6A). Furthermore, comparison of immune cell proportions between AVS and AS was revealed. The 
proportion of M2 macrophages was significantly lower in the AS group than in the AVS group, while the percentages of 

Figure 5 Construction of the diagnostic model. (A and B) LASSO regression was used to screen biomarkers. The dotted vertical lines show the optimal value through 
lambda.min and lambda.1 se. Diagnostic genes (n = 2) and their coefficients were selected according to lambda.1 se (C) Expression validations of the diagnostic genes IL-7 
and VCAM-1 in the GSE138531 dataset. (D) ROC analysis of the diagnostic model; IL-7 and VCAM-1 in the GSE51472 dataset and GSE138531 dataset.
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Figure 6 Immune cell infiltration analysis between AS and AVS. (A) The proportion of 22 immune cells in sclerotic and stenotic valves visualized by a bar plot. (B) 
Differences in immune infiltration between the AVS and AS groups. *P < 0.05. ns: P > 0.05. ?: The calculated proportion = 0 in both sclerosis and stenosis group.
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gamma-delta T cells, activated CD4 memory T cells, and activated mast cells were distinctly increased in the AS group 
(Figure 6B).

Correlation Analysis of IL-7 and VCAM-1 with Infiltrated Immune Cells
To reveal the relationship of IL-7 and VCAM-1 with immune cells, Pearson correlation analysis was performed (Figure 7A). 
IL-7 was positively related to activated mast cells (r = 0.83), gamma-delta T cells (r = 0.75), and activated CD4 memory T cells 
(r = 0.73) but negatively associated with M2 macrophages (r = −0.70) and regulatory T cells (r = −0.81) (Figure 7B and C). 
VCAM-1 was also positively related to gamma-delta T cells (r = 0.68) but negatively with M2 macrophages (r = −0.74) and 
regulatory T cells (r = −0.64; Figure 7B and D).

Validation the Expression Differences of IL-7 and VCAM-1
Immunohistochemistry was conducted to further validate expressions of diagnostic genes in normal, sclerotic, and 
stenotic aortic valves. The clinical characteristics was shown in Table 1. The demographic features and comorbidities 
did not differ between the sclerosis group and the stenosis group. Patients with AS tended to have higher levels of TC and 
LDL than AVS patients and normal people. Immunohistochemistry results showed that the expression levels of IL-7 and 
VCAM-1 were highest in the stenotic valves, which was consistent with the above dataset results (Figure 8A and B).

Discussion
AS is the most prevalent valvular disease in developed countries and is the second most frequent cause of cardiac 
surgery.21,22 The mechanisms of the disease progression from AVS to AS are still not fully understood. Our study is the 
first to identify diagnostic biomarkers and analyze inflammatory microenvironmental changes during the progression 
from AVS to AS. We found that IL-7 and VCAM-1, as core regulatory genes, presented strong diagnostic value. 
Revealing biomarkers during the progression can be helpful in the search for new therapeutic targets preventing or 
slowing disease development. In addition, building a model to diagnose disease state and provide proper medical 
interventions in a timely fashion is also crucial to improve AS prognosis.

Our research found that the process by which AVS developed to AS included 330 DEGs. GO analysis showed that the 
DEGs were primarily enriched in immune responses, such as leukocyte migration, leukocyte chemotaxis, and chemokine 
activities. KEGG analysis also indicated that DEGs were mainly enriched in immune-related pathways, such as 
chemokine and TLR signaling pathways. TLR signaling pathways were reported to activate NF-κB signaling pathways, 
the latter participating in AS pathogenesis.23,24 These results illustrated that inflammatory responses not only affected the 
pathological process of AVS or AS alone but also participated in the progression from AVS to AS. The top 17 node genes 
(5% of DEGs) were then identified following the PPI network construction, with 15/17 node genes being immune-related 
genes enriched in immune pathways. Moreover, LASSO regression analysis of these node genes identified IL-7 and 
VCAM-1 as diagnostic genes for the progression of AS from AVS. The model and each identified gene presented good 
diagnostic value in both the training and the validation groups (AUC value > 0.75).

IL-7 is a secreted soluble globular protein belonging to the gamma-chain cytokine family.25 IL-7 participates in several 
cardiovascular diseases. IL-7 was reported to promote myocardial I/R injury.26 Further, anti-IL-7 antibodies have been reported 
to reduce myocardial infarction area through suppression of macrophage infiltration and decreasing M1/M2 macrophage ratios.26 

IL-7 drives the expansion of pro-inflammatory CD28null T cells in acute coronary syndrome, and Tofacitinib, an IL-7 blockade, 
can prevent immune cell expansion, thereby improving outcomes.27 IL-7 also contributes to atherosclerosis through activation of 
NF-κB signaling pathways and recruitment of macrophages to adhere to endothelial cells.28 Previous research has found that 
neutrophils produce IL-7 under stimulation of rising levels of lipids during the progression of AS.13 Our results also showed that 
expression of IL-7 was higher in stenotic valves than in sclerotic and normal valves. However, the role of IL-7 in AS development 
has not been explored. As the mechanism of atherosclerosis and AS share a certain similarity, based on our results, we speculated 
that IL-7 also participated in the progression from AVS to AS.13,29

VCAM-1, an immunoglobulin (Ig) superfamily member, is expressed by endothelial cells, mediating monocyte 
adhesion.30 VCAM-1 contributes to several cardiac diseases, including atrial fibrillation and heart failure.31,32 VCAM-1 
has also been reported to promote atherosclerosis by inducing monocytes to infiltrate subendothelial spaces and therefore 
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Figure 7 Correlation analysis between IL-7 and VCAM-1 expression and immune cell infiltration. (A) Correlation analysis visualized using a heatmap. (B) Correlation 
analysis. (C) Bubble chart of correlations between IL-7 expressions and immune cell proportions. (D) Bubble chart of correlations between VCAM-1 expression and 
immune cell proportions. *P < 0.05. **P < 0.01.
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became a popular therapeutic target.33 Currently, several VCAM-1-inhibiting drugs for atherosclerosis are under pre- 
clinical or clinical research.34 Our results found that expressions of VCAM-1 were higher in stenotic valves than in sclerotic 
valves. Previous studies have indicated that VCAM-1 plays an active role in AS pathogenesis.13 Similar to the pathological 
process of atherosclerosis, NF-κB stimulates VCAM-1 production in VECs.35 VCAM-1 attracts leukocytes into valves and 
is necessary for the formation of inflammatory lesions.21,35 The crucial roles of VCAM-1 make it a potential target to 
prevent the progression from AVS to AS.

Figure 8 Levels of IL-7 and VCAM-1 in normal, sclerotic, and stenotic valves. (A) hematoxylin-eosin (HE), Masson, and alizarin red staining revealed the highest levels of IL-7 
and VCAM-1 in stenotic aortic valves and relatively higher expressions of IL-7 and VCAM-1 in sclerotic aortic valves than in normal aortic valves (bar = 50 μm). (B) 
Quantification of IL-7 and VCAM-1 expression among the three groups. ****P < 0.0001.

Table 1 Clinical Characteristics of Normal People and Patients with AVS and as

Normal  
(n=5)

Sclerosis  
(n=5)

Stenosis  
(n=5)

P value P value  
(Sclerosis vs Stenosis)

Age, y, mean (SD) 49.20 (44.38–54.22) 79.40 (75.89–82.91) 70.40 (60.54–80.26) <0.001 0.091

Male, n (%) 3 (60%) 3 (60%) 4 (80%) 1 1

BMI, kg/m², median (IQR) 24.95 (23.26–26.64) 25.18 (21.55–28.81) 26.03 (23.60–28.46) 0.806 0.675
Drinking, n (%) 1 (20%) 0 (0%) 2 (40%) 0.725 0.444

Smoking, n (%) 1 (20%) 0 (0%) 1 (20%) 1 1

HbA1c, %, mean (SD) 5.96 (5.46–6.46) 6.56 (5.27–7.85) 6.88 (5.84–7.93) 0.367 0.677
TG, mmol/L, median (IQR) 1.51 (0.80–2.22) 1.67 (0.77–2.57) 2.24 (1.32–3.16) 0.386 0.348

TC, mmol/L, median (IQR) 3.08 (2.75–3.41) 2.78 (2.30–3.26) 4.85 (4.43–5.27) <0.001 <0.001
HDL, mmol/L, median (IQR) 0.98 (0.85–1.12) 0.98 (0.67–1.30) 0.95 (0.80–1.11) 0.964 0.843

LDL, mmol/L, median (IQR) 1.73 (1.50–1.96) 1.39 (1.03–1.75) 3.20 (2.85–3.56) <0.001 <0.001

Lp (a), mmol/L, median (IQR) 0.14 (0.10–0.18) 0.19 (0.01–0.37) 0.26 (0.05–0.46) 0.508 0.592
Comorbid condition

Diabetes, n (%) 2 (40%) 2 (40%) 3 (60%) 1 1

Hypertension, n (%) 2 (40%) 5 (100%) 4 (80%) 0.231 1
CAD, n (%) 4 (80%) 5 (100%) 4 (80%) 1 1

Abbreviations: BMI, Body mass index; HbA1c, Hemoglobin A1C; TG, Triglycerides; TC, Total cholesterol; HDL, High-density lipoprotein; LDL, Low-density lipoprotein; Lp (a), 
Lipoprotein (a); SD, Standard deviation; IQR, Interquartile range.
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The amount and phenotype of immune cells also play key roles in regulating the immune microenvironment during disease 
progression. Our correlation analysis suggests that IL-7 and VCAM-1 are negatively related to M2 macrophages but positively 
associated with gamma-delta T cells. Macrophages, derived from monocytes, infiltrate valves via adhesion molecules, such as 
VCAM-1, and differentiate into pro-inflammatory M1 macrophages and anti-inflammatory M2 macrophages.36,37 The 
balance of M1/M2 was found to be dysfunctional in our results, with the proportion of M2 macrophages significantly 
diminished and that of M1 macrophages elevated in stenotic valves, further demonstrating more intense immune responses in 
AS than in AVS. Gamma-delta T cells have been reported to promote cardiovascular diseases, such as atherosclerosis.13 The 
levels of gamma-delta T cells were higher in stenotic valves based on our study. More research needed to elucidate the role 
gamma-delta T cells play during the development of AS. Proliferation of gamma-delta T cells has been reported to exclusively 
rely on IL-7.38 Further, IL-7 has been reported to regulate the homeostasis and inflammatory responses of gamma-delta 
T cells.39 These findings indicate that IL-7 and VCAM-1 can regulate the amount and proportion of immune cells to aggravate 
inflammatory responses and promote the progression of AVS to AS, which also supports the diagnostic value of IL-7 and 
VCAM-1 for the advancement of AVS to AS.

To the best of our knowledge, this is the first study to construct a diagnostic model of AVS to AS progression. Furthermore, 
our study demonstrated a positive correlation between the two diagnostic genes and pro-inflammatory immune cells. Despite 
these strengths, some limitations exist in this study. First, clinical characteristics of GEO datasets were not included in the 
analysis because it was difficult to obtain the information. Second, we identified IL-7 and VCAM-1 as diagnostic genes and 
validated their expression in sclerotic and stenotic valves using immunohistochemistry; however, the mechanism of targeted 
genes during disease development is worth further investigation through biological experiments.

Conclusion
In summary, we identified two diagnostic genes, IL-7 and VCAM-1, that were significantly associated with the disease 
progression from AVS to AS. Our results provide novel insights for investigating different expression patterns between 
sclerotic and stenotic valves in future studies. The two biomarkers and pro-inflammatory microenvironment in stenosis 
valves can also serve as novel potential targets in efforts to prevent disease progression. More datasets and in vivo studies 
are needed to further explore the significance of the two diagnostic genes in the disease progression.
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