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ABSTRACT

Background: Aortic valve stenosis (AS) disease is the 
most common valvular disease in developed countries. The 
pathology of AS is complex, and its main processes include 
calcification of the valve stroma and involve genetic factors, 
lipoprotein deposition and oxidation, chronic inflammation, 
osteogenic transition of cardiac valve interstitial cells, and 
active valve calcification. The aim of this study was to identify 
potential genes associated with AS.

Methods: Three original gene expression profiles 
(GSE153555, GSE12644, and GSE51472) were downloaded 
from the Gene Expression Omnibus (GEO) database and 
analyzed by GEO2R tool or ‘limma’ in R to identify dif-
ferentially expressed genes (DEGs). Functional enrichment 
was analyzed using the ClusterProfiler package in R Bio-
conductor. STRING was utilized for the Protein–Protein 
Interaction (PPI) Network construct, and tissue-specific 
gene expression were identified using BioGPS database. The 
hub genes were screened out using the Cytoscape software. 
Related miRNAs were predicted in Targetscan, miWalk, 
miRDB, Hoctar, and TarBase.

Results: A total of 58 upregulated genes and 20 downreg-
ulated genes were screened out, which were mostly enriched 
in matrix remodeling and the immune system process. A 
module was thus clustered into by PPI network analysis, 
which mainly involved in Fc gamma R-mediated phagocy-
tosis, Osteoclast differentiation. Ten genes (IBSP, NCAM1, 
MMP9, FCGR3B, COL4A3, FCGR1A, THY1, RUNX2, 
ITGA4, and COL10A1) with the highest degree scores were 
subsequently identified as the hub genes for AS by applying 
the CytoHubba plugin. And hsa-miR-1276 was finally identi-
fied as potential miRNA and miRNA-gene regulatory net-
work was constructed using NetworkAnalyst.

Conclusions: Our analysis suggested that IBSP, NCAM1, 
MMP9, FCGR3B, COL4A3, FCGR1A, THY1, RUNX2, 
ITGA4, and COL10A1 might be hub genes associated with 
AS, and hsa-miR-1276 was potential miRNA. This result 

could provide novel insight into pathology and therapy of AS 
in the future.

INTRODUCTION

Aortic valve stenosis (AS) is the most common valvular 
disease in developed countries [Yadgir 2020]. As the aging 
population is dramatically rising worldwide, the incidence of 
AS is significantly increasing as well, which creates a huge 
burden on public health [Iung 2003; Nkomo 2006; Stritzke 
2009; Coffey 2014]. As the age structures of global popula-
tions shift upward, calcific aortic valve stenosis (CAVS) is the 
most common valvular heart disease [Thériault 2018]. Other 
causes of AS include rheumatic fever, valvular degeneration, 
antiphospholipid syndrome, congenital aortic bicuspid valve 
and so on, with its primary pathological manifestation exhib-
ited characterized by significantly increased afterload due to 
activity limitation of the aortic valve. While the hypertrophic 
response initially is compensatory to maintain heart function 
in the face of pressure overload (PO), pathological hypertro-
phy eventually becomes decompensatory, ultimately leading 
left heart failure [Carabello 2009; Kamperidis 2016].

The pathophysiology features of AS are mainly characterized 
by aberrant cell signaling pathways. Persistent activation of these 
aberrant cell signaling pathways leads to valve thickening known 
as sclerosis, which occurs simultaneously with the infiltration of 
T cells and macrophages, deposition of lipids, proteoglycans, and 
eventual calcification, causing the stenosis of the valve [Otto 1994; 
Bossé 2008; Coté 2013; Pasipoularides 2016]. It previously has 
been reported that abnormality of the signaling pathway involves 
genes involved in osteogenesis and calcium regulation, multiple 
matrix metalloproteinases, cytokines, chemokines, and collagen 
genes [Bossé 2009; Padang 2015; Guauque-Olarte 2016]. How-
ever, the pathogenesis of AS is a complex network that involves 
the regulation and mutual regulation of multiple signaling path-
ways. Current studies on biomarkers may be insufficient, and the 
differentially expressed gene (DEG) results may be inconsistent 
because of the complicated molecular regulatory mechanism of 
AS. Therefore, more effort should be invested toward the identifi-
cation and understanding of novel biomarkers and specific targets 
of AS, which is considered the key to developing more effective 
diagnostic and therapeutic strategies. Recently, high-throughput 
gene chip and gene profiles increasingly have been used to screen 
differentially expressed genes (DEGs). Reanalyzing these data can 

The Heart Surgery Forum 2022-4263
25 (1), 2022 [Epub January 2022]
doi: 10.1532/hsf.4263

Bioinformatic-based Identification of Genes Associated with Aortic Valve Stenosis

Chao Song,1 Shixiong Wei,1  Yunlong Fan,1 Shengli Jiang,1,2

1Medical School of Chinese PLA, Beijing, 100853, China; 2Department of Cardiovascular Surgery, the First Medical Centre of Chinese 
PLA General Hospital, Beijing 100853, China

August 23,2021; accepted September 27, 2021.

Correspondence: Dr. Shengli Jiang, Department of Cardiovascular Surgery, the 
First Medical Centre of Chinese PLA General Hospital, No.28 Fuxing Rd, 
Beijing, 100853, China (e-mail: jiang_shengli301@163.com).

Online address: http://journal.hsforum.com



The Heart Surgery Forum #2021-4263

E70

provide new insights into current research on AS, which means 
bioinformatics methods could widely be used to find molecular 
changes in the occurrence and development of AS and are effec-
tive ways to explore the pathogenesis of diseases.

In this study, three original gene expression profiles 
(GSE153555, GSE12644, and GSE51472) were downloaded 
from the Gene Expression Omnibus (GEO) database. DEGs 
were first screened based on the above three datasets. Subse-
quently, integrated bioinformatics analyses, including Gene 
Ontology (GO) term analysis, Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway enrichment analysis, pro-
tein-protein interaction (PPI) construction, the identification 
of hub genes and potential miRNA, were performed.

METHODOLOGY

Collection of the dataset: The NCBI-GEO database is a 
free and public database containing gene profiles. Aortic stenosis 
was used as the keyword to search the GEO database, then three 
original gene expression profiles (GSE153555, GSE12644, and 
GSE51472) were downloaded from the Gene Expression Omni-
bus (GEO) database. The inclusion criteria for the above gene 
expression profiles were set as follows: (1) the tissue samples 
were obtained from human AS tissues and normal tissues, and 
(2) the number of samples in each dataset was more than 10.

Identification of DEGs: GEO2R is an interactive web 
tool that can compare and analyze two different groups of 
samples under the same experimental conditions [Barrett 
2013]. Using the GEO2R tool, we identified the differen-
tially expressed genes in AS tissues and normal tissues. For 
GSE153555, according to the purpose of the study, we chose 
only the sample of stenotic aortic valves in this dataset as the 
study subjects. Gene expression data were first converted to 
TPM by normalizing FPKM values by the total FPKM in each 
tissue, then differential expression analysis was performed 
using limma (R package limma) to identify individual genes 
demonstrating enrichment. Genes with |log [fold-change 
(FC)] |> 0.5 and P < 0.05 were considered to be DEGs.

Among these DEGs from the three datasets, only DEGs 
that commonly appeared in all three datasets (intersection set) 
were considered as the significant DEGs. These were selected 
for subsequent analysis. And the upregulated and downregu-
lated genes separately were analyzed.

Functional enrichment analysis of DEGs: To explore the 
potential function of DEGs in patients with AS, DEGs were 
subjected to GO enrichment analysis and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) analysis to determine the asso-
ciated biological process (BP), molecular function (MF), and 
cellular component (CC) terms using the Then, GO and KEGG 
pathway analyses of the DEGs were performed by DAVID [Yu 
2012]. The data were loaded into NetworkAnalyst (https://www.
networkanalyst.ca/) for re-analysis. This is a visual analytics 
platform for comprehensive gene expression profiling.

The top 10 items of the cellular component (CC), bio-
logical process (BP), and molecular function (MF) categories 
and KEGG pathways were then sorted and presented in the 
form of bubble maps. These bubble plots were drawn using 

the ClusterProfiler R package based on P-value (< 0.05 was 
considered statistically significant) through the statistical 
software R (version 4.0.5).

Protein-Protein Interaction (PPI) Network Analy-
sis: The protein-protein interaction (PPI) network was con-
structed by submitting a DEG list to the STRING (version 
11.0; https://string-db.org/), which is an online database of 
known and predicted protein-protein interactions [Szklarczyk 
2019]. To screen AS-related genes, DEGs were mapped into 
the Search Tool for the Retrieval of Interacting Genes database 
to predict PPI pairs with a combined score > 0.4. The PPI net-
works were visualized using Cytoscape software (Version 3.6.1) 
[Shannon 2003], the plug-in Molecular Complex Detection 
(MCODE) was performed to screen modules of the PPI net-
work with the threshold set as follows: MCODE scores >10.

Identification of hub genes and the tissue-specific 
expression: The hub gene is a class of genes that play a criti-
cal role in biological processes, and the regulation of other 
genes in related pathways is often regulated by these genes. 
Nodes with a degree of interaction ≥10 in PPI Network Anal-
ysis were considered as hub genes. We thus used the online 
resource BioGPS (http://biogps.org), which was considered 
the functional localizer for the gene expression to analyze the 
tissue-specific expression of the DEGs.

Identification of the miRNA associated with AS and 
potential target genes: To identity the miRNA associated 
with AS, DEGs subsequently were subjected to Targetscan 
(http://www.targetscan.org/vert_71/), miWalk (http://mir-
walk.umm.uni-heidelberg.de/), miRDB (http://mirdb.org/), 
Hoctar (https://hoctar.tigem.it/), and TarBase (https://www.
tarbase.com/) databases, respectively, to screen miRNA, which 
could regulate mRNA expression in progression of AS. And the 

Figure 1. Flow chart of data preparation, processing, and analysis.
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common miRNA appeared in intersection set were considered 
as the potential miRNA. Networkanalyst is an online visual 
analytics platform for gene expression analysis and meta-anal-
ysis, allowing for differential and enrichment gene expression 
analysis, protein interaction analysis, and integration analysis 
of multiple datasets [Zhou 2019]. The potential target genes is 
thus identified using the Networkanalyst platform. (Figure 1)

RESULTS

DEG Screening: Three expression profiles (GSE153555, 
GSE12644, and GSE51472) were obtained from the GEO 
database. Among these profiles, GSE12644 and GSE51472 
were based on GPL570 (Affymetrix Human Genome U133 
Plus 2.0 Array), and GSE53555 was based on GPL16791 (Illu-
mina HiSeq 2500). GSE153555 and GSE12644 contained 20 
clinical samples separately: 10 case and 10 control samples, 
and GSE51472 contained 5 case and 5 control samples. The 
specific details of the above datasets are presented in Table 1. 

A total of 78 DEGs between AS and control were finally 
screened out by R software, according to the above criteria, 
including 58 upregulated genes and 20 downregulated genes. 
(Table 2) (Figure 2)

Functional enrichment analysis of DEGs: A total of 58 
upregulated genes and 20 downregulated genes were analyzed by 
DAVID software. Seventeen enriched GO terms and 6 KEGG 
pathways were enriched in DEGs between AS and normal aortic 
valve tissue (P < 0.05 and Q-value < 0.2). The top 5 significant 
terms from the GO enrichment analysis showed that in the BP 
category, the upregulated DEGs were involved in extracellular 
matrix organization, extracellular structure organization, endo-
derm development, leukocyte migration, and regulation of leu-
kocyte cell-cell adhesion. Whereas the downregulated DEGs 
were significantly involved in the negative regulation of stress 

fiber assembly, negative regulation of actin filament bundle 
assembly, synapse organization, synapse assembly and regulation 
of filopodium assembly. For the CC category, the downregulated 
DEGs were correlated with axon part, dendritic spine, neuronal 
cell body, distal axon and rough endoplasmic reticulum. For the 
MF category, the upregulated DEGs were enriched in immu-
noglobulin binding, IgG binding, metalloendopeptidase activity, 
extracellular matrix binding, and collagen binding. Whereas the 
downregulated DEGs were related to flavin adenine dinucleotide 
binding, acyl-CoA dehydrogenase activity, sodium-potassium 
exchanging ATPase activity, potassium-transporting ATPase 
activity and potassium ion binding.

For KEGG pathway enrichment analysis, the top five sig-
nificant KEGG pathways of the upregulated DEGs included 
Leishmaniasis, rheumatoid arthritis, hematopoietic cell 
lineage, systemic lupus erythematosus, and inflammatory 
bowel disease. Whereas the significant KEGG pathways of 
the downregulated DEGs included tyrosine metabolism, 

Table 1. A summary of aortic valve stenosis microarray datasets from different GEO datasets

No. of gene set Type Source Case/Control Platform

GSE153555 mRNA Stenotic aortic valve 10/10 GPL16791

GSE12644 mRNA Stenotic aortic valve 10/10 GPL570

GSE51472 mRNA Stenotic aortic valve 5/5 GPL570

Table 2. Differentially expressed genes identified by R

DEGs Genes

Upregulated IBSP, COL10A1, TDO2, LRRC15, MMP9, CXCL5, COL11A1, GPR68, APELA, STMN2, MMP1, CYP26A1, IL21R, CTSG, ADAM12, 
LTB, TSPAN11, KCNJ15, CA12, FCGR3B, FCMR, DIO2, TMEM163, LINC01013, ADAMDEC1, TMEM158, ADTRP, HLA-DOB, FCGR1B, 
VMO1, SCG2, MYO1G, FCGR1A, RASGRP1, THY1, CST7, CLEC5A, RGS13, CR1, CLEC4G, FHL2, CTSW, STAT4, IFITM10, ITGA4, 
GALNT5, FAM20A, STEAP1, RUNX2, RUNX1, SYTL2, DTL, CADM1, SPOCK2, HCST, SLC16A3, MS4A2, VDR

Downregulated GNRH1, CADM2, TPTE2P5, PPP1R9A, COL4A3, AOX1, CNKSR2, NCAM1, FAM169A, HAND2-AS1, SLITRK5, MAOA, ACADL, 
PCDH11Y, PCDH11X, AGTR1, GPM6A, MYOC, ATP1A2, ITLN1

Figure 2. Venn diagram for overlapping differentially expressed genes 
(DEGs) based on datasets. The intersection of upregulated (a) and 
downregulated(b) DEGs was identified from the three datasets, namely, 
GSE153555, GSE12644 and GSE51472.
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tryptophan metabolism, drug metabolism, aldosterone syn-
thesis and secretion, and AGE-RAGE signaling pathway. 
(Table 3) (Figure 3)

Protein-Protein Interaction (PPI) Network Analysis: 
To screen for crucial genes associated with AS, DEGs were 
mapped into the Search Tool for the Retrieval of Interacting 
Genes database (STRING; Version 11.0) to predict PPI pairs 
with a combined score > 0.4. The PPI networks were visual-
ized using Cytoscape software (Version 3.6.1).

The PPI network of the DEGs in AS was constructed based 
on the information obtained from the STRING database. 
When 78 DEGs were submitted to the STRING database, as 
illustrated in Figure 4, 74 of 78 genes were mapped into the 
PPI network. (Figure 4) The PPI network included 59 nodes 

and 23 edges, and its PPI enrichment P-value was 3.08e-10.
Then, the significant modules were identified via the 

MCODE plugin. One functional clusters of modules with 
three upregulated gene (FCGR1A, FCGR1B, and FCGR3B) 
and one downregulated gene (NCAM1) were identified. As 
illustrated in Figure 5, the MCODE score of the functional 
cluster of the module was 4, which consisted of 4 nodes and 
6 edges. (Figure 5) The enrichment analysis of that module 
indicated that these genes mainly were involved in Leishman-
iasis, Fc gamma R-mediated phagocytosis, osteoclast differ-
entiation, and systemic lupus erythematosus.

Identification of hub genes and the tissue-specific 
expression: Ten genes (IBSP, NCAM1, MMP9, FCGR3B, 
COL4A3, FCGR1A, THY1, RUNX2, ITGA4, and COL10A1) 

Table 3. Top 20 enriched terms for differentially expressed genes in AS

ID Category Description GeneRatio Qvalue geneID

hsa05140 pathway_KEGG Leishmaniasis 5/42 0.004852319 FCGR3B/HLA-DOB/FCGR1A/CR1/
ITGA4

hsa00380 pathway KEGG Tryptophan metabolism 3/42 0.03632831 TDO2/AOX1/MAOA

hsa05323 pathway KEGG Rheumatoid arthritis 4/42 0.03632831 CXCL5/MMP1/LTB/HLA-DOB

hsa04974 pathway KEGG Protein digestion and 
absorption

4/42 0.03632831 COL10A1/COL11A1/COL4A3/
ATP1A2

hsa04640 pathway KEGG Hematopoietic cell lineage 4/42 0.03632831 HLA-DOB/FCGR1A/CR1/ITGA4

GO:0043062 geneontology_Biological_Process extracellular structure 
organization

12/71 4.74E-05 IBSP/COL10A1/MMP9/COL11A1/
MMP1

GO:0030198 geneontology_Biological_Process extracellular matrix orga-
nization

11/71 5.08E-05 IBSP/COL10A1/MMP9/COL11A1/
MMP1

GO:0031012 geneontology_Cellular_Component extracellular matrix 11/73 0.000303107 COL10A1/LRRC15/MMP9/COL11A1/
MMP1

GO:0062023 geneontology_Cellular_Component collagen-containing extracel-
lular matrix

9/73 0.001952603 COL10A1/LRRC15/MMP9/COL11A1/
CTSG

GO:0033267 geneontology_Cellular_Component axon part 7/73 0.014782528 STMN2/THY1/ITGA4/GNRH1/
PPP1R9A

GO:0030426 geneontology_Cellular_Component growth cone 5/73 0.014782528 STMN2/THY1/ITGA4/PPP1R9A/
GPM6A

GO:0030427 geneontology_Cellular_Component site of polarized growth 5/73 0.014782528 STMN2/THY1/ITGA4/PPP1R9A/
GPM6A

GO:0150034 geneontology_Cellular_Component distal axon 6/73 0.014782528 STMN2/THY1/ITGA4/GNRH1/
PPP1R9A

GO:0019865 geneontology_Molecular_Function immunoglobulin binding 4/68 0.000348675 FCGR3B/FCGR1B/FCGR1A/MS4A2

GO:0019864 geneontology_Molecular_Function IgG binding 3/68 0.000640072 FCGR3B/FCGR1B/FCGR1A

GO:0001968 geneontology_Molecular_Function fibronectin binding 3/68 0.006913618 LRRC15/ITGA4/MYOC

GO:0001618 geneontology_Molecular_Function virus receptor activity 4/68 0.007771142 CLEC5A/CR1/CLEC4G/NCAM1

GO:0104005 geneontology_Molecular_Function hijacked molecular function 4/68 0.007771142 CLEC5A/CR1/CLEC4G/NCAM1

GO:0004222 geneontology_Molecular_Function metalloendopeptidase 
activity

4/68 0.013136565 MMP9/MMP1/ADAM12/ADAMDEC1

GO:0030020 geneontology_Molecular_Function extracellular matrix struc-
tural constituent conferring 

tensile strength

3/68 0.014863511 COL10A1/COL11A1/COL4A3
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with the highest degree scores were identified as the hub genes 
for AS by applying the CytoHubba plugin. And furthermore, 
we identified 72 genes that were expressed in a specific tissue 
or organ system using BioGPS. The most highly tissue-specific 
expression system was the immune system (29%, 21/72). This 
may indicate that immune-related pathways play an important 
role in the progression of AS. (Table 4) (Figure 6)

Identification of the miRNA associated with AS and poten-
tial target genes: microRNAs (miRNAs) are short non-coding 
RNAs that are involved in post-transcriptional regulation of 
gene expression in multicellular organisms by affecting both 

the stability and translation of mRNAs. The mature miRNA is 
incorporated into an RNA-induced silencing complex (RISC), 
which recognizes target mRNAs through imperfect base pair-
ing with the miRNA and most commonly results in transla-
tional inhibition or destabilization of the target mRNA. We 
finally identified a miRNA (hsa-miR-1276) after performing 
intersection. We thus predicted potential NCAM1 as the target 
gene regulated by hsa-miR-1276 using NetworkAnalyst and 
construct the miRNA-gene regulatory network. Overall, the 
regulatory network could help to clarify the interaction between 
miRNAs and TG in AS progression. (Figure 7) (Figure 8)

Figure 3. Biological process, molecular function and cellular component related GO terms identification result according to combined score. Bubble map for 
GO and KEGG pathway analyses of upregulated(a) and downregulated(b) DEGs.

Figure 4. Protein–protein interactions (PPIs) network for identified 
common differentially expressed genes.

Figure 5. Module analysis network obtained from PPIs network. FC-
GR1A, FCGR1B, FCGR3B and NCAM1 are highlighted in blue. The 
network represents highly interconnected regions of the PPIs network 
which consisted of 4 nodes and 6 edges.
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DISCUSSION

Aortic stenosis is the most common valvular disease in mid-
dle-aged and elderly people worldwide [Guauque-Olarte 2016; 
Yadgir 2020]. It increasingly has become a serious social problem, 
especially in developed countries. However, no drug or medical 
treatment has proven to be effective in reversing or delaying the 
progression of aortic stenosis [Nishimura 2017]. Aortic valvulo-
plasty or transcatheter aortic valve replacement currently is an 
effective treatment for AS. However, it still is not suitable for all 
patients as an invasive treatment. In recent years, with the devel-
opment of the next generation sequencing and chip array tech-
niques combined with advances in bioinformatics, a great deal of 
data has been accumulated in relation to various physiological or 
pathological conditions and provide an integrative, standardized, 
and comprehensive platform to facilitate the identification of 
DEGs and thus infer possible therapeutic options and molecular 
mechanisms of prognosis [Altman 2016].

In this study, three GEO datasets, namely, GSE153555, 
GSE12644 and GSE51472, were selected to screen DEGs. Apply-
ing the GEO2R tool and R software, the intersection of 78 DEGs 
was identified, including 58 upregulated DEGs and 20 down-
regulated DEGs. Then, GO and KEGG pathway analyses of the 
DEGs were performed by DAVID. The rest of the research study 
is continued with the analysis of PPIs, potential miRNA.

AS is a chronic inflammatory disease in which all stages of 
sterile inflammation are accompanied by extensive immune cell 
infiltration (e.g. macrophages, T cells and mast cells) [George 
1998; Wu 2007; Carità 2016; Kostyunin 2019; Fan 2020; Goody 
2020; Kostyunin 2020]. The pathology of AS is complex, and 
its main processes include calcification of the valve stroma and 
involve genetic factors, lipoprotein deposition and oxidation, 
chronic inflammation, osteogenic transition of cardiac valve 
interstitial cells, and active valve calcification [Ghaisas 2000; 
Lindman 2016]. AS caused by calcification progression also 
was marked by an emergence of smooth muscle cell activation, 
inflammation, and calcification-related pathways. In disease-
prone fibrosis, overrepresented proteins are functionally anno-
tated as inflammatory responses and calcification pathways, 
and fibrosis-derived intervalvular stromal cells exhibit greater 
calcification potential than cells derived from the ventricles 
[Schlotter 2018]. Multiple dysfunctional immune cells and pro-
inflammatory cytokines act synergistically to cause extracellular 

matrix remodeling and calcification [Nagy 2011].
The GO enrichment analysis indicated that the extracellular 

matrix organization, extracellular structure organization, euko-
cyte migration and regulation of leukocyte cell-cell adhesion, 
immunoglobulin binding, IgG binding, metalloendopeptidase 
activity, extracellular matrix binding and collagen binding were 
significantly enriched. These invading immune cells release 
pro-fibrotic and pro-inflammatory cytokines and induce high 
concentrations of chemokines to interact with corresponding 
receptors on the surface of monocytes/macrophages, leading to 
cell activation and recruitment to the site of infection [Michaud 
2013]. This is partially consistent with the results reported in 
the previous literature [Guauque-Olarte 2016].

Similarly, The KEGG pathway results showed that inflam-
matory disease, amino acid metabolism, drug metabolism, 
aldosterone synthesis and secretion, and AGE-RAGE signaling 
pathway significantly were enriched. The enrichment analysis 
results are consistent with previous findings that calcification 
of valve matrix components is an important contributor in the 
progression of aortic stenosis and shares a common pathology 
with endothelial injury, lipoprotein deposition, chronic inflam-
mation, and matrix remodeling [de Oliveira Sá 2020; Kostyunin 
2020]. The important role for abnormal activation of the 
Renin-angiotensin-aldosterone system in the progression of AS 
has been identified [Wasywich 2006; Cui 2017; Ibarrola 2018; 
Sen 2020]. Furthermore, abnormal tyrosine metabolism also 
may somehow play a regulatory role in the progression of AS 
[Lok 2013; Thakur 2013; Gottschalk 2018]. These results also 
provided significant clues to studying molecular interactions in 
the progression of AS. Indeed, many studies have indicated that 
metabolic pathways and the cell cycle are highly associated with 
the progression of AS [Teng 2020; Zhao 2020; Sun 2021].

As the most prominent section of the study, analysis of mod-
ules, hub gene detection and drug identification thoroughly 
depend on the PPIs network. The PPI network included 59 
nodes and 23 edges, and its PPI enrichment P-value was 3.08e-
10. Ten genes (IBSP, NCAM1, MMP9, FCGR3B, COL4A3, 
FCGR1A, THY1, RUNX2, ITGA4, and COL10A1) with the 
highest degrees of connectivity in the PPI network were identi-
fied. Subsequently, the significant modules were identified via 
the MCODE plugin. One functional cluster of modules with 
three upregulated gene (FCGR1A, FCGR1B, and FCGR3B) 
and one downregulated gene (NCAM1) were identified. The 

Table 4. Tissue-specific expressed genes identified by BioGPS

System Genes

Hematologic/Immune IL21R, ITGA4, DTL, IFITM10, LTB, FCMR, HLA-DOB, FCGR1B, FCGR1A, CLEC5A, CR1, VDR, RASGRP1, MYO1G, CST7, CTSW, 
STAT4, SPOCK2, RGS13, RUNX1, MS4A, MMP9, CTSG, KCNJ15, FCGR3B

Neurologic TMEM158, GPM6A, STMN2, CYP26A1, NCAM1, PCDH11Y, PCDH11X, SCG2, CADM1, PPP1R9A, COL4A3, FAM169A, THY1, 
CADM2, CNKSR2, ATP1A2

Circulatory IBSP, RUNX2, GNRH1, VMO1, FHL2

Digestive ADAMDEC1, CLEC4G, TMEM163, ADTRP, TDO2

Other COL11A1, FAM20A, AOX1, CA12, ITLN1, ADAM12, MAOA, AGTR1, STEAP1, MYOC, SYTL2, GPR68, CXCL5, MMP1, SLC16A3, 
DIO2, ACADL, COL10A1, LRRC15, HAND2-AS1, APELA, TSPAN11, LINC01013, GALNT5, HCST, TPTE2P 
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KEGG enrichment analysis of module 1 indicated that these 
genes were involved in Fc gamma R-mediated phagocytosis, 
osteoclast differentiation, Leishmaniasis. It has been confirmed 
in previous studies that the underlying pathophysiology of AS 
is complex and involves endothelial dysfunction, immune cell 
infiltration, myofibroblastic and osteoblastic differentiation, 
and, subsequently, calcification [Caira 2006; Shao 2006; Zhao 
2010; Miller 2011; Goody 2020]. In this study, the expression 
levels of all hub genes were dysregulated in AS tissues com-
pared with normal tissues, meaning that these genes may be 
crucial to progression in AS.

ITGA4 could encode a member of the integrin alpha chain 
family of proteins that function in cell surface adhesion and sig-
naling. Susceptibility to coronary atherosclerosis and prognosis 
of disease progression were found to be associated with ITGA4, 
involved in metabolism of the extracellular matrix and pro-
cesses of fibrogenesis. Furthermore, the MiR-30s family could 
also inhibit the proliferation and apoptosis in human coronary 
artery endothelial cells through targeting the 3'UTR Region of 
ITGA4 and PLCG1 [Ma 2016]. Considering that AS shares a 
similar pathway with atherosclerotic disease, it is necessary to 
ascertain the exact role of ITGA4 in progression of AS.

This RUNX2-encoded protein is essential for osteoblastic 
differentiation and skeletal morphogenesis and acts as a scaf-
fold for nucleic acids and regulatory factors involved in skel-
etal gene expression [Garg 2005]. Osteogenic activity in the 
aortic valve is under the control of NOTCH1, which further 
promotes extracellular matrix remodeling by regulating the 
expression of RUNX2, a critical osteoinductive gene [Hadji 
2016]. The upregulation of RUNX2 was observed in ongo-
ing active processes of osteogenesis in inflamed valves using 
multimodality molecular imaging [Aikawa 2007].

The THY1-encoded protein is involved in cell adhesion 
and cell communication in numerous cell types. It can further 

differentiate into cardiac fibroblasts (CFs) and smooth muscle 
cells (SMCs) [Gambardella 2019]. A significant upregulation 
of THY1 was identified in patients, who had undergone tis-
sue-engineered heart valve replacement, and the mesenchymal 
stem cell subfraction significantly proliferated [VeDepo 2018].

The IBSP-encoded proteins are major structural pro-
tein of the bone matrix. This protein binds to calcium and 
hydroxyapatite via its acidic amino acid clusters, and mediates 
cell attachment through an RGD sequence that recognizes 
the vitronectin receptor [Kerr 1993; Ferreira 2021]. Previous 
studies indicated that calcified valves present distinct signs of 
active bone remodeling, and upregulation of IBSP plays a sig-
nificant role in the progression of calcified AS [Pohjolainen 

Figure 6. Detection of hub genes from the PPIs network of common 
DEGs. The highlighted 10 genes are BSP, NCAM1, MMP9, FCGR3B, 
COL4A3, FCGR1A, THY1, RUNX2, ITGA4, and COL10A1. These 10 
genes are considered as hub genes, according to their degree value.

Figure 7. Venn diagram for overlapping miRNAs based on five datasets.

Figure 8. miRNA-gene regulatory network.
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2008; Greene 2020]. In addition, IBSP has proven to be highly 
associated with atherosclerotic diseases [Olesen 2007].

Proteins of the matrix metalloproteinase 9 (MMP9) 
family are involved in the breakdown of extracellular matrix 
in normal physiological processes and tissue remodeling, as 
well as in disease processes, such as arthritis and metastasis. 
MMP9 was identified to be involved in remodeling of the 
extracellular matrix and the progression of AS [Soini 2001; 
Gharibeh 2018; Swaminathan 2019; Urban 2019].

AS the major structural component of basement mem-
branes, COL4A3 was significantly overexpressed in heart. Pre-
vious studies indicated that overexpression of COL4A3 in the 
myocardium leads to left ventricular diastolic dysfunction as 
well as cardiac hypertrophy [Touchberry 2013; Yousefi 2019].

COL10A1 encodes the alpha chain of type X collagen, a 
short chain collagen expressed by hypertrophic chondrocytes 
during endochondral ossification. Excessive chondrogenic 
proteoglycan accumulation and disruption of stratified extra-
cellular matrix maintenance in the aortic valve leaflets are 
characteristics of myxomatous valve disease. Overexpression 
of COL10A1 would lead to excessive chondrogenic proteo-
glycan accumulation and disruption of stratified extracellular 
matrix maintenance in the aortic valve leaflets and further 
leads to chondrogenic differentiation of aortic valve intersti-
tial cells as well as AS [Fang 2014; Greene 2020].

As the potential target gene regulated by hsa-miR-1276, 
NCAM1 was significantly overexpressed in the heart, and the 
encoded protein involved in the expansion of T lymphocytes, 
B lymphocytes and natural killer (NK) cells, which play an 
important role in immune surveillance. This protein plays 
a role in signal transduction by interacting with fibroblast 
growth factor receptors, N-cadherin and other components 
of the extracellular matrix and by triggering signaling cas-
cades involving FYN-focal adhesion kinase (FAK), mitogen-
activated protein kinase (MAPK), and phosphatidylinosi-
tol 3-kinase (PI3K). NCAM1 was significantly upregulated 
in human heart samples from cardiomyopathy patients and 
NCAM1 protein levels correlated with the degree of TGFβ1 
activity in the human cardiac ventricle[Ackermann 2017]. 
Furthermore, NCAM1 also has been identified as a gene that 
plays a critical role in the replication pathway during the pro-
gression of coronary artery disease [Tur 2013; Ghosh 2015] 
and left ventricular wall remodeling [Arnett 2011].

We finally focused our attention on the FCGR family, 
including FCGR1A and FCGR3B, which plays an important 
role in immune cell activation, balanced immune protection, 
and immunopathology. The receptor of the FCGR family was 
recently identified as a major determinant of antibody-medi-
ated natural killer (NK) cell activation during immunization 
activities and could be the markers that reflect inflammatory 
or cytotoxic immune mechanisms contributing to its onset 
[Cybularz 2021]. In addition, the current study shows that 
patients with AS usually are accompanied by high expression 
of FCGR3A and increased levels of circulating intermediate 
monocytes [Pfluecke 2016; Hewing 2017, 2017; Mazur 2018; 
Pfluecke 2020], and furthermore, inflammatory cytokines 
would be produced, causing a cascade of inflammation which 
eventually become uncontrolled inflammation.

Further studies are required to study the relationship 
between these genes and AS and to subsequently elucidate 
the underlying mechanisms and provide possible therapeutic 
targets. Nevertheless, this predictive model is based on bio-
informatics analysis and will have to be validated by further 
experimental studies to establish its clinical utility.

CONCLUSION

In this study, a total of 78 DEGs, including 58 upregulated 
DEGs and 20 downregulated DEGs in AS, were screened 
through integrated bioinformatic analysis. Ten genes of inter-
est (IBSP, NCAM1, MMP9, FCGR3B, COL4A3, FCGR1A, 
THY1, RUNX2, ITGA4, and COL10A1) and the identifying 
key module were found by constructing a PPI network.
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