
Special Issue 2, 2024 Indian Journal of Pharmaceutical Sciences 202

Research Paper

Xin et al.: To Explore Potential Biomarkers in the Development of Aortic Dissection

Aortic dissection is a serious cardiovascular emergency with a very high early mortality rate, so it is 
particularly important to develop new targeted therapies to reduce prevalence and improve survival, 
and we hope to explore potential biomarkers involved in the development of aortic dissection and 
available pharmaceutical components sensitive to therapeutic targets through bioinformatics 
technology. First, download the gene expression omnibus dataset (GSE190635), use the affy software 
package of the R software for data standardization, the limma software package to screen the 
differential genes, and use the relevant software package to draw the volcano map and heat map of 
the differential gene; then database for annotation, visualization, and integrated discovery software 
was used for gene ontology and Kyoto encyclopedia of genes and genomes pathway enrichment 
analysis. Next, the protein-protein interaction network was further constructed, and the STRING 
exported data was visualized using Cytoscape software, and finally the hub gene was extracted using 
cytoHubba and MCODE plugins. Finally, the Coremine medical information retrieval platform 
was used to screen for possible therapeutic drugs. Through differentially expressed genes analysis, 
45 up-regulated differentially expressed genes and 132 down-regulated differentially expressed 
genes were successfully distinguished from the GSE79768. They are mainly enriched in positive 
regulation of urine volume, cell activation, extracellular region, lipopeptide binding and nucleotide 
oligomerization domain-like receptor signaling pathway, etc. Through protein-protein interaction, 
the top 7 hub genes were ranked, including early growth response protein 1, C-X-C motif chemokine 
ligand 8, fructo-oligosaccharides, filamin C, toll-like receptor 2, identified integrin alpha 7, myosin 
light chain-2. Coremine medical was used to retrieve a variety of related drugs, among which 
recombinant interleukin-6, recombinant tumor necrosis factor family protein, lipopolysaccharide 
and tyrosine co-regulated the above genes. In this study, 7 differentially expressed genes were 
identified as potential biomarkers for aortic dissection patients, which may provide new targets for 
aortic dissection therapy. But this is just the beginning, and we need to carry out experiments to 
verify the accuracy and feasibility of these results in the future.
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Acute Aortic Dissection (AD), in which blood 
from the lumen of the aorta enters the lining of the 
aorta from a tear in the intima of the aorta and may 
expand along the long axis of the aorta, resulting in 
separation of the true and false lumen of the aorta, a 
cardiovascular emergency with a high risk of death[1]. 
Most patients present with acute onset of symptoms, 
including sudden onset of severe pain, shock, and 

hematoma compression of the corresponding aortic 
branch, and are easily misdiagnosed due to the 
complexity of the clinical presentation[2]. The early 
mortality rate of the disease is extremely high, many 
patients have died before admission to the hospital, 
so the epidemiological data is not sufficient, studies 
show that the incidence in the American population 
is 4.6/100 000/y [3], from 2012 to 2019, the mortality 
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rate of AD has increased year by year[4], studies 
have shown that the occurrence of the disease 
is related to genetics, ancestry, pregnancy and 
adverse cardiovascular events, and modifiable risk 
factors include hypertension, dyslipidemia, aortitis, 
obstructive sleep apnea, diabetes and cocaine[5]. As 
the world's demographics change, the incidence of 
AD may increase, because the risk of morbidity is 
generally higher in the elderly, so the social medical 
burden it brings will become heavier[6]. There is 
growing evidence acknowledging the severity of the 
disease[7].
The risk of death from drug therapy alone remains 
high in treatment, and surgical treatment and 
endovascular repair can significantly reduce the 
incidence of the disease, but the improvement of long-
term quality of life still needs to be improved[8-10], so 
the intervention has to be further advanced, from early 
treatment to early diagnosis, over the years, doctor’s 
diagnostic tools and management methods for the 
disease have continued to evolve, from the initial 
electrocardiogram, chest X-ray to echocardiography 
to computed tomography[11,12], Although it effectively 
reduces the missed diagnosis rate, it cannot identify 
and accurately prevent the potential risk of AD in 
advance, and the risk of death with AD increases by 
1 % to 3 % for each additional hour[13]. Therefore, a 
high degree of clinical suspicion is required for early 
diagnosis and targeted therapy to control disease 
progression in time and improve the chance of long-
term survival.
Medical researchers need to explore more reliable 
biomarkers for diagnosis and treatment, and 
bioinformatics technology has opened the door to 
several long noncoding Ribonucleic Acid (RNAs) 
and circular RNAs that have been found to be 

expressed differently in AD samples, suggesting their 
potential role in vascular physiology and disease[13]. 
One untargeted metabolomics study identified 
succinic acid as a biomarker and therapeutic target 
for AD[14], and another used a multiomics approach 
to collect data and attempt to use a systems biology 
approach to dissect the underlying molecular 
mechanisms of AD for low-budget, accessible, 
highly sensitive, and specific biomarkers[15]. It can 
be seen that there is still a lot of room for mining of 
bioinformatics data related to AD, so we carried out 
this study in the hope of helping to explore reliable 
molecular biomarkers and potential therapeutic 
targets for AD.

MATERIALS AND METHODS

Ethical statement:

Ethical approval is not applicable for this study 
because the datasets used are all from open databases. 
The Institute’s application network software and data 
can be collected as shown in Table 1.

Microarray data source and information:

The entire microarray data used in this study 
was sourced from the Gene Expression Omnibus 
(GEO) database, a public functional genomics data 
repository. The search terms were atrial fibrillation, 
Homo sapiens, and expression profiling by array. 
After screening, the gene expression profile data 
provided by Wang and Fan from Fuwai Hospital 
were selected for GSE190635. The GSE190635 
data series included 8 samples (4 AD samples and 4 
healthy control samples). Affymetrix HG-U133 plus 
2.0 GeneChip was used to determine genome-wide 
expression profiles of aortic tissue samples from 
patients with AD and healthy controls.

S. No Database/software Website Feature comments

1 GEO https://www.ncbi.nlm.nih.
gov/geo/

Experiment set, verification 
set chip download

2 R 4.0.3 https://www.r-project.org/ Statistical analysis and 
differential gene screening

3 DAVID https://david.ncifcrf.gov/ GO and KEGG pathway 
enrichment

4 STRING 11.0 https://string-db.org PPI network construction

5 Cytoscape 3.7.2 https://cytoscape.org/ Key gene screening and 
visualization

6 Coremine medical https://www. coremine. 
com/medical/

Targeted drug/ingredient 
screening

TABLE 1: DATABASES/SOFTWARE AND THEIR WEBSITES AS WELL AS FUNCTIONS
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Screening of Differentially Expressed Genes (DEGs) 
and correlation analysis:

First, use the Affy package in R 4.2.2 software for 
data standardization preprocessing and normalization 
(fig. 1a and fig. 1b), and according to the platform 
annotation information, first convert the probe id 
into the gene serial number gene id, and then convert 
the gene id to gene symbol and save it. The Limma 
package was then applied to log2 transformation and 
DEGs filtering of the GSE190635 matrix data[16,17]. 
The Benjamini and Hochberg false discovery rate 
methods were used to correct for false positives. Set 
the statistically significant difference threshold to 
|log2FC|>1 and p<0.01 as the statistical significance 
threshold level for the DEGs sample[18,19].

Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes Genomes (KEGG) pathway enrichment 
analysis:

To explore the function of differential genes, the 
online bioinformatics tools Database for Annotation, 
Visualization, and Integrated Discovery (DAVID) 
were used to annotate the functions of GO and KEGG 
pathway enrichment analysis[20-22].

Protein-Protein Interaction (PPI) network and 
module analysis:

To further understand the interaction of differential 
genes, a PPI analysis was performed using the online 
database String 11.5 to set a high confidence >0.700 
and species limited to Homo sapiens, after removing 
discrete nodes, we chose Cytoscape 3.8.2 software as 
the visualization tool for PPI networks. Next, we used 
Cytoscape Software's Molecular Complex Detection 

(MCODE) to screen key modules of the PPI network 
(degree cut-off=2, node score cut-off=0.2, k-core=2, 
and maximum depth=100)[23].

Determination of hub genes:

We chose Cytoscape’s cytoHubba plugin to identify 
key genes in the network named hub gene. The top 
hub genes were selected and sorted according to the 
topological algorithm[24].

Analysis of drugs for early prevention and treatment 
of AD:

Medical Ontology Information Retrieval Platform 
(https://www. coremine. com/medical/)-Coremine 
medical is an input into human gene/protein to retrieve 
diseases, biological processes, cellular composition, 
molecular function, possible therapeutic drugs, etc. 
The core genes screened in the early stage were 
entered into the Coremine medical search box and 
screened for potential therapeutic drugs with p<0.05 
as the criterion[25]. Finally, drugs suitable for AD 
prevention and treatment targets were screened.

RESULTS AND DISCUSSION
In this study, a total of 54 675 probes were identified, 
corresponding to 20 824 genes. There were 177 
genes that differed between samples from patients 
with AD and healthy controls, including 45 up-
regulated DEGs and 132 down-regulated DEGs. We 
plotted volcano maps (fig. 2a) and heat maps (fig. 
2b) to show differential genes, where blue indicate 
down-regulated gene expression, red indicates up-
regulation, and gray indicates the rest of the DEG. In 
addition, expression levels and aggregation states of 
all DEGs are shown in the heat map (fig. 2b).

Fig. 1: Screening of DEGs and correlation analysis, (a): Data before standardization and (b): Data after standardization
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the color indicates a smaller p value, and the third 
circle is the total number of foreground genes. The 
innermost circles represent their respective rich 
factor values, and the cells on a guide line represent 0.1

To investigate the association between DEGs, 
PPI networks were established using the STRING 
database. Using Cytoscape software to visualize the 
network (fig. 4a), the network with a total of 170 
nodes and 53 edges, and after removing discrete 
nodes, fig. 4a retains a high degree of 46 nodes and 
37 edges, including 20 upregulated genes and 26 
downregulated genes. In addition, the analysis of 
the Cytoscape molecular complex detection plug-
in showed that in the PPI network of DEG, a total 
of 3 key modules were found, all of which were 
upregulated genes (fig. 4b-fig. 4d).

Finally, using the Cytoscape version 3.8.2 plugin 
cytoHubba, according to the degree value, filter out 
the top 7 hub DEGs and plot the interaction network 
between these 7 hub DEGs (fig. 5). 

The results showed that Early Growth Response 1 
(EGR1), C-X-C Motif Chemokine Ligand 8 (CXCL8) 
and Fructo-Oligosaccharides (FOS) were the most 
critical genes, with the highest degree=4, and the 
other genes Filamin C (FLNC), Toll Like Receptor 
2 (TLR2), Integrin Alpha 7 (ITGA7), and Myosin 
Light Chain 2 (MYL2) had equal degrees (degree=3) 
as shown in Table 2.

By entering human gene into Coremine medical, the 
system showed all potential therapeutic drugs (drug 
and TCM) associated with that gene, and the search 
results for 7 genes are shown in Table 3.

Through analysis we obtained the first 10 GO 
molecular functional terms, cellular component terms, 
bioprocess terms, and KEGG pathways (fig. 3a and 
fig. 3b). According to the p value, the regulation of 
biological processes by DEGs is mainly reflected in 
the positive regulation of urine output, cell activation, 
cardiac muscle hypertrophy, cardiac muscle tissue 
morphogenesis, commissural neuron axon guidance 
and cellular response to parathyroid hormone 
stimulus, in terms of cellular components, DEGs 
significantly enriched Z disc, extracellular region, 
actin filament bundle, sarcoplasmic reticulum lumen 
and cell projection, and for MF analysis, significantly 
enriched terms are ion binding, lipopeptide binding, 
cytokine activity, calcium-release channel activity 
and identical protein binding. In addition, as shown 
in fig. 3b, the KEGG enrichment pathway for DEGs 
includes; Gonadotropin-Releasing Hormone (GnRH) 
secretion, legionellosis, Nucleotide Oligomerization 
Domain (NOD)-like receptor signaling pathway, 
Transforming Growth Factor Beta (TGF-β) signaling 
pathway and parathyroid hormone synthesis, 
secretion and action. 

Integrate rich terminology into the network based on 
gene ID and p value. We use a circle map to show the 
results (fig. 3a and fig. 3b). The circle map is composed 
of 4 concentric circles, the outermost circle reflects 
the classification of enrichment, and the coordinate 
bar outside the circle represents the number of genes, 
yellow part represents molecular function, pink part 
represents cellular component, purple part represents 
biological process; the longer the bars in the second 
circle indicate more background genes, the redder 

Fig. 2: Identification of DEGs, (a): Differential gene volcano map and (b): Differential gene heat map, each column represents a dataset and each 
row represents a gene
Note: (  ): Up-regulation; (  ): Down-regulation and (  ): Normal
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Fig. 3: Functional enrichment analysis of DEGs
Note: (  ): Molecular function; (  ): Cellular component and (  ): Biological process

Fig. 4: PPI network construction and module analysis, (a): All upregulated genes, (b): Containing 4 nodes and 5 edges, including CXCL8, TLR1, 
TLR2, TLR5, (c): Module 2 contained 3 nodes and 3 edges, which were also upregulated genes, including FOS, EGR1, EGR2, (d): module 3 is all 
downregulated genes, containing 3 nodes and 3 edges, specifically CASQ2, RYR2, and RYR3

Fig. 5: PPI network of 7 hub genes
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Gene name Protein name Expression level Degree Enriched significant 
modules

EGR1 Early growth response 1 Up 4 Module 2

CXCL8 Interleukin-8 Up 4 Module 1

FOS Proto-oncogene Up 4 Module 2

FLNC Filamin C Down 3 None

TLR2 Toll like receptor 2 
(TLR2) Up 3 Module 1

ITGA7 Integrin subunit alpha 7 Down 3 None

MYL2 Myosin light chain 2 Down 3 None

TABLE 2: THE INFORMATION OF TOP 7 HUB GENES BASED ON THEIR DEGREE VALUE

Gene name Drugs Co-acting drugs

EGR1
Golnerminogene Pradenovec, 

Brivoligide, MEK inhibitor PD-98059, 
phorbol

Recombinant interleukin-6CXCL8

Recombinant Interleukin-6, recombinant 
tumor necrosis factor family protein, 
recombinant tumor necrosis factor-α, 

recombinant interleukin-1β

FOS c-FOS Antisense, tetradecanoy iphorbol 
acetate, phorbol

FLNC
Itraconazole, Omalizumab, Fulacimstat, 
Mepolizumab, Bacillus anthracis strain 

V770-NP1-R antigen

Recombinant tumor necrosis factor 
family protein and lipopolysaccharide 

tyrosine
TLR2

lipopolysaccharide, macrophage 
stimulator lipopeptide 2, recombinant 

interleukin-6, Pam2CSK4

ITGA7 integrin alphabeta1, Adenosine 
Diphosphate (ADP)-ribosylarginine

MYL2 Y 27632

TABLE 3: EFFECTIVE DRUGS CORRESPONDING TO ALL HUB GENES OBTAINED THROUGH 
RETRIEVAL

enriches. However, in the KEGG pathway note, 
we see that DEGs are enriched in GnRH secretion, 
legionellosis, NOD-like receptor signaling pathway, 
TGF-β signaling pathway and parathyroid hormone 
synthesis, secretion and action. Both hub genes in 
module one were enriched in legionellosis.

First of all, through the above results, we are seeing 
a lot of results related to inflammation and immunity, 
which has been recognized by scientists[26-30], 
i.e., from the pathophysiological point of view, 
inflammation of the aortic wall is closely related to 
the development of AD, from the etiological point of 
view, AD is often considered to be a special form of 
atherosclerosis, caused by chronic inflammation. In 
our study, CXCL8 and TLR2 in the hub gene, NOD-
like receptor signaling pathway and TGF-β signaling 

Through DEG analysis, we learned that there were 
177 differential genes between samples from patients 
with AD and healthy control samples, including 45 
up-regulated DEGs and 132 down-regulated DEGs. 
(|log2FC|>1 and p<0.05). To further understand 
molecular function, biological processes, cell 
composition, and related signaling pathways, we 
performed GO annotation and KEGG pathway 
enrichment assays. According to the PPI data, the top 
7 hub genes were ranked, including EGR1, CXCL8, 
FOS, FLNC, TLR2, ITGA7, MYL2, of which CXCL8 
and TLR2 were found in key module 1, EGR1 and 
FOS, which were enriched in significant module 2, 
however, FLNC, ITGA7 and MYL2 were not shown 
in key modules. GO analysis showed that positive 
regulation of urine volume and cell activation 
were the most significant biological process that 
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and core DEGs, so a larger sample was needed 
for research, and all the results of the study were 
discussed in detail and further experimental studies 
were done.

AD is an acute severe disease caused by hematoma 
dissection of the aortic intima. Through analysis, this 
study determined that EGR1, CXCL8, FOS, FLNC, 
TLR2, ITGA7, MYL2 are the key genes in the 
pathogenesis of AD, and the prediction of targeted 
drugs was carried out according to the results of 
the study, which provided a scientific basis for the 
pathogenesis study of AD and the exploration of 
drug treatment, and we also need a series of related 
experiments to confirm these genes and, MF, CC, 
BP is intrinsically associated with AD, and further 
research can be carried out to predict the therapeutic 
effect of drugs on AD.
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