Front. Biosci. (Landmark Ed) 2024;29(9): 318
https://doi.org/10.31083/j.fb12909318

Landmark

Original Research

Developing and Verifying an Effective Diagnostic Model Linked to
Immune Infiltration in Stanford Type A Aortic Dissection

Xiaoyan Huang!?, Guoan Zhang?, Yangmeng Feng'2, Xiangrong Zhao!?, Yaping Li'2,
Fugiang Liu?, Yihan Dong?®, Jingying Sun'?, Cuixiang Xu'?*

IShaanxi Provincial Key Laboratory of Infection and Immune Diseases, Shaanxi Provincial People’s Hospital, 710068 Xi’an, Shaanxi, China
2Shaanxi Engineering Research Center of Cell Immunology, Shaanxi Provincial People’s Hospital, 710068 Xi’an, Shaanxi, China
3Department of Cardiology Surgery, Shaanxi Provincial People’s Hospital, 710068 Xi’an, Shaanxi, China
4Department of Cardiology, Shaanxi Provincial People’s Hospital, 710068 Xi’an, Shaanxi, China
5Department of Graduate School, Yan’an University, 716000 Yan’an, Shaanxi, China
*Correspondence: xucuixiang!129@163.com (Cuixiang Xu)

Academic Editor: Haseeb Ahmad Khan

Submitted: 19 April 2024 Revised: 20 June 2024  Accepted: 28 June 2024  Published: 6 September 2024

Abstract

Background: The deadly cardiovascular condition known as Stanford type A aortic dissection (TAAD) carries a high risk of morbidity
and mortality. One important step in the pathophysiology of the condition is the influx of immune cells into the aorta media, which
causes medial degeneration. The purpose of this work was to investigate the potential pathogenic significance of immune cell infil-
tration in TAAD and to test for associated biomarkers. Methods: The National Center for Biotechnology Information (NCBI) Gene
Expression Omnibus (GEO) database provided the RNA sequencing microarray data (GSE153434, GPL20795, GSE52093). Immune
cell infiltration abundance was predicted using ImmuCellAl. GEO2R was used to select differentially expressed genes (DEGs), which
were then processed for Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses. Additionally,
hub genes linked to immune infiltration were found using functional and pathway enrichment, least absolute shrinkage and selection
operator (LASSO), weighted gene co-expression network analysis (WGCNA), and differential expression analysis. Lastly, hub genes
were validated and assessed using receiver operating characteristic (ROC) curves in the microarray dataset GSE52093. The hub gene
expression and its connection to immune infiltration in TAAD were confirmed using both animal models and clinic data. Results: We
identified the most important connections between macrophages, T helper cell 17 (Th17), iTreg cells, B cells, natural killer cells and
TAAD. And screened seven hub genes associated with immune cell infiltration: ABCG2, FAM20C, ELL2, MTHFD2, ANKRDG6, GLRX,
and CDCPI. The diagnostic model in TAAD diagnosis with the area under ROC (AUC) was 0.996, and the sensitivity was 99.21%, the
specificity was 98.67%, which demonstrated a surprisingly strong diagnostic power of TAAD in the validation datasets. The expression
pattern of four hub DEGs (ABCG2, FAM20C, MTHFD2, CDCP]) in clinic samples and animal models matched bioinformatics analysis,
and ABCG2, FAM20C, MTHFD?2 up-regulation, and the of CDCPI down-regulation were also linked to poor cardiovascular function.
Conclusions: This study developed and verified an effective diagnostic model linked to immune infiltration in TAAD, providing new
approaches to studying the potential pathogenesis of TAAD and discovering new medication intervention targets.
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1. Introduction

A catastrophic cardiovascular emergency with a high
mortality rate is aortic dissection (AD) [1,2]. A rupture in
the intima frequently causes AD, which in turn causes blood
to flow into the media layer of the aorta and the layers of
the aortic wall to separate [3]. The aortic wall is being fur-
ther eroded by this layer separation, which could lead to
an aortic rupture or end-organ malperfusion. Depending
on whether the ascending aorta is extended or not, AD was
classified into kinds A (TAAD) and B (TBAD) according
to the Stanford classification. Based on epidemiological re-
search, the annual incidence of acute aortic dissection is es-
timated to be between 7 and 9 instances per 100,000 per-
sons. This incidence is expected to grow by 5% year due
to the rising prevalence of atherosclerosis and hypertension

[4]. Because of the involvement of the cerebral or coro-
nary arteries, sudden severe aortic regurgitation, and car-
diac tamponade, TAAD is the most serious kind. Up to 90%
of TAAD patients pass away within a year, and nearly half
do so within a week [5]. On the other hand, TBAD has an
acute fatality rate of about 10% [6,7]. The current recom-
mendations for therapeutic approaches are medication for
TBAD and emergency surgery for TAAD, taking into ac-
count the variations in fatality rates [8]. 15-30% mortality
is still a high rate for TAAD, despite advances in treatment
choices [9]. Thus, in order to create therapeutic options that
work, it is imperative to comprehend the molecular patho-
physiology of TAAD.

The primary pathological characteristic of AD is aor-
tic medial degeneration [10]. Current research has demon-
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strated that aortic medial degeneration and arterial wall re-
modeling, which occur prior to the initiation of aortic in-
tima rupture [11], are associated with are associated with
immunological and inflammatory-related pathways. Dis-
sected aortic specimens contain active T and B lympho-
cytes as well as macrophages, especially along the ruptured
media edge and the vasa vasorum [12]. One early-stage
change in AD that promotes matrix degradation and angio-
genesis is the activation of macrophages in the middle tunic
membrane [13]. Still unknown, nevertheless, are the exact
mechanisms that initiate immune cells’ penetration of the
aortic wall.

The development of sequencing technology encour-
ages the use of bioinformatic analysis in health-related stud-
ies. A novel bioinformatics technique called weighted gene
co-expression network analysis (WGCNA) can be used to
find gene association modules and close the gap between
gene expression and clinical characteristics [14]. WGCNA
has recently been used extensively to search critical hub
genes related to immune cell characteristics [15]. Based
on a transcriptomic dataset, the recently developed Immu-
CellAl algorithm calculates the infiltration abundance of 24
distinct immune cells groups [16]. The flow cytometry data
is consistent with the validity of ImmuCellAl in determin-
ing the extent immune cell infiltration [17].

Here, we screened hub genes associated with im-
munological infiltrate cells using a systemic bioinformat-
ics approach based on the Gene Expression Omnibus
(GEO) database. Prior to applying WGCNA to define
immune-related modules and selecting critical genes from
these modules based on Pearson correlation coefficients (1)
and the minor absolute shrinkage and selection operator
(LASSO) algorithm, immune scores of each sample linked
to TAAD were first determined using the ImmuCellAl al-
gorithm. Additionally, an independent cohort, GSE52093,
was used to develop and evaluate a binary logistic regres-
sion model based on crucial genes. This research offers a
deeper understanding of the immunological regulatory sys-
tems that underlie the progression of TAAD.

2. Methods

2.1 Data Acquisition and Processing

The GEO database (https://www.ncbi.nlm.nih.gov/g
eo/) was consulted in order to obtain the DaExpression ma-
trix of TAAD and associated clinical data. All of the data
was collected up to January 31, 2024. The inclusion crite-
ria: (I) samples in the dataset were obtained from the aorta;
(IT) the samples contained TAAD patients and Controls (pa-
tients without TAAD); (IIT) the dataset was based on human
gene expression profiles. The inclusion criteria: samples
without clinical information. Hereby, Ten TAAD tissues
and ten normal Controls were included in the GSE153434
dataset [18], which was found on Illumina HiSeq X Ten
Homo sapiens platform GPL20795. The R.DESeq2 pack-
age (version 1.30.1) was used to select differentially ex-

pressed genes (DEGs), with cutoffs of |log2 fold change
(FC)| >1 and p < 0.05, and genes associated with differen-
tially enriched immune cells were filtered by least absolute
shrinkage and selection operator (LASSO). Volcano plots
and heatmaps of DEGs were generated using the ggplot2 R
package (Version R3.2.3) and heatmap R package (version
R2.2.1) [19]. The RMA algorithm R.limma program was
used to normalize data from five normal tissues and seven
TAAD in the microarray dataset GSE52093, which acted as
the external validation cohort [20].

2.2 Immune Infiltration Analyses

Immune cell infiltration and target gene expressions in
TAAD was assessed using R (Version 3.6.3, The R Foun-
dation for Statistical Computing, Vienna, Austria).

2.3 Construction of Gene Co-Expression Networks to
Identify Critical Modules

Targeting the DEGs, a co-expression network was
built with the R WGCNA package (Version 4.1.3). The
weighted adjacency matrix was constructed using a power
function based on the soft threshold parameter 3, and the
scale-free network was ensured by setting 5 = 18 (scale-
free R2 = 0.8). In order to measure network connectiv-
ity, the adjacency matrix was transformed into a topolog-
ical overlap matrix (TOM). Genes with similar expression
profiles were then clustered based on TOM dissimilarity,
and a gene dendrogram was used to divide the modules into
minimum sizes of 50. After calculating the correlations be-
tween Pearson’s module eigengenes (ME), modules with
strong correlations were integrated at r > 0.7. Gene sig-
nificance (GS) and module membership (MM) were used
to identify the clinical trait-associated significant models.
The immunophenotypic score of infiltrating immune cells
was the clinical trait that was determined in this study.

2.4 Functional Enrichment Analysis

The R package clusterProfiler (Version 3.6.2) was uti-
lized to perform enrichment studies for Kyoto Encyclopedia
of Genes and Genomes (KEGG) and Gene Ontology (GO)
in order to explore the possible pathways and functions of
candidate hub genes in important modules. Cell compo-
nents (CC), biological processes (BP), and molecular func-
tions (MF) make up GO enrichment. It was decided to set
statistical significances for only terms with false discovery
rate (FDR) <0.05. The R packages ggplot2 and GO plot
(Version 1.0.2 ) are used to display the enrichment findings.

2.5 Machine Learning

The Least Absolute Shrinkage and Selection Opera-
tor (LASSO) algorithm, a logistic regression method, was
utilized to filter variables to improve the predictive per-
formance in order to find the candidate biomarkers and
create a diagnostic model for TAAD. The “glmnet” soft-
ware package (Version 0.2.0) was used to screen the poten-
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tial biomarkers. Next, to improve the accuracy, ensemble
learning is employed to merge the Random Forest (RF) al-
gorithm with numerous trees, and the Random Forest soft-
ware package (Version 6.3.1) is utilized to reduce the pool
of potential biomarkers. The hub genes for creating TAAD
diagnostic models are the overlapping genes of the LASSO
model and the MeanReduced Gini >2 genes of the RF
model.

2.6 Hub-Gene Identification and Evaluation

Based on the clinical trait relevance and module con-
nectivity, hub genes were selected from module genes us-
ing absolute value of GS >0.6 and MM >0.8 as thresh-
olds. Next, we examined the connection between 24 im-
mune cells and hub genes.

2.7 The Assessment of Diagnostic Marker Prediction
Model

We evaluated the discriminatory power of the hub
genes as TAAD biomarkers using the GSE52093 dataset,
which included five normal samples and seven TAAD. Re-
sults were assessed using receiver operator characteristic
(ROC) curves, where the area under the curve (AUC) was
computed.

2.8 RealTime Quantitative PCR (RTqPCR)

Six clinical samples were obtained from Shaanxi
Provincial People’s Hospital; written informed consent
forms were submitted by the patients or their families/legal
guardians. The samples included three normal samples
(Control group) from donors without TAAD and three
TAAD samples (TAAD group) from patients with TAAD.
Total RNA was extracted from aorta samples using the To-
tal RNA Kit I (Omega Bio-tec, Inc., Norcross, GA, USA),
then transformed into cDNA PrimeScript™ RT reagent kit
(TaKaRa, Dalian, China). The Green PCR Master Mix Sys-
tem (Thermo Fisher Scientific, Waltham, MA, USA) was
used in quantitative polymerase chain reaction (QPCR) us-
ing an ABI7500 Real-Time PCR System (Thermo Fisher
Scientific). GAPDH served as the internal point of refer-
ence. The 2~ 22CT method was utilized to evaluate the rel-
ative fold change. Likewise, the aorta in the rat model is
operated by the RT-qPCR experiment in the same manner
as previously said. Supplementary Table 1 contains a list
of primer sequences that were employed.

2.9 Construction of Animal Models with TAAD

All animal experiments were in accordance with the
guide for the care and use of laboratory animals established
by United States National Institutes of Health (Bethesda,
MD, USA). Male Sprague-Dawley (SD) rats, weighing be-
tween 90 and 120 grams, 4-6 weeks old, were obtained
from the Laboratory Animal Center of the Medical Depart-
ment of Xi’an Jiaotong University (Xi’an, China). The
rats were randomly assigned to two groups: the Control
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group and the TAAD group. Each group contains six rats.
Control group: Oral administration of 0.9% saline was
given to the rats. For four weeks, once a day. TAAD
group: For four weeks, rats were given 1 mg/kg/day of
B-Aminopropionitrile (BAPN) dissolved in 0.9% saline
orally. At the sixth week, tissue samples were collected,
and all of the rats were put to death by breathing in an exces-
sive amount of isoflurane. Prior to sacrifice, an echocardio-
gram was done, and the body weight was recorded during
modeling.

2.10 Echocardiography

An intraperitoneal dose of 30 mg/kg pentobarbital was
used to anesthetize the rats. Echocardiography was per-
formed with ultra-high-resolution small animal ultrasound
imaging system Vevo3100. Measurements were made of
the ejection fraction (EF), fraction shortening (FS), aortic
diameter (AO), and left coronary artery diameter (LCA).
Three cardiac cycles’ worth of data were analyzed to assess
cardiovascular function.

2.11 Western Blotting

The whole protein was extracted from rat aortic tissue,
separated using polyacrylamide gel electrophoresis con-
taining sodium dodecyl sulfate, and then transferred onto
nitrocellulose membranes (MilliporeSigma). The mem-
branes were blocked for two hours at room temperature
with 5% non-fat milk, and then incubated overnight at
4 °C, with the corresponding primary antibodies: Rabbit
anti-Human ATP-binding cassette superfamily G menber 2
(ABCG2) (Dilution 1:1000, Abcam, Cambridge, UK), Rab-
bit anti-Rat ABCG2 (Dilution 1:1000, Abcam, Cambridge,
UK), Rabbit anti-Human family with sequence similarity
20, member C (FAM20C) (Dilution 1:500, Abcam), Rabbit
anti-Rat FAM20C (Dilution 1:500, Abcam), Rabbit anti-
Human metabolism enzymemethylenetetrahydrofolate de-
hydrogenase 2 (MTHFD?2) (Dilution 1:1000, Abcam), Rab-
bit anti-Rat MTHFD2 (Dilution 1:1000, Abcam), Rabbit
anti-Human CUB domain containing protein 1 (CDCP1)
(Dilution 1:1000, Abcam), Rabbit anti-Rat CDCP1 (Dilu-
tion 1:1000, Abcam), Rabbit anti-Human /3-actin (Dilution
1:1000, Abcam), Rabbit anti-Rat $-actin (Dilution 1:1000,
Abcam). The membranes were treated with the secondary
antibody (Goat anti-Rabbit) for one hour at room temper-
ature. Protein bands were visualized using an enhanced
chemiluminescence (ECL) kit (Pierce, Thermo Fisher Sci-
entific, Inc.).

2.12 Immunohistochemistry

Tissue sections fixed in paraffin, measuring 4 pm in
thickness, were rehydrated and dewaxed. Antigen was ex-
tracted, then incubated respectively with the same mono-
clonal antibody as Western blotting at 4 °C overnight, then
treated with Horseradish Peroxidase (HRP)-conjugated sec-
ondary antibody at room temperature for half an hour, fol-
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Fig. 1. Volcano plot (A) and heatmap (B) clustering for differentially expressed genes identified in type A aortic dissection (TAAD).
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Fig. 2. The immunological cell infiltration landscape across all TAAD samples. (A) The violin plot displays the proportions of
each immune cell. (B) The bar chart of immune cells. (C) The heatmap depicts the proportions of all 24 types of immune cells. (D)
Correlations between the proportions of individual immune cells. Th17, T helper cell 17; DC, dendritic cells; NK, natural killer cells;
MAIT, mucosal-associated invariant T.
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Fig. 3. Determination of key modules linked to immunophenotypic scores using weighted gene co-expression network analysis
(WGCNA). (A) Selection of the soft-thresholding powers (3) based on the scale-free fit index and mean connectivity. (B) Hierarchical
cluster analysis was adopted to identify co-expression modules. (C) The heatmap displayed selected module genes’ topological overlap

matrix (TOM). (D) The heatmap shows the correlations between modules and immune traits.

lowed by staining in DAB detection kit and restained with 3. Results
hematoxylin for 30 minutes. Ultimately, they were exam- 3. 1dentification of DEGs
ined using a BX41 fluorescent microscope (Olympus Cor-
poration, Tokyo, Japan), and visualized the immunoblot
bands in a pre-cooled LAS4000 luminescent imager (GE,
Boston, MA, USA).

1253 upregulated and 1486 downregulated DEGs
were tested using the GSE153434 dataset. Fig. 1 illustrated
the expression features of the DEGs in volcano plots (A)
and heatmaps (B) for the ImmuCellAl, which indicated no-
213 Correlation between Hub Genes and Cardiovascular table variations in the infiltrative abundance of 24 immune
Parameters in Echocardiography cells types between TAAD and normal samples. Among

The Pearson algorithm was used to assess the parame- these, six cell types with significant differences were found

ter (EF%, FS%, and AO), and the R package “ggplot2” was in TAAD and the Control group, as shown in Fig. 2. More
used to iflus trat’e the resu,l s [21] specifically, the TAAD group had higher concentrations of

macrophages, T helper cell 17 (Th17), CDS8 naive cells,
2.14 Statistical Analysis dendritic cells (DC) and mucosal-associated invariant T
GraphPad Prism 8.0 (GraphPad Software, Inc., San (MAIT). By comparison, the Control group showed a sig-

Diego, CA, USA) was used to analyze all of the data, which nificant enrichment of natural killer cells (NK), induced
were ;epor’ted as the mean =+ standard deviation (,SD) of  regulatory T cells (iTregs), and B cells (Fig. 2A—C). More-

: R over, macrophages showed the strongest negative correla-
three separate experiments. Dunnett’s post-hoc test was . e S .
. . R tion with iTregs cells and the strongest positive correlation
used after a one-way analysis of variance or Student’s #-test . . . .
. . . with Th17 cells, according to the correlation matrix data
to ascertain the statistical differences between the groups.

Indicating a statistically significant difference was a p value (Fig. 2D).
less than 0.05.
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Fig. 4. Gene Ontology (GO) functions (A) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways (B) enrichment

analyses of candidate genes.

3.2 Identification of Key Modules by WGCNA

The WGCNA network was built from these DEGs.
Based on the scale-free topology model and average con-
nectivity, the gene regulation network’s ideal soft thresh-
old power is 12 (Fig. 3A). The hierarchical clustering tree
was structured using dynamic hybrid cutting to create five
modules (brown, red, blue, black, and pink) (Fig. 3B,C).
The network heat map was plotted based on the five mod-
ules and 24 immune cell types (Fig. 3D). The module-trait
relationships revealed that all five modules were linked to
macrophages and iTreg, while four modules (brown, red,
blue, and black) were linked to Th17 cells, four modules
with NK cells, and none with CDS8 naive cells. Based on
MM >0.8 and GS >0.6 standards, 432 genes in all mod-
ules were chosen as hub genes for further analysis.

3.3 Enrichment Analyses and Mechanism Explorations

GO and KEGG enrichment analyses were carried out
to identify 432 genes’ putative activities and pathways.
Consequently, 461 associated BPs and 22 KEGG pathways
with statistical significance were found. Cell junction as-
sembly, cell migration, platelet degranulation, angiogene-
sis, and vascular development were found to be enriched
in BP, according to GO analysis. Additionally, we found
that CC was associated with an enrichment of platelet al-
pha granules, cell-cell junctions, focal adhesion, and cell-
substrate junctions. Furthermore, MF was discovered to
have an enrichment of extracellular matrix binding, growth
factor binding, integrin binding, and chemorepellent activ-
ity (Fig. 4A). More significantly, the KEGG data showed
that the hub genes had a higher probability of enrichment
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in terms of PI3K-Akt signaling pathway, HIF-1 signaling
pathway, lipid and atherosclerosis (Fig. 4B).

3.4 Identification and Verification of Hub-Genes

Seven genes—ABCG2, FAM20C, ELL2, MTHFD2,
ANKRDG6, GLRX, and CDCPl—among the candidate 432
genes were found to be hub genes and potential immune-
related diagnostic biomarkers of TAAD using the LASSO
algorithm (Fig. 5A,B). Seven hub genes were shown to
be strongly correlated with macrophages, Th17, B cells,
iTregs, and natural killer cells (Fig. 5C). Immune cells
were also found to differ significantly in TAAD. Using the
GSE52093 dataset, the discriminating ability of all seven
genes was further confirmed. Then the seven optimal genes
were used to construct the diagnostic model. The diagnostic
model in TAAD diagnosis with the area under ROC (AUC)
was 0.996, and the sensitivity was 99.21%, the specificity
was 98.67%. The ROC curve analysis demonstrated a
strong discriminatory ability for TAAD (Fig. 5D), indicat-
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ing that all seven genes could serve as potential biomarkers
and are implicated in inflammation and immune cell infil-
tration in TAAD.

3.5 The Validation of the Relationship between Hub Genes
and TAAD in Clinical Samples

Three hub genes (ABCG2, FAM20C, MTHFD?2) had
significantly higher mRNA expression levels in the TAAD
group compared to the Control group (p < 0.05), accord-
ing to RT-qPCR data. Nevertheless, there was a significant
downregulation of one hub gene (CDCPI) in the TAAD
group (p < 0.05). The two groups’ changes were par-
ticularly pronounced in ABCG2, FAM20C, MTHFD?2, and
CDCPI (Fig. 6A). Thus, in the tests that followed, we
concentrated on confirming the connection between these
four hub genes and TAAD. By using Western blotting and
immunohistochemistry, we were able to further elucidate
the differences in the protein expression levels of ABCG2,
FAM20C, MTHFD2, and CDCP1 between the Control
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and TAAD groups. Western blotting results indicated that
CDCP1 was lowered (p < 0.05), whereas the levels of
protein expression of ABCG2, FAM20C, and MTHFD2
(Fig. 6B,C). The results of immunohistochemistry were
consistent with those of the Western blot (Fig. 6D).

3.6 Experimental Verification of the Correlation between
Four Central Genes and TAAD

We created TAAD rat models with f-
Aminopropionitrile to confirm the link between these
four hub genes and TAAD. During modeling, the TAAD
group had considerably lower body weight than the Control
group (p < 0.05) (Fig. 7A). qPCR analysis of aorta samples
revealed higher mRNA expression levels for ABCG2,
FAM20C, and MTHFD? (p < 0.05) and decreased CDCP1
(»p < 0.05) in the TAAD group compared to the Control
group (Fig. 7B). Compared to the Control group, the
TAAD group had significantly lower EF% and FS% (p <
0.001) and higher AO (p < 0.001). LCA was increased

in the TAAD group, although not significantly compared
to the Control group (Fig. 7C,D). We further analyzed the
correlation between four hub genes (4BCG2, FAM20C,
MTHFD2, and CDCP]) and cardiac function in the TAAD
group. The results showed the number of PCR cycles
of ABCG2, FAM20C, MTHFD2 and CDCPI both had
significant positive correlations with EF%, FS% and AO
(» < 0.001) (Fig. 7E). In summary, the upregulation of
ABCG2, FAM20C, and MTHFD? and the downregulation
of CDCPI in aorta tissues were closely linked to cardiac
and vascular function decline.

3.7 Protein Expression Levels of Four Hub Genes in TAAD
Rats

The Western blotting results indicated that the pro-
tein expression levels of ABCG2, FAM20C, and MTHFD2
were increased, and CDCP1 was decreased in the TAAD
group compared to the Control group. The findings were
in line with the results obtained from mRNA analysis, with
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between four hub genes and cardiovascular function. Compared with the Control group, *p < 0.05, **p < 0.01, ***p < 0.001.

a statistical significance of p < 0.05 (Fig. 8A,B). The im-
munohistochemistry results revealed an irregular arrange-
ment of endothelial cells in the vascular intima, partial dam-
age to the intima, and an increase in the thickness of the
vascular media. Additionally, the protein expression levels
of ABCG2, FAM20C, MTHFD2, and CDCP1 were found
to be in agreement with those observed in western blotting
(Fig. 8C).

4. Discussion

The ImmuCellAl algorithm was employed in this
study to ascertaine the immune cell composition of TAAD.
Moreover, five immune-related modules and 432 candi-
date hub genes were discovered by WGCNA. Function and
KEGG pathway enrichment analyses provided insights into
the putative TAAD hub genes’ processes. Seven hub genes,
ABCG2, FAM20C, ELL2, MTHFD2, ANKRD6, GLRX, and
CDCPI, were screened as immune-related hub genes us-
ing LASSO regression. These hub genes and immune cell
infiltration associated with TAAD were found to be signif-
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icantly correlated, according to correlation analysis. Our
findings demonstrated TAAD’s strong diagnostic potential
in the validation datasets, suggesting that these genes could
serve as prospective biomarkers and have a role in immune
cell infiltration associated with TAAD.

AD has a complex etiology and mechanism. It was ini-
tially believed that AD began with an aortic intima rupture
[22]. High-pressure blood flow from the damaged intima
divides the aortic media from the adventitia. But according
to a new theory, AD may begin with media inflammation.
The aortic medium may be chronically irritated prior to the
onset of AD. The intima finally bursts and results in AD
when there is continuous high-pressure blood flow [23].

Chen ef al. [24] reported that the infiltration of in-
flammatory cells, such as macrophages, neutrophils, and
T lymphocytes, increases with the progression of the dis-
ease. Here, we employed the ImmuCellAl algorithm to ob-
tain insight into the immunological milieu by computing
infiltration abundances of 24 immune cells based on high-
throughput sequencing data of TAAD tissue samples. The
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TAAD group exhibited a higher macrophage score follow-
ing the previous findings [25].

According to a number of studies, macrophages ini-
tially enter the aortic media and adventitia, where they trig-
ger a local inflammatory response that causes neutrophils
and T cells from various places to congregate in the aorta
[26]. Targeting the reduction of mononuclear/macrophage
was shown by Li ef al. [27] to dramatically prevent AD
development as well as T lymphocyte and neutrophil infil-
trations. The majority of immunological responses are pro-
duced by T cells, various subtypes of which have distinct
functions in the inflammatory event of TAAD [28]. Consis-
tent with studies from peripheral blood [29], our results in-
dicated a higher proportion of Th17 but a lower infiltration
of Tregs in the TAAD group. An imbalance in Th17/Treg
cells is considered to be a potential cause of atherosclero-
sis and plaque rupture in TAAD. Furthermore, B lympho-
cytes might possibly be involved in the formation of TAAD
[30]. In line with the current findings, a number of thorough
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bioinformatic investigations have recently verified the dis-
tinction in immune infiltrates between AD and normal peo-
ple [31,32]. Consequently, our findings showed that im-
mune cell infiltration played a role in the pathophysiology
of AD and could inspire new treatment strategies to stop the
aortic disease’s advancement.

Our research identified seven hub genes that were
correlated with immune cell infiltrations at the expression
level, indicating a potential role for these genes in facilitat-
ing the progression of TAAD. A family member of the ATP-
binding cassette (ABC) transporter, ATP-binding cassette
subfamily G member 2 (ABCG2) is the molecular cause
of multidrug resistance in a variety of cancer cells [33].
ABCG?2 has been recently demonstrated to be expressed in
numerous normal tissues and may contribute to tissue de-
fense by regulating redox and inflammation in a variety of
diseases [34]. ABCG2~/~ mice exhibited a more substan-
tial macrophage infiltration than WT mice, as demonstrated
by Sarkadi et al. [35]. The study has linked ABCG2 to
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ford TAAD was drawed by Figdraw software. First, the envi-
ronmental or genetic factors lead to aberrant hub gene expression,
such as ABCG2, FAM20C, ELL2, MTHFD2, ANKRD6, GLRX,
and CDCPI. Second, despite the lack of histological alterations,
the aberrant gene expression causes several immune cell subtypes
to infiltrate, such as Th17, iTreg cells and macrophage. Third,
aortic medial degeneration is caused by immune cell infiltration
and persistent chronic inflammation. Last, under continuous high-
pressure blood flow, the aortic intima tears, causing the aorta’s

layers to separate.

T-cell differentiation [36]. We found that ABCG2 mRNA
and protein were considerably enhanced in TAAD, although
more research is needed to validate its role in T-cell dif-
ferentiation. BP involves a Golgi casein kinase, FAM20C,
which phosphorylates many secreted proteins and interacts
with many substrates [37]. Bioinformatics showed that
FAM?20C is harmful to pan-cancer and positively correlates
with T cells, macrophages, neutrophils, and dendritic cells
[38]. High plasma cell expression of the transcription elon-
gation factor elongation factor for RNA polymerase II 2
(ELL2) governs B lymphocyte proliferation and IgA pro-
duction [39]. The knockout of ELL2 resulted in a weak-
ened humoral immune response in mice and decreased the
number and morphological changes of plasma cells [40].
Multiple myeloma studies linked ELL2 mutations to total
IgA [41]. MTHFD2 regulates purine synthesis and sig-
nal transmission to increase activated T cell proliferation
and inflammatory cytokines [42]. Recent research shows
that MTHFD2 prevents FoxP3 upregulation from influenc-
ing Treg cell development [43]. Ankyrin repeat domain 6
(ANKRD®), a ubiquitous protein involved in early human
development, regulates critical protein interactions and pro-
motes cell proliferation and invasion via the Jun N-terminal
kinase (JNK) pathway. According to Bai et al. [44],
ANKRD6 may impact the immunological milieu by affect-
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ing the WNT pathway, which recruits and regulates colon
cancer-infiltrating immune cells. Glutaredoxin-1 (GLRX)
is an essential thioltransferase that modulates gene tran-
scription and redox signaling regulated by the protein S-
glutathionylation [45,46]. GLRX activates macrophages to
enhance glioma growth, demonstrating its importance in the
immunological response [47]. Single-pass transmembrane
CDCP1 interacts with cell-cell or cell-extracellular matrix
[48]. CDCP1 regulates tumor cell survival and metastasis
[49], but a new study suggests it may also modulate the
immune system [50]. Interestingly, all seven hub genes
were strongly associated with macrophage infiltration, and
most were closely associated with Th17 or iTreg infiltra-
tion. Additionally, all seven hub genes had robust diag-
nostic capacities for TAAD. Thus, immunological modula-
tion may contribute to TAAD development. Our clinic sam-
ples and animal model experiment results demonstrated an
expression pattern compatible with bioinformatics analysis
for four hub DEGs (ABCG2, FAM20C, MTHFD2, CDCPI).
ABCG2, FAM20C, MTHFD2, and CDCP1 upregulation
and CDCP1 downregulation were also linked to poor car-
diovascular function. Future research is needed to confirm
the role of integrated gene regulation in immune response.

Previous research has used bioinformatics analysis
based on the GEO database to examine hub genes linked
to immune infiltration and AD progression [51,52]. Nev-
ertheless, there is no overlap between the hub genes listed
here and those that have already been found. The current
study differs from earlier research in a number of ways, in-
cluding:

(1) To determine the makeup of immune cell compo-
sition, we used ImmuCellAl analysis. ImmuCellAl algo-
rithm outperforms other algorithms, such as CIBERSORT,
xCell, and TIMER, according to the flow cytometry results
[16].

(2) The significant thing about this work is that Immu-
CellAlI verified the link between immune infiltrating cells
and crucial genes expression. WGCNA was used to identify
modules associated with resistant cell-related. Further use
of LASSO was made to eliminate duplication and screen
hub genes, ensuring a strong correlation between immune
cell infiltration and critical genes.

(3) We established a strong correlation between de-
creased cardiovascular function, which leads to TAAD, and
the up-regulation of ABCG2, FAM20C, and MTHFD2 and
the down-regulation of CDCP1.

However, this study has a number of shortcomings.
Initially, bioinformatics analysis using data from public
database sources produced findings that need to be thor-
oughly assessed and validated in the subsequent research.
Second, the causal relationship between hub genes and im-
mune cell infiltration could not be established by immune
infiltration analysis based on transcriptome data. There-
fore, more investigation is required to clarify the possible
pathways.
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5. Conclusions

In conclusion, this work innovatively combined
LASSO logistic regression, ImmuCellAl, and WGCNA al-
gorithms to screen immune infiltration-related hub genes in
TAAD. We found that seven hub genes, ABCG2, FAM20C,
ELL2, MTHFD?2, ANKRD6, GLRX, and CDCPI, were
strongly linked to the invasion of macrophage and Th17 or
iTreg infiltration. Then, by triggering the internal immune
response, we may accelerate the development of TAAD by
establishing and validating an efficient diagnostic model
linked to the hub genes in TAAD (Fig. 9). These findings
provide new insight into the pathogenesis of TAAD and
identify new targets for immunotherapy and disease preven-
tion.
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