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Abstract

Background: Aortic dissection (AD) is a high-mortality cardiovascular emergency with unclear pathophysiological mechanisms. This
study investigated S100 calcium-binding protein A9 (S100A9) as a therapeutic target for AD and explored its underlying mechanisms.
Methods: Proteomic analysis compared aortic tissues from patients with acute type A and matched non-dissected vascular tissues from
the same patients. An ADmodel was induced in wild-type and S100A9 knockout mice via β-aminopropionitrile (BAPN). Survival, aortic
diameter, and S100A9 expression were quantified. Furthermore, single-cell RNA sequencing was used to analyze cell populations and
mitochondrial pathways in AD mice treated with an S100A9 inhibitor. Finally, the effect of S100A9 on mitochondrial function was
investigated in Tohoku Hospital Pediatrics-1 (THP-1) cells. Results: Proteomics identified that S100A9 is significantly upregulated in
AD tissue. Furthermore, S100a9 knockout (S100a9 KO) mice conferred protection against AD-induced mortality and aortic dilation.
Single-cell RNA analysis revealed that S100A9 is predominantly expressed within the granulocyte population. S100A9 inhibition ac-
tivated mitochondrial oxidative phosphorylation pathways and upregulated mtDNA-encoded gene expression. Human tissue mRNA
levels confirmed decreased mtDNA in AD. Moreover, recombinant human S100A9 and angiotensin-II treatment in THP-1 cells reduced
mitochondrial membrane potential and increased oxidative stress. Conclusions: S100A9 is a potential contributor to AD pathogenesis.
Inhibition of S100A9 might be a promising therapeutic target for AD.
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1. Introduction

Aortic dissection (AD) is a life-threatening cardiovas-
cular disease characterized by high mortality rates and a
poor prognosis [1]. AD initiation involves a tear in the aor-
tic intima, causing separation of the aortic wall layers [2].
This process enables blood entry into the aortic media, ulti-
mately resulting in organ ischemia, aortic rupture, and po-
tentially sudden death [1]. Despite therapeutic advances,
mortality remains high, primarily due to an incomplete un-
derstanding of AD’s underlying pathogenic mechanisms.

The pathophysiology of aortic dissection involves in-
flammation and oxidative stress. Granulocyte macrophage
colony-stimulating factor (GM-CSF), a pro-inflammatory
cytokine, contributes critically to AD development [3,4].
Furthermore, interleukin-6 (IL-6) serves as an essential me-
diator of angiotensin-II (Ang-II)-induced aortic dissection
[5]. Notably, experimental evidence from mouse models
demonstrates that increased reactive oxygen species (ROS)

levels are associated with aortic dissection [6]. Conse-
quently, targeting inflammatory responses and ROS gen-
eration may represent promising therapeutic strategies for
AD [7]. Despite this potential, the specific cytokines medi-
ating inflammation and oxidative stress in AD pathogenesis
remain poorly characterized.

S100A9, a member of the S100 protein family, func-
tions as a small calcium-binding protein primarily involved
in inflammatory processes and immune responses [8]. It
is frequently upregulated in response to diverse inflamma-
tory stimuli and has been implicated in various cardiovascu-
lar pathologies, including myocardial infarction, heart fail-
ure, and age-induced vascular dysfunction [9]. Our prior
work has associated elevated S100A9 levels with sepsis-
induced acute respiratory injury [10]. Emerging evidence
suggests that pharmacological S100A9 inhibition may pro-
tect against aortic dissection pathophysiology by mitigating
inflammatory responses [11]. However, the precise mech-
anisms remain incompletely understood.
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This study aims to identify novel molecular targets
indicative of aortic dissection progression and investigate
their functional roles and mechanisms. Leveraging pro-
teomic analysis of human patients with type A aortic dis-
section tissues, we identified that S100A9 was significantly
upregulated in AD. Functioning as an S100 protein family
member, S100A9 mediates diverse cellular processes such
as inflammation and immune responses [12]. Our find-
ings demonstrate that S100A9 inhibition improves survival
in experimental AD mouse models and ameliorates AD-
related outcomes, potentially through enhanced mitochon-
drial function and mitochondrial DNA expression. Collec-
tively, these findings position S100A9 as a potential con-
tributor to AD pathogenesis, establishing its inhibition as a
possible therapeutic strategy.

2. Materials and Methods
2.1 Human Aorta Specimen Collection and Proteomic
Sequencing

Human aortic dissection specimens and non-dissected
vascular tissues (harvested distant from the dissection site)
were obtained from patients undergoing surgery for type
A aortic dissection. Samples were collected during aor-
tic root and ascending aorta replacement surgeries at either
the Department of Thoracic and Cardiovascular Surgery of
Chongqing University Central Hospital and the First Af-
filiated Hospital of Chongqing Medical University from
April 2024 to June 2024. All procedures received prior
approval from the hospital’s ethics committee and for this
retrospective analysis of anonymized clinical data, the re-
quirement for written informed consent was waived by the
Ethics Committee (2024-173-02) and all procedures con-
ducted in accordance with the Declaration of Helsinki. Pro-
tein was extracted from aortic tissue samples and digested
with trypsin. The resulting peptides underwent liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
analysis using high-resolution mass spectrometer. The ac-
quired spectra were processed using a database to identify
and quantify the proteins. Label-free quantification (LFQ)
was used to analyze differential protein expression between
dissection and control tissues.

2.2 Experimental Animals and Aortic Dissection Model
Male C57BL/6J mice and global S100a9 knockout

(KO) mice were purchased from Cyagen Biosciences Inc
(Suzhou, China) and housed under specific pathogen-free
conditions at the Chongqing Medical University Animal
Research Center. Aortic dissection was induced in both
wild-type (WT) and S100a9 KO mice. Starting from
week 6, all mice were received daily β-aminopropionitrile
(BAPN, Cat: A3134-5G, Sigma, Milano, Italy) dissolved
in drinking water at a dose of 1 g/kg/day. During the aortic
diameter examination, mice were anesthetized and main-
tained with isoflurane (3% for induction, followed by 1.5%
for maintenance), and aortic diameter was assessed using

VINNO 6 VET ultrasound system for small animals. For
euthanasia, intravenous thiopental sodium (150mg/kg) was
administered. The drug was prepared at a concentration of
25 mg/mL in sterile saline and injected via the tail vein.
Then thoracic aortas were harvested, snap-frozen in liq-
uid nitrogen, and stored at –80 °C for subsequent analy-
sis. All animal procedures were approved by the Animal
Care and Use Committee of ChongqingMedical University
(IACUC-CQMU-2024-04098).

2.3 Western Blot

Protein lysates were resolved by SDS-PAGE (Cat:
PG212, EpiZyme, Shanghai, China) at 80–120 V constant
voltage. Separated proteins were electrophoretically trans-
ferred onto PVDFmembranes (Cat: ISEQ00010,Millipore,
Billerica, MA, USA) using a rapid transfer solution at 400
mA for 30 minutes. The membranes were blocked with 5%
skim milk (Cat: D8340, Solarbio, Beijing, China) for 1.5
hours and washed three times with TBST (Cat: G0001-2L,
Servicebio, Wuhan, Hubei, China) for 3 minutes each. Pri-
mary antibodies S100A9 (1:1000, Cat: ab288715, Abcam,
Cambridge, UK), GAPDH (1:10,000, Cat: GB11002, Ser-
vicebio, Wuhan, Hubei, China) were incubated overnight
at 4 °C, followed by incubation with secondary antibodies
(1:7000, Cat: AB-228395, Invitrogen, Carlsbad, CA, USA)
the next day. The signal was visualized by enhanced chemi-
luminescence (Cat: BL520B, Biosharp, Beijing, China).

2.4 The RT-qPCR Analysis

Total RNA was extracted from tissue samples using
Trizol (Takara, Beijing, China). The RNA was then
reverse-transcribed into cDNA using a reverse tran-
scription kit (Cat: RK20433, ABclonal, Wuhan, Hubei,
China). Quantitative PCR was performed using SYBR
Green Master Mix with specific primers (Cat: RK21203,
ABclonal, Wuhan, Hubei, China) on a CFX96™ Real-
Time system (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). The mRNA expression levels were normalized
to β-ACTIN using the delta-delta Ct (2−∆∆Ct) relative
quantification method. The PCR primer sequences used
for measuring mRNA expression are presented below
(F, R): β-ACTIN human: (CCTTCCTGGGCATG-
GAGTC, TGATCTTCATTGTGCTGGGTG); S100A9
human: (ATACTCTAGGAAGGAAGGACACC, TC-
CATGATGTCATTTATGAGGGC); MT-CO1 human:
(CCTACTCCTGCTCGCATCTG, AGAGGGGCGTTTG-
GTATTGG); MT-ND1 human: (CGATTCCGCTACGAC-
CAACT, AGGTTTGAGGGGGAATGCTG); MT-ND2
human: (ACCATCTTTGCAGGCACACT, GCTTCT-
GTGGAACGAGGGT); MT-ND3 human: (GCGGCTTC-
GACCCTATATCC, AGGGCTCATGGTAGGGGTAA);
MT-ND4 human: (GCTCCATCTGCCTACGACAA,
GCTTCAGGGGGTTTGGATGA); MT-ND5 human:
(CGGAAGCCTATTCGCAGGAT, ATAGGGGATTGT-
GCGGTGTG); MT-CYB human: (CCACCCCATC-

2

https://www.imrpress.com


CAACATCTCC, GCGTCTGGTGAGTAGTGCAT);
MT-ATP8 human: (CCTACCTCCCTCACCAAAGC,
AGGATTGTGGGGGCAATGAAT).

2.5 Multi-Omics Data Analysis
2.5.1 Gene Ontology (GO) Enrichment Analysis and Gene
Set Enrichment Analysis (GSEA) Analysis

GO enrichment analysis and visualization were per-
formed using the ClusterProfiler (v4.10.1) in R studio
(v4.3.2) [13]. GSEA enrichment analysis was conducted
using the GSEABase (v1.64.0, Bioconductor Core Team,
Seattle, WA, USA) [14]. All visualization results presented
in the main text had Benjamini-Hochberg adjustment for
multiple comparisons (p.adj < 0.05).

2.5.2 Protein-Protein Interaction Networks (PPI)
We constructed a PPI network by STRING (Search

Tool for the Retrieval of Interacting Genes/proteins; v12.0,
https://string-db.org/). We then visualized PPI and iden-
tified hub genes within this network using the Cytoscape
(v3.10.2, University of California, San Diego (UCSD), San
Diego, CA, USA) and the MCODE plugin (v2.0.3).

2.5.3 GOSemSim Analysis
GOSemSim analysis was conducted in R studio us-

ing the GOSemSim package (v2.28.1) to comprehensively
score candidate proteins from the aspects of Biological pro-
cess, Molecular Function, and Cellular Component [15].
The analysis results were visualized using ggplot2 (v3.5.2),
results had Benjamini-Hochberg adjustment for multiple
comparisons (p.adj < 0.05).

2.5.4 Single-Cell RNA Sequencing Analysis
GSE247260 raw data was downloaded from GEO

database. Single cells were extracted under the cri-
teria: nFeature_RNA >300, nFeature_RNA <6000,
nCount_RNA <20,000, percent.mt <10. Normalization,
scaling, and clustering of cells were performed using
the Seurat (v5.0.3, Satellite Biosciences, NY, USA) [16],
which identified main cell types. The results were visual-
ized using Uniform Manifold Approximation and Projec-
tion (UMAP).

2.6 Cell Culture
The human acute monocytic cell line Tohoku Hospital

Pediatrics-1 (THP-1) was purchased from the Procell sys-
tem (CL-0233, Wuhan, China), authenticated by STR pro-
filing with no evidence of cross-contamination and tested
negative for mycoplasma contamination. The cells were
cultured in CompleteMedium For Cell Culture Tested (Cat:
TCH-G361-C, HyCyte, Suzhou, China) and supplemented
with 10% fetal Bovine serum (FBS) (Cat: FBP-S005, Hy-
Cyte, Suzhou, China) in a humidified atmosphere at 37 °C
under 5% CO2. A working cell bank was produced from
one of the master cell banks and the cells in the second or

third passage were used for experiments. The cells were di-
luted to 2 × 105 cells/mL three times a week and were in
the exponential growth phase for all experiments.

2.7 Statistical Analysis
Data were analyzed using GraphPad Prism software

(v8.0.2, GraphPad Software, LLC, San Diego, CA, USA).
Results are presented as mean ± standard deviation (SD).
Statistical comparisons between groups were made using
one-way Analysis of Variance (ANOVA), with a p value <
0.05 considered statistically significant.

3. Results
3.1 Proteomics Analysis Revealed S100A9 as a Potential
Hub Protein in Aortic Dissection

Paired aortic tissue specimens (five dissected and five
matched non-dissected vascular samples) were obtained
from patients undergoing surgical repair for acute Type A
aortic dissection. All ten samples underwent proteomic pro-
filing via LC-MS/MS. Following stringent quality control,
4608 proteins were confidently identified. Principal com-
ponent analysis (PCA) validated dataset integrity, show-
ing a significant separation between dissection and control
groups (Fig. 1A). Differential expression analysis identi-
fied 190 significantly altered proteins (|log2FC|>1.2, p.adj
< 0.05), with 120 proteins upregulated and 70 downreg-
ulated proteins relative to controls (Fig. 1B,C). GO en-
richment analysis revealed significant enrichment (p.adj
< 0.05) of differentially expressed proteins in biological
processes related to the response to lipopolysaccharides,
molecular functions such as glycosaminoglycan and Toll-
like receptor binding, and cellular components associated
with secretory granules (Fig. 1D–F, Supplementary Ta-
ble 1). Further GSEA further confirmed significant acti-
vation (Nonparametric Estimation Statistics (NES) >1.8,
p.adj < 0.05) of inflammatory and lipopolysaccharide re-
sponses (Fig. 1G,H, Supplementary Table 2).

To characterize functional interactions among differ-
entially expressed proteins, we conducted a PPI network
using the STRING database (v12.0). Among the 190 in-
put proteins, 52 lacked predicted interactions, while five
formed disconnected singleton pairs (Fig. 2A, Supplemen-
tary Table 3). After filtering out these non-networked pro-
teins, the remaining 133 proteins were ranked by topolog-
ical importance in Cytoscape (v3.10.2), with the highest-
scoring hubs visualized at the network core (Fig. 2B, Sup-
plementary Table 4). Topological analysis revealed high-
scoring hub proteins concentrated at the network core, in-
dicating functional centrality. Subsequent MCODE clus-
tering identified 17 potential hub proteins from densely in-
terconnected modules (Fig. 2C, Supplementary Table 5).
To pinpoint the most significant hub protein, we calculated
semantic similarity (GOSemSim v3.8, Bioconductor Core
Team, Guangzhou, Guangdong, China) across three GO do-
mains: biological process, molecular functions, and cellular
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Fig. 1. Proteomic sequencing and analysis of type A aortic dissection (n = 5 for normal and dissection vascular samples). (A)
Principal Component Analysis (PCA) of the proteomic data. (B) Volcano plot illustrating variable proteins (total proteins analyzed =
4608). (C) Heatmap depicting identified differential proteins. (D–F) Gene Ontology (GO) enrichment analysis of the differential proteins
identified in proteomics (p.adj < 0.05). (G,H) Gene Set Enrichment Analysis (GSEA) for the differential proteins (NES >1.8, p.adj <
0.05). NES, Nonparametric Estimation Statistics.

components. S100A9 demonstrated the highest functional
coherence score (Fig. 2D). Correlation heatmap analysis
showed that S100A9 was closely associated with S100A8
and exhibited interactions with other genes (Fig. 2E). Vi-
sualization through heatmap and volcano plot confirmed

significant upregulation of S100A9 in the aortic dissection
group (Fig. 2F,G). These findings position S100A9 as a
central regulator in aortic dissection.
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Fig. 2. Hub protein screening for type A aortic dissection. (A) Interaction network of differential proteins analyzed using the Search
Tool for the Retrieval of Interacting Genes/proteins (STRING) database. (B) Importing protein interaction results into Cytoscape and
ranking the proteins. (C) Identification of 17 hub proteins from the analysis of 138 proteins using the MCODE plugin. (D,E) Box plot
and correlation heatmap of the final ranking for the 17 hub proteins from GOsensim analysis. (F) Volcano plot of the 17 hub proteins.
(G) Heatmap of the 17 hub proteins, displaying each group separately. *p < 0.05; **p < 0.01; ***p < 0.001.

3.2 S100a9 Knockout Alleviates Aortic Dissection in
Mouse Model

Following the identification of S100A9 as a hub pro-
tein, we validated its expression in dissection vessels. Tis-
sue proteins were extracted from both aortic dissection sam-
ples and normal vascular tissues. Western blot analysis

revealed a significant increase in S100A9 expression in
the aortic dissection group, consistent with proteomic data
(Fig. 3A,B). Quantitative PCR further confirmed a marked
upregulation of S100a9 mRNA levels (Fig. 3C).

To explore the effects of S100A9 on aortic dissec-
tion development, we utilized wild-type mice and S100a9
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Fig. 3. Role of S100A9 in aortic dissection animal models. (A,B) Protein expression of S100A9 in aortic tissues from AD patients
evaluated through Western blotting, with statistical analysis presented in (B) (n = 3). (C) S100a9 mRNA expression in vascular tissues
(n = 6). (D) Protein expression of S100A9 in aortic tissues evaluated through Western blotting (n = 3). (E) Survival analysis of WT and
S100a9 KO AD mice (45% vs 80%; p value = 0.0412). (F,G) Aortic diameter of mice across groups and the statistical result (p value
< 0.0001). The data are presented as the mean ± standard error of the mean. ns, no significant difference; **p < 0.01; ***p < 0.001;
****p < 0.0001.

KO mice to induce aortic dissection model. Western blot
analysis revealed that S100A9 levels were significantly el-
evated in the aortic vessels of BAPN-treated WT mice,
while expression was nearly undetectable in S100a9 KO
mice treated with BAPN (Fig. 3D). S100a9 KO signifi-
cantly increased survival rates of AD mice (Hazard ratio
S100a9−/−+BAPN/WT+BAPN: 0.3236; 95% CI of ratio:
0.1143–0.9155, p value = 0.0412; Fig. 3E). Doppler ultra-
sound examinations showed that S100a9 deficiency also de-
creased the aortic diameter in AD mice (p value < 0.0001;
Fig. 3F,G). These findings indicate that S100A9 eleva-
tion drives AD pathogenesis in mice, while its inhibition
markedly improves the condition, suggesting it could be a
potential therapeutic intervention for aortic dissection.

3.3 Single-Cell Analysis Reveals Distinct Cell Populations
upon S100A9 Inhibition

To further investigate the mechanisms by which
S100A9 influences aortic dissection, we analyzed single-
cell sequencing data of aortic tissues from both aor-
tic dissection models and ABR (paquinimod)-treated dis-
section models (ABR, an S100A9-specific inhibitor, in-
tragastric administration, 10 mg/kg/d, single-cell dataset
GEO247260) [11]. Using the Seurat package, we per-
formed rigorous quality control, dimensionality reduction,
and unsupervised clustering, identifying 15 distinct clusters
(Fig. 4A). Throughmanual cell type annotation based on lit-
erature and marker databases (Fig. 4B,C). The results indi-
cated that the proportions of B cells, T cells, Granulocyte,
Macrophage, and Endothelial cells were significantly ele-
vated in the dissection group compared to the treated group,
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Fig. 4. Single-cell transcriptomic analysis of aortic dissection animal models with S100A9 intervention. (A) UMAP plot showing
dimensionality reduction and clustering analysis of the GSE247260 dataset. (B) Bubble plot displaying the markers for each cluster. (C)
UMAP plot illustrating the clustering based on marker expression. (D) Bar graph comparing the cell populations between the AD and
AD+ABR groups (ABR, S100A9 inhibitor; 10 mg/kg/d).

while Fibrocyte and Smoothmuscle cells (SMC)weremore
prevalent in the treated group (Fig. 4D). This suggests that
inhibiting S100A9 expression leads to an increase in cell
populations involved in vascular structure while reducing
the numbers of immune and inflammatory cells. These
findings align with our observation that deletion of S100a9
improved the aortic dissection phenotype in BAPN-treated
mice.

3.4 Inhibition of S100a9 Mitochondrial Quality in
Granulocyte

Our analysis confirmed that S100a9 is predominantly
expressed in granulocyte (Fig. 5A). To elucidate the mech-
anisms involved, we performed single-cell Gene Set Varia-
tionAnalysis (GSVA; v1.50.2, https://bioconductor.org/pac
kages/GSVA/) specifically on granulocyte. We found that
the oxidative phosphorylation pathway was significantly
downregulated in granulocyte from the aortic dissection
group compared to the treated group, indicating that inhibit-
ing S100A9 expression enhances mitochondrial function
(Fig. 5B). GO enrichment analysis for the granulocyte pop-
ulation revealed significant enrichment of the reactive oxy-
gen species (ROS) pathway in the dissection group (p.adj<

0.05; Fig. 5C). Further examination of core mitochondrial
genes demonstrated S100A9 inhibition (Fig. 5D,E) signifi-
cantly increases in the expression levels ofmt-Nd1,mt-Nd2,
mt-Nd3, mt-Nd4, mt-Nd5, mt-Cytb, mt-Co1, and mt-Atp8
following (Fig. 5F–M). These results suggest that enhanced
mitochondrial quality may be responsible for the protective
effects of S100A9 knockout.

3.5 S100A9 Promotes Mitochondrial Dysfunction and
Oxidative Stress In Vitro

To validate the single-cell analysis, we measured
mRNA levels of key mitochondrial genes. MT-CO1, MT-
ND1, MT-ND2, MT-ND3, MT-ND4, MT-ND5, MT-CYB,
and MT-ATP8 were significantly downregulated in human
AD tissues (Fig. 6A–H). Using THP-1 cells, we further as-
sessed the role of S100A9 in mitochondrial function. JC-1
staining showed reduced mitochondrial membrane poten-
tial, and MitoSOX staining revealed increased oxidative
stress after treatment with Ang-II (Fig. 6I) and recombinant
human S100A9 (rhS100A9) (Fig. 6J). These findings indi-
cate that S100A9 deteriorate mitochondrial quality, target-
ing S100A9 to improve mitochondrial quality may offer a
therapeutic strategy for aortic dissection.
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Fig. 5. Inhibition of S100a9 mitochondrial quality in granulocytes. (A) UMAP plots displaying the separate visualization of S100A9
and S100A8. (B) GSVA on granulocyte, with the visualized heatmap was reflecting changes in AD group (p.adj < 0.05). Related path-
ways marked by red boxes mean that the oxidative phosphorylation pathway was significantly downregulated in granulocytes from the
aortic dissection group compared to the treated group. (C) Bar graph showing GO enrichment analysis for the granulocyte population
(p.adj< 0.05). The related pathway marked by a red box means that GO enrichment analysis for the granulocyte population revealed sig-
nificant enrichment of the reactive oxygen species (ROS) pathway in the dissection group. (D–M) Violin plots illustrating the differential
expression of key mitochondrial genes in granulocyte population after S100A9 inhibition (p.adj < 0.0001).

4. Discussions

Aortic dissection is a complex and life-threatening
condition characterized by the separation of the layers of the

aortic wall [5]. Our study highlights the role of S100A9 as a
central player in the pathology of aortic dissection. Our pro-
teomic analysis identified S100A9 as a hub protein, demon-
strating its significant upregulation in aortic tissue from pa-
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Fig. 6. S100A9 deteriorate mitochondrial quality. (A–H) The core mitochondrial genes mRNA expression in vascular tissues (n = 4).
(I) JC-1 fluorescence images of THP-1 cells treated with Ang-II or recombinant human S100A9 (rhS100A9) for 24 hours (scale bar: 200
µm). (J) MitoSOX fluorescence images of THP-1 cells treated with Ang-II or rhS100A9 for 24 hours (scale bar: 200 µm). The data are
presented as the mean ± standard error of the mean. ns, no significant difference; *p < 0.05; **p < 0.01; ***p < 0.001.

tients with type A dissection compared to healthy controls,
and that is validated by experiments. This finding aligns
with previous research suggesting that S100A9 is involved
in inflammatory responses, underscores its relevance in the
pathogenesis of aortic dissection [8].

S100A9, a member of the S100 protein family, con-
sists of small calcium-binding proteins that play cru-
cial roles in immune response and inflammation [8].
Some S100A9 inhibitor, such as ABR-215757 and related
quinoline-3-carboxamides, have shown promise in preclin-
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ical cardiovascular and autoimmune disease models [17].
And another S100A9 inhibitor, Paquinimod, has estab-
lished safety and pharmacokinetics in early human trials
and demonstrates therapeutic efficacy in animal models of
fibrosis [18]. Our team also find that S100A9 promotes
the progress of sepsis by participating in pulmonary mi-
crovascular leakage [10]. S100A9 is often upregulated in
response to inflammatory stimuli, participating in the re-
cruitment and activation of immune cells at sites of injury or
infection [19]. Elevated levels of S100A9 have been associ-
ated with chronic inflammatory diseases, autoimmune dis-
orders, and certain types of cancer [20]. S100A9 also corre-
lates with plaque instability and vascular calcification. Both
inflammation, plaque and vascular calcification is known to
significantly impact the pathophysiology of aortic dissec-
tion through various mechanisms [21]. Thus, we further in-
vestigated the effects of S100A9 on aortic dissection using
S100A9KOmice. We observed that S100A9wasmarkedly
increased in the aortic tissues of wild-type mice with in-
duced dissection, while S100A9 knockout mice showed sig-
nificantly improved outcomes. The enhanced survival rates
and reduced aortic diameter in S100A9 knockout mice sug-
gest that targeting this protein may offer a promising thera-
peutic strategy, which is consistent with a recent study us-
ing S100A9 inhibitor [11]. This highlights the potential of
S100A9 as a therapeutic target for managing aortic dissec-
tion.

Our single-cell analysis provided additional insights
into the cellular mechanisms by which S100A9 influences
aortic dissection. The inhibition of S100A9 altered the
composition of cell populations within the aortic tissue, fa-
voring an increase in fibroblasts and smooth muscle cells,
which are essential for vascular integrity. Concurrently,
there was a reduction in immune and inflammatory cells,
indicating that S100A9 plays a role in modulating the in-
flammatory environment associated with aortic dissection.
This shift in cellular dynamics underscores the importance
of S100A9 in maintaining vascular homeostasis.

Previous research has indicated that the elevation of
nuclear factor kappa B (NF-κB)-dependent inflammatory
responses may contribute to the development of aortic dis-
section through S100A9 [11]. Inflammation is regulated
by various factors, including cytokines and bacterial infec-
tions. Recent studies have also shown that mitochondria
are involved in regulating immune responses, such as the
classical comprised of cyclic GMP-AMP synthase (cGAS),
stimulator of interferon genes (cGAS-STING) pathway [22,
23]. Furthermore, improving mitochondrial function has
been found beneficial for aortic dissection [24].

Emerging evidence suggests that S100A9 may reg-
ulate mitochondrial function indirectly through pattern
recognition receptors such as Toll-like receptor 4 (TLR4)
and receptor for advanced glycation end products (RAGE)
[25,26]. Engagement of these receptors activates NF-κB
and mitogen-activated protein kinase (MAPK) signaling,

which not only drive inflammatory responses but also in-
fluencemitochondrial dynamics and oxidative stress [8,27].
S100A9 has also been shown to impair mitochondrial res-
piration and enhance ROS production, thereby contributing
to tissue injury [28]. However, the involvement of mito-
chondria in the S100A9-mediated pathophysiology of aor-
tic dissection remains unclear. Thus, we further analyzed
the single-cell sequence data. Our analysis of single-cell
sequencing data revealed significant insights into this area.
The observed improvement in mitochondrial quality upon
S100A9 inhibition suggests a potential mechanism through
which S100A9 contributes to the pathophysiology of aortic
dissection. Subsequently, we validated mitochondrial DNA
(mtDNA)-encoded genemRNAexpression, the same as our
single-cell analysis, revealing significant downregulation in
AD patients. Through in vitro experiments, we further con-
firmed that S100A9 impairs mitochondrial membrane po-
tential and increases ROS production in granuloctye. En-
hanced mitochondrial function may not only support cellu-
lar energy needs but also reduce oxidative stress, which is
implicated in vascular damage and inflammation.

Although the protective effects of S100A9 deficiency
on AD, therapeutic inhibition of S100A9 should be cau-
tiously considered, as its blockade may induce immunosup-
pressive effects, given its essential role in innate immunity.
Therefore, while targeting S100A9 represents a promising
strategy for preventing AD progression, careful evaluation
of its safety profile, particularly the risk of immunosuppres-
sion, is warranted in future preclinical and clinical studies.

At last, a limitation needs to be pointed out. We used
small human cohort size for proteomic analysis, so the fu-
ture validation in larger, independent patient cohorts would
strengthen our results.

5. Conclusions
In conclusion, our study elucidates the critical role of

S100A9 in the development of aortic dissection, suggesting
S100A9 inhibition may be a novel approach for preventing
aortic dissection.
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