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ABSTRACT 

Although various methods are used to treat patients with asymptomatic carotid artery stenosis (ACAS), approaches are controversial, and 
combining imaging of carotid plaque features with biomarkers to identify plaques prone to rupture may be crucial in identifying high-risk 
ACAS patients. This study aimed to investigate a blood-based biomarker for discriminating ulceration in ACAS patients by analyzing plaque 
surface morphology through RNA sequencing of blood samples. Peripheral blood samples were collected from ACAS patients with plaque 
morphology determined by Doppler ultrasonography. Then, total RNA was isolated, and RNA-Seq was performed to analyze differentially 
expressed genes (DEGs). The KEGG, Reactome, and Gene Ontology (GO) terms pathway enrichment analyses were performed to 
investigate the molecular functions and biological processes involved in plaque formation. The pilot study included 7 ACAS patients, 57.1 % 
exhibiting ulcerated plaques. RNA-Seq results revealed significant upregulation of genes related to immune response, cell cycle regulation, 
and oxidative stress in ulcerated plaques. Especially, TP73, CCL3L3, and PXDNL genes showed the highest fold changes, indicating their 
role in endothelial damage, immune activation, and oxidative stress. KEGG and Reactome analyses identified TNF and chemokine signaling 
pathways as key regulators in ulcerated plaque formation. Our findings indicate that TP73, CCL3L3, and PXDNL may be potential 
biomarkers for identifying high-risk ACAS patients with ulcerated plaques due to their involvement in immune system regulation and 
oxidative stress-related processes. Thus, these genes and the pathways may be candidate biomarkers for early diagnosis and risk 
stratification, improving treatment approaches for ACAS. 
Keywords: Carotid stenosis. Carotid artery plaque. Biomarker. RNA-Seq. Ulcerated plaque. 
 
Ülsere Plaklı Yüksek Riskli Asemptomatik Karotis Arter Stenozu Hastalarının Ayırımı İçin  
Biyobelirteç Profillemesi: Pilot Çalışma 
 
ÖZET 

Asemptomatik karotis arter stenozu (ACAS) olan hastaların tedavisinde çeşitli yöntemler kullanılsa da yaklaşımlar tartışmalıdır ve plak 
rüptürü eğilimli olan hastaları belirlemek için karotis plak görüntülerinin biyobelirteçlerle birleştirilmesinin, yüksek riskli ACAS hastalarının 
belirlenmesinde önemli olduğu düşünülmektedir. Mevcut çalışmada, plak yüzey morfolojisini analiz ederek ACAS hastalarında ülserasyonu 
ayırt etmek için RNA sekanslama yoluyla kan bazlı biyobelirteç araştırılması amaçlanmıştır. Bu doğrultuda, Doppler ultrasonografi ile plak 
morfolojisi belirlenen ACAS hastalarından periferik kan örnekleri toplandı. Daha sonra, total RNA izole edildi ve farklı şekilde ifade edilen 
genleri (DEG'ler) analiz etmek için RNA-Seq gerçekleştirildi. Plak oluşumunda yer alan moleküler işlevleri ve biyolojik süreçleri araştırmak 
için KEGG, Reactome ve Gen Ontolojisi (GO) ile yolak zenginleştirme analizleri gerçekleştirildi. Pilot çalışmaya 7 ACAS hastası dahil 
edildi ve %57,1'inde ülsere plaklar olduğu görüldü. RNA-Seq sonuçları ülsere plaklarda bağışıklık tepkisi, hücre döngüsü düzenlemesi ve 
oksidatif stresle ilgili genlerde önemli bir artış olduğunu ortaya koydu. Özellikle TP73, CCL3L3 ve PXDNL genlerinin bu süreçlerde rol 
aldığı ve bu genlerin endotel hasarı, bağışıklık aktivasyonu ve oksidatif streste rolleri olduğu gösterildi. KEGG ve Reactome analizleri, 
ülserli plak oluşumunda anahtar düzenleyiciler olarak TNF ve kemokin sinyal yollarını tanımladı. Bulgularımız, TP73, CCL3L3 ve 
PXDNL'nin bağışıklık sistemi düzenlemesi ve oksidatif stresle ilişkili süreçlerdeki katılımları nedeniyle ülserli plakları olan yüksek riskli 
ACAS hastalarını tanımlamak için potansiyel biyobelirteçler olabileceğini göstermektedir. Bu nedenle, ilişkili genlerin ve yolakların erken 
tanı ve risk sınıflandırması için aday biyobelirteçler olabileceği ve ACAS için tedavi yaklaşımlarını iyileştirebileceğini düşündürmektedir. 
Anahtar Kelimeler: Karotis stenozu. Karotis arter plağı. Biyobelirteç. RNA-Seq. Ülsere plak. 
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Atherosclerosis is a chronic and progressive vascular 
disorder that constitutes the primary 
pathophysiological basis of a significant proportion of 
cardiovascular diseases, which remain the leading 
cause of mortality and morbidity globally1. The 
disease is characterized by the accumulation of lipids 
within the arterial wall, chronic inflammation, fibrotic 
remodeling, and the progressive narrowing of the 
vascular lumen2. When this narrowing, or stenosis, 
occurs in the carotid arteries, it is referred to as carotid 
artery stenosis (CAS), a condition that significantly 
elevates the risk of ischemic stroke3. 
CAS patients are clinically categorized into two 
groups: (i) symptomatic (SCAS) and (ii) 
asymptomatic (ACAS). The distinction between these 
groups is pivotal for tailoring appropriate treatment 
strategies and minimizing the risk of cerebrovascular 
events4. ACAS is defined as 50% or greater stenosis in 
the proximal internal carotid artery at the bifurcation 
in individuals without a history of ischemic stroke in 
the ipsilateral carotid region within the last six 
months. Various treatment modalities are available for 
ACAS, including carotid endarterectomy (CEA), 
carotid artery stenting (CAS), and medical treatment. 
However, the optimal approach remains controversial. 
Moreover, ACAS patients often remain clinically 
stable for extended periods. Thus, the unpredictable 
progression from an asymptomatic to a symptomatic 
state represents a substantial clinical challenge5,6. 
Consequently, accurate clinical differentiation of high-
risk ACAS patients is essential to optimize treatment 
approaches, balance the risks and benefits of invasive 
procedures, and avoid unnecessary interventions in 
low-risk individuals. 
The surface morphology of atherosclerotic plaques 
plays a crucial role in the clinical outcomes of CAS. 
Plaque rupture is closely associated with various 
cerebrovascular events and is categorized into two 
groups based on their biological characteristics: (i) 
stable and (ii) vulnerable plaques7. Unlike stable 

plaques, vulnerable plaques, considered high-risk, are 
characterized by a thin, inflammatory fibrous cap that 
is particularly prone to rupture8. These plaques are 
further classified according to their surface 
morphology into (i) smooth, (ii) irregular, and (iii) 
ulcerated types. Ulceration, commonly observed in 
vulnerable plaques, is considered a predictive feature 
of plaque instability9. Surface characteristics, 
including ulceration, rupture, and erosion, are critical 
determinants of plaque stability and significantly 
influence the risk of thromboembolic events. Even 
when the degree of luminal stenosis is similar, 
variations in plaque morphology can substantially 
affect the patient's risk profile10. Therefore, the 
accurate assessment of plaque surface morphology is 
essential for effective risk stratification, treatment 
decisions, and optimizing clinical outcomes in patients 
with CAS. 
The current study identified RNA-based biomarkers 
by performing transcriptome sequencing on blood 
samples obtained from ACAS patients, whose plaque 
surface morphologies -ulcerated or smooth- were 
determined through Doppler imaging. While previous 
research has focused on evaluating plaque biology 
using various biomarkers11-14, this is the first study to 
utilize blood-based biomarkers to differentiate 
between ulcerated and smooth plaques in ACAS 
patients. 

Material and Method 

Study cohort 

In the current study, peripheral blood samples were 
collected before CEA from ACAS patients, whose 
plaque surface morphologies -ulcerated or smooth- 
were determined using Doppler ultrasonography, and 
total RNA was isolated from blood materials. For the 
pilot group, 7 ACAS patients, of whom 57.1% had 
ulcerated plaques, were selected for RNA-Seq 
analysis. 
All participants provided written informed consent for 
using their RNA samples in the RNA-Seq analysis 
conducted at the Department of Medical Biology, 
Bursa Uludag University. The study received ethical 
approval from the Bursa Uludag University Medical 
Ethics Committee (2021-6/38) and adhered to the 
Helsinki Declaration's ethical standards. 
The inclusion criteria for this study were as follows: 
patients aged over 60 years with stenosis greater than 
70%, as determined by the North American Carotid 
Endarterectomy Trial (NASCET) criteria, who were 
diagnosed with ACAS based on Doppler 
ultrasonography findings. Carotid plaque ulceration 
was assessed using Color Doppler ultrasonography 
(US), one of the most commonly used methods, and 
was defined by an expert (B.E.G.) of the carotid 
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arteries. The plaque surface was defined as smooth, 
slightly irregular, or ulcerated if there was more than a 
2 mm height difference on the plaque surface. The 
reverse filling in the plaque was also determined. 
Plaques were classified as either ulcerated or smooth 
according to imaging results, and patients had no 
history of ischemic stroke in the ipsilateral carotid 
region within the last six months. Exclusion criteria 
included patients under 60, those with less than 70% 
stenosis according to NASCET criteria, and 
individuals with additional peripheral vascular 
diseases. Patients with a history of ischemic stroke 
within the last six months, systemic inflammatory or 
autoimmune diseases, malignancies, or other chronic 
illnesses that could influence gene expression profiles 
were also excluded.  

RNA-Seq analysis 

Total RNA was extracted from blood samples of 
ACAS patients, classified by plaque morphology 
(ulcerated or smooth), using the RNeasy Lipid Tissue 
Mini Kit (Hilden, Germany). RNA quality and 
concentration were evaluated using the Agilent 
Technologies 2100 (Santa Clara, CA, USA), and 
samples with DV200 scores greater than 70% were 
selected for RNA-Seq analysis. mRNA libraries were 
generated with the Ion AmpliSeq™ Chef-Ready Kit 
(Thermo Fisher Scientific, MA, USA) and the Ion 
AmpliSeq Transcriptome Human Gene Expression 
Panel. cDNA conversion (10 ng RNA per sample) and 
library preparation were performed using the Ion Chef 
Instrument, and sequencing was conducted on the Ion 
GeneStudio™ S5 System using Ion 540™ Chips at 
Bursa Uludag University, Medical Biology 
Department NGS Lab. 

Determination of differentially expressed genes 
(DEGs) 

The Kyoto Encyclopedia of Genes and Genomes 
(KEGG), Reactome, and Gene Ontology (GO) terms 
pathway enrichment analyses were used for the 
functional analysis of mRNA sets after correction of 
the enrichment results by the Benjamini-Hochberg 
FDR method, biological processes, and molecular 
pathways were considered significant with adjusted p-
values of less than 0.05 for the genes. RPKM-
normalized count data from RNA-Seq were used to 
identify DEGs. Significant genes were analyzed using 
the Web Gestalt toolkit to explore biological processes 
and molecular pathways. GO terms were used for 
biological processes, while KEGG and Reactome 
databases were utilized for pathway analysis.  

Statistical Analysis 

A p-value correction was performed using the false 
discovery rate (FDR) correction method to eliminate 
false positive genes, and adjusted p-values were 

determined for each gene. The cut-off value for the 
adjusted p-value for statistically significant genes was 
set at 0.05, and genes below this value were 
considered statistically significant. Down-regulated 
and up-regulated genes were determined by the fold 
changes calculated. 

Results 

The clinical characteristics of ACAS patients  

For the pilot group, 7 patients with ACAS were 
included in this study. Of these, 57.2% (n=4) were 
male and 42.8% (n=3) were female. According to the 
anamnesis, 57.1% (n=4) of the patients had ulcerated 
plaque. The mean age was 72.4 ± 6.9 years. 
Additionally, 85.7% (n=6) of the patients had 
hypertension, 57.1% (n=4) had diabetes, and 14.3% 
(n=1) had hyperlipidemia. Moreover, 28.5% (n=2) of 
the patients had peripheral artery, and 14.3% (n=1) 
had coronary artery disease (p>0.05). The clinical 
characteristics of the patients are shown in Table Ⅰ. 
 
Table I. Clinical characteristics of ACAS patients. 
    Ulcerated   Smooth   p value   
Pilot Group (n=7)   (n=4)   (n=3)       
Gender (n, %)               

         Female (n=3)   33.3% (n=1)   66.7% (n=2)   
0.486 

  
         Male (n=4)   75% (n=3)   25% (n=1)     

Age (Mean ± SD)    71.25 ± 4.7   74.0 ± 10.0   0.721   
Diabetes Mellitus   75% (n=3)   33.3% (n=1)   0.486   
Hyperlipidemia   -   33.3% (n=1)   0.429   
Hypertension   100% (n=4)   66.6% (n=2)   0.429   
Coronary Artery Disease   25% (n=1)   -   1   
Peripheral artery Disease    50% (n=2)   -   0.429 

 

Evaluation of DEGs and pathway analysis for 
ulcerated and smooth plaques in ACAS patients 

RNA-Seq analysis was performed to identify genes 
with significantly different expression levels among 
the groups and to identify blood-based biomarkers that 
could be used to discriminate high-risk ACAS 
patients. Then, the pilot group's pathway analysis was 
performed using KEGG, GO terms, and Reactome 
pathway enrichment analyses in ACAS patients with 
ulcerated and smooth plaques. 
The DEG results indicated that genes involved in the 
cell cycle, such as p73, as well as genes related to 
chemokine signaling, immune response, and ROS 
signaling, such as CCL3L3 and PXDNL2, were 
upregulated in ulcerated plaques (p<0.001) (Figure 1). 
The upregulation of genes associated with the immune 
system, ROS signaling, and cell proliferation in 
ulcerated plaques is consistent with endothelial 
damage and the enhanced immune response observed 
during ulceration. 
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Moreover, GO terms results revealed that genes 
implicated in forming ulcerated plaques are primarily 
associated with biological regulation, metabolic 
processes, and responses to external stimuli. 
Significantly regulated genes were predominantly 
localized to the cell membrane, nucleus, and 
membrane-enclosed lumen. Moreover, these genes 
exhibit key molecular functions, including protein 
binding, ion binding, and nucleic acid binding (Figure 
2A). In addition to these findings, it was observed 
explicitly that key immune system-related pathways, 
such as the cellular response to lipopolysaccharides 
and the activation pathways of lymphocytes, 
leukocytes, and T cells, were also significantly 
regulated. 
The analysis of KEGG results also revealed that genes 
implicated in forming ulcerated plaques are primarily 
associated with biological regulation, metabolic 
processes, and responses to external stimuli. 
Significantly regulated genes were predominantly 
localized to the cell membrane, nucleus, and 
membrane-enclosed lumen. Moreover, these genes 
exhibit key molecular functions, including protein 
binding, ion binding, and nucleic acid binding. In 
addition to GO findings, it was observed explicitly 
that TNF and chemokine signaling were significantly 
regulated (Figure 2B). 

Finally, Reactome analysis revealed that the genes' 
biological processes, cellular components, and 
molecular functions were consistent with the results of 
other studies. Immune system regulation emerged as a 
common finding across these analyses, with the Toll-
like receptor cascade identified as playing a pivotal 
role in these pathways (Figure 2C). 

Discussion and Conclusion 
In the current study, RNA-Seq analysis was performed 
to identify DEGs and potential blood-based 
biomarkers to distinguish high-risk asymptomatic 
carotid artery stenosis (ACAS with ulcerated plaques) 
patients. By comparing ulcerated and smooth plaques, 
we aimed to uncover the molecular mechanisms 
underlying plaque destabilization and identify 
biomarkers that could guide clinical risk assessment. 
Our findings showed a distinct transcriptional 
regulation in ulcerated plaques, characterized by 
upregulation of genes involved in cell cycle, immune 
response, chemokine signaling, and reactive oxygen 
species (ROS) pathways. Notable the DEGs, such as 
TP73, CCL3L3, and PXDNL, were significantly 
upregulated in ulcerated plaques, highlighting the 
roles of these  genes in  endothelial  damage,  immune  

 
Figure 1. 

DEGs and Volcano Plot in ACAS patients with ulcerated and smooth plaques. The left panel shows the table of 
DEGs between ulcerated and smooth plaques in ACAS patients. Fold change (log2) and corresponding p-values 
are presented, highlighting significant genes such as TP73, CCL3L3, and PXDNL. The right panel displays the 

volcano plot, with red points indicating upregulated genes in ulcerated plaques. Gray points represent non-
significant genes. The plot emphasizes genes with statistical and biological significance, providing insights into 

the molecular differences between ulcerated and smooth plaques. 
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Figure 2.  

Functional enrichment analyses of the DEGs in ulcerated and smooth plaques. (A) GO Pathway Analysis: 
Enrichment analysis of DEGs using Gene Ontology (GO) terms includes three categories: (i) Biological 
Processes, (ii) Cellular Components, and (iii) Molecular Functions. Bar charts on the left display the top 

enriched terms in each category, while the table on the bottom right lists significant GO terms, such as cellular 
response to lipopolysaccharide and lymphocyte activation, along with corresponding p-values and false 

discovery rates (FDR). (B) KEGG Pathway Analysis: Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway analysis highlights enriched pathways among the DEGs. Bar charts display top pathways, such as the 
TNF and Chemokine signaling pathways, with detailed statistics in the accompanying table, including pathway 

sizes, p-values, and FDR. (C) Reactome Pathway Analysis: Reactome pathway enrichment analysis reveals 
significantly enriched pathways such as Immune System, Neutrophil Degranulation, and Cytokine Signaling in 

the immune system. Bar charts summarize enriched categories, while the table on the right provides details, 
including pathway sizes, p-values, and FDR. These analyses offer insights into the biological processes, 

pathways, and molecular mechanisms differentiating ulcerated and smooth plaques. 
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activation, and oxidative stress. These results suggest 
that endothelial damage and an enhanced immune 
response contribute to plaque vulnerability and 
ulceration. 
Our results revealed significant upregulation of genes 
involved in cell cycle regulation, immune response, 
chemokine signaling, and ROS pathways in ulcerated 
plaques compared to smooth plaques. Notably, TP73, 
a critical regulator of apoptosis and genomic stability, 
exhibited the highest fold change (23.8-fold, p<0.001). 
TP73 is known to play a role in cellular proliferation 
and response to DNA damage, and studies conducted 
in recent years have highlighted that it is significantly 
increased in plaque tissue in atherosclerotic human 
carotid arteries15,16. In a different study, p73 was 
shown to initiate apoptosis in vascular smooth muscle 
cells (VSMCs) and was found to be highly expressed 
in human atherosclerotic plaques17. Similarly, 
chemokine-related genes such as CCL3L3 were highly 
expressed, emphasizing the role of chemokine 
signaling in recruiting immune cells to sites of 
vascular injury. Elevated CCL3L3 expression has been 
implicated in monocyte and macrophage activation, 
which are critical mediators of inflammation in 
atherosclerosis. It has also been shown that under 
conditions of acute inflammation, leukocyte-derived 
CCL3 can induce neutrophil chemotaxis toward 
atherosclerotic plaque and contribute to progression18. 
These findings suggest that these genes may 
contribute to pathological processes consistent with 
their upregulation in the unstable endothelial 
environment observed in ulcerated plaques by 
regulating VSMC apoptosis or chemotaxis of immune 
system cells. 
Genes related to ROS signaling, such as PXDNL, were 
also significantly upregulated in ulcerated plaques. 
ROS production is a hallmark of endothelial 
dysfunction and contributes to oxidative stress, 
exacerbating plaque instability19. The observed 
upregulation of ROS-associated genes is consistent 
with the increased oxidative damage and inflammation 
reported in studies of vulnerable plaques20. PXDN is a 
peroxidase that modifies the extracellular matrix. 
PXDN expression also influences physiological 
processes involving redox control21. Furthermore, this 
gene has also been shown to have a pro-angiogenic 
role that may affect the outcome of atherosclerotic 
lesions22. These findings suggest that PXDN-mediated 
oxidative stress may play a pivotal role in the 
pathogenesis of ulcerative plaques, potentially through 
ROS-induced angiogenic processes.  
Functional enrichment analyses provided further 
insights into the biological processes and pathways 
driving these transcriptional changes. GO analysis 
revealed that genes implicated in ulcerated plaques 
were predominantly associated with biological 
regulation, metabolic processes, and responses to 

external stimuli, significantly enriching immune 
response and cellular signaling pathways. Notably, 
cellular response to lipopolysaccharides and 
lymphocyte activation were highlighted, suggesting a 
robust innate and adaptive immune response in 
ulcerated plaques. From a pathway perspective, 
KEGG analysis emphasized the roles of TNF 
signaling and chemokine signaling pathways, known 
mediators of inflammation and vascular remodeling. 
The TNF signaling pathway has been implicated in 
promoting endothelial cell apoptosis and matrix 
degradation, contributing to plaque rupture23,24. 
Furthermore, given the critical role of TNF pathways 
in sustaining the inflammatory microenvironment, it is 
hypothesized that the recruitment and activation of 
immune cells, such as monocytes and lymphocytes, 
may contribute to the inflammatory milieu within 
ulcerative plaques. This immune cell participation is 
likely to exacerbate the inflammatory response, further 
promoting the instability and progression of the 
plaques. 
The Reactome analysis provided complementary 
findings, reinforcing the role of immune system 
regulation in plaque ulceration. TLR cascade emerged 
as a pivotal pathway in ulcerated plaques. TLRs, a 
type of pattern recognition receptor, are associated 
with inflammation and the innate immune response. 
The dysregulation of TLRs has been implicated in 
developing CAS and various other cardiovascular and 
metabolic diseases25. The activation of these receptors 
has been identified as triggering an intracellular 
signaling cascade mediated through MyD88 or TRIF, 
leading to the production of pro- and anti-
inflammatory cytokines26. The upregulation of TLR 
signaling genes in ulcerated plaques suggests their 
contribution to the heightened inflammatory state 
observed in these lesions. 
Notably, the localization of DEGs to the cell 
membrane, nucleus, and membrane-enclosed lumen, 
as identified by GO analysis, highlights their 
functional relevance in signal transduction and 
transcriptional regulation. These findings suggest that 
plaque ulceration is associated with extracellular 
signaling changes and intracellular transcriptional 
reprogramming. Molecular functions such as protein 
binding, ion binding, and nucleic acid binding were 
also significantly enriched, underscoring the diverse 
roles of DEGs in modulating cellular responses to 
stress and injury.  
Consequently, although further validation in larger 
cohorts is required, our preliminary findings suggest 
that TP73, CCL3L3, and PXDNL may serve as 
promising biomarkers for ACAS patients with 
ulcerative plaques. Furthermore, the results suggest 
that pathways such as TLR and TNF may be key 
pathways in these processes. Thus, noninvasive, 
blood-based assays targeting these biomarkers may 
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provide valuable tools for early detection and risk 
stratification in ACAS patients with ulcerated plaque. 
They may offer a more practical approach to 
personalized ACAS patient care and management. 

Ethics Committee Approval Information: 
Approving Committee: Bursa Uludag University Medical Ethics 
Committee 
Approval Date: 26.05.2021 
Decision No: 2021-6/38 
Researcher Contribution Statement: 
Idea and design: C.C.B., A.Y., I.E.E.; Data collection and 
processing: C.C.B., I.E.E.; Analysis and interpretation of data: 
C.C.B., A.Y., I.E.E., Ü.E., B.E.G., M.B., G.Ç., M.T.; Writing of
significant parts of the article: C.C.B., A.Y., I.E.E. 
Support and Acknowledgement Statement:
This study was supported by the Bursa Uludag University Scientific
Research Projects Coordination Unit, TAY-2022-592. 
Conflict of Interest Statement: 
The authors of the article have no conflict of interest declarations. 

References 
1. Jebari-Benslaiman S, Galicia-García U, Larrea-Sebal A,

Olaetxea JR, Alloza I, Vandenbroeck K, et al. Pathophysiology
of atherosclerosis. Int J Mol Sci. 2022;23(6):3346. 

2. Mehu M, Narasimhulu CA, Singla DK. Inflammatory cells in 
atherosclerosis. Antioxidants (Basel). 2022;11(2):233. 

3. Ismail A, Ravipati S, Gonzalez-Hernandez D, Mahmood H,
Imran A, Munoz EJ, et al. Carotid artery stenosis: A look into 
the diagnostic and management strategies, and related 
complications. Cureus. 2023;15(6):e38794. 

4. Musialek P, Bonati LH, Bulbulia R, Halliday A, Bock B, 
Capoccia L, et al. Stroke risk management in carotid 
atherosclerotic disease: A Clinical Consensus Statement of the 
ESC Council on Stroke and the ESC Working Group on Aorta 
and Peripheral Vascular Diseases. Cardiovasc Res. 
2023;119(10):2557-78. 

5. Qaja E, Tadi P, Theetha Kariyanna P. Symptomatic carotid 
artery stenosis. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2024. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK442025/. 

6. Chatzikonstantinou A, Wolf ME, Schaefer A, Hennerici MG. 
Asymptomatic and symptomatic carotid stenosis: An obsolete 
classification? Stroke Res Treat. 2012;2012:340798. 

7. Liu Y, Wu B, Wu S, Liu Z, Wang P, Lv Y, et al. Comparison of 
stable carotid plaques in patients with mild-to-moderate carotid 
stenosis with vulnerable plaques in patients with significant 
carotid stenosis. Medicine (Baltimore). 2024;103(4):e40613. 

8. Fishbein MC. The vulnerable and unstable atherosclerotic
plaque. Cardiovasc Pathol. 2010;19(1):6-11. 

9. Standish BA, Spears J, Marotta TR, Montanera W, Yang VX.
Vascular wall imaging of vulnerable atherosclerotic carotid 
plaques: Current state of the art and potential future of
endovascular optical coherence tomography. AJNR Am J 
Neuroradiol. 2012;33(8):1642-50. 

10. Loftus I. Mechanisms of plaque rupture. In: Fitridge R, 
Thompson M, editors. Mechanisms of vascular disease: A 
reference book for vascular specialists [Internet]. Adelaide 
(AU): University of Adelaide Press; 2011. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK534259/. 

11. Puz P, Lasek-Bal A, Ziaja D, Kazibutowska Z, Ziaja K.
Inflammatory markers in patients with internal carotid artery 
stenosis. Arch Med Sci. 2013;9(2):254. 

12. Knoflach M, Kiechl S, Mantovani A, Cuccovillo I, Bottazzi B, 
Xu Q, et al. Pentraxin-3 as a marker of advanced
atherosclerosis: Results from the Bruneck, ARMY and ARFY 
studies. PLoS One. 2012;7(2):e31474. 

13. Yamagami H, Kitagawa K, Nagai Y, Hougaku H, Sakaguchi M, 
Kuwabara K, et al. Higher levels of interleukin-6 are associated 
with lower echogenicity of carotid artery plaques. Stroke. 
2004;35(3):677-81. 

14. Pelisek J, Rudelius M, Zepper P, Poppert H, Reeps C, Schuster 
T, et al. Multiple biological predictors for vulnerable carotid 
lesions. Cerebrovasc Dis. 2009;28(5):601-10. 

15. Davis PK, Dowdy SF. p73. Int J Biochem Cell Biol.
2001;33(9):935-9. 

16. Weiss RH, Howard LL. p73 is a growth-regulated protein in
vascular smooth muscle cells and is present at high levels in 
human atherosclerotic plaque. Cell Signal. 2001;13(11):727-33. 

17. Logotheti S, Richter C, Murr N, Spitschak A, Marquardt S, 
Pützer BM. Mechanisms of functional pleiotropy of p73 in 
cancer and beyond. Front Cell Dev Biol. 2021;9:737735. 

18. de Jager SC, Bot I, Kraaijeveld AO, Korporaal SJ, Bot M, van 
Santbrink PJ, et al. Leukocyte-specific CCL3 deficiency 
inhibits atherosclerotic lesion development by affecting 
neutrophil accumulation. Arterioscler Thromb Vasc Biol. 
2013;33(6):e75-e83. 

19. Mittal M, Siddiqui MR, Tran K, Reddy SP, Malik AB. Reactive 
oxygen species in inflammation and tissue injury. Antioxid
Redox Signal. 2014;20(7):1126-67. 

20. Batty M, Bennett MR, Yu E. The role of oxidative stress in 
atherosclerosis. Cells. 2022;11(23):3843. 

21. Hanmer KL, Mavri-Damelin D. Peroxidasin is a novel target of
the redox-sensitive transcription factor Nrf2. Gene. 
2018;674:104-14. 

22. Tangeten C, Zouaoui Boudjeltia K, Delporte C, Van Antwerpen 
P, Korpak K. Unexpected role of MPO-oxidized LDLs in 
atherosclerosis: In between inflammation and its resolution. 
Antioxidants (Basel). 2022;11(5):874. 

23. Hansson GK, Libby P, Tabas I. Inflammation and plaque 
vulnerability. J Intern Med. 2015;278(5):483-93. 

24. Luo X, Zhao C, Wang S, Jia H, Yu B. TNF-α is a novel 
biomarker for predicting plaque rupture in patients with ST-
segment elevation myocardial infarction. J Inflamm Res. 
2022;15:1889-98. 

25. Jin M, Fang J, Wang JJ, Shao X, Xu SW, Liu PQ, et al.
Regulation of toll-like receptor signaling pathways in 
atherosclerosis: From mechanisms to targeted therapeutics. 
Acta Pharmacol Sin. 2023;44(11):2358-75. 

26. Falck-Hansen M, Kassiteridi C, Monaco C. Toll-like receptors 
in atherosclerosis. Int J Mol Sci. 2013;14(7):14008-23. 

https://www.ncbi.nlm.nih.gov/books/NBK442025/
https://www.ncbi.nlm.nih.gov/books/NBK534259/



	Material and Method
	Study cohort
	RNA-Seq analysis
	Determination of differentially expressed genes (DEGs)
	Statistical Analysis

	Results
	The clinical characteristics of ACAS patients
	Evaluation of DEGs and pathway analysis for ulcerated and smooth plaques in ACAS patients

	Discussion and Conclusion
	References

