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Carotid artery disease and stroke

➢ 12.2M strokes/year worldwide
➢ 1 in 4 people will suffer from stroke in their 

lifetime
➢ 89% of global stroke deaths & disability reside 

in low/middle-income countries
➢ Up to 80% of strokes occur in people with low-

moderate CV risk
➢ Total estimated global stroke cost/year is $450B 

(0.36 of global GDP)

World Stroke Organization, 2022



Carotid artery disease and stroke



Bulk transcriptomics

• High number of samples
• Different set-ups (early vs. advanced 

atherosclerosis, stable vs. unstable plaques)

Spatial transcriptomics

• Targeted approach (custom-made 
atherosclerosis/vascular biology panel)

• Spatial location of cell clusters and transcripts 
orig inating from bulk & scSeq

Histopathology

• Full histo-morphological character ization of MVB
• Stability (fibrous cap th ickness, intraplaque hemorrhage, 
     necrotic core size, immune cell in filtration), AHA classification
• ML-based integration with spatial transcr iptomics data (iSTAR)

Medical imaging

• CTA, MRA, ultrasound
• Overcoming challenges with patient 

integration and annotation

Patient metadata

• 26+ Clinical variables (medical history, 
risk factors, therapies)

• Direct linkage to clinical databank 

Genetics

• Genotyping a ll patients
• CHIP calling on carotid artery disease 

(stroke) patients
• GWAS integration (stroke) 

LCMS-based proteomics

• Lesion-site  specific
• Deep visual (DVP)
• Serum/plasma proteomics

Single cell transcriptomics

• Cell type identification
• Shifting ce ll identities (ve locity, PAGA)
• Deconvolution of bulk Seq & GWAS into scSeq 

Profiling atherosclerosis with human plaque biobanks



Bulk and scRNA-Seq of human plaques

control vs. plaque
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Single cell and bulk RNA-Seq deconvolution

www.bayesprism.org
Chu T, Nat Cancer 2022
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Targeted spatial transcriptomics

Hybridization-based RNA In Situ Sequencing

Le Manno G et al, Nature 2021



Targeted spatial transcriptomics in human atherosclerosis

Athero custom panel, Xenium® (n=548 genes)



AI-guided detection of atherosclerotic plaque instability

Combining plaque histomorphology with unsupervised patient 
information to determine features of lesion destabilization

in collaboration with Mingyao Li (UPenn) & Muredach Reilly (Columbia) 



Ankit Sinha (Matthias Mann lab, MPI Biochemistry) 

Proteomic profiling of plaque vulnerability



Deep visual proteomics (DVP) in atherosclerosis

Staining                Segmentation    Density-based clustering of 21 spatial neighborhoods  

Elena Kratz (Matthias Mann lab, MPI Biochemistry) 



Conclusions

➢ Multi-omics identifies novel processes relevant to plaque vulnerability

➢ (Vascular) smooth muscle cells are the most abundant cell type in atherosclerotic lesions

➢ Smooth muscle cell profile and plasticity differs based on spatial location in plaques

➢ Changes in the necrotic core proteome are the strongest determinators of plaque stability 
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