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“myo�broblast-like,” “osteoblast-like” cells, or even endothelial cell 
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A group of macrophages characterized by the expression of IFN-
inducible genes (such as I�t3, Irf7, and Isg15), whose origin is yet 
unclear.

�e proportions of these macrophage subtypes undergo changes 
during the progression and regression of the disease, ultimately 
in�uenced by various factors within their microenvironment, such as 
cytokines, chemokines, and lipids [23]. A recent study conducted by 
Goossens et al. employed an advanced platform that combines multiplex 
immuno�uorescent and mass spectrometry imaging techniques to 
elucidate the connections between these micro environmental niches 
and myeloid cell phenotypes. �is study represents a signi�cant 
advancement by linking the phenotypic heterogeneity of myeloid cells 
to their spatial cellular and molecular context, including metabolic and 
lipidomic pro�les. �e �ndings provide unprecedented insights into 
how the plaque microenvironment in�uences the diversity of myeloid 
cells in atherosclerosis [24]. By integrating these techniques with the 
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cells and macrophages can express overlapping markers. Instead, 
lineage tracing combined with analysis of transcriptional or proteomic 
signatures are necessary to accurately identify and understand these cells 
and their progeny. Furthermore, the diverse and complex nature of the 
plaque necessitates innovative approaches in basic research to identify 
potential targets for therapeutic intervention in atherosclerosis. While 
single cell transcriptomics has provided valuable insights into cellular 
networks within the plaque, additional information on cell activation 
and intercellular interactions is crucial for identifying key drivers of 
the disease. Advancing single cell technologies and bioinformatic tools 
is essential to comprehensively unravel the functional complexity of 
cells in the plaque microenvironment. Integrating cell-speci�c fate 
mapping, single cell omics, and human genetics will further enhance our 
understanding of the causal relationship between cellular heterogeneity 
and atherosclerosis. Moreover, advancements in lipidomics and 
metabolomics have the potential to provide molecular insights into the 
key players involved in atherosclerosis. For instance, matrix-assisted 
laser desorption/ionization (MALDI) mass spectrometry imaging 
(MSI) enables the pro�ling of lipid compositions in speci�c regions 
of the plaque. Application of this technique to symptomatic plaques 
has revealed that regions rich in macrophages exhibit an abundance 
of sphingomyelins, while intimal vascular smooth muscle cells are 
enriched in cholesterol and cholesteryl esters. By incorporating 
lipidomics and metabolomics, we can gain a deeper understanding 
of how metabolic adaptations within diseased arteries contribute to 
the cellular plasticity and heterogeneity observed in atherosclerotic 
plaques. �is integration of phenotype and cellular metabolism would 
provide insights into the localized immune-metabolic responses 
occurring within speci�c regions of the plaque, potentially facilitating 
the design of targeted delivery systems for metabolic interventions. 
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in speci�c regions of the plaque, providing insights into metabolic 
adaptations and their contributions to cellular plasticity. Combining 
this information with immune cell reactivity and antigen-speci�city 
could pave the way for the development of antigen-speci�c therapies 
for atherosclerosis, targeting immune subsets or their e�ectors.

Conclusion 
Furthermore, the �eld of atherosclerosis research would bene�t 

from increased investment and innovation in drug development. With 
a focus on reducing in�ammation and targeting speci�c immune cell 
subsets or their e�ectors, novel therapeutic strategies can be explored. 
Site-speci�c therapies and timing-optimized therapeutic approaches 
may enhance drug e�cacy and minimize side e�ects. Identifying key 
regulatory pathways controlling phenotypic modulation of endothelial 
cells and vascular smooth muscle cells could open up new possibilities for 
converting these cells into atheroprotective phenotypes. To guide future 
therapeutic interventions, the integration of spatial omics techniques, 
protein pro�ling, and Mendelian randomization can provide valuable 
insights into the adaptive immune response, identify antigen-speci�c 
targets, and evaluate the potential e�ectiveness of pharmacological 
modi�cations. Overall, a comprehensive understanding of cellular 
heterogeneity, immune mechanisms, and metabolic adaptations in 
atherosclerosis will fuel the development of innovative and targeted 
therapies, o�ering hope for improved management and prevention of 
this global burden of cardiovascular disease.
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