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Editorial on the Research Topic

Deciphering cardiovascular cell heterogeneity with single cell
RNA sequencing

Modern cell biology began in the 19th century, when Matthias Schleiden, Theodor
Schwann, and later Rudolf Virchow established the idea that the cell is the fundamental unit
oflife. For generations, this concept has guided biological discovery and delineated the basis
of clinical science. For much of this time, however, cells have been studied in aggregate, with
population-level measurements masking the diversity that exists within tissues. The advent
of single-cell transcriptomics has reshaped this perspective. By enabling gene expression
profiling at the level of individual cells, it reveals a previously hidden spectrum of cellular
states, emphasizing that even closely related cells may differ in function, regulation,
and responsiveness.

In this sense, single-cell transcriptomics does not replace classical cell theory but
extends it. It reinforces the centrality of the cells as the constitutive unit of organs,
while highlighting their variability and context dependence. This conceptual shift is
particularly relevant in cardiovascular research, where subtle differences among cells can
have profound physiological and pathological consequences. The contributions collected in
this Frontiers Research Topic, “Deciphering cardiovascular cell heterogeneity with single Cell
RNA sequencing; reflect this evolving landscape, illustrating how single-cell and integrative
approaches are refining our understanding of cardiovascular biology.

The study by Li, An et al. brings a rare clinical condition into focus through
the lens of single-cell analysis. By resolving the cellular composition of a neonatal
cardiac hemangioma, it uncovers heterogeneity within the lesion and suggests potential
mechanisms underlying its development. Its strength lies in bridging clinical observation
with molecular resolution, offering insights that may inform future investigation of similar
pathologies. Building upon a previously generated human vascular atlas, Avolio et al.
focuses on the analysis of vasorelaxation pathways across vascular cell types. Rather than
constructing the atlas itself, the study interrogates this resource to explore the distribution
and potential redundancy of vasodilatory systems. This more focused approach highlights
how publicly available single-cell datasets can be leveraged to address specific physiological
questions, suggesting that vascular regulation may rely on overlapping and context-
dependent mechanisms rather than single dominant pathways.

01 frontiersin.org


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2026.1852794
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2026.1852794&domain=pdf&date_stamp=2026-05-08
mailto:mdprm@bristol.ac.uk
mailto:ngantina@stanford.edu
https://doi.org/10.3389/fmed.2026.1852794
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fmed.2026.1852794/full
https://www.frontiersin.org/research-topics/70283/deciphering-cardiovascular-cell-heterogeneity-with-single-cell-rna-sequencing
https://doi.org/10.3389/fcvm.2025.1682677
https://doi.org/10.3389/fcvm.2025.1634645
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Madeddu and Huang

The study by Li, Deng et al. illustrates the increasing integration
of single-cell data with computational modeling. By combining
transcriptomic resolution with machine learning, it identifies lipid
metabolism-related signatures associated with aortic dissection.
The work moves toward a more predictive framework, with
potential implications for early detection and risk stratification in
vascular disease.

Besides lipid metabolism, immune dysregulation and
extracellular matrix remodeling was also studied using single-
cell analysis. Jin et al. examined the genetic susceptibility
alongside cellular mechanisms, revealing a link between
immune dysregulation, extracellular matrix remodeling, and
arrhythmogenesis. The identification of SPP1* macrophages as
potential mediators adds a layer of cellular specificity, emphasizing
the role of immune-stromal interactions in shaping cardiac
electrical stability.

This Research Topic also includes a review of the regulatory
framework of cardiovascular biology by focusing on tRNA-derived
small RNAs (Xie et al.). Xie et al. synthesized current knowledge
on their biogenesis and function, it underscores their emerging role
as modulators of gene expression and their potential relevance as
biomarkers or therapeutic targets.

In conclusion, these contributions reflect a field that is
resolution and molecular
with
computational and conceptual advances, is not only refining

progressively embracing cellular

integration.  Single-cell  transcriptomics, combined
our understanding of cardiovascular systems but also encouraging
a more nuanced view of biological complexity. This shift, rooted in
the principles of classical cell theory yet extending beyond them,
continues to shape how we investigate, interpret, and ultimately

approach human disease.
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