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The intricate network of blood vessels that permeates our bodies plays a
vital role in maintaining homeostasis and supporting tissue function.
Understanding the mechanisms that govern the formation and organization
of this vast network is crucial for advancing our knowledge of vascular
biology and developing novel therapeutic strategies for vascular diseases.

Recent research has highlighted the significant influence of biophysical
cues on vascular differentiation and assembly. These cues, encompassing
mechanical forces, electrical signals, and substrate stiffness, orchestrate
the behavior of endothelial cells, smooth muscle cells, and pericytes, the
primary cellular components of blood vessels.

In this article, we delve into the fascinating world of biophysical regulation
of vascular differentiation and assembly. We explore the latest findings in
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the field, providing a comprehensive overview of the molecular and cellular
processes involved. By unraveling the intricate interplay between
biophysical cues and vascular cells, we gain valuable insights into the
development and maintenance of our intricate vascular networks.

Mechanical Forces and Vascular Differentiation

Mechanical forces, arising from blood flow, tissue expansion, and cell-
matrix interactions, exert profound effects on vascular differentiation. Fluid
shear stress, a tangential force generated by blood flow, influences the
alignment and orientation of endothelial cells, promoting the formation of
elongated, spindle-shaped cells that characterize mature blood vessels.

Cyclic stretch, a mechanical force associated with tissue growth and
remodeling, stimulates the differentiation of endothelial progenitor cells into
mature endothelial cells. This process involves the activation of
mechanosensitive ion channels and signaling pathways, leading to the
expression of endothelial-specific genes and the acquisition of functional
characteristics.

Substrate stiffness, the mechanical property of the extracellular matrix, also
influences vascular differentiation. Soft substrates favor the differentiation
of endothelial cells into capillary-like structures, while stiffer substrates
promote the formation of larger, more organized vessels. This interplay
between substrate stiffness and cell differentiation highlights the critical role
of the extracellular environment in shaping vascular development.

Electrical Signals and Vascular Assembly

Electrical signals, generated by the heart and nervous system, play a
crucial role in vascular assembly. Endothelial cells exhibit excitable



properties, responding to electrical stimuli with changes in membrane
potential and intracellular calcium levels.

Electrical stimulation has been shown to promote the alignment and
migration of endothelial cells, facilitating the formation of organized
vascular networks. It also influences the expression of endothelial adhesion
molecules, which mediate cell-cell interactions and contribute to the
stability of blood vessels.

The electrical properties of the extracellular matrix can also influence
vascular assembly. Conductive substrates, which facilitate the transmission
of electrical signals, enhance the formation of endothelial cell networks
compared to non-conductive substrates.

Substrate Stiffness and Vascular Smooth Muscle Cell Differentiation

Substrate stiffness is a key regulator of vascular smooth muscle cell
differentiation. Softer substrates promote the differentiation of smooth
muscle cells into a contractile phenotype, expressing higher levels of
contractile proteins and exhibiting increased contractile force.

Stiffer substrates, on the other hand, favor the differentiation of smooth
muscle cells into a synthetic phenotype, characterized by reduced
contractility and increased production of extracellular matrix proteins. This
phenotypic switch is mediated by changes in gene expression and
signaling pathways, influenced by the mechanical properties of the
extracellular matrix.

Pericyte Recruitment and Vascular Stabilization



Pericytes, mural cells that envelop endothelial cells, play a critical role in
vascular stabilization and maturation. Their recruitment to newly formed
vessels is regulated by a combination of biophysical cues.

PDGF-BB, a growth factor released from endothelial cells, stimulates the
migration of pericytes towards blood vessels. Mechanical forces, such as
shear stress and substrate stiffness, also influence pericyte recruitment and
differentiation. Stiff substrates promote pericyte adhesion and coverage of
endothelial cells, enhancing vascular stability.

Electrical signals have been shown to regulate pericyte recruitment and
contractility. Electrical stimulation can increase pericyte coverage of blood
vessels, contributing to vascular maturation and stability.

The biophysical regulation of vascular differentiation and assembly is a
complex and dynamic process, governed by a multitude of cues that
orchestrate the behavior of endothelial cells, smooth muscle cells, and
pericytes. Understanding these intricate interactions provides valuable
insights into the development and maintenance of our vascular networks.

By unraveling the mechanisms underlying biophysical regulation, we can
gain a deeper appreciation of the intricate processes that shape our bodies
and pave the way for novel therapeutic strategies for vascular diseases.
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