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Introduction
Endothelial cells play a crucial role in maintaining vascular homeostasis, 

responding to various stimuli including mechanical forces and biochemical 
signals. Among these stimuli, shear stress and ligand-induced activation of 
receptors such as ALK1 (Activin Receptor-like Kinase 1) are key regulators 
of endothelial function. Recent research has unveiled an intriguing synergy 
between shear stress and sub-femtomolar levels of ligands in activating 
ALK1 signalling, thereby influencing endothelial cell behaviour. This article 
explores the mechanisms underlying this synergy, its implications in vascular 
biology, and potential therapeutic avenues for targeting ALK1 signalling in 
various diseases. Endothelial cells lining blood vessels constantly encounter 
mechanical forces exerted by flowing blood, known as shear stress, as well 
as biochemical signals from surrounding tissues. These stimuli orchestrate 
endothelial responses, influencing vascular tone, permeability, inflammation, 
and angiogenesis. ALK1, a type I receptor of the TGF-β superfamily, has 
emerged as a critical player in endothelial biology, particularly in response 
to shear stress and ligand binding. Recent studies have shed light on the 
synergistic effects of shear stress and extremely low levels of ligands in 
activating ALK1 signaling, presenting a paradigm shift in our understanding of 
endothelial cell behavior and vascular homeostasis [1]. 	  

Description
Shear stress, generated by blood flow, is a potent regulator of endothelial 

function. It triggers mechanotransduction pathways within endothelial 
cells, leading to alterations in gene expression, cytoskeletal remodeling, 
and production of vasoactive molecules. ALK1, predominantly expressed 
in endothelial cells, has been identified as a mechanosensitive receptor 
that responds to shear stress. Activation of ALK1 by shear stress induces 
phosphorylation of downstream effectors, including Smad1/5/8, resulting in 
transcriptional regulation of target genes involved in endothelial homeostasis 
and angiogenesis. In addition to shear stress, ALK1 can be activated by ligand 
binding. Ligands such as BMP9 and BMP10 bind to ALK1 in complex with 
its co-receptor endoglin, initiating intracellular signaling cascades. Ligand-
bound ALK1 activates Smad1/5/8 phosphorylation and downstream gene 
transcription, influencing endothelial cell behaviour and vascular development. 
Notably, ALK1 signaling is tightly regulated by the availability of its ligands, 
with alterations in ligand concentration affecting endothelial responses [2,3].

Recent studies have revealed a remarkable synergy between shear 
stress and extremely low levels of ligands in activating ALK1 signaling. Sub-
femtomolar concentrations of BMP9, for instance, potentiate ALK1 activation 
in response to physiological levels of shear stress, amplifying downstream 

signaling events. This synergy is attributed to enhanced ligand binding affinity 
and receptor clustering under shear stress conditions, leading to augmented 
ALK1 activation and downstream cellular responses. The precise molecular 
mechanisms underlying this synergy warrant further investigation but hold 
promise for elucidating novel pathways in endothelial biology [4].

The synergy between shear stress and sub-femtomolar levels of 
ligands in ALK1 activation has profound implications in vascular biology. 
Endothelial dysfunction is a hallmark of various vascular diseases, including 
atherosclerosis, pulmonary arterial hypertension and Hereditary Haemorrhagic 
Telangiectasia (HHT), a disorder characterized by abnormal blood vessel 
formation. Deregulated ALK1 signalling has been implicated in these 
pathological conditions, highlighting the therapeutic potential of targeting ALK1 
activation. Understanding the synergistic mechanisms driving ALK1 activation 
may pave the way for the development of innovative therapies aimed at 
restoring endothelial function and treating vascular diseases. The discovery 
of synergistic activation of ALK1 by shear stress and sub-femtomolar levels 
of ligands opens up new avenues for therapeutic intervention. Strategies 
aimed at modulating ALK1 signaling could offer novel approaches for 
treating vascular diseases. Small molecule agonists or allosteric modulators 
targeting ALK1 activation may mimic the synergistic effects observed in 
physiological conditions, promoting endothelial repair and angiogenesis in 
diseased vasculature. Furthermore, targeting downstream effectors of ALK1 
signaling, such as Smad proteins or transcription factors, could offer additional 
therapeutic targets for vascular disease management [5].

Conclusion
The synergy between shear stress and sub-femtomolar levels of ligands 

in activating ALK1 signaling represents a fascinating aspect of endothelial 
biology with profound implications in vascular health and disease. Unraveling 
the molecular mechanisms underlying this synergy could provide insights into 
novel pathways for therapeutic intervention in various vascular disorders. 
Future research efforts aimed at elucidating the intricacies of ALK1 signaling 
under physiological and pathological conditions are essential for advancing 
our understanding of endothelial biology and developing effective treatments 
for vascular diseases.
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