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IN BRIEF

Mesenchymal Stem Cell Derived  
Extracellular Vesicles
The Body’s Natural Homing Beacon
By Sean Vandersluis, PhD

Recent studies have demonstrated 
that most of the therapeutic effects of 
MSCs are derived from the extracel-
lular vesicles (EVs) that they secrete. 
Their cargo includes anti-inflammatory 
cytokines, growth factors (e.g., VEGF, 
TGF-β), and microRNAs that suppress 
inflammation, promote angiogenesis, 

and stimulate resident stem cells.2

One unique aspect of MSC-EVs is 
their intrinsic ability to home to sites 
of injured tissues. This homing is con-
trolled by a combination of biochemical 
signaling and vascular dynamics.3 

Following tissue damage, local cells 
release a range of pro-inflammato-
ry chemokines and cytokines, such as 
TNF-α, IL-1β, and CXCL12. These 
signaling molecules form a “chemical 
trail” or gradient that attracts circulating 
MSC-EVs.4 

MSC-EVs possess receptors on their 
surface that can sense these signals and 
move toward higher concentrations. One 
of the best-characterized examples is 
the CXCR4 receptor, which recogniz-
es CXCL12. This interaction functions 
much like a homing beacon, directing 
MSC-EVs precisely to damaged tissue.4,5

Upon arriving near the damaged tis-
sue, MSC-EVs must cross the blood 
vessel wall to reach injured cells. During 
inflammation, the inner lining of blood 

vessels called the endothelium becomes 
activated and expresses adhesion mole-
cules, such as VCAM-1 and ICAM-1.6 

Those molecules act as docking sites 
for MSC-EVs, which express comple-
mentary surface proteins called integ-
rins and tetraspanins that enable them 
to attach firmly to the blood vessel wall. 
Following attachment, the EVs can 
pass through the endothelium into the 
surrounding tissue, a process known as 
transendothelial migration.6

Once within the damaged tissue, 
MSC-EVs are taken up by local cells 
through membrane fusion or by engag-
ing specific receptors that allow direct 
delivery of their therapeutic cargo. 
This enables the vesicles to exert po-
tent anti-inflammatory and regenera-
tive effects. 

For example, MSC-EVs interact with 
receptors such as TIM4 on macrophages 
and toll-like receptors (TLR2, TLR4) 
on other immune cells, modulating in-
flammatory signaling and promoting 
a shift toward a reparative phenotype. 
They also recognize receptors, such as 
CD73, CD90, and CD44, on fibroblasts 
and epithelial cells, stimulating wound 
healing, extracellular matrix remodel-
ing, and tissue regeneration.7,8  

By homing precisely to areas of tissue 
damage and delivering bioactive mol-
ecules into target cells, MSC-EVs are 
powerful cell therapies for regenerative 
medicine. 
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Mesenchymal stem cells are a promising regen-
erative medicine approach because they can repair 
damaged tissues and support a regenerative envi-
ronment through their modulation of the immune 

system and rejuvenation of damaged cells.1 

“Recent studies have 
demonstrated that most of 
the therapeutic effects of 
MSCs are derived from the 
extracellular vesicles (EVs) 
that they secrete. .”


