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Mesenchymal stem cells (MSCs) have recently emerged as promising candidates for treating a variety of age-

related conditions, including ageing frailty. MSCs can differentiate into different cell lineages and secrete

extracellular vesicles (EVs), such as exosomes and microvesicles, that contain bioactive molecules, such as

proteins, nucleic acids, and lipids. These EVs can deliver cargo to target cells and influence cellular processes,

such as inflammation, apoptosis, and angiogenesis, promoting tissue repair and regeneration.

mesenchymal stem cell  extracellular vesicles  ageing

1. Introduction

The global demographic pattern involves a growing number and proportion of elderly persons in the population.

The proportion of people 65 years of age and older worldwide is predicted by the United Nations (UN) to double by

2050, reaching almost 1.5 billion elderly people globally . Age-related frailty is a major public health concern

globally as the global geriatric population rises, especially in nations with the longest life expectancies . Frailty is

defined as an age-related decline in the functional reserve of multiple body systems that results in a reduced ability

to cope with acute or external stressors . Frailty is indicated by easy exhaustion, diminished libido, emotional

disruption, accelerated osteoporosis, impaired muscle strength, and vulnerability to illness . A person is more

likely to progress up the Clinical Frailty Scale as they age, which correlates to illnesses that have higher morbidity

and mortality rates . Several age-related conditions involving oxidative stress, such as cardiovascular diseases

(CVDs), chronic obstructive pulmonary disease (COPD), chronic kidney disease (CKD), neurodegenerative

diseases, and cancer, including sarcopenia and frailty, are more common in the elderly . The prevalence of these

chronic degenerative diseases will rise over time, placing a significant strain on the global healthcare industry to

manage the diseases.

Meanwhile, skeletal muscle ageing frailty, which is defined as a loss in muscular mass, strength, and function, is a

prevalent condition among older persons . As a substantial clinical syndrome linked to an elevated incidence of

falls, depression, and disability, which increases mortality, skeletal muscle ageing fragility is of increasing

importance . As a result of ageing, muscle mass declines naturally, beginning in the late twenties and

accelerating in the fifties . Sarcopenia, an age-related gradual loss of muscle, is one way that muscle loss can

appear.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]



Mesenchymal Stem Cell-Derived Extracellular Vesicles | Encyclopedia.pub

https://encyclopedia.pub/entry/43950 2/9

Many of the health issues that arise as people age are linked to chronic illnesses, especially degenerative

illnesses, and can be avoided or delayed by adopting healthy behaviours. Indeed, both physical activity and a

healthy diet have a significant positive impact on one’s health and wellbeing . Pharmacological therapies can be

used to effectively control other health issues and capacity deficits, especially if they are caught early . There is,

however, still no known treatment for this illness. The use of stem cells to treat a variety of illnesses and disorders

has recently shown promising outcomes. Since frailty is also linked to stem cell depletion and exhaustion, where

the stem cells’ activity is characterised by decreased survival, proliferation, differentiation, and homing capacity 

, cell-based therapy represents a viable strategy to be able to treat or prevent the development of frailty .

Mesenchymal stem cells (MSCs) have recently emerged as promising candidates for treating a variety of age-

related conditions, including ageing frailty. MSCs can differentiate into different cell lineages and secrete

extracellular vesicles (EVs), such as exosomes and microvesicles, that contain bioactive molecules, such as

proteins, nucleic acids, and lipids. These EVs can deliver cargo to target cells and influence cellular processes,

such as inflammation, apoptosis, and angiogenesis, promoting tissue repair and regeneration .

2. Mesenchymal Stem Cell-Derived Extracellular Vesicles
(MSC-EVs)

In recent years, researchers have focused on the indirect use of MSCs, which is based on extracellular vesicles

(EVs) derived from these cells . Apoptotic bodies, microvesicles (MVs), and exosomes are three types of EVs

that differ in size, content, and formation . Apoptotic bodies are 50–4000 nm in size and are typically

produced by apoptotic cells in the final stage of apoptosis. These EVs are diverse, containing membrane

components (such as phosphatidylserine), nuclear material, and cellular organelles . Microvesicles, unlike

apoptotic bodies, shed directly from the membrane of healthy cells. These EVs, like the apoptotic body, have a

heterogeneous morphology and range in size from 100 to 1000 nm. Microvesicles can influence gene expression

by sending miRNA to neighbouring cells. Furthermore, because MVs are not released from the cell via

endocytosis, they lack endocytosis-related proteins . Exosomes are the smallest EVs, measuring 30–120 nm in

size, and are formed during late endosome membrane inward invagination and the formation of multiple vesicular

bodies (MVBs) . Exosomes are formed inside MVBs and secreted to the extracellular environment via

endocytosis by the MVB membrane fusing with the cell membrane . Exosomes are now classified into three

types based on their size: large exosomes (exo-L, size is between 90 and 120 nm), small exosomes (exo-S, size is

between 60 and 80 nm), and exomers (35 nm) .

2.1. Isolation of MSC-EVs

MSCs produce more exosomes than other cells, making them clinically viable for exosome separation and therapy

. For example, tetraspanins (CD63, CD9, CD81, CD82), fusion-involved proteins (flotillins, CD9, annexin,

GTPases), adhesion molecules, gap junction related proteins (Connexins-43) , heat shock proteins (HSC70 and

HSC90), MHC-1, MHC-2, membrane transporters (GTPases), Rab proteins , lysosomal proteins (Lamp2b), and

proteins involved in multivesicular body biogenesis (Alix and TSG101) .
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Exosomes are separated using various methods, including ultracentrifugation, density gradient centrifugation,

pegylation-based methods, and kit use. There are several relatively efficient protocols available, such as 100,000×

g ultracentrifugation of complete medium (or serum after at least 1:4 dilution) for at least 18 h , centrifugation at

higher speeds (e.g., 200,000× g ) for shorter periods of time, or tangential flow filtration or other forms of

ultrafiltration . A few hours of ultracentrifugation at around 100,000× g without dilution will not eliminate all EVs or

EV-associated RNA .

2.2. Characterisation of MSC-EVs

Exosomes can be used for therapeutic purposes after being characterised using various methods, such as

dynamic light scattering (DLS), scanning electron microscopy (SEM), transmission electron microscopy (TEM), and

ELISA. Exosomes do not pose a risk of genetic instability or immunosuppression after allogeneic administration in

in vivo models. Exosome therapy has been shown in studies to be a new strategy for overcoming stem cell therapy

deficiencies .

2.3. Therapeutic Effects of MSC-EVs

Exosomes are cellular communication vesicles that are paracrine. A lipid bilayer membrane can transport

cytokines, chemokines, growth factors, various enzymes, various signalling molecules, miRNAs, lipids, and

transcription factors. According to research, cargos present in MSC exosomes include ATP synthesis enzymes

(glyceraldehyde 3-phosphate dehydrogenase (GAPDH)), phosphoglycerate kinase (PGK), phosphoglucomutase

(PGM), enolase (ENO) , angiogenesis stimulating enzymes (VEGF, inducer extracellular matrix

metalloproteinase (EMMPRIN), and MMP-9) , various transcription factors (transcription factor with Octamer 4

(Oct-4), HoxB4, and Rex-1) , tumour growth inhibitory miRs (miR-23b, miR-214, miR-451, miR-223, MiR-31,

miR-24, miR-125b, and miR-122) , and inflammation regulating miRs (miR-155 and miR-146) . Hence, bilayer

lipids protect nucleic acids and proteins from extracellular degradation, allowing for efficient transport.

Exosomes are smaller and less complex than their parent cells, and their membranes contain less protein. As a

result, they are easier to separate and store, and they are less immunogenic than cell therapy . Exosomes are

also less likely to become trapped in the lungs or liver. Exosomes can communicate information in a variety of

ways, including juxtacrine and solution signalling . Exosomes have several advantages over their source cells:

(1) Their use prevents the transfer of cells containing immunogenic molecules as well as mutated or damaged

DNA; (2) Exosomes are nano-sized and can easily enter and move within any organ, whereas cells are larger and

cannot migrate to the site of injury through capillaries; (3) Exosomes can migrate to different parts of the body due

to the presence of homing molecules on their surface; and (4) Because exosomes are native to the body, their

surface has biochemical properties similar to those of their derived cells, allowing them to avoid phagocytosis, cell

membrane fusion, and lysosomal fusion .

Because of the mentioned characteristics, MSC-derived exosomes have emerged as one of the most dynamic

fields in regenerative medicine. One of the most common causes of function loss in many chronic degenerative

[28]

[29]

[30]

[31][32][33]

[34]

[35]

[36]

[34]

[37] [38]

[39]

[40]

[41]



Mesenchymal Stem Cell-Derived Extracellular Vesicles | Encyclopedia.pub

https://encyclopedia.pub/entry/43950 4/9

diseases is tissue destruction. The function of these tissues can be rejuvenated if treated with a therapeutic agent.

MSC-derived exosomes have been shown to be therapeutic in heart, kidney, lung, skin, brain, liver, autoimmune,

and musculoskeletal diseases . Type 1 diabetes, macular degeneration, chronic kidney disease, ischemic stroke

, Alzheimer’s , multiple sclerosis , sepsis, hepatitis , chronic liver disease , and skin disease  can

all be treated with these exosomes.

Exosomes derived from MSCs have been shown to modulate the immune system, stimulate cell proliferation,

promote angiogenesis, prevent apoptosis, and suppress oxidative stress . These exosomes aid in the

maintenance of homeostasis and cell repair by providing and transporting active enzymes that restore normal cell

activity . Proteomic studies of MSC exosomes revealed the presence of over 200 immunomodulatory molecules

. These exosomes also promote cell proliferation and prevent apoptosis by activating the Ras/Raf/MEK/ERK

and PTEN/PI3K/AKT/mTOR signalling pathways . Aside from their therapeutic potential, MSC-derived

exosomes can migrate to lesion sites. Exosome surface molecules can also be modified to migrate more and

better to the site of injury . This feature of exosomes makes them an excellent vehicle and transport system for

delivering drugs directly to the site of the disease . Intravenous, intraperitoneal, or subcutaneous exosome

injections result in the rapid clearance of exosomes from the bloodstream and accumulation in the liver, spleen,

lungs, and gastrointestinal tract . Furthermore, regardless of the injection route, the majority of systemically

injected exosomes are quickly taken up by macrophages in the reticuloendothelial system and eliminated from the

body . As a result, the biological distribution of exosomes following systemic administration can be classified into

two stages: (1) Rapid distribution in the liver, spleen, and lungs 30 min after administration, and (2) Exosome

removal via hepatic and renal processing 1 to 6 h after administration . Exosomes administered topically (such

as the skin surface and ocular surface) have a shorter half-life due to fluid cleansing (sweat and tears) and

exposure to external factors .
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