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ABSTRACT Exosomes are nanovesicles with a wide range of chemical compositions used in many different
applications. Mesenchymal stem cell-derived exosomes (MSCs-EXOs) are spherical vesicles that have
been shown to mediate tissue regeneration in a variety of diseases, including neurological, autoimmune and inflammatory,
cancer, ischemic heart disease, lung injury, and liver fibrosis. They can modulate the immune response by interacting with
immune effector cells due to the presence of anti-inflammatory compounds and are involved in intercellular communication
through various types of cargo. MSCs-EXOs exhibit cytokine storm-mitigating properties in response to COVID-19. This review
discussed the potential function of MSCs-EXOs in a variety of diseases including neurological, notably epileptic
encephalopathy and Parkinson's disease, cancer, angiogenesis, autoimmune and inflammatory diseases. We provided an
overview of exosome biogenesis and factors that regulate exosome biogenesis. Additionally, we highlight the functions and
potential use of MSCs-EXOs in the treatment of the inflammatory disease COVID-19. Finally, we covered a strategies and
challenges of MSCs-EXOs. Finally, we discuss conclusion and future perspectives of MSCs-EXOs.
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INTRODUCTION

Generally, extracellular vesicles (EVs) are a heterogeneous
group of cell-derived membranous nanovesicles generated
from cells that range in size from 30 to 1000 nm. Based on size
and origin, EVs are classified into exosomes, microvesicles
(MVs), and apoptotic bodies (ABs).' They are released from
most cell types and bio-fluids such as blood, saliva, breast
milk, semen, urine, cerebrospinal fluid (CSF), colostrum, tears,
bronchoalveolar fluid, epididymal fluid, amniotic fluid, bile,
blastocoel fluid, middle ear effusion, and ascites. Exosomes
are having with an average size between 30 and 150 nm,
which are a subset of extracellular vesicles and are important
messengers of paracrine activity. Tetraspanins (CD9, CD63,
and CD81), heat shock proteins (HSPs), membrane
transporters and fusion proteins, multivesicular bodies
(MVBs) proteins, phospholipases, and lipid-related proteins
are considered to be biomarkers found in exosomes.”* The
biogenesis and secretion of exosomes occurs by the formation
of MVBs and fuse with the plasma membrane and eventually
leads to secretion of cargoes in the extracellular milieu.*
Exosomes are subset of EVs, which are playing vital role in
physiological and pathological conditions, such as cellular
junctions, integrins, and selectins.’

Exosomes are found abundantly in the secretome of many cell
types such as embryonic stem cells, and induced pluripotent
stem cells (iPSCs)." Exosomes are vesicles that carry a variety
of bioactive substances, including proteins, DNA, soluble and
membrane proteins, microRNAs (miRNAs), and nucleic acids.
These exosomes are a reflection of the cell from which they
were produced as well as of the biogenesis and release
routes. Exosomes are produced by nearly all forms of life and
are present in a variety of bodily fluids. They have a variety of
roles in cellular processes such as intercellular communi-
cation, immunological regulation, senescence, proliferation,
and differentiation.” Exosomes produced from iPSCs are
believed to be therapeutic agents as targeted delivery agents
and are safer than parental cells. They can promote a variety
of functions, including angiogenesis, extracellular matrix
(ECM) remodelling, and immune response regulation.’
Exosomes can transport exogenous bioactive substances and
can pass the blood-brain barrier. Exosomes, for instance, are
employed as indicators or therapy options for a number of
diseases, such as cancer, neurological disorders, and
immune-related illnesses.’

MSC-derived exosomes (MSC-EXOs) are nanosized vesicles
that have demonstrated therapeutic efficacy in the treatment
of a number of diseases, including liver diseases, kidney
diseases, brain diseases and cardio vascular diseases
(CVDs) through interaction with their target cells through a
variety of mechanisms, such as interaction, fusion, and
internalisation of exosomes with the plasma membrane of
recipient cells and these vesicles are necessary for cell-cell
communication. The exosome cargoes that are released into
physiological fluids mediate cell-cell contacts and regulate a
variety of cellular processes. These mediators are crucial for
the regulation of a variety of vital functions of their target cells
to maintain homeostasis.'”

Recent research suggests that active exosomes produced by
stem cells can prevent heart and blood vessel illnesses by
carrying a variety of payloads, including as proteins, miRNAs,
and IncRNAs, to nearby or distant target cells. According to
studies, the payloads and functions of exosomes produced by
various types of cells varies greatly.For instance, EVs
produced from cancer stem cells (CSCs) carry out a variety of
biological activities, such as metastasis, angiogenesis,
immunosuppression, and resistance to treatment.'"In order to
maintain tumour heterogeneity, CSCs release EVs that
communicate certain proteins and transcription factors to
nearby cells.” Recent research suggests that MSC-EXOs
could be used to treat inflammatory and autoimmune
illnesses since MSCs have immunosuppressive qualities.
Through the transport of parental cell cargo, MSCs' paracrine
characteristics play a crucial role in cell-to-cell
communication and are also implicated in the innate and
adaptive immune response. MSC-EXOs are capable of
triggering the necessary response in the event of injury,
inflammation, or repair due to their dynamic immuno-
modulatory function. According to numerous research, MSC-
EXO's bioactive chemicals and anti-inflammatory molecules
interact with immune effector cells to play a vital role in
immune response and control. These properties can be used
to treat autoimmune illnesses. Exosomes produced by
neurons, astrocytes, oligodendrocytes, and microglia and
found in serum are thought to be early indicators of CNS
illnesses, particularly neurodevelopmental disorders."
Exosomes may be able to stop the loss of neurons by
specifically attaching to target cells in the central nervous
system. Pilocarpine-induced epilepsy was shown to reduce
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inflammation and memory impairment by MSC-EXOs by
targeting hippocampus astrocytes in a mouse in vivo
investigation. Particularly, Parkinson's disease (PD), which
affects about 1% of persons over, is the second most common
neurodegenerative disease in the world. Among these
paracrine effectors, MSC-EVs are a significant contributor
and have the property of becoming a directed anti-tumor drug
delivery platform or agent.“The MSC-EXOs cargo has
positive cardioprotective effects as aresult of transporting and
distributing a range of substances to the wounded cells. MSC-
EXOs have demonstrated efficacy as minimally invasive
agents for the repair, regeneration, and protection of human
organs against a variety of bodily injuries. Stem cell
secretome (SCS) released exosomes shows significant anti-
fibrotic, anti-inflammatory, immunomodulatory, and anti-
angiogenic actions. '

Considering all the literatures into account, in this review, we
discuss general aspects of biogenesis and factors involved in
promotion of biogenesis and secretion of exosomes and we
also discuss in detail account about the role of MSC-EXOs in
various diseases including neurological diseases, epileptic
encephalopathy and Parkinson's. Further, we discuss the
involvement of MSC-EXOs in cardiovascular, cancer,
angiogenesis and autoimmune and inflammatory diseases
and specifically multiple sclerosis, rheumatoid arthritis, type 1
diabetes mellitus, uveitis, systemic lupus erythematosus,
inflammatory bowel disease and COVID-19. Besides, this
review summarizes the current advances of potential
therapeutic benefits, underlying mechanisms, diagnosis,
treatment, challenge and strategies of use of MSC-EXOs and
limitations of mesenchymal stem cell-derived exosomes in
various types of diseases."®

Role of MSC-EXOs in Neurological Disease

Human pluripotent stem cell-derived EVs are essential for
several biological functions, including the protection of tissue
homeostasis. The recipient cells experience protective
benefits, reduced oxidative stress, and apoptosis after
receiving EVs produced from stem cells. In addition to forming
myelin, releasing neurotransmitters, and providing glia-
mediated trophic support to axons, the EVs released by
neuronal cells like oligodendrocytes are also capable of
communicating with other cells via miR-219."

Role of MSC-EXOs in Epileptic Encephalopathy

Multiple factors contribute to epilepsy, which is a highly
synchronised aberrant discharge of brain neurons that affects
both health and behaviour. Epilepsy affects over 65 million
people worldwide.” Exosomes were often isolated from a
variety of physiological fluids, including cerebrospinal fluid,
blood, urine, and other biological fluids.” MSC-EXOs have
demonstrated positive effects on several neurological
conditions, including stroke, multiple sclerosis, Alzheimer's
disease (AD), SCI, ischemia, traumatic brain injury, hypoxic-
ischemia produced prenatal brain injury and preterm brain
injury. The microRNAs found in exosomes from patients with
epilepsy and depression's CSF fluid may be able to traverse
the blood-brain barrier.”” By specifically connecting with
target nervous system cells, exosomes control
neuroinflammation of the central nervous system.

Role of MSC-EXOs in Parkinson's Disease

The second most prevalent neurological disease in the world
is Parkinson's disease (PD).Nearly 0.3% of the population has
PD, and those over the age of 65 make up 1% of those who are
affected.Clinical signs of Parkinson's disease (PD) patients
include bradykinesia, postural instability, and resting tremor.
Dopaminergic neurons in the SNpc are still dying, which is one
of many mechanisms that contribute to the pathophysiology of
PD.The histological development of Lewy bodies, which
predominately contain misfolded a-synuclein, is a hallmark of
Parkinson's disease.”

Role of MSC-EXOs in Cardiovascular Diseases
Cardiovascular diseases (CVDs) are a major cause of
mortality worldwide and have become a public health priority.
The main causes of CVDs are low levels of cardiac progenitor
cell proliferation and insufficient myocyte proliferation in
existing myocytes. Recent research has shown that MSC-
EXOs are important in cardio-protective functions.
Stem/progenitor cell transplantation is regarded as an
effective therapeutic approach that can replace missing
cardiomyocytes and enhance contractility.”

Role MSC-EXOs in Cancer

Exosomes produced by MSCs are crucial for both drug
resistance and pro-angiogenesis. MSCs have the power to
trigger immunological responses, tissue healing, cell
proliferation, and tumour progression control.” As regulators
of the tumour niche, MSCs release exosomes, and their
involvement in tumorigenesis and metastasis is controlled by
a number of growth factor receptors, including EGFR and
PDGFR. Through the AKT (protein kinase B), PKC, and MAP
kinase pathways, the activation of these receptors by
intracellular kinases causes downstream pro-growth signals
to be released, which promotes the growth of tumour cells by
activating the AKT/ERK1/2 signalling pathway.” Through the
activation of pathways like p53, AKT, and c-Jun N-terminal
kinase (JNK), BM-MSC-EXOs promoted proliferation and
migration. BM-MSC-EXOs contains miR-221 potentially
accelerating their growth and increasing their invasive
capacity. MSC-EXOs promote the growth and spread of breast
cancer by activating Wnt signalling and establishing a
favourable microenvironment.

Role of MSC-EXOs in Autoimmune and Inflammatory
Diseases

Studies have been focused on EVs, which are utilized as a cell-
free therapy and elucidate its potential significance of MSC-
EXOs in the treatment of autoimmune diseases. Autoimmune
diseases are potentially influencing multiple organs and
systems, such as circulatory, respiratory, the motor and
digestive system. Compared to men, women are more
affected. Glucocorticoids and immunosuppressive
medications are the only therapy for autoimmune illness that
are currently accessible. However, using steroids frequently
results in undesirable side effects.”

Multiple Sclerosis (MS)

The central nervous system (CNS) is affected by the chronic
autoimmune and inflammatory disease known as multiple
sclerosis. The most widely utilised animal model of MS is
called experimental autoimmune encephalomyelitis (EAE).
The CNS is the primary pathogenic component in MS, and it is
activated and recruited by auto-aggressive CD4+ and CD8+
T cells. Therapies that treat diseases might have undesirable
side effects. MSC-EXOs were used to create an alternate
manner of treatment. By delivering the tolerogenic molecules
to the autoreactive immune cells,

Rheumatoid Arthritis (RA)

RAis along-lasting, inflammatory, and systemic autoimmune
condition characterised by symptoms of joint degeneration
and eventual loss of function brought on by both genetic and
environmental causes.” Disorders of innate and adaptive
immunity, which lead to immune complex-mediated
complement activation, are defining characteristics of RA.”
Antibodies or soluble decoy receptors are used to combat pro-
inflammatory cytokines such GM-CSEF, TNF-, and IL-6. Recent
research suggests that MSC-EXOs decrease the immune
system's response to RA.Injection of co-gene DBA/1 fibroblasts
secreting GAL-1 slowed the progression of arthritis by
preventing proliferation and lowering the proportion of
mature T and B cell subsets. MSC-EXOs have been shown to
have anti-inflammatory effects on T and B lymphocytes in the
collagen-induced arthritis (CIA) mouse model.”
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Type 1 Diabetes Mellitus (Insulin-Dependent Diabetes
Mellitus)

Type 1 diabetes mellitus (T1DM) is a chronic autoimmune
disease influenced by genetic, immune, and environmental
factors. Insulin resistance and low insulin levels are caused by
the autoimmune loss of pancreatic cells that produce insulin.
The cause of type 1 diabetes and its contributing variables are
the loss of immunological tolerance in autoreactive B cells,
CD4+Tcells, and CD8+.”*

Uveitis

Uveitis is an autoimmune condition that severely impairs
vision. Corticosteroids were employed to overcome the vision
impairment. However, prolonged steroid use results in
glaucoma. Consequently, a fresh approach to treatment is
required. For instance, Bai et al showed that MSC-EXOs from
the human umbilical cord lessened the severity of EAU by
preventing inflammatory leukocyte infiltration into the eyes.”

Inflammatory Bowel Disease (IBD)

IBD is a chronic, nonspecific, relapsing inflammatory
gastrointestinal disease. MSC- EXOs components have
potential targets for the diagnosis and treatment of IBD. For
instance, an in vivo study using mouse model of IBD revealed
that hUC-MSC-EXOs treatment decreased the infiltration of
macrophages in colon tissue and inhibited the expression of
IL-7. MSC-EXOs carrying miR-146a, effectively down-
regulated TNF receptor-associated factor 6 (TRAF6) and IL-1
receptor associated kinase 1 (IRAK1) expression, inhibited
pro-inflammatory cytokine and enhanced the expression of
IL-10. hUC-MSC-EXOs protects intestinal barrier by down
regulation of pro-inflammatory cytokines in colon tissue, and
up-regulated the levels of anti-inflammatory cytokines.*

Role of MSC-EXOs on COVID-19

Patients who had immune-mediated inflammatory diseases
were impacted by COVID-19 and were thought to be at a high
risk of contracting SARS-CoV-2 and developing severe
COVID-19. An overwhelming host immunological response, or
"cytokine storm”, caused by COVID-19 is characterised by an
overproduction of growth factors, chemokines, and pro-
inflammatory cytokines like TNF and IL-6.% Targeting pro-
inflammatory cytokines are the best tools and are therapeutic
targets in the treatment of patients affected by immune-
mediated inflammatory diseases and also involved in re-
generation.” Hence, to find out effective therapies for the
treatment of patients with severe stages of the disease like
COVID-19is inevitable MSC-EXOs can promote the survival of
alveolar macrophages and change their phenotype from pro-
inflammatory (M1) into the anti-inflammatory (M2)
polarization, which has been confirmed by at least two
studies.”

The Potential of MSC-EXOs in the Treatment of COVID-19
The primary pathogenesis of COVID-19 is overactivation of
the immune system. MSCs are known to induce anti-
inflammatory macrophages, regulatory T cells and dendritic
cells. At present, the treatment for COVID-19 is mostly
symptomatic and supportive, though anti-inflammatory and
antiviral treatment has been employed.” MSC-exosomes are
able to transfer cargoes to target cells and tissues, resulting in
changes to gene expression and in the behavior of target cells.
MSC-derived exosomes as cell-free therapeutics due to the
unique properties of MSC-EXOs including high stability, low
immunogenicity, easy storage, and ability to cross the blood-
brain barrier compared to their counter parts.6 * MSC-
secreted exosomes are shown to both regulate immunity
through interacting with immune cells and inhibit the
inflammatory response through cytokines.”

Challenges and Strategies of Use of MSC-EXOs
The important challenges for the application exosomes
derived from stem cells is to identify the molecules involved in

paracrine action of stem cells, which facilitate to open new
therapeutics avenues using exosomes including the
production, processing and manufacturing aspects,
particularly isolation, purification and characterization.®
Although, variety of isolation techniques/methods are
available such as ultracentrifugation, size, immunoatffinity
captured, precipitation and microfluidics, still to prepare
clinical grade exosomes are critical factor. Another important
factor is, there is no uniform method to separate exosomes,
and also each and every method has its own advantages and
disadvantages. Therefore, MSC-EXOs separation methods
must be uniform and standardized. For instance, the contents
of cargoes are different among various separating methods.
For example, ultracentrifugation is well known and common
method, which produces significant purity but the yield is low.
Therefore, it is required to explore a more efficient method for
purification and yield and near future developments. The
most important obstacle is the yield of exosomes, which can
be improved using combination of currently available
methods such as 3D microcarrier-based suspension culture
promoted by certain bio-active materials. To increase the
yield, engineering of full artificial exosomes is necessary
which can be relatively controllable composition and clear
therapeutic pathway.

The next challenge is source of EVs/exosomes. Physiological
conditions and behavior of cells are important factor to
provide consistent exosome quality and yield. Next, the
important challenge is isolation and storage of exosomes,
which are critical, adequate and appropriate technologies to
produce quality exosomes for the safety of both donor and
recipients. Although exosomes have great potential to treat
various types of diseases, still several challenges are
remained elusive. The important task is, the source and
contents of the exosomes derived from various culture
conditions must be determined using standardized protocol
and also the conditions of storage, preservation, half-life of
freshly isolated and cryopreserved exosomes and also
transportation of exosomes needs to be solved. Further
challenges are warranted to understand and precise
determination of exact components involved to treat
neurological, particularly epileptic encephalopathy,
Parkinson's, cancer, angiogenesis and autoimmune and
inflammatory diseases. Further, several challenges are
required to probe the therapeutic effect of MSC-EXOs to
maintain the long-term effect, and know the facts of negative
effect, which are very important criteria for the correct use of
exosomes to treat various diseases. Furthermore, although
MSC-EXOs are superior to MSCs, to increase the efficacy, and
purification and the scale-up technology needs to be
improved before it can be used in clinical practice.

Conclusion and Future Perspectives

The exosomes released from stem cells were applied for
numerous healing purposes and to develop novel
regenerative techniques The EVs from stem cells exert
protective effects in the treatment of various diseases by
regulating various pathological conditions. MSC-EXOs offer
a more possibility of cell-free therapy than parental MSCs due
to the regenerative and anti-inflammatory effect. The unique
properties MSC-EXOs such as immunomodulatory effects
allow treating different inflammatory and autoimmune
diseases. Finding from several studies indicated that
exosomes secreted by MSCs play significant role in cancer
progression. Conversely, MSC-EXOs can also suppress
tumors through regulating immune responses and
intercellular signaling. MSC-EXOs used as drug delivery
systems are considered to deliver targeted tumor therapy.
MSC-EXOs shows potential effects on suppression of several
autoreactive cells in autoimmune diseases. Due to their ability
to modulate DAn survival, MSC-secretome considered as a
promising therapeutic tool for several neuro-degenerative
diseases.
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The future perspectives need to be concentrated on various
aspects including stability, long-term preservation,
purification processes and the precise molecular contents are
essential; it would help produce ready-to-use batches of
exosomes, which could be easily transported. Culture
conditions such as cell density, passage number, hypoxia,
extracellular matrix, and mechanical stress can influence the
production. Hence, the derived exosomes must be
characterized by various analytical techniques including size
distribution, TEM, SEM, Nanotrack, proteomics, and miRNA
profiling, which are essential parameters for therapeutic
purposes for various diseases. However, the exact
mechanisms of the effects of MSC-EXOs on cancer need to be
explored and tested and the utility of exosomes as a delivery
vehicle. Hence, additional studies of MSC-EXOs are required
to determine their roles in the pathogenesis of cancer and to
provide a new tool for cancer diagnosis and therapeutics.
More studies are required to illuminate unclear aspects of cell-
free therapy using MSC-EXOs. Thus, understanding the
complexity of MSC-EXOs, and how its miRNA content interacts
with cells involved in the molecular, cellular and functional
mechanisms is of great importance in all kinds of diseases.
More studies are necessary to explore the molecular
mechanisms of those exosomes harboring IncRNAs in the
pathogenesis, potential pathways, and development of multi-
target-based strategies for RA. Since exosomes are derived
from various types of stem cells and may provide different
response in target cells, thus detailed investigations are
necessary to identify the optimal cell types, functional status,
and molecular contents and engineering of exosomes are
essential to provide platforms for durable retention and
prolonged release of cargos in the injured myocardium.
Standards and guidelines should be established for isolation,
purification, and identification of surface biomarkers from the
samples of diseases patients for the use of the clinical setting.
Anotherimportant issue needs to resolve is to reduce the lot-to-
lot variation regarding primary naive MSCs. Collectively,
findings from various studies imply that MSC-derived
exosomes possess promising therapeutic capacity and these
can be exploited as exosome-based therapy for the treatment
of a variety of diseases as drug delivery vehicle and
biomarkers. However, many efforts are required towards
determining standards methods to enhance effective, efficacy
and safety therapy, which will speed up clinical trials and
patients speed recovery by implementation of MSC-EXOs as
therapeutic agents. Finally, determination of optimal dose
and safety measurements are inevitable parameters for the
development of an effective exosome-based nanoplatform to
expand the therapeutic potential.
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