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ABSTRACT

Exosomes are naturally occurring extracellular vesicles with diameters ranging from approximately 30 to 150 nm, secreted by a
wide variety of cell types. They serve as important mediators of intercellular communication by transporting bioactive molecules
such as proteins, lipids, DNA, RNA, and other nucleic acids between cells. Owing to their inherent biocompatibility, structural
stability, low immunogenicity, and ability to traverse biological barriers, including the blood-brain barrier, exosomes have emerged
as highly promising nanocarriers for therapeutic and diagnostic applications. Unlike many synthetic delivery systems, such as
liposomes and polymeric nanoparticles, exosomes exhibit enhanced resistance to metabolic degradation and possess natural
targeting capabilities. Generated during various physiological and pathological processes, these vesicles have gained considerable
interest in the field of precision medicine for their potential to address disease mechanisms at the molecular level. This review
outlines the fundamental biology of exosomes, including their origin, classification, physicochemical characteristics, and cargo
composition relevant to drug delivery. It further explores their therapeutic potential in areas such as cancer treatment,
neurological diseases, and tissue regeneration. In addition, the application of exosome-based systems for the delivery of small-
molecule drugs, proteins, and nucleic acids is discussed, along with an overview of leading organizations and research groups
actively involved in the development and clinical evaluation of exosome-derived therapeutic platforms.
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INTRODUCTION

Efficient drug distribution plays a vital role in ensuring the minimizing off-target effects, reducing drug-associated
therapeutic effectiveness and safety of pharmaceutical toxicity, and increasing the overall therapeutic index.!"!
agents. Over the years, various nanocarrier-based drug
delivery systems, including liposomes, micelles, dendrimers,
polymeric nanoparticles, and inorganic nanoparticles, have
been developed to enhance modern drug administration.
These delivery platforms are designed to optimize the
pharmacokinetic and pharmacodynamic (PK-PD) profiles of
drugs, thereby improving therapeutic outcomes while

Despite their advantages, these delivery systems encounter
several limitations, such as restricted organ-specific
targeting, toxicity arising from their physicochemical
properties, and the potential to trigger undesirable immune
responses.'To address these limitations, researchers have
increasingly focused on developing innovative drug delivery
strategies. Among the emerging technologies in
nanomedicine, exosomes have attracted considerable interest
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as a promising and versatile delivery platform. Exosomes are
nanoscale extracellular vesicles, typically ranging from 30 to
100 nm in diameter, that are actively released by various cell
types. They are naturally present in several biological fluids,
including blood, cerebrospinal fluid, urine, and saliva, and
serve as important mediators of intercellular communication
through the transfer of bioactive molecules.

These nanoscale vesicles exhibit unique characteristics that
make them highly attractive candidates for drug delivery
systems. They consist of a phospholipid bilayer membrane
that encloses a wide range of bioactive molecules, including
proteins, nucleic acids, and lipids, enabling efficient transport
and communication between cells.!”)

Exosomes facilitate communication between cells through
the transfer of bioactive molecules, including proteins,
messenger RNAs (MRNAs), and microRNAs (miRNAS), to
recipient cells, thereby modulating cellular activities and
regulating various signalling pathways. Additionally, their
ability to cross the blood-brain barrier (BBB) makes them
particularly valuable for neurological applications, as they
can improve nervous system function and motor
performance. This unique capability also allows for the
repeated intravenous administration of drug-loaded exosomes
with minimal adverse effects, highlighting their potential as
safe and effective therapeutic delivery vehicles.!]

The growing interest in exosomes as a drug delivery platform
is largely attributed to their ability to overcome many of the
limitations associated with conventional delivery systems.
Exosomes possess excellent biocompatibility, high stability,
and low immunogenicity, making them highly suitable for
the targeted transport of therapeutic agents. Moreover, their
natural ability to cross biological barriers and preferentially
accumulate in specific cells or tissues improves delivery
efficiency while minimizing unintended effects on non-target
sites. In addition, the lipid bilayer structure of exosomes
provides a protective microenvironment for encapsulated
therapeutic cargo, shielding it from enzymatic degradation
and thereby enhancing its stability and bioavailability.! >

Exosomes can be loaded with a wide range of biologically
active molecules as well as compounds that are prone to
degradation, making them effective and versatile carriers for
the delivery and transport of such therapeutic agents.®"!

In recent years, substantial research efforts have been
directed toward utilizing exosomes as advanced drug
delivery vehicles. These natural nanocarriers demonstrate
significant potential for transporting pharmaceuticals, genetic
materials, and other therapeutic agents, which can be
encapsulated within their lumen or attached to their surface
through various engineering and modification strategies to
enhance their functional properties. Therapeutic payloads
may be incorporated into exosomes using multiple loading
methods, including passive incubation and active techniques
such as electroporation or sonication. Furthermore, exosomes
can be surface-engineered to display specific ligands,
peptides, or antibodies, facilitating targeted delivery to
particular cells or tissues. In addition to drug delivery,
exosomes have been extensively investigated for diverse
biomedical applications, including vaccine development,
photodynamic and immunotherapeutic interventions, gene
editing and gene therapy, protein delivery, regenerative
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medicine, and numerous other therapeutic and diagnostic
purposes.t 89

The aim of this review is to provide a thorough overview of
the latest advances and research progress in the application of
exosomes as therapeutic delivery vehicles. It offers a concise
discussion  of  exosome  classification,  biological
characteristics, and molecular composition. Furthermore, the
review examines various strategies employed to engineer
exosomes for targeted drug delivery and explores their
applications in specific therapeutic areas, including
oncology, neurological diseases, and regenerative medicine.
It also highlights the use of exosomes for the delivery of a
broad spectrum of therapeutic agents, such as small-molecule
drugs, nucleic acids, and proteins, while emphasizing their
emerging role in vaccine development.

In addition, the review addresses large-scale exosome
production and industrial manufacturing approaches, with a
focus on commercial organizations that have developed
exosome-based platforms for medical applications. Future
prospects, challenges, and opportunities associated with the
development and optimization of exosome-mediated drug
delivery systems are also discussed. By consolidating current
knowledge and recent technological advancements, this
review seeks to underscore the vast potential of exosomes as
next-generation drug delivery carriers. A  deeper
understanding of these innovations can assist researchers and
healthcare  professionals in refining exosome-based
therapeutic strategies and enhancing their clinical benefits.
Ultimately, the utilization of exosomes as drug delivery
vehicles holds significant promise for transforming the field
of drug delivery, enabling more precise, effective, and
targeted therapeutic interventions.

Types of Exosomes:

Exosomes are a specialized class of extracellular vesicles
(EVs) that were initially identified as cellular structures
involved in the removal of unwanted or waste materials.
However, subsequent research has revealed their crucial role
in intercellular communication, as they transport functional
proteins, nucleic acids, metabolites, and other signalling
molecules to recipient cells. These nanosized vesicles
originate from endosomal compartments within cells and are
released into the extracellular environment through a
regulated biogenesis process. Exosomes contain a diverse
range of bioactive constituents, including lipids, proteins,
growth factors, nucleic acids, and various metabolites, which
collectively contribute to their biological functions and
therapeutic potential. % 111

Exosome biogenesis occurs through a series of three key
steps. First, the plasma membrane undergoes endocytosis,
resulting in the formation of early endosomes, which
subsequently mature into late endosomes. Second, the
membrane of the late endosome invaginates inward,
generating intraluminal vesicles (ILVs) within specialized
structures known as multivesicular bodies (MVBs). Finally,
these MVBs fuse with the plasma membrane of the parent
cell, releasing the enclosed intraluminal vesicles into the
extracellular environment. Once secreted, these vesicles are
known as exosomes. %1
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Exosomes are nanosized, spherical vesicles enclosed by a
lipid bilayer membrane and are secreted by virtually all cell
types in the human body. Once released, they are distributed
throughout the body via systemic circulation, facilitating
communication between distant cells and tissues. Based on
their origin and method of production, exosomes can
generally be categorized into three groups: natural exosomes,
engineered or modified exosomes, and artificial
exosomes.Natural exosomes can be further classified into
animal-derived and plant-derived exosomes. Animal-derived
exosomes are commonly divided into those originating from
normal cells and those derived from tumor cells. A wide
variety of cell types, including epithelial cells, endothelial
cells, mesenchymal stem cells (MSCs), macrophages,
dendritic cells, and other immune cells, naturally secrete
exosomes. The biological functions and therapeutic potential
of exosomes largely depend on their cellular source. For
example, MSC-derived exosomes have attracted considerable
attention as promising therapeutic agents and drug delivery
vehicles due to their regenerative and immunomodulatory
properties. In contrast, macrophage-derived exosomes can
influence the tumor microenvironment and have
demonstrated notable antitumor effects. Variations in origin
contribute to differences in exosomal composition, biological
activity, drug-loading capacity, and therapeutic outcomes.
The pronounced anticancer potential observed in
macrophage-derived exosomes underscores the importance
of source-specific characteristics in determining their
biomedical applications.?®

Exosomes can be isolated from a variety of biological fluids,
including blood, serum, urine, saliva, and milk. Their
presence in these biofluids has attracted significant interest
due to their potential applications in both diagnostics and
therapeutics. For example, milk-derived exosomes have been
successfully investigated as carriers for the delivery of
therapeutic agents such as paclitaxel. Furthermore, exosomal
microRNAs (miRNAS) present in serum have demonstrated
value as diagnostic and prognostic biomarkers in conditions
such as spinal cord injuries, while specific miRNA
expression patterns in exosomes have shown promise for the
early detection and monitoring of endometrial cancer.To
enhance their therapeutic performance, naturally derived
exosomes can be engineered or modified to improve drug
loading efficiency, targeting capability, biodistribution, and
overall therapeutic efficacy. Such modifications can be
achieved through two principal approaches: alteration of the
exosomal cargo within the vesicle or modification of the
exosomal surface to enhance targeting and functionality.In
addition to natural and engineered exosomes, artificial or
synthetic exosomes have been developed to replicate the
structural and functional characteristics of their natural
counterparts. These biomimetic vesicles are typically
produced using two major strategies: cell-based approaches,
which utilize cellular components to generate exosome-like
vesicles, and lipid membrane engineering techniques, which
construct vesicles from synthetic or biologically derived lipid
membranes. These methods enable the creation of exosome-
inspired delivery systems with customizable properties for
therapeutic applications.? ¢!

Tumor-derived exosomes possess unique surface antigens
that mirror the characteristics of their parent cancer cells,
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making them highly significant in oncology research. These
vesicles play important roles in tumor progression by
regulating cancer cell proliferation, metastasis, immune
modulation, and intercellular communication within the
tumor microenvironment. In addition, they have emerged as
valuable biomarkers for cancer diagnosis, prognosis, and
disease monitoring. For instance, a study by Wu and
colleagues demonstrated that suppressing exosome secretion
in colorectal cancer may help reduce metastatic spread,
highlighting the therapeutic potential of targeting exosome-
mediated pathways.Plant-derived exosome-like nanoparticles
(ELNS), obtained from edible sources such as ginger, grapes,
carrots, and grapefruit, share several structural and functional
similarities with mammalian exosomes. These naturally
occurring nanovesicles have attracted growing attention due
to their biocompatibility and therapeutic potential. Research
suggests that plant-derived ELNs may contribute to the
prevention and management of liver disorders and support
intestinal health by exerting anti-inflammatory and protective
effects, making them promising candidates for future drug
delivery and nutraceutical applications.® ¥ *°!

Characteristics, Composition and Isolation of Exosomes:

Exosomes are nanosized, membrane-enclosed vesicles
characterized by their distinctive size, lipid composition, and
protein content. Typically ranging from 30 to 100 nm in
diameter, these spherical structures are surrounded by a
phospholipid bilayer membrane. Their small size and
streamlined architecture enable them to efficiently circulate
within biological systems and cross physiological barriers
such as the blood-brain barrier (BBB), making them
attractive candidates for drug delivery applications.
Exosomes originate from the endosomal compartment of
parent cells and are released into the extracellular
environment through a regulated secretion process.The
molecular composition of exosomes is highly complex and
includes a diverse array of proteins, lipids, and nucleic acids.
Commonly identified proteins include heat shock proteins
(HSP70 and HSP90), membrane transport and fusion
proteins, GTPases, annexins, flotillin, and members of the
tetraspanins family such as CD9, CD63, CD81, and CD82.
Among these, integrins and tetraspanins are particularly
abundant and play important roles in exosome function.
Integrins facilitate cell adhesion and contribute to the
interaction of exosomes with target cells, while proteins such
as thrombospondin, CD55, CD59, lactadherin, ALIX, and
TSG101 are frequently used as exosomal markers. Exosomes
are also enriched with proteins from the Rab family, which
are involved in vesicle trafficking and secretion.In addition to
proteins, exosomes contain a variety of lipids, including
sphingomyelin, phosphatidylcholine,
phosphatidylethanolamine, phosphatidylserine,
phosphatidylinositol, and gangliosides such as GM3. These
lipids contribute to membrane stability, structural integrity,
and interactions with extracellular proteins. Furthermore,
exosomes carry genetic material in the form of messenger
RNA (mRNA) and various non-coding RNAs, enabling them
to regulate gene expression and cellular functions in recipient
cells.Despite their considerable therapeutic and diagnostic
potential, exosome research continues to face several
technical challenges. These include the need for more
efficient isolation and purification techniques, improved
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methods for distinguishing exosomes from other extracellular
vesicles, enhanced analytical and characterization tools, and
strategies to increase production yield. Overcoming these
limitations is essential for the successful clinical translation
of exosome-based therapies and requires the development of
rapid, reliable, and scalable isolation and characterization
technologies.**%%

Exosome isolation is a fundamental step in biological and
biomedical research, and significant progress has been made
in developing more efficient and reliable separation
techniques. Traditional methods such as differential
centrifugation and ultracentrifugation continue to be widely
employed due to their robustness, reproducibility, and
established reliability. However, newer approaches have
been introduced to overcome the limitations associated with
conventional techniques. Ultrafiltration offers an effective
means of concentrating exosomes, whereas size-exclusion
chromatography enhances sample purity and recovery
efficiency. Precipitation-based methods, including
commercially available isolation kits, provide simple, rapid,
and user-friendly alternatives for exosome extraction.
Immunoaffinity capture techniques utilize exosome-specific
surface markers and antibodies to achieve highly selective
isolation of targeted exosome populations. Additionally,
microfluidic technologies have emerged as promising
platforms for rapid, sensitive, and precise exosome isolation,
particularly in point-of-care and clinical diagnostic
applications.Collectively, these advancements have enabled
more efficient, selective, and application-specific exosome
isolation strategies, thereby accelerating progress in
diagnostics, therapeutic development, and the study of
intercellular communication.?*%%

Application of Exosomes as Therapeutic agents:

Exosomes have gained global recognition as versatile
biomaterials with broad applications in modern biomedicine
and are increasingly being utilized to develop more effective
therapeutic strategies for a wide range of diseases. Initially
regarded as cellular waste products, exosomes have, over the
past two decades, been recognized as important mediators of
intercellular communication with significant diagnostic and
therapeutic value. Their natural targeting ability, excellent
stability, and biological compatibility make them attractive
candidates for clinical applications.Due to their nanoscale
size, biocompatibility, low immunogenicity,
biodegradability, stability, and minimal toxicity, exosomes
serve as highly effective drug delivery vehicles capable of
transporting therapeutic agents to specific target sites. They
have been explored for numerous biomedical applications,
including  immunotherapy, gene delivery, vaccine
development, tissue engineering and regeneration, as well as
biomarker-based diagnosis and treatment of diseases such as
cancer, cardiovascular disorders, diabetes, and neurological
conditions. Furthermore, surface modification techniques can
enhance exosomal targeting efficiency, biodistribution, and
therapeutic performance. Once they reach their target cells,
exosomes can release their cargo through membrane fusion
or cellular uptake mechanisms such as endocytosis and
phagocytosis, enabling efficient delivery of therapeutic
payloads. !
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Exosomes as drug delivery system for therapeutic
molecules and biomolecules:

Exosomes are extracellular membrane-bound vesicles
secreted by a wide variety of cells and play a fundamental
role in intercellular communication and the regulation of
physiological processes. In addition to their biological
functions, they have emerged as highly effective carriers for
the delivery of therapeutic agents across cellular membranes.
Owing to their unique characteristics—including excellent
biocompatibility, low toxicity, prolonged circulation, and
target specificity; exosomes and exosome-mimetic vesicles
are considered superior drug delivery platforms.Compared
with conventional delivery systems such as liposomes,
polymeric nanoparticles, and metallic nanomaterials,
exosomes offer enhanced delivery efficiency and greater
targeting precision. Exosomes derived from immune cells,
tumor cells, and mesenchymal stem cells (MSCs) have
shown considerable promise as nanoscale carriers for drugs,
biomolecules, and other therapeutic agents. For example,
studies have demonstrated that exosome-encapsulated
curcumin  exhibits improved solubility, stability, and
bioavailability compared with free curcumin. In animal
models of Alzheimer’s disease, this formulation enhanced
cognitive  performance and  produced  significant
neuroprotective and anti-Alzheimer effects, highlighting the
therapeutic potential of exosome-based drug delivery
systems. [ 404

Both in-vitro and in-vivo studies have demonstrated that
antibiotic-loaded exosomes can provide superior therapeutic
outcomes compared with the administration of free
antibiotics alone. For example, research has shown that
exosomes derived from mouse RAW?264.7 macrophages and
loaded with linezolid, an antibiotic effective against
methicillin-resistant ~ Staphylococcus aureus (MRSA),
achieved greater infection control than free linezolid while
exhibiting no significant cytotoxic effects on macrophages.
This finding highlights the potential of exosome-based
systems to enhance antimicrobial efficacy and targeted drug
delivery.Beyond antibiotics, exosomes are capable of
transporting a wide range of bioactive molecules, including
proteins, nucleic acids, growth factors, and lipids, to specific
target cells. Through the delivery of these molecular cargos,
exosomes can influence gene expression and modulate both
physiological and pathological processes. Their ability to
efficiently transport therapeutic agents to desired sites has
generated considerable interest in applications such as gene
therapy, RNA interference, and other advanced treatment

[stratt]egies aimed at regulating cellular and genetic functions.
17,42

Exosomes for delivery of Proteins:

Exosomes are naturally occurring nanovesicles that possess
an intrinsic ability to transport protein cargo to recipient
cells, making them promising vehicles for the targeted
treatment of various diseases. Since exosomes secreted by
most cell types naturally carry endogenous proteins, they
serve as efficient biological carriers for the delivery of
therapeutic proteins and peptides. This inherent protein-
transport capability highlights the suitability of exosome-
based systems as effective platforms for protein and peptide
delivery in advanced therapeutic applications.**]
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Exosomes are naturally occurring membrane-bound
vesicles that can carry a variety of protein ligands and
bioactive molecules. During their formation, these
molecules become organized within  specialized
microdomains inside the exosomal membrane, providing
a protective and biologically relevant environment for
biomacromolecules. This natural membrane architecture
helps preserve the structural integrity and biological
activity of membrane-associated proteins, thereby
enhancing the  effectiveness of  protein-based
therapies.For example, researchers have developed
GALA-modified exosomes by engineering dendritic cell-
derived exosomes with pH-responsive GALA peptides.
These engineered vesicles were designed to contain
streptavidin (SAV), a protein with strong affinity for
biotin, along with lactadherin (LA), an exosome-targeting
protein. Such modified exosomes have demonstrated
potential for improving antigen delivery and facilitating
intercellular communication within tumor environments.
Similarly, exosomes loaded with immunomodulatory
molecules such as ovalbumin or a-galactosyl ceramide
have shown the ability to stimulate adaptive immune
responses while minimizing the induction of invariant
natural Killer T-cell anergy, highlighting their promise as

Asian Journal of Pharmaceutical Research and Development. 2026; 14(3): 471- 480

advanced platforms for immunotherapy and vaccine
development.[#4 #5:57: %1

Researchers have developed exosome-based delivery
platforms to transport therapeutic proteins across the
blood-brain  barrier, thereby enhancing treatment
strategies for neurological disorders. For instance,
exosome-mediated delivery of the antioxidant enzyme
catalase has been shown to reduce neuroinflammation
and holds promise for the management of
neurodegenerative diseases. Similarly, exosomes loaded
with PH20 hyaluronidase have been engineered to
improve tumor penetration by degrading hyaluronan
within the tumor extracellular matrix, facilitating more
effective therapeutic delivery.In another study, exosome-
mediated delivery of signal-regulatory protein-a (SIRPa)
demonstrated greater antitumor efficacy compared with
conventional delivery using ferritin-based nanocages,
resulting in enhanced inhibition of tumor growth.
Although protein nanocages remain a widely used
platform for protein therapeutics, exosome-based systems
are increasingly being explored as superior alternatives
due to their natural targeting ability, biocompatibility, and
improved delivery efficiency.™®*
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Exosomes for delivery of Proteins:

Exosomes are naturally occurring nanovesicles that
possess an intrinsic ability to transport protein cargo to
recipient cells, making them promising vehicles for the
targeted treatment of various diseases. Since exosomes
secreted by most cell types naturally carry endogenous
proteins, they serve as efficient biological carriers for the
delivery of therapeutic proteins and peptides. This
inherent  protein-transport capability highlights the
suitability of exosome-based systems as effective
platforms for protein and peptide delivery in advanced
therapeutic applications.!®!

Exosomes are naturally occurring membrane-bound
vesicles that can carry a variety of protein ligands and
bioactive molecules. During their formation, these
molecules become organized within  specialized
microdomains inside the exosomal membrane, providing
a protective and biologically relevant environment for
biomacromolecules. This natural membrane architecture
helps preserve the structural integrity and biological
activity of membrane-associated proteins, thereby
enhancing  the  effectiveness of  protein-based
therapies.For example, researchers have developed
GALA-modified exosomes by engineering dendritic cell-
derived exosomes with pH-responsive GALA peptides.
These engineered vesicles were designed to contain
streptavidin (SAV), a protein with strong affinity for
biotin, along with lactadherin (LA), an exosome-targeting
protein. Such modified exosomes have demonstrated
potential for improving antigen delivery and facilitating
intercellular communication within tumor environments.
Similarly, exosomes loaded with immunomodulatory
molecules such as ovalbumin or a-galactosyl ceramide
have shown the ability to stimulate adaptive immune
responses while minimizing the induction of invariant
natural Kkiller T-cell anergy, highlighting their promise as
advanced platforms for immunotherapy and vaccine
development. [+ 4557561

Researchers have developed exosome-based delivery
platforms to transport therapeutic proteins across the
blood-brain  barrier, thereby enhancing treatment
strategies for neurological disorders. For instance,
exosome-mediated delivery of the antioxidant enzyme
catalase has been shown to reduce neuroinflammation
and holds promise for the management of
neurodegenerative diseases. Similarly, exosomes loaded
with PH20 hyaluronidase have been engineered to
improve tumor penetration by degrading hyaluronan
within the tumor extracellular matrix, facilitating more
effective therapeutic delivery.In another study, exosome-
mediated delivery of signal-regulatory protein-a (SIRPa)
demonstrated greater antitumor efficacy compared with
conventional delivery using ferritin-based nanocages,
resulting in enhanced inhibition of tumor growth.
Although protein nanocages remain a widely used
platform for protein therapeutics, exosome-based systems
are increasingly being explored as superior alternatives
due to their natural targeting ability, biocompatibility, and
improved delivery efficiency.! & 44
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Exosomes in delivery of genetic substances and gene
therapy:

Exosomes have emerged as highly effective gene delivery
vehicles due to their natural ability to protect nucleic
acids from degradation and facilitate targeted intracellular
transport. They are particularly valuable for delivering
RNA-based therapeutics, such as small interfering RNAs
(siRNAs) and microRNAs (miRNAs), which regulate
gene expression and are often preferred over DNA-based
therapies because of their lower risk of genetic mutation.
Since these RNA molecules are highly susceptible to
enzymatic degradation and cellular entrapment, exosomes
provide a protective and biocompatible delivery platform
that enhances their stability, circulation time, and
therapeutic efficacy.Stem cell-derived exosomes have
shown considerable promise in gene therapy, especially
for cardiovascular diseases, by efficiently transporting
nucleic acid cargo to target cells. In cancer therapy,
miRNA-loaded exosomes have demonstrated the ability
to suppress tumor growth and invasion in both laboratory
and animal studies. Furthermore, exosomes are being
explored as carriers for advanced gene-editing
technologies such as CRISPR/Cas9. Engineered
exosomes loaded with CRISPR/Cas9 components have
successfully achieved targeted gene delivery, highlighting
their potential in precision medicine. Additionally,
exosome-associated mRNA delivery has shown promise
in treating conditions such as familial
hypercholesterolemia by  reducing  liver lipid
accumulation and lowering circulating LDL cholesterol
levels. Overall, exosomes represent a safe, efficient, and
targeted platform for next-generation gene therapy
applications.[*® %

Exosome based drug delivery vehicles for Cancer
treatment:

Effective cancer treatment requires precise delivery of
therapeutic agents to tumor cells while minimizing
damage to healthy tissues. Exosome-based nanocarriers
have emerged as promising platforms in oncotherapy due
to their natural targeting ability, biocompatibility, low
immunogenicity, and enhanced stability compared with
conventional delivery systems such as liposomes,
micelles, synthetic polymers, and viral vectors. Their
ability to protect therapeutic cargo and selectively
transport itto tumor sites makes them attractive
candidates for targeted cancer therapy.Unlike viral
vectors, exosomes present a lower risk of toxicity and
insertional mutagenesis. Moreover, their surfaces can be
engineered with specific ligands or peptides to improve
cell-specific targeting and therapeutic efficacy. Exosomes
are also being explored for the delivery of small RNAs,
including siRNAs and miRNAs, to regulate disease-
related gene  expression.Several  studies  have
demonstrated the effectiveness of engineered exosomes in
cancer treatment. For example, dendritic cell-derived
exosomes modified with the tumor-penetrating peptide
iRGD and loaded with doxorubicin exhibited
significantly enhanced tumor targeting and antitumor
activity. In animal models of breast cancer, these
engineered exosomes inhibited tumor growth far more
effectively than free doxorubicin or unmodified
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exosomes.Exosomes have also shown promise in the
treatment of triple-negative breast cancer (TNBC).
Exosome-coated siRNA nanoparticles targeting the
metastasis-associated ~ gene  S100A4  successfully
protected SiRNA from degradation, improved drug
delivery, and significantly suppressed tumor progression
and postoperative metastasis in preclinical studies.In
addition, exosome-mediated miRNA replacement therapy
has demonstrated encouraging results. Exosomes
engineered with the EGFR-targeting peptide GE11 were
used to deliver the tumor-suppressive let-7a miRNA to
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breast cancer cells, resulting in efficient cellular uptake
and significant inhibition of tumor growth in animal
models.Beyond oncology, surface-modified exosomes
have also been investigated for other diseases. For
instance, exosomes functionalized with the c(RGDyK)
peptide and loaded with curcumin successfully targeted
ischemic brain lesions and reduced inflammation in
experimental models of cerebral ischemia.Overall,
engineered exosomes offer a highly promising, targeted,
and minimally immunogenic platform for cancer therapy
and other precision medicine applications.®*%
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Exosome based drug delivery vehicles for Parkinson’s
disease:

Parkinson’s disease (PD) is a common age-related
neurodegenerative disorder, and effective treatment is
often limited by the inability of therapeutic agents to
cross the blood-brain barrier (BBB). Due to their
nanoscale size and natural BBB-penetrating capability,
exosomes have emerged as promising delivery vehicles
for neurological therapies. Studies have shown that
dopamine-loaded exosomes can efficiently transport
dopamine to the brain, producing better therapeutic
outcomes than free dopamine in PD models.
Additionally, mesenchymal stem cell-derived exosomes
promote neurogenesis, restore dopaminergic neurons, and
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reduce neuroinflammation. Exosome-mediated delivery
of a-synuclein antisense oligonucleotides has also
demonstrated reduced protein accumulation and
improved motor function in experimental Parkinson’s
disease models, 1659 65671

Development and Commercial Therapeutic Materials:

Among the many therapeutic applications of exosomes,
one of the most rapidly advancing areas in biomedical
engineering is their use as vaccine delivery vehicles.
Owing to their excellent biocompatibility, low toxicity,
and minimal immunogenicity, exosomes have attracted
significant interest as platforms for the development of
cell-free vaccines. Researchers are actively exploring
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exosome-based vaccines for the prevention and treatment
of cancer as well as a wide range of viral and non-viral
infectious diseases, recognizing their potential to provide
safe and effective immune stimulation. ¢

Exosomes possess the ability to efficiently transport
antigens to target cells, making them attractive candidates
for the development of virus-free vaccine platforms.
Their natural delivery capabilities have been increasingly
explored for vaccine applications, including those
targeting SARS-CoV-2. In particular, mesenchymal stem
cell (MSC)-derived exosomes, known for their pro-
angiogenic, anti-inflammatory, and immunomodulatory
properties, have been investigated as potential
components of next-generation vaccine systems.
Exosome-based antigen delivery offers a versatile
approach for the rapid development of multivalent protein
vaccines capable of addressing emerging viral variants
and reducing disease transmission. Notably, clinical
evaluation of the STX wvaccine has demonstrated
encouraging results, highlighting the effectiveness of
exosome-mediated protein delivery for SARS-CoV-2
immunization. %!

The successful advancement of several biotechnology and
pharmaceutical companies has accelerated  the
development of exosome-based therapeutic products and
drug delivery platforms, many of which are currently
undergoing preclinical and clinical evaluation. Extensive
research in this field has led to numerous innovations,
patents, and intellectual property related to exosome
production, isolation, engineering, delivery, and
therapeutic applications. Exosomes and microRNA-based
technologies have shown considerable potential in
promoting tissue repair and regeneration. In particular,
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surface-engineered exosomes have been designed to
enhance targeting efficiency and achieve specific
therapeutic outcomes. Furthermore, exosome-derived
lipid nanovesicles carrying selected nucleic acids and
modified surface proteins have emerged as innovative
therapeutic tools for neurological disorders characterized
by demyelination, such as multiple sclerosis (MS), by
supporting remyelination and neural repair processes & 3!

Future Perspectives:

Exosomes have attracted considerable attention as
advanced therapeutic carriers due to their ability to
efficiently deliver a wide range of natural and synthetic
therapeutic agents. Their inherent biocompatibility,
biodegradability, low toxicity, stability, and ability to
cross the blood-brain barrier make them highly
advantageous for drug delivery applications. Naturally
secreted by various cell types, exosomes have shown
potential in the diagnosis and treatment of numerous
diseases, including  neurological, cardiovascular,
immunological, and dermatological disorders. They are
also being explored for vaccine development, tissue
regeneration, and gene therapy. Surface engineering
strategies further enhance their targeting ability and
therapeutic efficacy, while their unique structure protects
nucleic acids from degradation, improving the delivery of
biomolecules such as siRNA, DNA, and mRNA. Despite
these advantages, challenges related to large-scale
production, safety characterization, manufacturing costs,
immune responses, and clinical translation remain.
Nevertheless, ongoing efforts by pharmaceutical and
biotechnology companies have led to the development of
several exosome-based therapeutic platforms that are
currently advancing through clinical evaluation.

Providing
therapeutic effect
in PD

Monocyte

e

Crossing blood
brain barrier

Figure 5: Pharmacodynamic therapy using exosomes as nano-delivery systems.

CONCLUSION:

Exosomes have emerged as highly promising natural
nanocarriers with significant applications in drug
delivery, disease diagnosis, and precision medicine. Their
excellent biocompatibility, low immunogenicity, ability
to cross biological barriers, and capacity to transport
diverse therapeutic molecules provide distinct advantages
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over conventional synthetic delivery systems. Advances
in understanding exosome biogenesis, cargo loading, and
surface engineering have improved their targeting
capabilities and therapeutic effectiveness. In parallel,
exosomes have gained recognition as valuable diagnostic
biomarkers due to their stability in biological fluids and
their ability to reflect the molecular characteristics of

CODEN (USA): AJPRHS



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Chavda et al

their parent cells, making them particularly useful for
liquid biopsy applications in cancer, neurological,
cardiovascular, and infectious diseases. Despite their
immense potential, challenges such as standardized
isolation methods, scalable manufacturing, efficient cargo
loading, and a better understanding of their in vivo
behavior remain. Continued progress in exosome
engineering, large-scale production, synthetic biology,
and microfluidic technologies is expected to accelerate
their clinical translation, positioning exosome-based
therapeutics and diagnostics as key components of future
personalized healthcare and nanomedicine.
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