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Abstract: Inflammatory diseases provide substantial worldwide concerns, affecting millions of people and healthcare systems by
causing ongoing discomfort, diminished quality of life, and increased expenses. In light of the progress made in treatments, the limited
effectiveness and negative side effects of present pharmaceuticals need a more comprehensive comprehension of the underlying
processes in order to develop more precise remedies. Exosomes, which are tiny vesicles that play a vital role in cell communication,
have been identified as prospective vehicles for effective delivery of anti-inflammatory medicines, immunomodulators, and gene
treatments. Vesicles, which are secreted by different cells, have a crucial function in communicating between cells. This makes them
valuable in the fields of diagnostics and therapies, particularly for inflammatory conditions. Exosomes have a role in regulating the
immune system, transporting cytokines, and influencing cell signaling pathways associated with inflammation. They consist of
proteins, lipids, and genetic information that have an impact on immune responses and inflammation. Scientists are now investigating
exosomes as biomarkers for inflammatory disease. This review article aims to develop non-invasive diagnostic techniques with
improved sensitivity and specificity. Purpose of this review is a thorough examination of exosomes in pharmacology, specifically
emphasizing their origin, contents, and functions, with the objective of enhancing diagnostic and therapeutic strategies for inflamma-
tory conditions. Gaining a comprehensive understanding of the intricate mechanisms involved in exosome-mediated interactions and
their impact on immune responses is of utmost importance in order to devise novel approaches for tackling inflammatory disease and
enhancing patient care.
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Introduction

Inflammatory diseases include a variety of conditions marked by unregulated immune reactions, leading to tissue
inflammation. These diseases can adversely affect multiple organ systems and significantly impact both health and
quality of life." There is heterogeneity in the occurrence of inflammatory diseases worldwide. For instance, asthma
impacts over 300 million individuals globally, whereas conditions like rheumatoid arthritis and inflammatory bowel
disease have a substantial effect on millions of people worldwide.>* The chronic nature of inflammatory diseases poses
significant challenges for people and healthcare systems. These diseases often result in persistent pain, diminished quality
of life, and increased healthcare costs.* Despite advancements in treatment options, therapy remains challenging due to
the limited efficacy of current medications and the long-term adverse effects associated with their use. In order to
successfully combat inflammatory disorders, it is crucial to have a more thorough knowledge of the underlying
mechanisms and develop medications that particularly target those systems. Current treatments often lack specificity,
leading to unexpected effects on non-target regions and potential severe responses. Moreover, several inflammatory
diseases display repetitive and alternating patterns, requiring the implementation of prolonged treatment interventions.’
Table 1 below shows prominent studies on exosomes as indicators for inflammation.
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Table | Shows the Most Recent Research Conducted on Exosomes as Indicators for Inflammation

S.No. Title Work Summarized Study | Reference
Year

l. Exosomes as rheumatoid arthritis diagnostic MSC-derived exosomes treat autoimmune diseases. RA can be diagnosed using 2023 [96]
biomarkers and therapeutic agents exosome biomarkers.

2. Exosomes in inflammation and inflammatory | Composition of exosomes is intricately connected to cells they originate from, and 2019 [25]
disease numerous online databases have been created to document the contents of exosomes.

3. Exosomes: Their Role in Pathogenesis, The paper highlights exosomes’ role in oncological disorders and their potential as 2020 [97]
Diagnosis and Treatment of Diseases liquid biopsy instruments for cancer diagnostics.

4. The pathogenic, therapeutic and diagnostic role | It discusses how exosomal miRNAs may contribute to autoimmune diseases like 2021 [98]
of exosomal microRNA in the autoimmune myasthenia gravis, psoriasis, inflammatory bowel disease, type | diabetes,
diseases rheumatoid arthritis, vitiligo, and autoimmune thyroid diseases.

5. Exosome-mediated effects and applications in | Exosomes have the potential to be targeted in order to reduce the systemic 2022 [99]

inflammatory diseases of the digestive system | inflammatory response that occurs during pancreatitis

6. The novel delivery-exosome application for Nanocarrier exosomes can transport drugs to rheumatoid arthritis. 2023 [100]
diagnosis and treatment of rheumatoid arthritis. | Exosome-based therapy may treat rheumatoid arthritis.

7. Native and engineered exosomes for To treat inflammatory diseases cell-free, exosomes are employed. 2023 [1o1]
inflammatory disease To improve therapy, native and artificial exosomes are being explored.
8. Exosomes: A missing link between chronic Exosomes can carry biochemical molecules, such as pro-inflammatory molecules 2023 [102]

systemic inflammation and Alzheimer’s disease? | from the periphery, to the central nervous system and target glial and neuronal
cells, as shown in this paper.

9. Exosome-derived CIRP: An amplifier of In this paper, researchers explain CIRP translocation and secretion from the 2023 [103]
inflammatory diseases nucleus to the extracellular space and eCIRP’s processes and inhibitory effects in
various inflammatory diseases.

10. Exosome: Function and Application in Exosomes are discussed in inflammatory bone disorders. 2021 [49]
Inflammatory Bone Diseases. Inflammatory osteolysis and bone metabolism are regulated by exosomes.

Presence of a wide range of inflammatory diseases complicates the development of treatment strategies, as individuals
may react differently to the same therapeutic intervention. Personalized medicine solutions, including factors such as
genetic composition, environmental conditions, and disease manifestation, have the potential to improve treatment
outcomes and reduce the effects of inflammatory diseases.® The advancements in technology, including high-
throughput sequencing, omics profiling and advanced imaging approaches, have facilitated the discovery of novel targets
for the therapeutic intervention and biomarkers of inflammatory diseases. Targeted therapies, such as biologics and small
molecule inhibitors, provide effective means of regulating specific immune pathways implicated in inflammation.
Therefore, there is a reduction in the level of disease activity and a positive enhancement in the outcomes experienced
by the patients.” In addition, the emergence of novel treatment strategies using exosomes has received considerable
interest in recent years. Scientists are investigating the possibility of using exosomes as carriers for medicinal substances,
such as anti-inflammatory medications, immunomodulators, and gene treatments.*’

Exosomes are small extracellular vesicles (EVs) that have a size ranging from 30-150 nm and play a vital function in
communication between cells.'®!! Vesicles are released by several types of cells, including immune cells, to facilitate the
transfer of proteins, lipids, and genetic material between cells.'* The role of exosomes in intercellular communication has
sparked great anticipation for their potential use in several fields, particularly in diagnostics and therapeutics, with
a special focus on inflammatory diseases. '

Exosomes are generated inside intracellular compartments called multivesicular bodies (MVBs), which encapsulate
cytoplasmic constituents intended for extracellular release.'*'> Following fusion with the plasma membrane, MVBs
release exosomes into the extracellular milieu. Vesicles facilitate the transportation of a substantial amount of nucleic
acids and proteins like messenger RNA (mRNA), microRNA (miRNA). This enables them to effectively control the

functions of the recipient cells (Figure 1).'%!”
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Figure | Inward budding of the cell membrane forms early endosomes. Exosomes are produced from endosomes via inward budding of the multi-vesicular bodies (MVBs)
membrane, incorporating nucleic acids, proteins, and lipids. Finally, exosomes are released into the extracellular environment through exocytosis. @ Exosomes from serum
and saliva as novel biomarkers of IBD; @ Exosomes from colon cancer cells, IECs, and platelets maintain TJ barrier function; ® Exosomes from DCs influence the intestinal
microbiota profile via heat shock proteins; @ |[EC-derived exosomes fuse with DC membranes to induce immune tolerance; ® Colitis serum or treated DC exosomes
regulate immune cell proliferation through MAPK, NF-kB, and other inflammatory pathways.

Exosome-mediated communication is essential for several physiological processes and pathological diseases.
Exosomes derived from immune cells include immunomodulatory chemicals that regulate immune responses and
inflammation.®'® Exosomes may be recognized and triggered by the immune system because they have the ability to
transport antigens.'® Exosomes play a key role in preserving equilibrium and restoring tissues. They participate in the
elimination of cellular waste, the conveyance of growth stimuli, and the regulation of stem cell differentiation.?’
Moreover, exosomes have been implicated in the pathogenesis of several diseases, including as cancer, neurological
disorders, and infectious diseases, highlighting their diverse functions in both promoting health and inducing disease.*'**

Moreover, exosomes are now under scrutiny as biomarkers for inflammatory diseases, presenting the possibility of non-
invasive diagnostic procedures with enhanced sensitivity and specificity in comparison to conventional biomarkers.*?
Researchers may use exosome cargo analysis, which includes proteins, nucleic acids, and lipids, to discover specific
molecular patterns linked to various inflammatory disorders.”* This analysis helps in the early detection, prediction, and
monitoring of disease development. Furthermore, the consistent preservation of exosomal cargo in different biofluids,
including blood, urine, and cerebrospinal fluid, renders them desirable for liquid biopsy-based methods in clinical settings.**

Rationale of the Review

The motivation for this review arises from the growing recognition of the importance of exosomes in the context
of inflammatory diseases, alongside increasing interest in utilizing exosomes as both diagnostic tools and
therapeutic targets. Recently, there has been a significant increase in research that emphasizes the various
functions of exosomes in communication between cells, maintaining the balance of tissues, and the development
of diseases, especially in inflammatory diseases. Gaining a comprehensive understanding of the complex processes
that drive exosome-mediated interaction and their role in regulating immune responses and inflammation is
essential for the development of innovative diagnostic and therapeutic approaches for inflammatory diseases.
This review intends to offer a complete overview of the possible uses of exosomes in pharmacology, specifically
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focusing on inflammatory disorders. It will elucidate the biogenesis, cargo composition, and activities of exo-
somes. Furthermore, this review aims to enhance current understanding and incorporate recent developments in
exosome research to advance the utilization of exosomes in diagnosing, managing, and treating inflammatory
diseases. The ultimate objective is to provide valuable insights that may guide future research paths and clinical
applications, resulting in enhanced techniques for addressing inflammatory diseases and improving patient care.

Exosomes have various essential functions in the setting of inflammatory bowel disease (IBD): Initially, when
extracted from serum and saliva, they show potential as innovative biomarkers for IBD. In addition, exosomes derived
from other sources such as colon cancer cells, intestinal epithelial cells (IECs), and platelets have a role in preserving
the integrity of the intestinal barrier. Furthermore, exosomes generated from dendritic cells (DCs) have an impact on
the composition of the gut microbiota, and this effect is reliant on heat shock proteins. In addition, exosomes derived
from intestinal epithelial cells (IECs) fuse with dendritic cell (DC) membranes in order to enhance immunological
tolerance. Finally, exosomes derived from serum of individuals with colitis or from treated dendritic cells modulate the
proliferation of immune cells by activating signaling pathways associated with inflammation, such as MAPK and
NF-kB.

Exosomes in Inflammation

Exosomes have complex functions in inflammation, affecting immunological responses, transporting cytokines, and
modulating cell signaling pathways.?***® Having an in-depth knowledge of these pathways is essential for comprehending
intricate relationship between exosomes and inflammatory processes. This knowledge will provide valuable insights into
the possible application of exosomes for diagnosing and treating inflammatory diseases.

Immune Modulation

Exosomes originating from immune cells, namely dendritic cells, macrophages, and T cells, play a significant role in
immunological regulation. They have the ability to finely regulate immune responses in both normal and abnormal
situations. The nanoscale vesicles, transport a diverse collection of proteins, lipids, and nucleic acids.?” This allows them
to coordinate a wide range of immunomodulatory activities.

Exosomes Derived from Dendritic Cell (DEX)

Dendritic cells (DCs) play a pivotal role in the presentation of antigens and the activation of the immune system, which are
crucial processes for the initiation and control of adaptive immune responses.”® The exosomes contain a high concentration
of major histocompatibility complex (MHC) molecules, including MHC class I and II, along with co-stimulatory molecules
like CD80 and CD86.%’ DEX enhances antigen presentation to T cells by transferring molecules to recipient cells, resulting in
the differentiation of T cells and activation into effector or memory subsets.*® In addition, DEX transport antigens obtained
from their parent DCs, enabling the initiation of immune responses that are unique to those antigens. DEX, in addition to
their function in presenting antigens, have immunomodulatory characteristics that aid in the control of immunological
tolerance and inflammation.>' The exosomes include immunosuppressive elements such as transforming growth factor-beta
(TGF-B) and interleukin-10 (IL-10) which may inhibit the activation and functioning of effector T cells and DCs.>* In
addition, DEX has been shown to stimulate the production of regulatory T cells (Tregs), a distinct subgroup of T cells that are
essential for maintaining immunological balance while avoiding autoimmune reactions.*

MEXs (Macrophage-Derived Exosomes)

The variability of macrophage populations and their involvement in both inflammation and tissue homeostasis enable
MEX to demonstrate a wide range of immunomodulatory actions.** Exosomes transport cytokines, chemokines, and
growth factors that have the ability to impact the function of other immune cells and control inflammatory reactions. For
example, interleukin-10 (IL-10) produced from MEX has been shown to inhibit the synthesis of pro-inflammatory
cytokines in recipient cells, therefore reducing inflammatory responses and enhancing immunological tolerance.*> In
addition, MEX has the ability to modify the characteristics of several immune cells, including and natural killer (NK)
cells and T cells, via transporting regulatory chemicals. For instance, microRNAs (miRNAs) derived from MEX are
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associated with regulating T cell activation and differentiation by targeting key signaling pathways involved in immune

responses.3°

Exosomes Derived from T Cells (TEX)

T cell-derived extracellular vesicles (TEX) serve a crucial function in facilitating communication between T cells
and other immune cells, hence contributing to the control of immunological responses and inflammation.®’
Exosomes transport a wide range of immunomodulatory chemicals, including as cytokines, chemokines, and
cytotoxic proteins that have the ability to affect the activity of certain cells. Regulatory T cells (Tregs) produce
TEX, which may block immunological responses and facilitate immune tolerance by releasing inhibitory cytokines
such TGF-B and interleukin-35 (IL-35).>® These exosomes hinder the activation and operation of effector T cells and
dendritic cells, therefore reducing the intensity of inflammatory reactions and averting the development of

autoimmunity.

Cytokine Transport

Exosomes obtained from activated immune cells, such as T cells, macrophages and dendritic cells, contain a high
concentration of pro-inflammatory cytokines that have significant functions in immune activation and inflammation.”
These exosomes, containing cytokines, serve as carriers that effectively transport pro-inflammatory substances to specific
cells, thereby intensifying inflammatory reactions and promoting immunological activation.”* When recipient cells
uptake these exosomes containing cytokines, it can trigger inflammatory signaling pathways, leading to the activation
of transcription factors such as nuclear factor-kappa B (NF-kB) and the production of pro-inflammatory chemicals.®
Exosomes generated by active T cells include cytokines, including interleukin-2 (IL-2) and interleukin-17 (IL-17), which
stimulate T cell activation and attract immune cells to areas of inflammation.** T cell-derived exosomes facilitate the
transmission of cytokines to specific cells, thereby enhancing and spreading inflammatory reactions, which in turn
intensify the immunological cascade.

Transportation of Anti-Inflammatory Cytokines

Unlike pro-inflammatory cytokines, exosomes can carry anti-inflammatory cytokines, which possess immunosuppressive
properties and help in resolving inflammation.”> Exosomes derived from regulatory immune cells or stromal cells
involved in tissue healing and immunological regulation play a vital role in maintaining immune homeostasis and
preventing excessive inflammation.*!

Exosomes that contain IL-10 or TGF-B have the ability to strongly suppress the immune system by blocking the
activation and activity of immune cells that are engaged in inflammatory reactions.*' These exosomes, which are
enriched with anti-inflammatory cytokines, may reduce the activation of inflammatory signaling pathways and modify
cellular reactions when ingested by recipient cells. This causes inflammation and increase in tissue healing and
regrowth.

Moreover, it has been shown that exosomes originating from regulatory T cells (Tregs) include immunosuppressive
substances such as IL-10, TGF-B, and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4).*> These substances
effectively hinder activation, operation of effector T cells and dendritic cells. Treg-derived exosomes facilitate preserva-
tion of the immunological tolerance and the avoidance of autoimmune responses by transporting regulatory chemicals to
specific cells.* Exosomes carry cytokines and serve a dual function in inflammation. Exosomes filled with pro-
inflammatory cytokines enhance inflammatory responses, whereas exosomes loaded with anti-inflammatory cytokines
reduce inflammation (Figure 2).4

Cellular Communication

Exosomes have important part in helping cell communication pathways related to inflammation.*> They coordinate
various cellular activities by transferring bioactive substances. They have the ability to transmit a diverse array of
functional proteins to recipient cells, which in turn affects their phenotypic and function in different physiological and
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Figure 2 The interaction between exosomes and inflammasomes and their respective functions in inflammatory reactions. Inflammasome activation requires two signals:
“signal |” (priming) and “signal 2" (activation). The priming signal activates NF-kB, upregulating NLRP3, pro-IL- 1B, pro-IL-18, and TNF-a. The activation signal induces PRRs,
leading to the formation of the inflammasome complex and the conversion of pro-IL-IB and pro-IL-18 to their active forms, IL-IB and IL-18, which are then secreted.
Reprinted from Noonin C, Thongboonkerd V. Exosome-inflammasome crosstalk and their roles in inflammatory responses. Theranostics. 2021;11(9):4436. Creative
Commons.*

pathological situations. The mentioned proteins, which include enzymes, receptors, transcription factors, and signaling
molecules, play significant roles in cellular signaling pathways related to inflammation.*

Exosomes obtained from active immune cells, such as macrophages and T cells, have the ability to transport signaling
proteins that stimulate inflammatory pathways in target cells.”® These proteins may consist of pro-inflammatory
cytokines, like interleukin-1 and tumor necrosis factor-alpha together with chemokines and growth factors that stimulate
the recruitment and activation of immune cells.?

Furthermore, the transfer of membrane receptors, including as toll-like receptors (TLRs) and cytokine receptors, via
exosomes might impact the sensitivity of recipient cells to inflammatory signals. Exosomes have the ability to augment
the responsiveness of target cells to pro-inflammatory signals and intensify inflammatory reactions by delivering these
receptors.*® Exosomes not only carry proteins, but also include a wide range of nucleic acids, such as mRNA, miRNA,
and long non-coding RNA (IncRNA).*” These nucleic acids are important for controlling gene expression in the cells that
receive the exosomes. Exosomal nucleic acids can regulate the expression of specific genes involved in inflammation,
immunological responses, and tissue repair processes.*®

Exosomal mRNA has the ability to undergo translation in recipient cells, resulting in the production of functional
proteins. This process has the potential to impact the phenotypic and function of the recipient cells. Exosomes originating
from active immune cells may include mRNA that encodes inflammatory cytokines or chemokines. When these
exosomes are taken up by target cells, the mRNA can be translated into proteins, leading to the production of pro-
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inflammatory mediators.*® Moreover, exosomal miRNA and IncRNA have been identified as powerful controllers of
gene expression, with the ability to influence a range of cellular activities such as cell growth, specialization, pro-
grammed cell death, and immunological reactions.*® Exosomal miRNAs originating from immune cells have the ability
to selectively affect the expression of inflammatory cytokines or transcription factors by targeting their corresponding
mRNAs. This process allows for the precise regulation of inflammatory gene expression in recipient cells.*®

Significance for Inflammation and Immunity

The transfer of bioactive substances by exosomes between cells is essential for influencing inflammatory responses and
maintaining immunological balance. Exosomes have the ability to affect the strength and length of inflammatory
reactions, as well as equilibrium between anti-inflammatory and pro-inflammatory signaling pathways, via controlling
cell signaling pathways and gene expression patterns in specific cells (Figure 3).*’

Furthermore, the disruption of exosome-mediated cell signaling has been linked to the development of certain
inflammatory disease, such as autoimmune disorders, chronic inflammatory syndromes, and cancer. Understanding the
intricate processes of exosome-mediated cell signaling during inflammation is crucial for developing innovative
therapeutic approaches. These approaches can target exosome formation, release, and uptake to effectively address
inflammatory diseases.”

Exosomes have a diverse function in cell signaling pathways related to inflammation, influencing several cellular
processes by transferring bioactive substances. Further investigation is necessary to better understand the processes by
which exosomes facilitate cell signaling in inflammation.*> This will help to fully comprehend their potential as
a therapeutic approach for managing inflammatory diseases.

Evidence of Exosome Alterations in Various Inflammatory Conditions
Exosomes play a key role in inflammatory diseases by facilitating cellular communication and actively contributing to
disease development through intercellular signaling and regulation of immune responses.®
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Figure 3 Bone marrow mesenchymal stem cells (BMSCs) primarily release exosomes and inflammatory factors. The cytokines generated by BMSCs may be categorized into
proinflammatory cytokines and anti-inflammatory cytokines. Both exosomes and cytokines can modulate distant target organs, inducing an inflammatory response.
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Inflammatory Bowel Disease (IBD)
Inflammatory bowel disease (IBD), encompassing ulcerative colitis and Crohn’s disease can be identified by chronic
inflammation of the gastrointestinal tract.”® Research has shown significant changes in the composition of exosomes
derived from intestinal epithelial cells, immune cells, and gut microbiota in individuals with IBD.® These exosomes
transport a payload including a high concentration of cytokines, chemokines, microRNAs that contribute to ongoing
intestinal inflammation and tissue damage.”!

Exosomes originating from inflamed intestinal tissues have a crucial impact on intensifying immune responses and
facilitating the attraction of inflammatory cells to the gut mucosa.’> Exosomes deliver pro-inflammatory mediators to target
cells, intensifying the inflammatory cascade and exacerbating disease progression and tissue damage in individuals with IBD.™

Rheumatoid Arthritis (RA)

Rheumatoid arthritis (RA) is a persistent inflammatory condition characterized by inflammation of the synovial joints,
resulting in the deterioration of cartilage and erosion of bone.”* Research has shown changes in the composition of
exosomes obtained from the synovial fluid and serum of individuals with rheumatoid arthritis (RA), with increased
amounts of pro-inflammatory cytokines, including different tumor necrosis factors TNF-a, IL-6, and IL-17.%

The presence of cytokine-loaded exosomes in RA contributes to the continuation of synovial inflammation and
cartilage damage by facilitating the activation of synovial fibroblasts, triggering the synthesis of matrix metalloprotei-
nases (MMPs), and increasing osteoclastogenesis.”® In addition, exosomes originating from immune cells in the inflamed
synovium might intensify local inflammation and tissue harm, hence worsening the course of RA.>’

Asthma

Asthma is a long-lasting condition where the airways become inflamed, leading to narrowed air passages, increased
sensitivity, and constriction of the bronchial tubes.’® Exosomes obtained from bronchoalveolar lavage fluid and
peripheral blood of individuals with asthma show modifications in their payload of inflammatory agents, such as
cytokines, chemokines, and growth factors.>® Cytokine-loaded exosomes have a significant impact on regulating airway
inflammation, smooth muscle contraction, and mucus production in individuals with asthma. This contributes to the
development of the disease and worsens its symptoms. Furthermore, exosomal microRNAs have been linked to the
control of immune responses and the alteration of airway structure in asthma.>

Inflammation-Related Skin Conditions

Psoriasis and atopic dermatitis are inflammatory skin diseases characterized by abnormal immune responses and skin
inflammation. Exosomes obtained from keratinocytes, fibroblasts, and immune cells present in the skin of patients with
these conditions include a load of pro-inflammatory cytokines, chemokines, and antimicrobial peptides. The presence of
cytokine-loaded exosomes intensifies cutaneous inflammation, increases epidermal hyperproliferation, and disrupts
normal immune responses in inflammatory skin disease, leading to more severe disease and causing damage to the
tissues. Furthermore, alterations in the composition of exosomes in the skin’s microenvironment could potentially serve
as markers of disease severity and as targets for medical interventions aimed at mitigating skin inflammation and
restoring the skin’s natural equilibrium.®® Exosome composition and secretion changes in different inflammatory
circumstances, suggesting the complex relation between immune cells, stromal cells, and inflammatory
microenvironment.®’ An analysis of exosome profiles in various diseases offers useful insights into the formation and
progression of diseases and it lead to of new diagnostic biomarkers for inflammatory disorders. Further research is
necessary to clarify the intricate function in the disease development and to use these in clinical settings to enhance
patient care and treatment.”

Implications for Disease Progression

The alterations in exosome composition and function observed in various inflammatory diseases have important
implications for disease progression and the development of therapeutic interventions. By modulating immune responses,
inflammation, and tissue remodeling processes, exosomes can either exacerbate or attenuate disease progression,
depending on their cargo and target cells.
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Diagnostic Biomarkers

Exosome-derived biomarkers, including cytokines, chemokines, microRNAs, and autoantibodies, hold promise for the
diagnosis, prognosis, and monitoring of disease activity in inflammatory conditions. The characterization of exosome
profiles in biological fluids, such as blood, urine, and synovial fluid, may provide valuable insights into the underlying
pathophysiology of inflammatory diseases and help guide therapeutic decision-making.®*

Therapeutic Targets

Targeting exosome-mediated pathways represents a novel therapeutic approach for the treatment of inflammatory
diseases. Strategies aimed at modulating exosome biogenesis, secretion, and uptake may offer therapeutic benefits by
attenuating inflammation, promoting tissue repair, and restoring immune homeostasis. Moreover, modifying exosomes
for drug delivery holds promise in developing personalized therapeutic interventions tailored to the specific requirements
of patients with inflammatory diseases.®’

Prognostic Indicators

Exosome-derived biomarkers have the potential to serve as prognostic indicators of disease progression and treatment
response in inflammatory conditions. The longitudinal monitoring of exosome profiles over the course of disease may
provide valuable insights into disease trajectory, identify patients at risk of complications, and guide the selection of

optimal therapeutic strategies.®*

Diagnostic Potential of Exosomes

Exosomes were observed in all body fluids (eg, blood, urine, saliva, milk), and because of their particular protein, RNA,
and lipid content, exosomes may be beneficial for early disease detection in contrast to conventional needle or excision
biopsies, minimally invasive diagnostics (blood analysis) and non-invasive diagnostics (urinalysis and saliva samples)
offer several advantages over the former. These include reduced patient discomfort and inconvenience, expedited and
cost-effective analysis, and decreased patient pain and inconvenience.®®

Isolation and Characterization Methods

Techniques for Exosome Isolation

Various methodologies are employed for isolating exosomes, each with its own distinct advantages and limitations. The
commonly employed techniques comprise ultracentrifugation, size exclusion chromatography, ultrafiltration, and poly-
mer precipitation.®® Ultracentrifugation is widely used and well-regarded technique for isolating exosomes because of its
high efficiency in separating different biological components.®” However, because there is no single methodology that
meets all criteria for effective exosome isolation, researchers often combine multiple strategies to achieve optimal results.
A case in point is by Tayebi et al in 2021, which showcased a method that utilizes electrical and acoustic forces to control
exosomes for the purpose of sorting. This approach resulted in exceptionally high levels of purity and recovery rates.®®
The intricate nature of biological fluids, the convergence of physical characteristics between exosomes and other entities
such as lipoproteins and viruses, and the variability within exosomes themselves provide difficulties in separation
methods. Thus, it is generally important to employ a variety of techniques in order to successfully separate
exosomes.® Differential Ultracentrifugation (dUC) is a method that relies on centrifugal forces to separate particles
based on size and density over specific periods of time.®” dUC is a highly regarded method for isolating exosomes,
allowing for the extraction of reasonably pure populations of these extracellular vesicles. It is widely recognized as the
benchmark technique for exosomal isolation.”” Another method used for this is the method of UF ie Ultrafiltration which
depends on utilization of membranes that have predetermined pore sizes to separate particles within a specific size
range.”" Filters with pore sizes of 0.45 pm and 0.8 pm are used to exclude larger particles, resulting in a filtrate that
contains a high concentration of exosomes. Subsequently, membranes having smaller pores are employed to remove
smaller vesicles from the filtrate, allowing them to flow into a waste eluate and then they are characterized by a specific
size range. This approach can serve as a supplementary method to ultracentrifugation for the separation the exosomes
from large microvesicles. However, it can also be utilized independently as a standalone technique. Another technique for
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isolating exosomes, which utilizes nano-ultrafiltration and involves a series of consecutive filtrations, is referred to as
tangential-flow filtration.”*

Due to the variations in separation techniques discussed earlier, each with their own merits and drawbacks,
researchers in the field of extracellular vehicles (EVs) have not yet reached a consensus on a universally accepted and
optimal method. However, in October 2015, a global poll was conducted by ISEV, which collected responses from 196
members using an online questionnaire sent via email.”* According to the survey, dUC was used in 85% of all instances
to gather extracellular. In 2019, ISEV performed a follow-up study with 600 respondents. The results showed that
although density-gradient ultracentrifugation and dUC remained the widely used methods, utilization of SEC has

significantly enhanced. In fact, the percentage of SEC usage has more than doubled since 2015.74

Characterization Methods for Diagnostic Purposes

For diagnostic purposes, characterizing exosomes involves examining their composition and properties using various
methods. One of the methods is Nanoparticle Tracking Analysis, Biophysical techniques are employed to determine the
size range of exosomes. An example of a biophysical method is optical particle tracking, specifically using NTA, which
enables the quantification of exosomes in the size range of 10 nm to 2 um by measuring their concentration and size
distribution. Exosomal migration trajectory has been identified to quantify particle velocity.”> This approach tracks
nanoparticle Brownian motion in liquid suspensions on a particle-by-particle basis. NTA uses image analysis to track
exosomes, correlating their movement with particle size.”® DLS, or dynamic light scattering, is an alternate method used
to determine the size of exosomes. The operational basis of DLS involves the transmission of a single-colored,
synchronised laser beam into a solution containing suspended particles.”” Another method is flow cytometry, which is
used to analyze and identify the surface proteins of exosomes at a molecular level. Additionally, it enables the
quantification of exosome dimensions and composition.”® Atomic force microscopy (AFM) is a distinct and unconven-
tional method for investigating exosomes, offering an alternate solution to electron diffraction and traditional optical
methods. The approach reliably identifies and records interactions between a probing point and the sample surface. A key
characteristic of this technique is its capacity to assess samples in their original state, requiring no preparation and
without causing any damage.”” Some other methods include Resistive Pulse Sensing, Transmission Electron Microscopy,
Mass Spectrometry (MS), Tunable Resistive Pulse Sensing (TRPS). These methods are vital for studying the composi-
tion, cargo, and traits of exosomes, which are necessary for their diagnostic capacity in diverse ailments such as cancer
and autoimmune disorders.*

Biomarkers for Inflammatory Diseases

MicroRNAs, Proteins, Lipids Carried by Exosomes

MiRNAs in exosomes regulate gene expression and biological activities. MiRNAs can be transmitted between cells via
exosomes, affecting biological functioning and disease processes.®' Proteins from exosomes reflect their cell of origin.
Surface markers, enzymes, and signaling molecules present on exosomes can indicate the cell type and its physiological
status. Exosome protein analysis can help diagnose disease progression.®> The presence of lipids in exosomes plays an
important part in retaining their structural integrity and in facilitating their functioning. The composition ie lipid of
exosomes can differ depending on the kind of cell and the environment, providing a distinct pattern that can be used for
diagnostic purposes. Exosomes’ lipid patterns have been associated with different disorders, indicating their potential as
biomarkers for disease identification and monitoring.®> Exosomes contain a diverse array of molecules, including nucleic
acids, proteins, and lipids (Figure 4).%*

Clinical Studies Demonstrating Diagnostic Utility

Exosomes, cell-derived vesicles, carry various active biomolecules. Since they may transport different biomarkers, they
may be useful for early-stage disease diagnosis. Cancer biomarker studies have demonstrated that exosomes can
recognize protein biomarkers. Phase 1 data on non-small cell lung cancer patients showed success with tumor antigen-
loaded dendritic cell-derived exosomes as vaccine candidates.®> A different research study used exosomal micro-A as
a biomarker to identify early-stage lung cancer, while another study identified ARv7 in the plasma by analyzing blood
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Figure 4 Schematic of exosomal molecular composition. Exosomes contain various important biomarkers, such as proteins, lipids, and miRNAs. Reprinted from Guo M,
Hao Y, Feng Y, et al. Microglial exosomes in neurodegenerative disease. 2021;14:630808. Creative Commons.®*

samples to diagnose metastatic, castrate-resistant prostate cancer.*®” Another study treated chronic kidney failure with
hemodiafiltration (OL-HDF) and serum exosome mRNA analysis. MicroRNA content study using RT-qPCR will
revealed inflammatory indicators from chronic renal disease treatment. Obesity is another major healthcare issue.
A potential obesity treatment using exosomes has also been researched.®™ A number of studies have also been carried
out with the purpose of analyzing exosomes extracted from human samples under a variety of situations. According to
the findings, a total of 116 studies have been documented, of which 58 (or fifty percent) are associated with biomarker
applications. It is necessary for exosomes that are being tested in clinical trials to adhere to good manufacturing practice
(GMP). The type of cells, the culture environment, the cultivation equipment, and the culture medium are all components
of a GMP-grade exosome production technique.® Current clinical trials demonstrate the utilisation of exosomes as
a means of administering medicinal substances. For instance, in two clinical trials, the scientists sought to enclose
curcumin within exosomes derived from plants as a means of treating colon cancer and Irritable Bowel Disease using
direct techniques. Furthermore, three more clinical trials were conducted with the objective of genetically altering
mesenchymal stem cells (MSCs) to enhance the production of exosomes.None of these trials have been completed and
the findings are not yet available. Notably, certain clinical trials included microparticles derived from tumour cells as
a means of medication delivery.”

Therapeutic Biomarkers and Targeting Strategies

Exosomes have the potential to be used as biomarkers for diseases and as tools for therapy, providing new approaches for
health treatments. These biomarkers can be used for diagnosing and predicting the outcome of different diseases, such as
cancer, demonstrating their flexibility in managing diseases.
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|dentification of Therapeutic Targets

Following the discovery that exosomes contain microRNA, the pharmaceutical industry became highly interested in their
potential for delivering specifically engineered small interfering RNA (siRNA) molecules for therapeutic purposes.’’
Considerable efforts have been made to load micro RNA into liposomes, which are vesicles enclosed by a membrane.
Exosomes, on the other hand, seem to be a more advantageous means of transportation. Van der Meel has provided
a summary of the contrasting biochemical and pharmacological characteristics of these two types of corpuscles.”
Emerging research has shown that exosomes can be used both as a therapeutic method and as a target for treating
cancer.”” Immunotherapy is a rapidly developing area in treating cancer, and the exosomes can be used for cancer
immunotherapy because of their capacity to modulate the immune system.”* Considering the crucial functions that
exosomes play in the advancement of cancer, directing efforts towards inhibiting the formation and release of exosomes
could have significant consequences for future cancer treatments. Currently, there are no medications available for
therapeutic use that effectively removes harmful exosomes in cancer patients. Using a high-throughput pharmacological
screening, 4580 samples were tested and five powerful inhibitors of exosome formation and secretion were discovered.
The compounds mentioned are triadimenol, ketoconazole, tipifarnib, climbazole, and neticonazole.”

Role of Exosome-Derived Biomarkers

Multiple studies have reported the presence of specific miRNAs (including miRNA-133a, 223, 150, 320b, 143/145, 214,
and miRNA-155) in exosomes. These miRNAs have been identified as useful diagnostic biomarkers and predictors of
outcomes in atherosclerosis and other vascular inflammatory cases.'®* For instance, miR-133a is a diagnostic biomarker
for MI (myocardial infarction).'® Kriippel-like factor 2 (KLF2) is a transcription factor that responds to shear stress and
have an important role in regulating the expression of genes in endothelial cells, which are activated by flow that protects
against atherosclerosis. In addition, atheroprotective stimuli are responsible for initiating a communication by means of
microRNA (miRNA) between smooth muscle cells (SMCs) and endothelial cells (ECs). Exosomes released by cells
transduced with KLF2 are abundant in miR-143/145 and can regulate the expression of target genes in co-cultured
smooth muscle cells.'®® CD24 found in exosomes is now known as a diagnostic marker for breast cancer.'” CD44
variant isoform 6 (CD44v6) is a type of protein that is found on the surface of cells and spans across the cell membrane.
It is abundantly present in exosomes, which are small vesicles released by pancreatic cancer-initiating cells (PCICs).
Exosomes produced from PCICs and expressing CD44v6 have the ability to activate the Wnt/B-catenin signalling
pathway and increase the production of plasminogen activator inhibitor 1 (PAI-1) and tissue inhibitor of metalloproteases
1 (TIM-1). Exosomes derived from THP-1 cells have the ability to penetrate and transport miR-150 into human HMEC-1
cells. Exosomes with increased amounts of miR-150 could decrease the expression of c-Myb and promote cell motility in
HMEC-1 cells. Elevated exogenous miR-150 effectively mediates the biological communication between vascular

endothelial cells (ECs) and macrophages/circulating monocytes in various pathophysiological situations.'®®

Strategies for Targeted Therapy
Utilization of Exosomes as Drug Delivery Vehicles
Exosomes has numerous characteristics that make them an optimal carrier for drugs delivery. Protein and genetic
materials found in exosomes suggest that it is possible to load these biological substances into exosomes.
Furthermore, exosomes have a high level of biocompatibility, as demonstrated by their extensive presence in many
bodily fluids.'® Consequently, it is expected that drug delivery systems produced from exosomes will be well tolerated,
resulting in a longer period of time in which they remain in circulation and improved effectiveness. Furthermore, studies
have demonstrated that exosomes are capable of traversing the plasma membrane in order to transport their payload into
certain cells. For instance, exosomes generated from dendritic cells have the ability to transport peptide loaded MHC
class T and II complexes to other dendritic cells in order to regulate the immune response.''°

Extensive research has been conducted on using exosomes for the delivery of therapeutic drugs. Exosomes were used
in one study to carry curcumin and treat an inflammatory disease.''' Exosomes have been used to develop the mixture
with curcumin in order to augment the efficacy of curcumin. In order to improve the drugs characteristics, exosomes are
utilized to transfer small molecular drugs across the blood-brain barrier (BBB). It is true that 98% of potent medications
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affecting the central nervous system are unable to cross the blood-brain barrier. Additionally, their effectiveness, as
demonstrated in laboratory settings, has not translated into success in clinical trials."'? Several Nano-formulations have
been used to address the issues related to drug permeability across the BBB. Exosomes, which are naturally produced by
the body’s cells, can be modified to pass through the BBB. This modification enhances the delivery of drugs to the brain
by reducing the clearance of drugs by the MPS.

Exosomes are utilized not only for transporting small molecules, but also for delivering big molecules like proteins.
A study shows that the exosomes containing antioxidant protein catalase were effectively transported across blood-brain
barrier, leading to an enhanced disease condition in Parkinson’s disease (PD).!'® PD is linked to inflammation in the
brain, activation of microglia, and the release of reactive oxygen species (ROS).''* Patients diagnosed with PD exhibit
reduced levels of antioxidant enzymes such as catalase and superoxide dismutase. These enzymes play a crucial role in
managing oxidative stress and preventing neurodegeneration. Similar to other medications, the transportation of catalase
over the BBB presents a challenge. However, the use of exosomes to carry catalase to the brain appears to be a hopeful
approach for PD treatment.''> Research has demonstrated that exosomes has the ability to transport nucleic acids, to
specific cells, hence causing alterations in both biological and disease-related mechanisms. The characteristics of
exosomes have generated significant interest in treatment approaches that involve genetic therapy. Research has been
performed to explore the use of exosomes as drug delivery systems for administering therapeutic genetic materials that

can modify gene expression in certain disorders and enhance genetic therapy.''®

Targeted Therapy Approaches for Inflammatory Disorders
Multiple researches have demonstrated that the exosomes released through various immune cells (such as DCs,
macrophages, and neutrophils) as well as non-immune cells (such MSCs and platelets) have a role in the onset and
growth of chronic inflammation.>' M2 macrophages secrete exosomes that can generate and discharge anti-inflammatory
cytokines (IL-10, IL-1Ra, IL-4) and transforming growth factor TGF-B. These substances have notable therapeutic
properties in combating inflammation and promoting tissue repair.''’ Furthermore, M2 exosomes demonstrate
a pronounced pro-inflammatory inclination, making them a highly efficient bionic carrier for specifically targeting
rheumatoid arthritis (RA). Exosomes generated from M2 macrophages contain a diverse range of anti-inflammatory
cytokines, which have a crucial function in combating inflammation and facilitating tissue repair, Plasmid exosomes
containing betamethasone sodium phosphate and IL-10 are encapsulated within exosomes produced by M2 macrophages
to devise a biomimetic drug delivery system. Nano-system achieved M1-to-M2 macrophage polarization by increasing
the expression of IL-10. This directed exosomes to inflamed areas, they demonstrated anti-inflammatory effects and
reduced joint damage in RA.''® Research has demonstrated that stem cells produced from human urine (HUSCs) can
improve the growth and movement of chondrocytes that have been treated with IL-1p.'"” In contrast, miR-140-5p
transfected exosomes retain these mentioned benefits and target vascular endothelial growth factor to reduce extracellular
matrix. MSCs and exosomes regulate immunity, anti-inflammation, homing, tissue repair and differentiation. Therefore,
MSC-derived exosome delivery techniques have considerable potential for treating chronic inflammatory disorders.'*
Exosomes possess exceptional cellular penetration capabilities and serve as crucial mediators in intercellular commu-
nication, either accelerating or mitigating the progression of atherosclerosis. Consequently, they have been extensively
used as vehicles for drug delivery to specifically target affected areas, where they suppress the inflammatory response in
AS."! Exosomes generated from M2 macrophages have been chosen as a delivery system for small molecule medica-
tions in the treatment of AS due to their anti-inflammatory capabilities and ability to target inflammation.
Electroporation-loaded exosomes comprising hexyl 5-aminolevulinate hydrochloride were reportedly generated from
M2 macrophages in a recent publication.''”

Initially, the exosomes indicated inflammation. After studying their therapeutic and biological potential, they are used
for delivery purposes. Engineering design optimization improves chronic inflammatory disease management. Natural
exosomes can transport cargo and treat disease due to their stability, minimal immunogenicity, and specific targeting.

Various anti-inflammatory drugs, nucleic acids are delivered to the inflammatory milieu in exosomes.’
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Challenges and Future Perspectives

Technical Challenges

The primary technological challenge involve the production of adequate amounts of exosomes.'** Additionally, biolo-
gical fluid exosomes are unpredictable, impure, and low-yield. To reduce EV analysis artefacts, standardized pre-
analytical processes are essential. Exosome production and isolation procedures should also address cell culture matrices,
polymers, cell confluency and volume, viability, cell passage, microbial contaminants and mycoplasma.'*® Exosomes
have low zeta potential, a brief half-life, and limited stability, all of which have a detrimental impact on their therapeutic
effectiveness and pose challenges in the development of efficacious exosome-based therapeutics.'** It is quite difficult to
differentiate exosomes from other extracellular vesicles, like apoptotic bodies and ectosomes, due to the lack of unique
biomarkers for exosomes.'?

Issues in Exosome Isolation and Characterization

The method of isolation used ultimately determines the degree of purity and the physicochemical properties of exosomes.
Conventional procedures such as precipitation and ultracentrifugation are frequently used, however they are not appropriate
for therapeutic purposes because they cannot effectively handle the diverse composition, subpopulations, size, aggrega-
tions, and protein coronas of exosomes that are obtained by these means.'?® Furthermore, the proper preservation of isolated
exosomes is essential for maintaining their biological functionality. Exosomes can be preserved by suspending in
phosphate-buffered saline and storing at a temperature of —80 °C. Further supplementation of trehalose can provide
additional protection to exosomes against cryodamage.'?’ The utilization of acoustic-based techniques for exosome
separation has demonstrated great potential due to its biocompatibility and non-altering effect on exosome morphology
post-separation. Nevertheless, the primary drawbacks of this technology are the involvement of intricate fabrication
methods.'? Various microfluidics devices use size and density (filtration, on-chip centrifugation). These devices do not
need antibodies, but size overlap and clogging are their main difficulties. Exosome specimens that are available for
purchase may not correspond to the specific exosome types requested, resulting in erroneous characterization lack of
comprehensive analytical characterization of exosomes can impede the comprehension of their features and functions.'?*
Standardization for Clinical Applications

Considerable efforts have been undertaken to utilize exosomes for the purpose of targeted treatments. However, it is
important for future investigations to specifically tackle the primary challenges. The main restriction in the field of
exosome isolation and purification is the lack of standardized methodologies.'*> The study of extracellular vesicles,
which encompasses exosomes, suffers from a lack of uniform norms, standardization, nomenclature, and understanding
of kinetics. This hinders the progress towards a standardized approach to exosome research and therapeutic
applications.'?® Making sure that isolated exosomes are of good quality and consistent for clinical use is important but
challenging. It is important to keep quality control and reproducibility in clinical uses by standardizing protocols for
isolating, characterizing, and storing exosomes.'** Strictly adhering to Good Manufacturing Practice (GMP) require-
ments is essential to guarantee the safety and effectiveness of exosome-based therapeutics in clinical environments.'?’
Furthermore, there exist numerous distinct types of exosomes derived from various human cell types. However, the
precise mechanism by which these cell types influence the delivery properties of exosomes remains unknown. This
highlights the importance of conducting thorough characterization studies prior to utilizing exosomes for therapeutic
purposes. Lastly, while the donor cells employed may be of the same type, the cell cultures that produce exosomes can

vary and have unpredictable characteristics.'*’

Ethical and Regulatory Considerations

Ethical Implications

Ethical implications of the diagnostics based on exosome and therapies cover a variety of factors, including ensuring that
individuals who contribute biological samples for exosome analysis have a complete understanding of the procedure’s
goal, dangers, and potential benefits, and that they give their informed permission. Another important factor to take into
account is the protection of the privacy and safety of patient information collected by exosome-based diagnostics, with
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the goal of preventing unauthorised access or inappropriate use of the information.'*? To guarantee that safety, efficacy,
and ethical requirements are followed, it is necessary to put in place comprehensive regulatory frameworks that will
oversee testing, and deployment of exosome-based diagnostics and treatments, Moreover, it is essential to uphold
transparency in the research, development, and commercialization of technologies based on exosomes in order to

establish confidence with patients, healthcare professionals, and the general public.'*

Future Directions

Advancements in Exosome Research

The storage suitability is exceptionally high, it is user-friendly, and it never induces immune rejection. Exosomes derived
from stem cells provide growth factors in addition to miRNA to promote cellular processes such as differentiation,
angiogenesis, and survival. Exosomes have the ability to modulate the inflammatory response and establish a conducive
microenvironment following an infarction.? Exosomes are considered as promising candidates for innovative targeted
medication delivery due to their numerous advantages over regular nanoparticles. Currently, exosomes are primarily
utilized as biomarkers in clinical trials. Exosomes now have gained consideration in discipline of medication administration
because of their inherent origins and the presence of proteins, lipids, and receptors on their surface. In addition, certain
research groups have advanced this concept by doing studies on genetic modifications to modify the surface of exosomes.*®
Exosomes are now recognized as important contributors to cancer treatment, as more study emphasizes their ability to
transport therapeutic substances to specific cancer cells. Due to their safety, biocompatibility, and capacity to transport
targeted payload, nanoparticles are highly valuable in the field of cancer treatment.'** Exosome methods for isolation have
undergone significant developments, playing a crucial role in biological research. These enhanced techniques improve the
quality and quantity of isolated exosomes, making it easier to accurately analyse and use them in subsequent
experiments.'>> Individuals who have experienced a myocardial infarction often desire immediate intervention.
However, this desire poses a challenge for cell-based therapy, as it takes time to identify and cultivate the necessary
cells. During intravenous injection, a significant number of cells may become lodged in the lung. Exosomes, due to their
small size, are able to travel through the lung and reach the circulation, allowing them to accurately target certain cells. An
additional significant advantage of utilizing exosome-based therapy is the ability to modify the exosomal interior content
through either genetic engineering or preconditioning.”® Exosomes, specifically containing miRNAs, have demonstrated
significant efficacy in the treatment of eye disorders in animal models. Despite experiencing a surge in recent years,
research on exosomes in visual systems is still in its early phases of development. Nevertheless, the evidence derived from
studies on the typical function of exosomes, as well as their involvement in life-threatening conditions such as neurode-
generative disorders, cardiovascular diseases, and cancer, supports and establishes the original findings, thereby paving the
way for future research, Moreover, experimental evidence has shown that exosomes may effectively diagnose and battle

important biological processes, indicating their potential use in the treatment of eye diseases.'*°

Potential for Personalized Medicine and Precision Therapeutics

Ongoing clinical trials, such as those studying exosome-loaded therapeutic compounds for diseases like metastatic
pancreatic adenocarcinoma and malignant pleural or ascites fluid, are advancing the use of exosomes in targeted
therapeutics. These trials are anticipated to yield crucial knowledge regarding the safety and effectiveness of treatments
that are based on the exosomes. Combining nanoparticles (NPs) with hybridization can enhance targeting capability by
utilizing the distinct characteristics of NPs for precise release, bioimaging, and adjuvant therapy. This provides versatile
delivery systems for precision medicines.'*” The utilization of microfluidic technology is expected to have a vital impact
on harnessing the potential of exosomes in precision therapies. This encompasses the creation of microfluidic devices for
the purpose of isolating, modifying, and loading drugs into exosomes. Additionally, it involves combining microfluidics
with on-chip cell culture technologies to create a comprehensive and interconnected system.'*® The xylan polysaccharide
is commonly employed in the medical field for the production of drug delivery devices. Nanofibrous scaffolds composed
of Xylan-PVA were fabricated and the application of glutaraldehyde cross-linkage resulted in improved mechanical
characteristics. These scaffolds also exhibited suitable swelling properties, making them suitable for use as a cardiac
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patch in cases of myocardial infarction. Nanoparticles have the potential to be highly effective in the controlled release of

medications and promoting cell growth in cardiac tissue engineering (CTE)."*’

Conclusion

The increasing interest and expanding research on exosomes suggest that this field of study will continue to flourish.
Current knowledge indicates that exosomes have a substantial and complex impact on both human well-being and
disease. Exosomes offer remarkable insights into the state of their parent cell and are especially suitable for investigating
biomarkers that might be utilized for the diagnosis or prediction of disease progression. Exosomes function as
membranous nanocarriers that deliver specific payload to both nearby and distant regions. By engaging in this mechan-
ism of intercellular communication, they have the ability to promote inflammation and modulate the immune response.
Exosomes are capable of transporting cytokines, growth factors, and microRNAs. These exosomes are formed from
cardiovascular cells such as cardiomyocytes, endothelial cells, and stem cells. Among the functions that exosomes
perform, one is to protect the heart, while another is to promote the regeneration of injured tissue in the cardiovascular
system. Given that research on exosome biology is still in its early stage, more research in needed to examine the
potential effects of exosomes in significant preclinical models. These studies are needed to evaluate safety and toxicity
concerns and to guarantee the secure and efficient utilization of exosomes in therapeutic applications.
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