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Exosome therapy using mesenchymal stromal/stem cell (MSC)-derived exosomes is
a rapidly evolving field with significant implications for regenerative medicine and
immunomodulation. Exosomes are small extracellular vesicles secreted by various
cell types, including MSCs, and are known to contain a diverse range of bioactive
molecules, such as proteins, lipids, and nucleic acids. MSC-derived exosomes have
emerged as promising therapeutic agents due to their regenerative and
immunomodulatory properties. The biogenesis and composition of MSC-derived
exosomes are key factors in their therapeutic potential. These exosomes are formed
through the endocytic pathway, where multivesicular bodies containing intraluminal
vesicles fuse with the plasma membrane, releasing exosomes into the extracellular
space. MSC-derived exosomes are enriched in specific proteins, such as CDg, CD63,
and CD81, and contain various bioactive molecules, including growth factors,
cytokines, and microRNAs, which play important roles in mediating their therapeutic
effects. MSC-derived exosomes exert their therapeutic effects through various
mechanisms, including immune modulation, anti-fibrotic effects, and tissue
regeneration. Preclinical studies have demonstrated the efficacy of MSC-derived
exosomes in various disease models, including myocardial infarction, stroke, and
osteoarthritis. These studies have shown that MSC-derived exosomes can improve
tissue repair and regeneration, reduce inflammation and fibrosis, and promote
functional recovery in animal models. Overall, MSC-derived exosomes represent a
promising new approach for regenerative medicine and immunomodulation, with the
potential to address unmet medical needs in a wide range of conditions. Further

research is needed to optimize their isolation and delivery methods, elucidate their
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Introduction
Exosome therapy has garnered considerable
interest in recent years as a promising avenue
for regenerative medicine (1). Exosomes, small
extracellular vesicles secreted by various cell
types, including mesenchymal stromal/stem
cells (MSCs), are known to carry a diverse
array of bioactive molecules such as proteins,
lipids, and nucleic acids (2). MSC-derived
exosomes, in particular, have emerged as a
compelling therapeutic option due to their
unique regenerative and immunomodulatory
properties (3).

The regenerative potential of MSC-derived
exosomes lies in their ability to promote tissue
repair and regeneration (4). These exosomes
contain a variety of growth factors, cytokines,
and extracellular matrix components that can
stimulate cell proliferation, migration, and
differentiation (5). Studies have shown that
MSC-derived exosomes can enhance the
regeneration of damaged tissues, such as
cardiac muscle after a heart attack, by
promoting the growth of new blood vessels
and reducing scar formation (6).

In addition to their regenerative effects, MSC-
exhibit
(7).

exosomes can modulate the activity of immune

derived exosomes also potent

immunomodulatory properties These
cells, such as T cells, B cells, and macrophages,

to dampen excessive inflammation and
promote tissue healing (8). By regulating the
immune response, MSC-derived exosomes
have the potential to treat inflammatory and
autoimmune diseases (9).

The of MSC-derived

exosomes, coupled with their ability to be

unique properties
easily isolated and manipulated in vitro, make
them an attractive candidate for therapeutic

applications (5). Unlike MSCs themselves,

which can be limited by issues such as
immunogenicity and tumorigenicity, MSC-
derived exosomes offer a safer and more
targeted approach to regenerative therapy
(10).

In this minireview, we aim to provide a
comprehensive overview of exosome therapy
using MSCs, focusing on their biogenesis,
composition, mechanisms of action, preclinical
studies, clinical trials, challenges, and future
directions. Understanding the therapeutic
potential of MSC-derived exosomes is crucial
for advancing regenerative therapies and
improving patient outcomes.

Biogenesis and Composition of
MSC-derived Exosomes

Exosomes are small membrane vesicles with a
size range of 30-150 nm that are secreted by
cells as a means of intercellular
communication (11). They are formed through
the endocytic pathway, which begins with the
invagination of the plasma membrane to form
early endosomes (12). These early endosomes
mature into late endosomes, also known as
multivesicular bodies (MVBs), which contain
intraluminal vesicles (ILVs) formed by the
inward budding of the endosomal membrane
(13). The MVBs can either fuse with lysosomes
for degradation or with the plasma membrane
for exosome release (14). When MVBs fuse
with the plasma membrane, the ILVs are
released into the extracellular space as
exosomes (15).

MSC-derived exosomes are characterized by
their specific protein and nucleic acid contents
(10). Commonly used markers for identifying
exosomes include tetraspanins (CDg, CD63,
CD81), heat shock proteins (HSP70, HSP9o),

and membrane transport and fusion proteins
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(Alix, TSG1o1) (16).

involved in the biogenesis, cargo sorting, and

These proteins are
secretion of exosomes (12).

The cargo of MSC-derived exosomes is
composed of a variety of bioactive molecules,
including proteins, lipids, and nucleic acids
(2). These molecules play important roles in
mediating the therapeutic effects of MSC-
derived exosomes (17). For example, the
proteins contained in exosomes can include
growth factors (e.g., VEGF, FGF, HGF),
cytokines (e.g., TGF-B, IL-10), and enzymes
(e.g., MMPs) (2). The lipids in exosomes are
involved in membrane structure and signaling,
while the nucleic acids, especially microRNAs
(miRNAs), can regulate gene expression in
recipient cells (18). Exosomes has the potential
to be manipulated an act as a cargo for drug

delivery (19, 20).

Mechanisms of Action
MSC-derived

therapeutic effects through a variety of

exosomes mediate  their

mechanisms, making them  promising
candidates for regenerative medicine and
immunomodulation (21). One key mechanism
is their ability to modulate the immune
response (10). MSC-derived exosomes can
suppress the production of pro-inflammatory
cytokines, such as interleukin-6 (IL-6) and
tumor necrosis factor-alpha (TNF-a), while
promoting the secretion of anti-inflammatory
cytokines, such as interleukin-10 (IL-10) and
transforming growth factor-beta (TGF-f3) (22).
This immunomodulatory effect can help to
dampen excessive inflammation and reduce
tissue damage in inflammatory conditions
(23). Another important mechanism of action
of MSC-derived exosomes is their anti-fibrotic

effects (24). Excessive fibrosis, characterized

by the accumulation of extracellular matrix
components, can lead to tissue scarring and
dysfunction (25). MSC-derived exosomes have
been shown to inhibit fibrosis by reducing the
expression of fibrotic markers, such as
collagen and alpha-smooth muscle actin (a-
SMA), and promoting the expression of anti-
fibrotic such as matrix
metalloproteinases  (MMPs)

inhibitors of metalloproteinases (TIMPs) (26).

factors,
and tissue
This anti-fibrotic effect can help to prevent
tissue scarring and promote tissue repair (27).
Additionally, MSC-derived exosomes play a
role in tissue regeneration (28). They can
stimulate the proliferation, migration, and
differentiation of various cell types, including
stem cells and progenitor cells, which are
involved in tissue repair and regeneration
(29). MSC-derived exosomes can also enhance
angiogenesis, the process of new blood vessel
formation, which is crucial for supplying

oxygen and nutrients to regenerating tissues

(30).

Preclinical Studies
Preclinical studies have provided compelling
evidence for the therapeutic efficacy of MSC-
derived exosomes in a variety of disease
models (31). In myocardial infarction (MI), for
instance, animal studies have shown that
intramyocardial injection of MSC-derived
exosomes can improve cardiac function and
reduce scar formation (6). This is thought to
be due to the ability of exosomes to stimulate
angiogenesis, reduce inflammation, and
promote the survival of cardiomyocytes (32).
In a porcine model of MI, treatment with
MSC-derived exosomes resulted in increased
in the

capillary density infarcted area,
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improved left ventricular function, and
reduced infarct size compared to controls (33).
In addition to MI, preclinical studies have also
demonstrated the potential of MSC-derived
exosomes in stroke (34). In a mouse model of
ischemic stroke, intravenous administration of
MSC-derived exosomes improved neurological
function and reduced infarct size (35). This
was associated with increased angiogenesis
and neurogenesis in the peri-infarct area,
suggesting that MSC-derived exosomes can
promote brain repair and functional recovery
following stroke (36).

MSC-derived exosomes have
shown promise in the
osteoarthritis (OA) (37). In a rat model of OA,
of MSC-derived

exosomes reduced cartilage degeneration and

Furthermore,
treatment  of
intra-articular  injection
synovial inflammation, and improved joint
function (37). These effects were attributed to
the ability of exosomes to modulate
inflammation and promote the regeneration of
damaged cartilage tissue (38).

Overall, preclinical studies have provided
strong evidence for the therapeutic potential of
MSC-derived exosomes in a range of disease
models (9, 39, 40). These studies have laid the
foundation for clinical trials investigating the
safety and efficacy of MSC-derived exosome
therapy in human patients, with the aim of
translating  these

promising  preclinical

findings into clinical practice (41).

Conclusion
In conclusion, therapy
(MSC)-derived
exosomes holds great promise for regenerative
MSC-

derived exosomes are small extracellular

exosome using

mesenchymal stem cell

medicine and immunomodulation.

vesicles that contain a diverse array of

bioactive molecules, including proteins, lipids,
and nucleic acids. These exosomes exert their
therapeutic effects through various
mechanisms, including immune modulation,
anti-fibrotic effects, and tissue regeneration.
Numerous preclinical studies have
demonstrated the therapeutic potential of
MSC-derived exosomes in a variety of disease
models, including myocardial infarction,
stroke, and osteoarthritis. These studies have
shown that MSC-derived exosomes can
improve tissue repair and regeneration, reduce
inflammation and fibrosis, and promote
functional recovery in animal models.

Overall, the preclinical evidence suggests that
MSC-derived exosomes have the potential to
be effective therapeutic agents for a wide range
of conditions. However, further research is
needed to fully understand their mechanisms
of action, optimize their isolation and delivery
methods, and assess their safety and efficacy in

clinical trials.

References
1. Khazaei F, Rezakhani L, Alizadeh M, Mahdavian E,

Khazaei M. Exosomes and exosome-loaded scaffolds:
Characterization and application in modern regenerative

medicine. Tissue Cell. 2023;80:102007.

2. Hade MD, Suire CN, Suo Z. Mesenchymal stem cell-
derived exosomes: applications in regenerative medicine.
Cells. 2021;10(8):1959.

3. Zheng Q, Zhang S, Guo WZ, Li XK. The Unique
Immunomodulatory Properties of MSC-Derived Exosomes
in Organ Transplantation. Front Immunol.
2021;12:659621.

4. Aguiar Koga BA, Fernandes LA, Fratini P, Sogayar MC,
Carreira ACO. Role of MSC-derived small extracellular
vesicles in tissue repair and regeneration. Front Cell Dev
Biol. 2022;10:1047094.

5. Kim GB, Shon OJ, Seo MS, Choi Y, Park WT, Lee GW.
Mesenchymal Stem Cell-Derived Exosomes and Their
Therapeutic Potential for Osteoarthritis. Biology (Basel).
2021;10(4).

6. Sun SJ, Wei R, Li F, Liao SY, Tse HF. Mesenchymal
stromal cell-derived exosomes in cardiac regeneration and
repair. Stem Cell Reports. 2021;16(7):1662-73.

20

@ .50 }a&,..s.—_\,r :
{ ;@‘-f;‘lf“y



Regenerative Biomedicine
Volume 1, Issue no. 1

Production and Hosting by Shahid Sadoughi University of Medical Sciences

Rahmanifar et al.
Exosome Therapy Using MSCs

7. Pu X, Ma S, Gao Y, Xu T, Chang P, Dong L.
Mesenchymal Stem Cell-Derived Exosomes: Biological
Function and Their Therapeutic Potential in Radiation
Damage. Cells. 2020;10(1).

8. Zhang R, Li M, Li H, Ran X, Jin F, Tan Q, et al. Immune
Cell-Derived Exosomes in Inflammatory Disease and
Inflammatory Tumor Microenvironment: A Review. J
Inflamm Res. 2024;17:301-12.

9. Zhankina R, Baghban N, Askarov M, Saipiyeva D,
Ibragimov A, Kadirova B, et al. Mesenchymal
stromal/stem cells and their exosomes for restoration of
spermatogenesis in non-obstructive azoospermia: a
systemic review. Stem Cell Research & Therapy. 2021;12:1-
12.

10. Ma ZJ, Yang JJ, Lu YB, Liu ZY, Wang XX.
Mesenchymal stem cell-derived exosomes: Toward cell-
free therapeutic strategies in regenerative medicine. World
J Stem Cells. 2020;12(8):814-40.

11. Kalluri R, LeBleu VS. The biology, function, and
biomedical applications of exosomes. Science.
2020;367(6478):eaau6977.

12. Xie S, Zhang Q, Jiang L. Current Knowledge on
Exosome Biogenesis, Cargo-Sorting Mechanism and
Therapeutic Implications. Membranes (Basel).
2022;12(5):498.

13. Krylova SV, Feng D. The Machinery of Exosomes:
Biogenesis, Release, and Uptake. Int J Mol Sci.
2023;24(2):1337.

14. Buratta S, Tancini B, Sagini K, Delo F, Chiaradia E,
Urbanelli L, et al. Lysosomal Exocytosis, Exosome Release
and Secretory Autophagy: The Autophagic- and Endo-
Lysosomal Systems Go Extracellular. Int J Mol Sci.
2020;21(7):2576.

15. Xu M, Ji J, Jin D, Wu Y, Wu T, Lin R, et al. The
biogenesis and secretion of exosomes and multivesicular
bodies (MVBs): Intercellular shuttles and implications in
human diseases. Genes Dis. 2023;10(5):1894-907.

16. Mosquera-Heredia MI, Morales LC, Vidal OM, Barcelo
E, Silvera-Redondo C, Velez JI, et al. Exosomes: Potential
Disease Biomarkers and New Therapeutic Targets.
Biomedicines. 2021;9(8):1061.

17. Abdulmalek O, Husain KH, AlKhalifa H, Alturani M,
Butler AE, Moin ASM. Therapeutic Applications of Stem
Cell-Derived Exosomes. Int J Mol Sci. 2024;25(6):3562.

18. Donoso-Quezada J, Ayala-Mar S, Gonzalez-Valdez J.
The role of lipids in exosome biology and intercellular
communication: Function, analytics and applications.
Traffic. 2021;22(7):204-20.

19. Afshar A, Zare M, Farrar Z, Hashemi A, Baghban N,
Khoradmehr A, et al. Exosomes of mesenchymal stem cells
as nano-cargos for anti-SARS-CoV-2 asRNAs. Modern
Medical Laboratory Journal. 2021;4(1):11-8.

20. Tamadon A, Tanideh N, Shirazi R. Editorial: Stem
Cell-Derived Exosome Therapy of Microbial Diseases:
From Bench to Bed. Front Microbiol. 2021;12:842773.

21. Panda B, Sharma Y, Gupta S, Mohanty S. Mesenchymal
Stem Cell-Derived Exosomes as an Emerging Paradigm for
Regenerative ~ Therapy and  Nano-Medicine: A
Comprehensive Review. Life (Basel). 2021;11(8).

22, Dedier M, Magne B, Nivet M, Banzet S, Trouillas M.
Anti-inflammatory effect of interleukin-6 highly enriched
in secretome of two clinically relevant sources of
mesenchymal stromal cells. Front Cell Dev Biol.
2023;11:1244120.

23. Venditto VJ, Haydar D, Abdel-Latif A, Gensel JC,
Anstead MI, Pitts MG, et al. Inmunomodulatory Effects of
Azithromycin Revisited: Potential Applications to COVID-
19. Front Immunol. 2021;12:574425.

24. Baral H, Uchiyama A, Yokoyama Y, Sekiguchi A,
Yamazaki S, Amalia SN, et al. Antifibrotic effects and
mechanisms of mesenchymal stem cell-derived exosomes
in a systemic sclerosis mouse model: Possible contribution
of miR-196b-5p. J Dermatol Sci. 2021;104(1):39-47.

25. Antar SA, Ashour NA, Marawan ME, Al-Karmalawy
AA. Fibrosis: Types, Effects, Markers, Mechanisms for
Disease Progression, and Its Relation with Oxidative
Stress, Immunity, and Inflammation. Int J Mol Sci.
2023;24(4).

26. Tutuianu R, Rosca AM, Iacomi DM, Simionescu M,
Titorencu I. Human Mesenchymal Stromal Cell-Derived
Exosomes Promote In Vitro Wound Healing by
Modulating the Biological Properties of Skin Keratinocytes
and Fibroblasts and Stimulating Angiogenesis. Int J Mol
Sci. 2021;22(12):6239.

27. Hernandez-Bule ML, Toledano-Macias E, Perez-
Gonzalez LA, Martinez-Pascual MA, Fernandez-Guarino
M. Anti-Fibrotic Effects of RF Electric Currents. Int J Mol
Sci. 2023;24(13).

28. Aguiar Koga BA, Fernandes LA, Fratini P, Sogayar MC,
Carreira ACO. Role of MSC-derived small extracellular
vesicles in tissue repair and regeneration. Frontiers in Cell
and Developmental Biology. 2023;10:1047094.

29. Hu JC, Zheng CX, Sui BD, Liu WJ, Jin Y.
Mesenchymal stem cell-derived exosomes: A novel and
potential remedy for cutaneous wound healing and
regeneration. World J Stem Cells. 2022;14(5):318-29.

30. Olejarz W, Kubiak-Tomaszewska G, Chrzanowska A,
Lorenc T. Exosomes in Angiogenesis and Anti-angiogenic
Therapy in Cancers. Int J Mol Sci. 2020;21(16):5840.

31. Elahi FM, Farwell DG, Nolta JA, Anderson JD.
Preclinical translation of exosomes derived from
mesenchymal  stem/stromal cells. Stem  Cells.
2020;38(1):15-21.

32. Yin X, Lin L, Fang F, Zhang B, Shen C. Mechanisms
and Optimization Strategies of Paracrine Exosomes from
Mesenchymal Stem Cells in Ischemic Heart Disease. Stem
Cells Int. 2023;2023:6500831.

33. Charles CJ, Li RR, Yeung T, Mazlan SMI, Lai RC, de
Kleijn DPV, et al. Systemic Mesenchymal Stem Cell-
Derived Exosomes Reduce Myocardial Infarct Size:
Characterization With MRI in a Porcine Model. Front
Cardiovasc Med. 2020;7:601990.

34. Hong SB, Yang H, Manaenko A, Lu J, Mei Q, Hu Q.
Potential of Exosomes for the Treatment of Stroke. Cell
Transplant. 2019;28(6):662-70.

35. Liu C, Yang TH, Li HD, Li GZ, Liang J, Wang P.
Exosomes from bone marrow mesenchymal stem cells are
a potential treatment for ischemic stroke. Neural Regen
Res. 2023;18(10):2246-51.

21




Regenerative Biomedicine .
Volume 1, Issue no. 1 Rahmanifar etal.
Production and Hosting by Shahid Sadoughi University of Medical Sciences Exosome Therapy Using MSCs

36. Ueno Y, Hira K, Miyamoto N, Kijima C, Inaba T,
Hattori N. Pleiotropic Effects of Exosomes as a Therapy
for Stroke Recovery. Int J Mol Sci. 2020;21(18).

37. Zhang Z, Zhao S, Sun Z, Zhai C, Xia J, Wen C, et al.
Enhancement of the therapeutic efficacy of mesenchymal
stem cell-derived exosomes in osteoarthritis. Cell Mol Biol
Lett. 2023;28(1):75.

38. Bosholm CC, Zhu H, Yu P, Cheng K, Murphy SV,
McNutt PM, et al. Therapeutic Benefits of Stem Cells and
Exosomes for Sulfur-Mustard-Induced Tissue Damage. Int
J Mol Sci. 2023;24(12).

39. Mehrabani D. Healing effect of conditioned media
from bone marrow-derived stem cells in thioacetamide-
induced liver fibrosis of rat. Journal of Medical Sciences.
2016;16(1-2):7-15.

40. Bazoobandi S, Tanideh N, Rahmanifar F, Zare S,
Koohi-Hosseinabadi O, Razeghian-Jahromi I, et al.
Preventive Effects of Intrauterine Injection of Bone
Marrow-Derived Mesenchymal Stromal Cell-Conditioned
Media on Uterine Fibrosis Immediately after Endometrial
Curettage in Rabbit. Stem Cells Int. 2020;2020:8849537.

41. Tan F, Li X, Wang Z, Li J, Shahzad K, Zheng J.
applications of stem cell-derived Clinical exosomes. Signal
Transduct Target Ther. 2024;9(1):17.

22




