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Exosomes are small vesicles that can be secreted by 
both prokaryotic and eukaryotic cells and belong to the 
group of extracellular vesicles (EVs) (Chen et al., 2024). 
Although first identified in 1983 and initially considered 
merely cellular waste structures, they are now known to 
play critical roles in intercellular communication 
(Rahnama et al., 2024; Xiong et al., 2024). Exosomes 
contain biomolecules such as lipids, nucleic acids, and 
various proteins. Through these components, they 
contribute to the regulation of numerous physiological 
processes including communication, differentiation, 
migration, proliferation, and apoptosis as well as various 
pathological mechanisms (Yu et al., 2024; Xiong et al., 
2024). For these reasons, exosomes have become one of 
the major research areas spanning a wide spectrum from 
biology to medicine. 

1.EXTRACELLULAR VESİCLES(EV)  

Extracellular vesicles (EVs) represent a heterogeneous 
group of membrane-bound vesicles that are secreted by 
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cells into the extracellular environment, where they 
influence many important biological processes. They are 
classified into types based on membrane activity, density, 
markers, size, and biological activity. Specifically, they are 
categorized according to their size: microvesicles (100-
1000 nanometers) resulting from plasma membrane 
outgrowth, exosomes (30-150 nanometers) associated 
with the endosomal pathway, and apoptotic bodies (1000-
5000 nanometers) containing cellular debris released 
during apoptosis (Bavafa et al., 2025; Ferraz et al., 2025; 
Lorite et al., 2024). There are differences in protein cargo 
between microvesicles and exosomes. Membrane and 
cytoplasmic proteins are identified in microvesicles, while 
non-matrix proteins are identified in exosomes (Gabaran 
at al., 2025). 
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Figure 1: EXTRACELLULAR VESİCLES (EV) 

 

( Gurung at al.,2021) 

Exosomes are nanosized vesicles that can be secreted 
from all cells, including bacteria, stem cells, plants, 
animals  and cancer cells and it can emerge in normal 
physiological states as well as in various pathological 
ones. They originate from the endosomal system. They are 
versatile messengers involved in cellular processes, 
enabling intercellular communication and interacting 
with extracellular receptors to affect target cells. They are 
found in various body fluids, including bile, blood, breast 
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milk, urine, CSF, saliva, semen, plasma, amniotic fluid, 
tears, and pleural effusion. Exosomes are generally 30-
150 nanometers in diameter, have a density ranging from 
1.08 to 1.22 g/ml, and have a lipid bilayer. They do not 
contain cellular organelles such as lysosomes or 
mitochondria, but they  contain  a wide variety of 
molecular components, including lipids, nucleic acids,  
proteins,  transcription factor receptors, cytokines as well 
as other bioactive molecules (Li at al., 2025; Stefanska at 
al.,2023; Ilango at al.,2025; Song at al,.2025; Singh at 
al.,2023; Zhang Yi at al., 2020). 

2.EXOSOME FORMATION 

 The biogenesis  of exosomes is a multistep process 
influenced by  factors  such as cell type, genetics, and 
epigenetics. The process begins with  the formation of 
early endosomes (EE). Firstly, molecular cargo is 
internalized through clathrin-independent endocytic 
routes or via clathrin- mediated endocytosis. In clathrin-
mediated endocytosis, clathrin displaces the plasma 
membrane inward, concentrating the cargo molecule in 
coated pits. In the first stage, the cell membrane collapses 
inward, bringing cell surface proteins and materials from 
the extracellular environment (proteins, lipids, 
metabolites) into the cell, forming the early endosome. 
Guanosine triphosphate (GTP)-binding Rab proteins are 
also important for early endosome development. 
Phosphatidylinositol 3-phosphate is an important marker 
of EE. Rab proteins Rab5a and Rab7 are used as specific 
markers for early and late endosomes. As early 
endosomes mature (the ER and trans-Golgi contribute to 
this process), late endosomes develop. The endosomal 
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membrane buds inward, resulting in the accumulation of 
numerous small vesicles, forming intraluminal vesicles 
(ILVs). ESCRT complexes play a crucial role in this inward 
budding. Caveolin-1, flotillin, cholesterol, and 
tetraspandins also participate in this process, ultimately 
forming multivesicular bodies (MVBs). The formation of 
intraluminal vesicles is a key step in the biogenesis of 
exosomes. ESCRT is the molecule responsible for the 
formation of intraluminal vesicles (ILVs) and 
multivesicular bodies. These intraluminal vesicles are the 
precursors of vesicles that will later be called exosomes, 
and late endosomes containing ILVs are called 
multivesicular bodies. Multivesicular bodies either fuse 
with lysosomes and degrade their contents or fuse with 
the plasma membrane, releasing the vesicles via 
exocytosis. Molecules such as RAB, v-SNARE, and t-SNARE 
are required for the fusion of multivesicular bodies with 
the plasma membrane. The Rab GTPase facilitates MVB 
movement and fusion. HSP90, actin, and ER-endosome 
contact sites also facilitate MVB transport to the plasma 
membrane and exosome secretion. Released exosomes 
can be taken up by target cells located nearby or distantly, 
and biological responses may vary (Stefanska et al., 2023; 
Wandrey et al., 2023; Hassanpour et al., 2024; Wang et al., 
2025; Zhu et al., 2024). 
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Figure 2: EXOSOME FORMATION 

 
(Kim at al.,2024) 

 

Figure 3: EXOSOME FORMATION

 

 (Wang W.2025) 
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2.1. Exosomal Content  

Figure 4: EXOSOMAL CONTENT 

 

(Wang at al., 2020) 

 Exosomal content, structural configuration, and 
activity largely depend on the host cell from which the 
exosome originates, the physiological state, and how the 
cargo is classified. 

 They contain numerous molecular cargoes. These 
include: 

 Exosomal Proteins: 

 Membrane-associated proteins (RAB1B, RAB7, 
RAB5GTPase), Cytosolic proteins (ESCRT proteins, 
YWHAE, TSG 101), 
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 Proteins involved in multivesicular body synthesis 
(ALIX, TSG101, VPS, Clathrin), 

 Tetraspanins (CD9, CD37, CD151,  CD53, CD63, CD81, 
CD106 CD82, TSPAN8, TSPAN9, TSPAN7), 

 Heat shock proteins ( include various subtypes such 
as HSP27, HSP60, HSP70, HSP90), 

 Adhesion proteins (ICAM1, integrins, lactadherin), 

 Signal transduction proteins (Syntenin-1, RhoA, 
Ras, GTPase HRas, Src) homology 2, domain phosphatase), 

Cytoskeletal proteins (Tubulin, cofilin-1, erzin, 
radixin, vimentin, fibronectin, profilin 1, actin), cell 
surface proteins (MHC I, MHC II, CD37, CD68), enzymes 
(ATPase, pyruvate kinase, fatty acid synthase, 
phosphoglycerate kinase and mutase, ATP citrate lyase), 
fusion and transport proteins (LAMP1 & 2, annexin, 
dynamin, syntaxin-3, CD13, PG regulatory-like protein, 
Ras-related protein 5 & 7) 

Exosomal lipids : Phospholipids (sphingomyelins, 
phosphatidylcholines, phosphatidylinositols, 
phosphatidylethanolamines), glycosphingolipids 
(gangliosides) (GM2, GM3), Fatty acids, glycerolipids, 
steroids, glycerophospholipids, cholesterol, ceramide 

Nucleic Acids: mRNA, miRNA (miR-21, miR-155, miR-
146a, mir-126-3p, miR-1246, miR-29a), Non-coding 
RNAs, DNA, MtDNA  

Metabolites: Amino acids (Glutamine, Alanine, 
Glutamate), Sugars (Glucose, Fructose), Vitamins (Vitamin 
D, Vitamin A), Carboxylic acids (Lactate, Pyruvate), 
Carnitine (Acylcarnitine), Biogenic amines (Spermidine, 
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Putrescine, Serotonin, Dopamine) (Stefanska et al., 2023; 
Wandrey et al., 2023; Shrishti et al., 2025; Ilango et al., 
2025; Bavafa et al., 2025; Mendonca et al., 2025). 

Exosome biogenesis proceeds through two distinct 
molecular routes: ESCRT-dependent and ESCRT-
independent. ESCRT is a cytoplasmic protein that enables 
the binding, clustering, and sorting of proteins into 
microvesicular bodies. There are also alternative 
pathways for exosome formation, which utilize a complex 
protein system called ESCRT (Endosomal Sorting 
Complex Required for Transport) or depend on ceramide 
and tetraspanin in the endosomal membrane (Stefanska 
at al., 2023; Wandrey at al., 2023). ESCRT (Endosomal 
Sorting Complex Required for Transport) is organized 
into four principal components, designated as  ESCRT-0, -
I, -II, and -III. These contain ubiquitin-binding units that 
link membrane proteins to specific regions of the 
endosome. They facilitate membrane remodeling, cargo 
protein sorting, and vesicle budding within MVBs. ESCRT-
0: It recognizes, binds, and sorts ubiquitin-tagged 
proteins. Tsg101, a part of ESCRT-I, activates ESCRT-II by 
binding to cargo proteins. It also plays a role in membrane 
remodeling during division. ESCRT-0, I, and II bind and 
selectively sort molecules. ESCRT-III facilitates the 
formation of intraluminal vesicles and severs the budding 
body, releasing ILVs into the lumen to form MVBs. ALIX, 
VPS4, and TSG101 are specific proteins closely associated 
with ESCRT. These are essential for the assembly of ILVs 
during exosome formation. In the ESCRT-independent 
pathway, some cells utilize ceramide, which also 
facilitates ILV formation. Rab35, ARF6, tetraspanins, and 



96 
 

lipid rafts also play a role in exosome release in this 
pathway (Shiristi et al., 2025; Ilango et al., 2025; Maksud 
et al., 2024; Gosh et al., 2024, Bavafaat et al., 2025; Lorios 
et al., 2020).  

Tetraspanins: These proteins influence intraluminal 
vesicle formation. They act in a pathway independent of 
ESCRT. They are involved in sorting cargo molecules and 
exosome formation. Tetraspanins such as CD9, CD63, and 
CD81 are among the most abundant proteins in exosomes 
and are used as classical markers of exosomes. CD9, CD63, 
CD81, and CD82, in particular, are effective in target cell 
binding and fusion processes, thus contributing to 
exosome production. In some studies, tetraspanins have 
been used as biomarkers in exosome characterization 
(Charrin et al., 2014;Wang et al., 2025). 

Heat Shock Proteins: They are involved in protein 
homeostasis and cell proliferation and differentiation. 
There are four main classes based on their molecular 
weights (HSP60, HSP70, HSP90, and small HSPs). Heat 
shock proteins such as HSP70 and HSP90 also play a role 
in immunity. HSP90 is involved in wound healing, protein 
folding, and cancer progression. HSP70 restores 
misfolded protein function, thus returning it to its normal 
state. 

Nucleic acids: Affect gene regulation in target cells. 
RNA is the most abundant nucleic acid and plays a role in 
angiogenesis, hematopoiesis, and exocytosis. 

Lipid: Exosomes contain high amounts of cholesterol, 
phosphatidylcholine, phosphatidyl serine, arachidonic 
acid, prostaglandin, sphingomyelin, and ceramide. Lipid 
rafts involved in the ESCRT-independent pathway are also 
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rich in cholesterol, sphingolipids, and sphingomyelin. 
Lipids in exosomes not only provide structural integrity 
but also affect membrane fluidity, which may promote 
membrane invagination and increase ILV formation 
(Bavafa et al., 2025 ; Mendonca et al., 2025 ; Hassanpour 
et al., 2024 ; Liu et al., 2024). 

2.2. Exosomal Uptaking Mechanisms 

Exosomes can be taken up by the target cell through 
various pathways and initiate cell signaling pathways. 
Exosomal uptake occurs by endocytosis, direct fusion 
with the plasma membrane, or by interacting with cell 
surface receptors. Different forms of endocytosis can be 
employed. These include: 1) Clathrin-mediated 
endocytosis (one of the primary mechanisms for exosome 
uptake. It enables the formation of clathrin-coated 
vesicles, and the uptaken vesicles fuse with the endosome. 
Dynamin plays a key role here). 2) Caveolin-mediated 
endocytosis (Caveolae are formed by integral membrane 
proteins called Caveolin-1, Caveolin-2, and Caveolin-3). 3) 
Phagocytosis (a process in which bacteria and dead cells 
are also taken up in addition to exosomes), 4) Lipid 
release-mediated endocytosis, and 5) Macropinocytosis. 
Although endocytosis is the dominant pathway for 
exosome uptake, studies have shown that plasma 
membrane fusion is more effective in delivering the cargo 
to cells (Mendonca at al., 2025; Singh at al., 2023; Kim at 
al., 2024). 
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Figure 5: EXOSOMAL UPTAKING MECHANISMS

 

 (Kim et al.,2024) 

2.3. Exosome Sources 

Various cell types have the capacity to relase 
exosomes. These include mesenchymal stem cell-derived 
exosomes (MSCs), tumor-derived exosomes, endothelial 
and epithelial cell-derived exosomes, immune cell-
derived exosomes, plant-derived exosome-like 
nanovesicles, and outer bacterial membrane vesicles 
(Serrano D R. at al., 2025). Selecting the appropriate cell 
source for exosome production is crucial. For example, 
tumor-derived exosomes play a crucial role in cancer 
research and can lead to tumor growth, angiogenesis, and 
metastasis in therapeutic applications. In addition to 
exosomes secreted from various cells, there are also 
synthetic exosomes created through bioengineering 
techniques (Li J at al., 2025). 



 
Current Developments in Histology and  Embryology 

 

99 
 

2.4. Exosome Isolation 

Exosomes need to be isolated to study them, 
understand their mechanisms of action, and explore their 
potential use in the treatment of various diseases. 
However, the complex structure of biological fluids makes 
this challenging. Exosomes obtained from blood can be 
used to detect cancer, neurodegenerative diseases, 
autoimmune diseases, and cardiovascular diseases. 
Exosomes isolated from urine can also guide the diagnosis 
of kidney, bladder, and prostate-related diseases 
(Odehnalova N at al., 2025). Exosomes are isolated based 
on size affinity or surface proteins. Proteins such as CD9, 
TSG101, HSP70, CD81, and CD63 are specific markers in 
exosome analysis. The isolation techniques used are: 
These include ultracentrifugation, immunoaffinity 
capture-based techniques, density gradient 
centrifugation, ultrafiltration techniques, , exosome 
precipitation, and the use of microfluidics. Each isolation 
method offers advantages and disadvantages in terms of 
yield, purity, equipment requirements, processing time, 
and standardization of measurements.  

2.4.1. Ultracentrifugation 

This is an easy-to-apply and widely used method. It 
separates molecules based on density and size 
differences. Centrifugation steps at different speeds are 
used in the application. Disadvantages include the 
reduced exosome quality due to high-speed 
centrifugation, the need to optimize the rotor and 
centrifuge type, and the time-consuming and specialized 
equipment required. Advantages include its simplicity, 
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lower cost compared to other methods, the lack of labeled 
exosomes, and large sample capacity. 

2.4.2. Density Gradient Centrifugation  

It separates exosomes based on density and size 
differences. Exosomes are isolated in centrifuge tubes 
according to their macromolecular composition and level 
using molecules such as glucose, sucrose, and iodixanol. 
While it is a time-consuming procedure, a high level of 
purity is achieved. 

2.4.3. Size-based Techniques 

 Ultrafiltration, sequential filtration, and size-exclusion 
chromatography are techniques. Ultrafiltration and size-
exclusion chromatography, in particular, are easy to use. 
Ultrafiltration essentially involves three stages. First, 
samples are concentrated, then cells, cellular debris, free 
proteins, and finally exosomes are filtered through filters 
with specific pore diameters. The potential for pore 
blockage and low purity are disadvantages. However, it is 
used in conjunction with other methods and is suitable for 
examining sample concentration. In size-exclusion 
chromatography, the sample is added to the column, and 
as the exosomes are decanted, a packing medium is used 
to screen for larger cell fragments and proteins. Volume 
differences are detected. It is a fast and simple method and 
is widely used for the separation of exosomes from blood 
and urine. 

2.4.4. Immunoaffinity-capture-based Techniques  

This technique separates specific exosomes by the 
immune response between antigen and antibody. 
Exosomes are typically isolated using anti-CD9, anti-81, 



 
Current Developments in Histology and  Embryology 

 

101 
 

and anti-CD63 antibodies. They can be used for subgroup 
separation of specific exosomes and for studies requiring 
high purity. Their disadvantages include expensive and 
nonspecific binding. Separate methods are also used to 
address these nonspecific bindings. 

2.4.5. Microfluidic-based Techniques 

 This is a high-throughput, sensitive, and controllable 
exosome separation method that can be combined with 
other methods. Isolation is achieved by dividing the 
sample into small streams using nonfilters and 
nanochannels embedded in a chip. The disadvantage is 
that the chip design is complex and expensive. However, 
it can quickly isolate exosomes from very small volumes 
of sample. 

2.4.6. Precipitation Technique 

This technique uses a precipitating agent (the most 
commonly used is polyethylene glycol (PEG)) to 
precipitate exosomes. The polymer and sample are 
combined, left at room temperature for a while and 
exosomes are precipitated using low speed centrifugation 
(Ghosh et al., 2024; Bavafa et al., 2025; Mendonca et al., 
2025; Wang et al., 2025; Chen et al.2024; Yang et al., 2024; 
Gao et al.2023).  

After isolation, exosome characterization determines 
exosome identity and quality. The International 
Extracellular Vesicles Society has established several 
guidelines for this topic. Accordingly, exosome 
characterization should be based on concentration, size, 
and the presence of exosomes (Welsh J A et al., 2024). 
Characterization is completed by screening for exosome-



102 
 

specific markers (tetraspains, integrins, cytoplasmic 
lipids, ALIX, TSG101, HSP70, etc.) and additionally 
imaging exosome morphology. Optical methods used in 
the molecular characterization of exosomes include 
nanoparticle tracking analysis and dynamic light 
scattering. These measure exosome size and 
concentration. Non-optical methods include resistive 
pulse sensing, electron microscopy, surface plasmon 
resonance and atomic force microscopy. Biochemical 
methods such as Western blot, ELISA, and flow cytometry 
are also used in characterization (Song et al.,2025; 
Serrano D R et al., 2025; Odehnalova N et al.,2025). 

2.5. Effects of Exosomes 

Exosomes can facilitate communication between cells 
of the same or different types, whether nearby or distant. 
Their direct content enables versatile cargo delivery to 
the target cell. They can carry proteins, RNA, DNA, and 
pharmaceutical agents. Their specific molecular structure 
aids in target cell targeting. Exosomes have a unique cargo 
molecule-carrying capacity and the ability to easily cross 
biological barriers (blood-brain barrier, intestinal barrier, 
pulmonary barrier, skin barrier, placental barrier, etc.). 
This prevents the molecules they carry from being 
degraded and inactivated and ensures their easy uptake 
into target cells (Wang et al., 2025; Singh et al., 2023). Due 
to their very small size, they can easily pass through blood 
vessels and the extracellular matrix, thus easily evading 
the immune system. Exosomes produced by the body's 
own cells are also well tolerated by the immune system 
and do not stimulate the immune system. Immunity, 
homeostasis, and tissue development are normal 
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physiological processes in which exosomes play a role. 
Exosomes also play a role in implantation and pregnancy 
maintenance through signaling (Serrano D R at al., 2025). 
Exosomes play a role in processes such as immunity, 
tissue repair, and cancer by altering target cell functions 
and gene expression. Studies have shown that exosomes 
obtained from cancer and immune cells cause dual 
responses (both augmentative and anesthetic effects) 
(Zemanek at al., 2024; Song at al., 2025; Wang at al., 2025). 
Tumor cell-derived exosomes activate angiogenesis and 
pathways such as MAPK, RAS, PI3K-Akt, and WNT/β-
catenin, and promote cancer proliferation and metastasis 
through miRNA, circRNA, and incRNA transfer. They play 
a role in drug resistance by transferring drug-resistant 
cargoes to cancer cells. In contrast, umbilical cord 
mesenchymal stem cell-derived exosomes inhibit cancer 
growth. Exosomes also play a role in some physiological 
processes, including neurodegenerative diseases and 
cardiovascular conditions. Exosomes originating from B 
cells, dendritic cells, cancer cells, epithelial and 
mesenchymal cells, and other cells can affect immune 
system target cells. During infection, exosomes from 
pathogen-infected cells can carry lipopolysaccharides, 
cytokines, or pathogen-derived RNAs. Recent studies have 
shown that exosome contents can be used as biomarkers 
in the early diagnosis and monitoring of cancer and in 
many physiological and pathological conditions (Aakel et 
al., 2024; Kalluri et al., 2020; Serrano D R at al., 2025; 
Nyhatkar S at al., 2024). 

  



104 
 

3. CURRENT USE OF EXOSOMES 

In recent years, studies on exosomes and their uses 
have increased significantly. They can be used not only in 
the diagnosis and understanding of pathological events, 
but also in medical applications and drug delivery. 
Regenerative medicine, gene therapy, infectious disease 
treatment, cardiovascular diseases, immunology, 
neurodegenerative diseases, cancer treatment, and 
diagnostic biomarkers are particularly prominent areas. 
The use of exosomes derived from stem cells in 
regenerative medicine has been used in myocardial 
infarction and has been investigated for Alzheimer's and 
Parkinson's disease (Lee et al., 2024; Serrano DR et al., 
2025; Odehnalová et al., 2025). 

3.1. Cancer treatment: Chemotherapeutics, miRNA, 
siRNA 

Studies have shown that exosomes play a role in cell 
communication within the tumor microenvironment, are 
effective in epithelial-mesenchymal transition and cancer 
progression, can regulate energy metabolism, and deliver 
angiogenetic factors to cells. Cancer exosomes, in 
particular, have been shown to facilitate ECM remodeling 
and angiogenesis through the conversion of fibroblasts to 
the CAF phenotype. The lack of target cell specificity of 
anticancer drugs used in cancer treatment leads to 
systemic toxicity. Therefore, the delivery of anticancer 
drugs via exosomes as natural carriers is being studied in 
preclinical models, and early-phase clinical trials are 
ongoing. Chemotherapeutics, siRNA, or protein-based 
drugs can be loaded into exosomes. For example, in lung 
cancer. The drug Paclitaxel used in this study was shown 
to increase drug concentration in cancer cells and to be 
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tumor-specific when delivered by loading it into 
exosomes. In colorectal cancer, exosomes loaded with 
miR-21 inhibitor and 5-FU increased sensitivity to 
chemotherapy. Exosomes and the cargo they carry have 
the potential to be used as diagnostic markers for cancer 
and as carriers of anticancer drugs. The exosome-based 
method, also called liquid biopsy, is a promising technique 
(Aakel N et al.,2025; Li J et al.,2025; Nyahatkar S at al, 
2024; Mendonca A at al., 2025;Bavafa at al., 2025). 

3.2 Neurodegenerative and Neurological Diseases 
and Exosomes 

The biggest challenge in these diseases is the inability 
of the drugs used in their treatments to cross the blood-
brain barrier. The ability of exosomes to easily cross 
barriers has also offered a glimmer of hope in Alzheimer's, 
Parkinson's, neurogenetic diseases, stroke, and traumatic 
brain injury. Exosomes derived from mesenchymal stem 
cells (MSCs) have a reducing effect on neural 
degeneration and neuroinflammation. Studies have 
shown that the miRNAs in these exosomes (miR-21, miR-
17-92, miR-133b, miR138, miR-124, miR-30, miR-146a, 
miR-29b) have anti-apoptotic, antioxidant, and anti-
inflammatory effects. Additionally, markers of 
neurodegeneration and plaques, such as T-181-tau, p-
S396-tau, and amyloid-beta 42, have been shown to be 
more elevated in Alzheimer's disease compared to the 
normal population. While there are numerous preclinical 
studies, clinical studies are few (Saikia & Dhanushkodi, 
2024; Fiandaca MS At Al., 2015). 
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3.3. Inflammatory and Autoimmune Diseases and 
Exosomes 

Treating autoimmune diseases is challenging, so 
studies are also being conducted on diseases such as SLE, 
inflammatory bowel disease, rheumatoid arthritis, and 
type 1 diabetes. Numerous studies have shown that 
mesenchymal stem cell exosomes function like 
mesenchymal stem cells. (e.g., anti-inflammatory effects 
and tissue repair). Due to their size, the negative 
properties of mesenchymal stem cells, such as the ability 
to cause vascular occlusion during intravascular 
administration, allergic reactions, and accelerated aging, 
can be overcome by using exosomes in treatment. This 
way, the desired effects can be easily achieved (Yan F at 
al., 2020; Shen Z at al., 2021). 

3.4. Regenerative Medicine and Exosomes 

Especially in wound healing and heart repair, bone and 
cartilage repair, There are numerous preclinical and some 
early clinical studies on tissue repair in ophthalmology. 
Exosomes isolated from mesenchymal stem cells are most 
frequently used in therapeutic applications for 
regenerative medicine. Mesenchymal stem cell exosomes 
have been shown to increase fibroblast migration and 
numbers in wounds, and angiogenesis in the environment 
(Shabbir A at al., 2015). 

3.5. Cosmetic Applications and Exosomes 

Exosomes are used in dermatology because they can 
affect skin regeneration and health. Due to their ability to 
activate fibroblasts, promote matrix synthesis, reduce 
oxidative stress, and regulate inflammation, they are used 
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in treatments related to skin rejuvenation, anti-aging, and 
the prevention of scarring and photodamage. One study 
showed that exosomes produced from human platelets 
positively affected skin health in subjects, reducing 
redness, wrinkles, and melanin production. Treatments 
using mesenchymal stem cells from various sources, 
including Exosomes obtained from bovine milk can be 
used. Furthermore, exosomes derived from bovine milk 
have been found to prevent skin aging and may also be 
used for hair. For skin-targeted applications, exosomes 
can be applied topically and transdermally (Sreeraj H at 
al.;Bai G et al., 2025; Proffer S L et al., 2022). 

The clinical use of exosomes is still limited due to 
challenges related to their quantification, standardization, 
low yield, variability in cargo molecules, purity issues, 
stability, storage conditions, and ethical concerns (Song et 
al., 2025; Serrano D.R. et al., 2025; Bayafa et al., 2025;  
Odehnalova et al., 2025). Nevertheless, research in this 
field continues to progress. The growing body of 
knowledge regarding exosomes has demonstrated that 
these vesicles possess significant potential in both basic 
science and clinical applications. As the mechanisms of 
exosome biogenesis, cargo selection, and their 
interactions with target cells become more clearly 
understood, their diagnostic and therapeutic potential 
will be further strengthened. However, fully realizing this 
potential still requires comprehensive and well-designed 
studies. 
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