
 

 

 

 

 

http://dx.doi.org/10.46889/JCIM.2025.6201                                                             https://athenaeumpub.com/journal-of-clinical-immunology-microbiology/ 

  

 

Review Article 

Extracellular Vesicles: Role in Disease Biology 

Sriparna Roy1, Sudeshna Sengupta1, Rojina Khatun1, Malavika Bhattacharya1* 

1Department of Biotechnology, Techno India University, West Bengal, India 

*Correspondence author: Malavika Bhattacharya, Department of Biotechnology, Techno India University, West Bengal, India; 

Email: malavikab@gmail.com 

Abstract 

Membrane-enclosed structures known as Extracellular Vesicles (EVs) are effective for 
conducting intercellular connection. They are diverse and include apoptotic bodies, micro 
vesicles and exosomes. Vascular Endothelial Cells (VEs) and Mesenchymal Stem Cells (MSCs) 
are two examples of the diverse biological sources from which EVs are produced. Numerous 
illnesses, such as atherosclerosis, thromboembolism, osteoarthritis, chronic renal disease, 
pulmonary hypertension and periodontitis, have been linked to them. Autoimmune illnesses, 
nervous system’s disorders, heart diseases, respiratory syndromes, integumentary disorders 
are characterized by inflammation, the simultaneous deterioration of articular cartilage, joint 
discomfort and physiological limitations that ultimately creates disabilities. The function of 
extracellular vesicular cells in various illnesses and their potential medical uses will be the main 
topics of this review. Our discussion will also be about how EVs promote several diseases and 
can be used as a therapeutic biomarker. Overall, in this paper we have tried to provide a future 
direction to cure diseases by using Extracellular vesicles. 
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Introduction 

Cells form structures that are enclosed by membrane called Extracellular Vesicles (EVs), which 
are essential intercellular connection creators [1,2]. These consist of, comprising exosomes, 

micro vesicles and apoptotic bodies (Fig. 1) [3,4]. EVs can be created by several processes, such as the inward aborning of 
endosomal membranes and the outward incipient of the plasma membrane [3]. These vesicles serve crucial roles in both 
anatomical and pathological processes and of containing several molecular payloads, like proteins, lipids and nucleic acids [1,5]. 
EVs, produced by systems that enable cargo packaging from the endosomal network and plasma membrane [6]. It has been 
established that they can perform several biological processes, including immunology, cancer and non-synaptic brain 
communication [7]. They are involved in a variety of biochemical functioning, such as infectious illnesses, cancer progression 
and cardiovascular homeostasis [8,9]. The function of EVs in pathogen-host interactions, including the trans-kingdom transfer 
of proteins, metabolites and short RNAs, has been the subject of recent studies [10]. 
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Figure 1: Extracellular vesicle formation. 

 
According to recent research’s discovery, these extracellular vesicles have the capabilities to heal many diseases.  Lung 
inflammation is also facilitated by EV-based communication between lung epithelial cells and stressed immune cells [11].  
     
EVs seemed to have a therapeutic effect on the female reproductive disease, including healing damaged endometrium, 
preventing endometrial fibrosis, controlling immunology and inflammation and inhibiting Granulosa Cell (GC) apoptosis in the 
ovaries [12]. 
 
Innovative research is progressively shedding light on the many functional and clinical uses of EVs in cancer treatment and 
diagnosis that are still mostly unexplored. Drug resistance mechanisms will be better understood because of a fuller 
comprehension of EV heterogeneity, the molecular pathways that EVs use in cancer and their responsiveness to certain 
therapeutic treatments [13]. 
 
EVs have unquestionable functions in age-related illnesses and cellular senescence. They can also be employed in promising 
ways to detect and treat senescent cells. The development of this new but developing field of study is still best by a few obstacles, 
such as the absence of reliable and ideal fundamental models, information on the biological mechanism, an extensive age-related 
EV atlas and a quick attention seeking and visualizing system [14]. 
 
Beyond their conventional roles as byproducts of bacterial metabolism, Bacterial Extracellular Vesicles (BEVs) have become 
important players in the regulation of gut health. These vesicles serve as cargo carriers and support immune system activation, 
microbial balance, antimicrobial peptide release and the integrity of the physical barrier, among other elements of intestinal 
homeostasis [15]. 
 
A significant part of this process involves adipose tissue. Inter-organ connection between adipose tissue and the brain is mediated 
by adipose tissue-derived Extracellular Vesicles (EVs) and their cargo microRNAs (miRNAs). These EVs can be transported into 
brain by depending upon membrane proteins and are abundant in neurons, particularly in the hippocampus. EVs produced 
from adipose tissue in mice or diabetic individuals given a High-Fat Diet (HFD) cause notable synapse loss and cognitive 
impairment [16]. 
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It has been demonstrated that EVs are consist of parasite material, trigger pro-inflammatory reactions, transmit functional 
microRNA and facilitate cell-to-cell communication amongst parasites in-vitro, enabling quorum sensing and nucleic acid 
exchange [17]. 
 
Review of Literature 

 According to Yusuke Y, EVs are essential for intracellular communication and the course of disease because they can transport 
lipids, proteins, DNA fragments and RNAs. The creation of EV-based treatments and diagnostics may result from an 
understanding of EV-mediated networks. Liquid biopsies and EV-targeting treatment are the subjects of recent studies. 
 
In a review paper of Military Medical Research, it was illustrated that both Acute Respiratory Distress Syndrome (ARDS) and 
Acute Lung Injury (ALI) are serious lung conditions have a high death rate. There are no successful treatment approaches despite 
decades of investigation. The function of Extracellular Vesicles (EVs) in controlling cellular processes, such as inflammation and 
damage responses, has been the subject of recent research. Mesenchymal stem cell-secreted EVs can reduce inflammatory 
responses. 
 
In a review paper of international journal of molecular sciences, it was found that Asherman's syndrome (AS) and "thin" 
endometrium are brought on by disruptions in intrauterine adhesions, fibrosis formation and endometrial regeneration. 
Endometrial regeneration qualities are not restored by conventional techniques such as hormone therapy and surgical 
adhesiolysis. Multipotent Mesenchymal Stromal Cells (MMSCs) have demonstrated strong proliferative and regenerative 
capabilities in cell therapy for tissue injury. MMSCs have cytoprotective, antiapoptotic and angiogenic properties by stimulating 
progenitor cells and stem cells. 
 
After much research, Extracellular Vesicles (EVs) are now thought to be a major factor in cancer. The biogenesis, chemical 
makeup and horizontal communication of different cancer EVs have been further studied in recent years. Large oncosomes are 
a new type of EV that comes from amoeboid tumour cells that migrate a lot. For detecting cancer and comprehending the variety 
of paracrine signalling pathways involved in malignant progression, it is essential to comprehend the biogenesis, makeup and 
roles of these EVs. 
 
Extracellular Vesicles (EVs) are nano-micrometre vesicles that contain bioactive chemicals that are secreted fromvarieties of cells. 
Their potential as biomarkers and in cell-to-cell communication has drawn interest. Because EVs can control gene expression in 
recipient cells, they have demonstrated promise in the treatment of diabetes and its consequences. The medicinal potential of 
EVs is highlighted in current studies, which also suggest further investigation. 
 
Extensive research on extracellular vesicles in malaria over the past ten years has demonstrated their critical involvement in 
immune responses, cell-cell communication, susceptibility and disease pathogenesis, highlighting areas that need more study. 
Each cell types form Extracellular Vesicles (EVs), which confirms communication between cells. They fall into three categories: 
apoptotic bodies, micro vesicles and exosomes. EVs maintain cellular and tissue homeostasis by transporting essential cargos. 
However, illnesses like thrombosis may be exacerbated by their function in intercellular communication. The physiological and 
biochemical characteristics of EVs point to possible therapeutic applications in medication delivery and tissue regeneration. 
 
Lipid nanoparticles called extracellular vesicles, which are secreted by living things, are essential for both the development of 
chronic liver disease and intercellular communication. End-stage liver diseases like cirrhosis, liver failure and cancer can occur 
because of these vesicles' facilitation of communication between infectious pathogens and host cells. Developing treatment 
approaches may be facilitated by an understanding of their biological underpinnings. 
 
Research on Extracellular Vesicles (EVs) has increased because of the rise in musculoskeletal disorders brought on by aging. EVs 
are essential for cell communication and have a function in illness, regeneration and tissue homeostasis. Induced pluripotent 
stem cell-derived Mesenchymal Progenitor Cells (iMPs) may be able to get around the drawbacks of Mesenchymal Stromal Cells 
(MSCs), which are massively used for production of EVs. There is also discussion on EVs' therapeutic uses. 
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Increased pressure and resistance in the pulmonary arterial bed are hallmarks of Pulmonary Hypertension (PH), a chronic, 
progressive illness. Death and right heart failure may result from it. Although the exact cause of PH is unknown, extracellular 
vesicles (EVs) are essential for intercellular communication and have an impact on aging, inflammation, immunological response 
and regenerative processes. EVs have the potential to participate in disease progression pathways and serve as PH biomarkers. 
 
• Role of Extracellular Vesicles in Acute Lung Diseases 

The pathophysiology and possible therapy of acute lung illnesses, such as acute respiratory distress syndrome (ARDS) and acute 
lung injury (ALI), are significantly influenced by extracellular vesicles (EVs). EVs influence inflammation and the integrity of the 
alveolar-capillary barrier by transporting bioactive chemicals between cells [18,19].  
 
EVs generated from mesenchymal stem cells (MSCs) promote promising disease-free effects in decreasing and healing lung 
damage, whereas those formed from wounded cells can worsen lung inflammation [18,20]. MSC-derived EVs offer a potentially 
safer substitute for cell-based therapies by replicating many of the positive effects of MSCs themselves [21]. In several acute and 
chronic lung conditions, these EVs can reduce inflammatory responses, encourage cell division and improve tissue regeneration 
[20,21]. 
 
• Therapeutic Effects of Extracellular Vesicles in Female Reproductive Diseases 

Improved application potential for these conditions, as well as recurrent spontaneous abortion and endometriosis, is provided 
by engineered EVs [22]. EVs are essential for implantation, fertilization, folliculogenesis and embryo quality [23]. While EVs in 
follicular fluid, oviducts and the uterine cavity in females aid in oocyte maturation, fertilization and embryo-maternal 
communication, epididymosomes and prostasomes control sperm activity in the male reproductive system. EVs exhibit promise 
as therapeutic agents and biomarkers for reproductive diseases, providing the possibility of targeted drug delivery [24]. 
 
Multipotent Mesenchymal Stem Cells (MMSCs) are the source of EVs, which have cytoprotective, antiapoptotic and angiogenic 
properties and can stimulate progenitor cells and stem cells in injured tissues. In addition to being biologically active substances 
that control the endometrium's functional capacity and take part in embryo implantation processes, EVs can also be viewed as a 
therapeutic option to the cellular approach [25]. Extracellular Vesicles (EVs) generated through Human Umbilical Mesenchymal 
Stem Cells (HUMSCs) have been demonstrated as capable of producing therapeutic effects on a range of illnesses and tissue 
damage. Through the regulation of arginine metabolism and Nitric Oxide (NO) generation, the promotion of endothelial cell 
proliferation and angiogenesis in-vitro and the amelioration of symptoms in PE model mice, MSC-derived EVs can ameliorate 
vascular endothelial damage in PE (Fig. 2) [26]. 
 

 
Figure 2: Extracellular vesicles in female reproductive disease. 
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• Extracellular Vesicles, As A Cure for Cancer 

In cancer treatment, Extracellular Vesicles (EVs) have shown great promise. They are essential for the growth, metastasis and 
resistance to chemotherapy of tumours [27,28]. By mediating intercellular communication, EVs change the tumour 
microenvironment and aid in the development of cancer [29]. They are also useful for medicinal applications because of their 
special qualities. Because EVs may target specific cells and transport a variety of biomolecules, they can be employed as 
medication delivery vehicles, providing benefits over traditional treatments [27,29]. Additionally, EVs exhibit promise as 
biomarkers for early cancer monitoring and detection [28]. 
 
A subgroup of EVs called exosomes is essential for cellular communication and serves as a reflection of the state of cells in both 
healthy and diseased states. By controlling unchecked cell proliferation, immunological suppression, angiogenesis, metastasis 
and the emergence of pharmacological and treatment resistance, Tumour-Derived Exosomes (TEXs) have a dynamic impact on 
the course of ovarian cancer. Potential biomarkers for ovarian cancer can be found in a variety of bodily fluids thanks to TEXs. 
However, exosomes have also demonstrated encouraging potential in the treatment of ovarian cancer [30]. 
 
For diagnostic and prognosis evaluation, EVs can be used as functional biomarkers. Patients with colorectal tumours and healthy 
individuals have different levels of the transmembrane proteins CD147 and A33 found in faecal EVs. It is therefore a new marker 
that are not invasive for the prognosis and screening of colorectal cancer. A reproducible and minimally invasive technique for 
diagnosing and treating tumours is liquid biopsy. Easy access, stable structure and abundant information created with circulating 
tumour cells and circulating tumour DNA are some benefits of EVs. For the treatment of several illnesses for which there is now 
no viable medication, EV-based therapy may be the next-generation method of targeted drug delivery (Fig. 3) [31]. 
  

 
Figure 3: Tumour derived extracellular vesicle drug delivery system. 

 
• Role of Extracellular Vesicles in Age-Related Diseases 

Extracellular Vesicles (EVs) are essential for aging and cellular communication. They can exacerbate age-related illnesses and are 
important elements of the Senescence-Associated Secretory Phenotype (SASP). The SASP, particularly SASP-related Extracellular 
Vesicle (EV) signaling, is one of the hallmarks of senescence and is the primary mechanism by which aging is transmitted through 
paracrine and endocrine pathways. In age-related disorders and the aging milieu, EVs are effective in communicating between 
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cells and organs. They negatively impact downstream targets for metabolism, gene expression, inflammation and immunology. 
Additionally, EVs derived from various donors are utilized for cell-free systems' regeneration and rejuvenation and are potential 
materials and instruments for antiaging treatments [32,33]. Senescent cell-derived EVs can negatively impact downstream 
targets, including metabolism, gene expression, inflammation and immunology [32]. Nevertheless, EVs derived from healthy 
cells, especially stem cells, have promise for tissue regeneration and as a cell-free treatment for illnesses associated with aging 
[34]. Recent research has demonstrated EVs' promise for both diagnosis and treatment of several age-related illnesses, including 
diabetes, osteoporosis, Alzheimer's disease and cardiovascular disease. To increase efficiency and target, EVs are now being 
investigated as medicine carriers. As instruments for communication between cells, Extracellular Vesicles (EVs) are crucial 
elements for senescence-associated Secretory Phenotype (SASP) and may have pathogenic functions throughout the cellular 
senescence process. Furthermore, the actions of EVs are like those of their parent cells. Thus, EVs from healthy cells may have 
therapeutic effects, while those from sick tissues or bodily fluids may be strongly linked to the development of illnesses and 
represent potential biomarkers [33]. 
 
EVs are becoming more widely acknowledged as vital components in preserving bodily homeostasis, as well as viable indicators 
and treatment agents for aging and age-related illnesses, as research progresses [35]. 
 
• Role of Bacterial Extracellular Vesicle in Improving Gut Health 

Intestinal microenvironment regulation and gut health maintenance are greatly aided by bacterial extracellular vesicles or BEVs. 
These microscopic particles, which are released by gut bacteria, serve as messengers between the microbiota and the host and 
carry a variety of chemicals. Microorganisms secrete Extracellular Vesicles (EVs), which can carry several vital substances, 
including antibiotics, virulence factors, HGT and defensive factors made by the host eukaryotic cells. These EVs are also essential 
for promoting communication between the host and bacteria. Bacterial EVs are therefore essential for preserving the health and 
appropriate operation of the GI tract [36]. 
 
By affecting immune system activation, barrier integrity, antimicrobial peptide secretion and microbial balance, BEVs support 
intestinal homeostasis. Intestinal infections, inflammatory bowel illness, metabolic dysregulation and even cancer can result from 
any imbalance in BEV production. BEVs produced from commensal or beneficial bacteria have been linked to gut health 
maintenance and can function as strong immune regulators. Additionally, they exhibit potential for upcoming therapeutic uses 
in tumour immunotherapy and vaccine development [37]. 
 
In the gut-microbiota, Bacterial Extracellular Vesicles (BEVs) have become promising signaling vectors for interkingdom 
communication which are situated far away. Most bacteria release these nanovesicles, which can directly pass the blood-brain 
obstruction and communicate with the brain through their tiny RNA and protein cargo. BEVs may be a contributing factor to 
diseases like Alzheimer's, Parkinson's and depression/anxiety because they are demonstrated to control brain gene expression 
and cause pathology at most stages of neuroinflammation and neurodegeneration. However, BEVs have inherent therapeutic 
qualities that could be useful for probiotic treatment. They can also be designed to serve as vaccines and medication delivery 
systems [38]. 
 
Beneficial bacteria-derived BEVs have the potential to function as immune regulators and have clinical uses in tumour 
immunotherapy and vaccine development [37]. Additionally, BEVs may be used in probiotic therapy and have therapeutic 
potential as drug delivery vehicles. The gut microbiota secretes lipid bilayer nanoparticles called gut bacteria-derived 
extracellular vesicles (GBEVs), are important mediators of communication between bacteria and hosts [38,39]. 
 
• Extracellular vesicles and diabetes 

The functions of certain Extracellular Vesicles (EVs) in type 2 diabetes have garnered a lot of interest in recent years. Most cells 
secrete EVs, which are bilayer membrane vesicles that, through cell-to-cell transfer, can help regulate several physiological and 
pathological processes in-vivo. It was recently found that certain aberrant EVs might cause insulin resistance, which in turn can 
lead to the development of type 2 diabetes and its comorbidities. Furthermore, some EVs produced from stem/progenitor cells 
may find use in the treatment of type 2 diabetes [40,41]. 
 

http://dx.doi.org/10.46889/JCIM.2025.6201
https://athenaeumpub.com/journal-of-clinical-immunology-microbiology/
https://athenaeumpub.com/journal-of-clinical-immunology-microbiology/


7 

http://dx.doi.org/10.46889/JCIM.2025.6201                                                             https://athenaeumpub.com/journal-of-clinical-immunology-microbiology/

  

A class of metabolic diseases known as diabetes is typified by hyperglycaemia, which can lead to potentially fatal consequences. 
Conventional clinical treatment usually has little effects and a long list of adverse effects, such as hypoglycaemia, obesity and 
liver and kidney damage. According to recent research, EVs generated by immune and stem cells could control gene expression 
in recipient cells, offering a treatment option for diabetes and its consequences [42]. The majority of cell types release Extracellular 
Vesicles (EVs), which circulate nanovesicles that contain bioactive payloads that are transported horizontally to specific cells or 
tissues. A growing body of research over the last ten years points to EVs as mediators of insulin resistance, inflammation, islet 
cell failure and other metabolic effects linked to diabetes (Fig. 4) [43]. 
  

 
Figure 4: Extracellular vesicles in type 1 diabetes: Messengers and regulators. 

 
• Interconnection of Extracellular Vesicles with Plasmodium 

The pathophysiology of cerebral malaria, the regulation of host immunity to Plasmodium and cell-cell communication are all 
linked to micro-vesicles and exosomes. In-vitro and in-vivo models of cerebral malaria, inhibiting their synthesis provides 
protection [44]. Malaria patients with varying degrees of disease severity have significantly higher levels of circulating 
endothelium EVs due to elevated plasma concentrations of TNF-alpha. Both prothrombotic and proinflammatory properties are 
exhibited by endothelial EVs that are released from endothelial cells in cell culture. Therefore, by encouraging the extensive 
fibrin deposition and platelet activation seen during the fatal CM, the high levels of circulating endothelium EVs in patients with 
severe malaria may aid in the pathogenesis [45]. 
 
Additionally, EVs can facilitate communication between infections, vectors and hosts. From parasite adaptation to specific host 
niches to host resistance and the evolution and maintenance of parasite virulence and transmissibility, this inter-kingdom 
communication through EVs have significant evolutionary ramifications. According to current research, EVs produced from 
human red blood cells infected with Plasmodium mediate the parasite's shift from an asexual to a sexual stage, which could help 
spread to the mosquito vector [46]. 
 
• Evolutionary Therapies of Several Diseases with Extracellular Vesicles 

Specific proteins (such tenascin C and Sema4D), microRNAs (including miR-214-3p, miR-183-5p and miR-196a) and other growth 
factors (like bone morphogenetic protein 1 to 7 and transforming growth factor β1) are delivered to osteoblasts in bone-
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remodelling microenvironments by EVs, which also control bone formation. Furthermore, EVs can transport microRNAs like 
miR-218 and miR-148a as well as cytokines like RANK (receptor activator of nuclear factor κB) and RANKL (RANK ligand) to 
alter osteoclast development during bone resorption. Additionally, EVs have tailored therapeutics for disorders affecting the 
bones and transmit bioactive compounds. Furthermore, EVs' bioactive compounds serve as indicators for disorders affecting the 
bones [47]. 
 
The discovery of EVs with miRNAs offers fresh perspectives on how different cells communicate during bone remodelling in 
both healthy and diseased settings. They are promising biomarkers of bone disorders because EVs may be the specific mail 
carriers and miRNAs may act as the hallmarks. The paracrine effect is the main mechanism by which Mesenchymal Stem Cells 
(MSCs) contribute to bone tissue healing, according to mounting data. Stem cell-derived EVs transfer genetic information to 
control stemness, self-renewal and multilineage differentiation. EVs may also replicate the features of the cells from which they 
arise [48]. 
 
Because of their biocompatibility in both clinical and experimental settings, EVs are essential and offer a vast therapeutic 
approach against a variety of inflammation-associated diseases, including autoimmune diseases, neurological disorders, 
cardiovascular anomalies, respiratory syndromes, integumentary disorders and respiratory disorders. They are also useful in 
regenerative medicine. Because they transport autoantigens, cytokines, lipid mediators, tissue-degrading enzymes and other 
substances, EVs are essential for both kind of immunity-innate and adaptive, including inflammation. Because they are non-
cellular membranes, EVs can control function of immune call, reduce excessive inflammation and enhancetolerance 
immunologically [49]. 
  
By activating immune cells and presenting antigens, for instance, EVs can alter the immunological response. Some EVs have 
MHC-I and MHC-II and their costimulatory molecules on their surface, as was previously mentioned. Thus, EVs can transmit 
the information about antigen between dendritic cells as peptide-MHC complexes or entire antigens, making the naïve dendritic 
cells canstimulate immunological cells. EVs can conduct direct antigen presentation to T-cells in addition to this indirect method. 
EVs are found in numerous body fluids and have more stable content than free-circulating RNAs or proteins because their 
content is shielded by the EV membrane. These are the primary benefits of employing EVs as disease biomarkers. Additionally, 
since EV content is unique to the parent cell, separating these EVs from patient biofluids and characterizing their cargo may be 
a promising approach to disease monitoring and detection [50]. 
 
In addition to their antimicrobial and immune-modulatory qualities, extracellular vesicles cause receptor signaling in the 
receiving cell, including the transfer of pro-inflammatory receptors. Furthermore, the vesicles might systemically transport 
pathogenic agents. Extracellular vesicles in urine and blood can either have protective benefits or aid in the development of 
kidney disorders. The function of EVs in inflammation, thrombosis, immunological regulation, angiogenesis, oxidative stress, 
renal tubular regeneration and infection will be discussed in this review [51]. 
 
The significance of EVs in inflammatory illnesses is becoming clearer as it is discovered that most of their actions are intimately 
linked to the immune response. By using EV surface engineering and endow targeting moiety, EVs can be functionalized and 
given target specificity for use in inflammatory disease treatment. Engineered EVs are also thought to be potential nanoparticles 
for creating customized medicinal carriers [52]. 
 
Extracellular vesicles or EVs, have a significant role in the pathophysiology of autoimmune disorders as well as in possible 
therapeutic interventions. Antigen presentation is aided by EVs' ability to carry autoimmune triggers throughout the body. 
Additionally, EVs may be useful in the therapy of autoimmune disorders. Because EVs are produced by a variety of cell types, 
they include a wide range of chemicals and, consequently, a large range of physiological consequences. EVs made from 
mesenchymal stem cells or dendritic cells can lessen inflammation [53]. 
 
Multiple sclerosis, rheumatoid arthritis, systemic lupus erythematosus, Sjogren's syndrome, Type 1 diabetes and autoimmune 
thyroid disease are among the autoimmune disorders for which the pathophysiological function of EVs is becoming more well 
acknowledged. EVs are thought to be biomarkers for various illnesses [54]. 
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In instance, matrix remodelling and mineralization, pro-angiogenic effects and immunomodulatory functions are some of the 
ways that EVs might support musculoskeletal tissue homeostasis, regeneration and illness. The most common source of cell for 
EV production in musculoskeletal applications is Mesenchymal Stromal Cells (MSCs) [55]. 
 
The musculoskeletal system is a great model for examining the role of EVs in tissue maintenance and repair, according to new 
research on EVs in musculoskeletal disorders [56]. 
 
Extracellular Vesicles (EVs) are crucial for controlling fate of cell ferroptosis because they act as mediators in communication 
between cells. There is mounting proof that cellular iron export is closely linked to EV biogenesis and secretion. Additionally, 
different EV sources transport different payloads to the destination cells, either activating or suppressing ferroptosis and 
changing the recipient cells' phenotype. Therefore, using EVs to deliver treatments that target ferroptosis may have a lot of 
promise for the treatment of musculoskeletal disorders [57]. 
 
In regenerative medicine, the therapeutic potential of Extracellular Vesicles (EVs) produced from stem cells has demonstrated 
significant advancements. Rich in a range of bioactive compounds, EVs are crucial for cell-to-cell communication and signal 
transmission. They also have a significant impact on tissue regeneration and repair processes. Numerous studies have 
demonstrated that EVs produced from stem cells improve bone and vascular regeneration, control immunity, encourage cell 
proliferation and differentiation and play a growing role in the musculoskeletal system [58]. 
 
Extracellular Vesicles (EVs) are vesicles that are membrane bound and come from various liver cells. It is becoming more well 
acknowledged that EVs have a pathophysiological role in liver illnesses such as hepatocellular carcinoma, viral hepatitis, NAFLD 
and alcoholic liver disease. In recipient cells, EVs can change function and activate distinct pathways, which subsequently aid in 
the development, progression and pathophysiology of various liver disorders. Circulating EVs are becoming more and more 
recognized as possible indicators of liver disease and to track therapy outcomes. Utilizing EVs' innate capacity to transport 
nucleic acids and other pharmacological payloads to liver cells may lead to EVs becoming a unique therapeutic method for liver 
disease modification or liver regeneration [59]. 
 
EVs originating from other cells can be released and received by liver cells and new research suggests that liver EVs are crucial 
in the pathophysiology of several liver illnesses, such as alcoholic liver disease, viral hepatitis, liver cancer and non-alcoholic 
fatty liver disease. Because of their potential as innovative treatment modalities and disease indicators for liver and other 
conditions, EVs have garnered a lot of attention. Many EV-associated microRNAs and proteins have been found to date to be 
potential biomarkers for a range of liver illnesses and various approaches to the therapeutic use of EVs are presently being 
investigated [60]. 
 
EVs have been linked to liver disorders and the preservation of homeostasis [61]. The pathophysiology and development of 
Chronic Liver Disease (CLD) may be influenced by EVs, a unique type of nanoparticles. Indeed, the involvement of EVs in virally 
linked CLD and Hepatocarcinoma (HCC) has been clarified by evidence acquired from recent investigations. Since viruses and 
the human immune system exploit EVs to cause viral-associated CLD and HCC, they have become a significant but little-
understood mechanism [62]. 
 
• Extracellular Vesicles Consequently Promoting Disease 

The role that extracellular Membrane Vesicles (MVs), which range in diameter from 30 to 1000 nm and have different cellular 
origins, play in the pathophysiology of several diseases, including: (1) Atherosclerosis; (2) Thromboembolism; (3) Osteoarthritis 
(OA); (4) Chronic renal disease and pulmonary hypertension; and (5) Periodontitis [63]. Extracellular vesicles have significant 
roles in the pathophysiology of many diseases and their significance is becoming increasingly clear. Extracellular vesicles, which 
include micro-vesicles and exosomes, are crucial messengers between cells and are increasingly being implicated in the 
development of cancer tumours, their metastases and the transmission of infectious diseases [64]. 
 
One kind of long-term inflammatory condition affecting the big arteries is atherosclerosis. The main beginning event in 
atherosclerosis is damage to the integrity of the artery endothelium caused by pro-inflammatory agents, such as oxidation of the 
aggregated Low-Density Lipoprotein (LDL) in the sub-endothelial matrix [65]. It has been proposed that endothelium EVs 
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change the atheroprotective character of macrophages by exporting microRNA-92a to them in response to atheroprone stimuli. 
In fact, atherogenic circumstances such low shear stress and exposure to ox-Low Density Lipoprotein are linked to endothelial 
cells' upregulation of microRNA-92a [66]. 
 
A complicated vascular condition that involves clot development and possible embolization is thromboembolism. Venous 
Thromboembolism (VTE) is the aggregate term for Deep Vein Thrombosis (DVT) and Pulmonary Embolism (PE) [67,68]. The 
pathophysiology entails the blood's reaction to damage, which is brought on by exposure to subendothelial tissue or 
intravascular stimuli and results in platelet aggregation and fibrin production [69]. 
 
Acute myocardial infarction, acute stroke, acute pulmonary embolism and deep vein thrombosis are among cardiovascular 
events that acute thrombosis increases the risk [70]. Because they are released by active, senescent or apoptotic cells, EVs are the 
pathophysiology of thrombosis in both the venous and arterial systems. They may have prothrombotic properties of their own 
in addition to being released in reaction to established prothrombotic stimuli. Vascular and blood cells interact directly during 
thrombosis, but they also connect and communicate via EVs generated by the various cell types involved in blood clots 
development [71]. 
 
Inflammation, the slow breakdown of articular cartilage, joint pain and functional restrictions that ultimately result in disability 
are the hallmarks of Osteoarthritis (OA), a chronic joint disease. Extracellular Vesicles (EVs) are released by joint tissues, such as 
the synovium and articular cartilage and have been suggested to maintain joint homeostasis and play a role in the 
pathophysiology of OA [72]. Rheumatoid Arthritis (RA) and Osteoarthritis (OA) are crippling conditions that have a high 
morbidity rate. By transporting different proteins, microRNAs (miRNAs) and mRNAs, Extracellular Vesicles (EVs), such as 
exosomes and micro-vesicles, are now known to play significant roles in cell-to-cell communication. The pathophysiology of 
both OA and RA is probably significantly influenced by EV-derived proteins and miRNAs, which also influence cell viability 
and differentiation [73]. Extracellular vesicles in cartilage influence inflammation and extracellular matrix turnover in addition 
to facilitating cell-to-cell communication in joint tissues. Changes in cartilage extracellular matrix, including aberrant 
mineralization and aberrant gene expression can be facilitated by extracellular vesicles from arthritic joints [74]. EVs carry 
biologically active substances and changes in the number and makeup of EVs in synovial fluid are indicative of OA. Certain non-
coding RNAs found in EV cargo may one day be used as early OA diagnostic biomarkers. By carrying and promoting the 
synthesis of inflammatory mediators and proteinases that break down cartilage, EVs may aid in the spread of inflammation and 
cartilage degradation [75]. 
 
Increased pressure and resistance in the pulmonary arterial bed are the hallmarks of several disorders together referred to as 
Pulmonary Hypertension (PH). EVs affect immune response, inflammation, embryogenesis, aging and regenerative processes 
by their involvement in intercellular communication. They do, in fact, carry lipids, cytokines, chemokines, RNA, miRNA and 
other molecules that are physiologically active [76]. Because extracellular vesicles are present in readily accessible bodily fluids 
and can be released in response to multiple stimuli from nearly all cells, including those of the cardiovascular system, they may 
be a biomarker of the progression of cardiovascular diseases like hypertension. Renal physiology depends on cell-to-cell 
communication in the kidney and EVs are important components of this process. These mediate various biological processes, 
including glomerular damage, apoptosis, inflammation, fibrosis, dedifferentiation, proximal-to-distal signalling, kidney growth, 
ion transport regulation and immunological suppression. Hypertension-mediated renal disease is caused by changes in the 
glomerulus, tubule-interstitial space and arteries. This might result in a decrease in the glomerular filtration rate or the start of 
albuminuria [77]. 
 
35% of adults have periodontitis, a chronic inflammatory disease of the tissues that support teeth. Suppuration, tooth movement, 
bleeding and gum redness and swelling are signs of the condition [78]. According to the research that is currently available, these 
EVs may have both beneficial and detrimental impacts on the pathophysiology of periodontal disease and treatment strategies 
[79]. By directly infecting periodontal tissue or releasing bacterial Extracellular Vesicles (EVs) and other virulence factors like 
Lipopolysaccharide (LPS) and endotoxins, keystone pathogens cause rupture of the tissue and aid in the bacterial immune 
system's escape [80]. 
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• Extracellular Vesicles in Disease: Future Research Directions 

It is anticipated that advancements in the techniques now employed for EV isolation and characterisation will enable a more 
thorough analysis of EV biogenesis and advance knowledge of their composition and functional characteristics. Every technique 
has advantages and disadvantages and choosing one isolation method over another is a complex issue. Therefore, it is 
worthwhile to think about optimizing specific techniques to, for instance, increase detection limits and resolution [81]. 
 
Characterizing the composition of EVs must be thorough, simple and affordable to be used as therapeutic tools in a clinical 
setting. EVs are excellent biomarkers for diagnosis and prognosis and developmental tools for theragnosis in a personalized 
medicine-based strategy [82]. 
 
Cardiovascular cells create EVs that can spread to other cell types and alter the expression of proteins and RNA, which can have 
important functional repercussions later. Functional alterations that have been documented thus far seem to be both beneficial 
and harmful and they might be crucial to the pathophysiology of illness or normal physiology. EVs offer an appealing target for 
possible treatments and usage as novel biomarkers, regardless of whether the observed consequences of EV transfer result in 
good or negative outcomes. Characterizing the EVs that the cardiovascular system's constituent parts release both normally and 
during stress could reveal new intercellular signalling pathways. We might be at the beginning of a new era of mechanistic 
understanding of heart disease as efforts to carry out these endeavours pick up stream [82]. 
 
Conclusion 

According to the study's findings, EVs are crucial for intercellular communication and have significant effects on several 
biological functions. They can be employed as drug delivery systems and biomarkers and they offer therapeutic potential.  The 
study concludes that EVs are important in several illnesses, such as liver diseases, autoimmune diseases, bone problems and 
malaria. They may also find use as therapeutics in regenerative medicine and as disease biomarkers. EVs offer promise as 
biomarkers and therapeutic agents and are significant participants in a few biological processes and illnesses. To completely 
comprehend the role of EVs in disease and to create novel approaches to disease detection and therapy, more research is required. 
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