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Mental disorders are complex conditions that encompass various symptoms and types, affecting approximately 1 in 8 people globally. They place a significant burden on both families and society as a whole. So far, the etiology of mental disorders remains poorly understood, making diagnosis and treatment particularly challenging. Extracellular vesicles (EVs) are nanoscale particles produced by cells and released into the extracellular space. They contain bioactive molecules including nucleotides, proteins, lipids, and metabolites, which can mediate intercellular communication and are involved in various physiological and pathological processes. Recent studies have shown that EVs are closely linked to mental disorders like schizophrenia, major depressive disorder, and bipolar disorder, playing a key role in their development, diagnosis, prognosis, and treatment. Therefore, based on recent research findings, this paper aims to describe the roles of EVs in mental disorders and summarize their potential applications in diagnosis and treatment, providing new ideas for the future clinical transformation and application of EVs.
[image: Graphical Abstract]GRAPHICAL ABSTRACT | The roles of EVs on mental disorder. In the brain with mental disorders, some brain cells-derived EVs can cross the BBB into the peripheral circulation, and specific information related to the disease can be obtained through enrichment and detection. Moreover, some brain cells-derived EVs are involved in intercellular communication, transmitting pathological information and regulating disease progression.
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1 INTRODUCTION
Mental disorders are a range of diseases characterized by cognitive, thinking, emotional, or behavioral abnormalities, that may arise from unfortunate experiences or impairment of vital functional areas (Wu et al., 2023; Louka and Koumandou, 2024). According to its pathological mechanism and clinical manifestations, mental disorders can be divided into many different types, the most common are schizophrenia (SCZ), major depression disorder (MDD), bipolar disorder (BD), and so on (Collaborators, 2022; Guo et al., 2024). In recent years, the burden caused by mental disorders has been increasing globally, presenting significant challenges to public health and social security (Kieling et al., 2024; The Lancet, 2024). Based on data from the Global Burden of Disease Study 2019, about 1 billion people worldwide suffer from mental illness, resulting in 125.3 million disability-adjusted life years (DALYs) (Deng et al., 2024; Arias et al., 2022; Guo et al., 2024). Mental disorders are the leading cause of disability worldly, contributing to personal dysfunction and reduced quality of life. In addition, patients with mental disorders may be accompanied by various complications, causing the deterioration of their condition and premature death (Merrill and Ashton, 2024). However, the etiology and pathogenesis of mental disorders are complex and diverse, the symptoms are hidden, and there are difficulties and challenges in diagnosis and treatment (Pullman et al., 2021). Therefore, it is essential to explore specific biomarkers and safe and effective therapeutic drugs to provide new strategies for clinical application.
Minimal information for studies of extracellular vesicles (MISEV 2023) defines the extracellular vesicles (EVs, Figure 1) as particles secreted by cells and released into the extracellular space, which are composed of lipid bilayers and cannot be replicated by themselves (Welsh et al., 2024). According to the differences in source, biogenesis, preparation methods, composition, and size, EVs can be divided into several subtypes, including exosomes, microvesicles, and apoptotic bodies (Figure 2). Exosomes are vesicles derived from endocytosis, with a particle size of 30–150 nm, which are released by the endolysosomal pathway after the fusion of multivesicular bodies with the plasma membranes. Microvesicles are outward vesicles originating from plasma membrane budding, with a particle size of 100–1,000 nm, larger than exosomes. Apoptotic bodies are vesicles that originate from apoptotic cells and are released during apoptosis, with a particle size between 200 and 1,000 nm. However, there is still no standardized nomenclature for different types of EVs, the prefix “operable term” of EVs needs to be used with caution (Théry et al., 2018; Welsh et al., 2024). EVs are ubiquitous in all biological fluids and contain various biological components such as proteins, lipids, DNA, RNA and cytokines. They play an important role in intercellular information transmission and are widely involved in numerous physiological and pathological processes (van Niel et al., 2022; Sung et al., 2021; Liu and Wang, 2023). Changes in the contents of EVs reflect changes in the physiological microenvironment, suggesting that EVs can be used as promising biomarkers to provide new insights into the diagnosis and treatment of several diseases.
[image: Figure 1]FIGURE 1 | Structure of EVs.
[image: Figure 2]FIGURE 2 | Biogenesis of EVs.
In the central nervous system (CNS), EVs can be secreted and taken up by neurons, microglia, astrocytes, oligodendrocytes, endothelial cells and other cells to mediate information exchange between cells, and then regulate nerve development, regeneration, synaptic function and so on (Filannino et al., 2024; Bahram, 2021; Zhang et al., 2022). Furthermore, a growing number of studies have demonstrated that small-sized EVs can cross the blood-brain barrier (BBB) bidirectionally, playing a crucial role in communication between the peripheral circulation and the CNS (Ramos-Zaldívar et al., 2022; Liang et al., 2024; Xu X. et al., 2024; Bhom et al., 2025). Consequently, EVs derived from brain cells may carry abnormal information into the peripheral circulation and can be used for diagnosing mental disorders. Moreover, given the advantages of EVs, including low immunogenicity, high stability, biocompatibility, modifiability, and the ability to cross biological barriers, multiple EVs-related treatment systems have been established (Yang et al., 2024). In recent years, researchers have devoted plenty of effort to the research field of EVs-related therapies for CNS diseases, and the results have also given positive feedback. For instance, mesenchymal stem cells-derived EVs can promote recovery from traumatic brain injury by protecting and repairing nerves (Xiong et al., 2024); engineered mesenchymal stem cells-derived EVs can improve cognitive function by eliminating abnormal protein accumulation and regulating the immune response (Yin et al., 2023). Hence, EVs can deliver abundant bioactive molecules into the brain and regulate various biological processes to exert therapeutic potential in mental disorders.
This paper describes the roles of EVs in common mental disorders and explores their potential as biomarkers and therapeutic molecules, providing a theoretical foundation for future clinical applications. This article is divided into three sections: EVs as information carriers for intercellular communication, EVs as potential biomarkers for diagnosing mental disorders, and the application of EVs in the treatment of mental disorders (Figure 3).
[image: Figure 3]FIGURE 3 | The effects of EVs on mental disorders.
2 EVS AS INFORMATION CARRIERS FOR INTERCELLULAR COMMUNICATION
In the CNS, communication crosstalk is prevalent between different cells and is essential for neural development and homeostasis (Liu et al., 2023; Farizatto and Baldwin, 2023; Szepesi et al., 2018). Bidirectional communication between cells is usually mediated by neurotransmitters, ions, EVs, etc., which is vital for various biological functions such as synaptic transmission, inflammation regulation, axon integrity, and neural circuit maturation (Wilton et al., 2019; Cserép et al., 2021). As important information carriers for complex signal transmission between brain cells, EVs have recently received extensive attention in research related to mental disorders (Lizarraga-Valderrama and Sheridan, 2021; Filannino et al., 2024; Ahmad et al., 2022).
2.1 EVs derived from microglia
Microglia, a type of glial cells, function as macrophages in the CNS, accounting for about 5%–12% of the total cells in the brain and spinal cord (Woodburn et al., 2021). They are widely distributed in the brain and are mainly involved in processes such as cell debris removal, synaptic pruning, inflammation regulation, and homeostasis monitoring (Cornell et al., 2022). Microglia can exist in different states depending on the type and duration of stimulation they receive. When transiently stimulated, microglia can protect the brain. However, continuous stimulation can cause damage to the normal brain. These processes are mediated by the interaction between microglia with other brain cells, such as neurons and astrocytes through direct or indirect contact (Rahimian et al., 2021; Li et al., 2022; Wang H. et al., 2022). Chronic neuroinflammation is a common feature of mental disorders, resulting in sustained activation of microglia. This ongoing activation can cause the secretion of abnormal EVs by microglia, which have effects in regulating disease progression (Rahimian et al., 2021).
It is speculated that the low glutamatergic signal transduction function of N-methyl-D-aspartate receptors (NMDARs) and the excessive activation of dopamine D2 receptors may promote the progression of schizophrenia (Borroto-Escuela et al., 2016; Balu, 2016). Borroto-Escuela et al. found that under mild inflammatory conditions, EVs containing recombinant chemokine C-C-motif receptor 2 (CCR2), C-X-C chemokine receptor 4 (CXCR4), and recombinant interleukin 1 receptor type II (IL1R2), along with their ligands, are secreted by microglia and engulfed by neurons. CCR2, CXCR4 and IL1R2 can form heteroreceptor complexes with NMDAR in the cell membrane, leading to pathological allosteric receptor complexes and reducing normal glutamatergic signal transduction. Moreover, they can create heteroreceptor complexes with dopamine D2 receptors, increasing D2 receptor activation. As a result, EVs secreted by microglia transmit signals to neurons through NMDARs and D2 pathways, exacerbating schizophrenia-like symptoms (Borroto-Escuela et al., 2017). In the case of degenerative diseases, persistent DNA damage leads to the accumulation of double-stranded DNA (dsDNA) fragments in microglia and the release of dsDNA-containing EVs. Arvanitaki et al. detected that these EVs are transported to neurons, triggering the death of neurons and accelerating the occurrence of neurodegenerative symptoms (Arvanitaki et al., 2024). Studies have shown neuronal α-synuclein is a pathological protein, leading to cognitive impairment. Guo et al. studied that EVs extracted from cerebrospinal fluid microglia of patients with Parkinson’s disease (PD) contain α-synuclein oligomers, which can infect neurons and induce α-synuclein aggregation in neurons, causing mental disorders in PD patients (Guo M. et al., 2020). Furthermore, Fan et al. revealed that in depressed mice, miR-146a-5p was enriched in EVs secreted by microglia, and then shuttled to neurons to inhibit neurogenesis by directly targeting kruppel-like factor 4 (KLF4) (Fan et al., 2022). In addition, microglia can transfer neurotropin-3 (Neu3) to neurons through EVs to regulate the remodeling of neuronal glycocalyx, thus affecting the connections between neurons (Delaveris et al., 2023).
To sum up, microglia-derived EVs are involved in the pathological progression of mental disorders by regulating different signaling pathways. However, in the future, more extensive and comprehensive studies on microglia-derived EVs are needed to provide a more solid theoretical basis for systematically elucidating their roles in the progression of mental disorders.
2.2 EVs derived from neurons
Neurons are the basic structural and functional units of the CNS, which are responsible for receiving, integrating, and transmitting information to regulate complex neural activities (Jeon and Kim, 2023). In a healthy brain, neurons can transmit information through EVs to influence the proliferation, differentiation, and polarization of brain cells, playing an important role in various physiological processes. Studies have demonstrated that EVs secreted by neurons can transport vascular endothelial growth factor A (VEGF-A) to endothelial cells, promoting their proliferation and mediating angiogenesis and maturation (Dong et al., 2022). In addition, neurogenic EVs were isolated from the culture supernatant of rat cortical neurons and subsequently introduced to the co-culture of primary rat microglia. The results showed that neuron-derived EVs could reduce the expression of pro-inflammatory cytokines such as tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), monocyte chemoattractant protein-1 (MCP-1), and the gene inducible nitric oxide synthase (iNOS). This activity mitigated the lipopolysaccharide (LPS)-induced pro-inflammatory response in microglia, thereby achieving the purpose of controlling the inflammatory balance (Peng et al., 2021).
However, in the diseased brain, dysfunctional neurons can also transmit pathological information through EVs, altering the normal function of other cells, inducing increased neuroinflammation, and causing a vicious circle (Jiao et al., 2022). As mentioned above, Kaya et al. have found that after stimulation, EVs containing high mobility group box-1 protein (HMGB-1) can be released by stressed neurons. These EVs were then transported to astrocytes, activating the toll-like receptor 4 (TLR4) signaling pathway, thereby initiating the inflammatory signal of astrocytes (Kaya et al., 2023). In addition, in a mouse model of depression, Xian et al. found that neuron-derived EVs are rich in miRNA-9-5p, which can activate microglia by inhibiting suppressors of cytokine signaling 2 (SOCS2) expression and activating the JAK/STAT3 pathway to promote the release of inflammatory factors, thus exacerbating cognitive and behavioral disorders in mice (Xian et al., 2022). Durur et al. isolated neuron-derived EVs (sNDEVs) from healthy volunteers and Alzheimer’s disease (AD) patients. The dysregulated expression of miRNA let-7e in sNDEVs of AD patients was identified by sequencing technology and qRT-PCR. After co-culture of miRNA Let-7E-rich sNDEVs with microglia, it was found that the expression of the interleukin-6 (IL-6) gene in microglia was significantly increased, suggesting that sNDEVs from neurons of AD patients may promote the inflammatory response of microglia (Durur et al., 2022). Moreover, it has been found that neuronal EVs in disease states can cause extensive inhibition of T cells. These EVs can not only inhibit the differentiation of naive CD4+ T cells into Th1 and Th2 cells but also induce the expression of PD-L1 on T cells, inhibiting the function of T cells together (Chen et al., 2024).
In the state of mental illness, neurons can become damaged, and the abnormal secretion of EVs is involved in regulating neuroinflammation, which aggravates the progression of the disease. Therefore, the study of neuron-derived EVs may provide new insights into the diagnosis and treatment of psychiatric disorders. However, the current relevant research in this area is not systematic, and more attention needs to be paid in the future to advance our understanding of this field.
2.3 EVs derived from astrocytes
Astrocytes are important regulatory and supportive cells in the CNS that play a vital role in system homeostasis (Liu et al., 2021). It has been demonstrated that astrocyte-derived EVs support the differentiation of oligodendrocytes and promote myelin generation, which is crucial for maintaining neuronal axon function (Willis et al., 2020). In addition, astrocyte-derived EVs can also regulate the communication between glial cells and neurons by affecting the phenotypic changes of neuronal cells (You et al., 2020). Therefore, EVs derived from glial cells can participate in the development, metabolism and energy supply of neurons through various ways to maintain the normal function of neurons (Zhang et al., 2021). However, in the context of neurological diseases, astrocyte-derived EVs can negatively impact the normal function of neurons through multiple pathways, leading to increased disease symptoms (Xu H. et al., 2024). One classic pathological feature of AD is the accumulation of TAU protein. Richetin et al. have discovered that TAU protein accumulates in astrocytes of AD model mice and is released into the cell in the form of EVs, then transported to neurons to accumulate, inducing neuronal toxicity and causing cognitive and functional impairment in patients (Richetin et al., 2020). Moreover, sphingolipid ceramide (Cer) is upregulated in the pathological brain, which can stimulate microglia to release pro-inflammatory factors such as C1q, TNF-α and interleukin-1α (IL-1α) (Filippov et al., 2012). Subsequently, in response to these pro-inflammatory factors, reactive astrocytes can produce Cer-riched EVs, which are absorbed by neurons and induce mitochondrial-dependent apoptosis, further aggravating neuroinflammation (Crivelli et al., 2023). In addition to neurons, astrocyte-derived EVs can also affect other cells. For example, Gonzalez-Molina et al. found that EVs secreted by astrocytes targeted neurovessels, inducing endothelial cell damage and cerebrovascular deterioration (González-Molina et al., 2021). Therefore, given these complex interactions in the system, more in-depth research and exploration of astrocyte-derived EVs is warranted, which may be valuable for the remission of mental disorders.
In summary, after the occurrence of mental disorders, the brain microenvironment changes, and various abnormal brain cells secrete EVs containing pathological information into the circulation. As carriers of intercellular communication, these EVs interact with parental and non-parental cells in different ways and participate in the regulation of disease progression. In addition, these EVs reflect the physiological state of the parent cells to a large extent, which provides a possibility for predicting the physiological and pathological state of the brain.
3 EVS AS POTENTIAL BIOMARKERS FOR DIAGNOSING MENTAL DISORDERS
In recent years, there has been growing interest in the potential of EVs as biomarkers for disease diagnosis (Schou et al., 2020; Liang et al., 2021; Kong et al., 2023). Almost all cell types can release EVs, which contain functional biomolecules that reflect the physiological information of parental cells. In addition, CNS-derived EVs can cross the BBB and exist stably in the peripheral circulation (Xu X. et al., 2024). Compared with collecting cerebrospinal fluid, extraction of EVs from peripheral blood is less invasive and more convenient (Zhang X. M. et al., 2024). At present, biomarkers for the diagnosis and monitoring of mental disorders mainly include immune factors and neurotransmitters. However, both may change in various brain diseases, rather than specifically targeting a specific disease. EVs biomarkers identified according to the disease type may be highly sensitive and specific, contributing to early disease diagnosis (Kong et al., 2023). In addition, EVs possess stable lipid bilayer membranes that can protect the contained active substances from degradation, providing more comprehensive information for disease diagnosis. Therefore, EVs are considered attractive candidates as biomarkers that can reflect the state of the brain microenvironment, providing valuable insights into the diagnosis of mental disorders.
3.1 Schizophrenia (SCZ)
SCZ is a chronic and common mental disorder with high morbidity and disability, which brings a huge burden to families and society (McCutcheon et al., 2020; Jauhar et al., 2022). It is a heterogeneous disease of diverse etiology, characterized by positive symptoms (delusions, hallucinations), negative symptoms (apathy, social withdrawal, anhedonia), and cognitive impairment (Faden and Citrome, 2023). Currently, clinical diagnosis of SCZ is primarily based on operational diagnostic criteria, including the Diagnostic and Statistical Manual of Mental Disorders (DSM) and the International Classification of Diseases (ICD) (Gaebel et al., 2020). However, the diagnostic form relies on a relatively subjective assessment of the patient’s symptoms, which can easily lead to diagnostic errors and delay the treatment of the disease (Raghavan et al., 2017). Therefore, the search for objective biomarkers is of great significance for improving the diagnosis and prognosis of SCZ. In recent years, EVs have shown considerable promise as potential diagnostic tools for SCZ (Wang Y. et al., 2022; Raghavan et al., 2017).
Studies have shown that EVs-derived microRNAs (EVs-miRNAs) are involved in multiple biological and pathological processes as promising biomarkers for various diseases (Raghavan et al., 2017). Based on this, several studies have been conducted to explore the function of EVs-miRNA in SCZ. For instance, Du et al. analyzed genome-wide miRNA expression profiles in serum-derived EVs from patients experiencing first-episode drug-naive SCZ (Du et al., 2019). Compared with healthy controls, the expression of has-miR-206 was significantly upregulated in SCZ patients and induced downregulation of brain-derived neurotrophic factor, supporting the neurotrophic factor hypothesis of SCZ. Barnett et al. enriched neuron-derived EVs from the serum of SCZ patients and performed sequencing analysis. The results discovered that the expression of miRNA-1246 was significantly increased in SCZ patients, while the expression of hsa-miR-451a was continuously decreased, which is particularly important for the identification of different symptoms of SCZ (Barnett et al., 2023). Amoah et al. verified that the expression of miR-223 was significantly elevated in patients with SCZ, which was secreted in the form of EVs and then targeted glutamate receptors, playing a role in regulating neuronal function (Amoah et al., 2020). Khadimallah et al. demonstrated that the blood exosome miR-137 is elevated and cox-6a2 is decreased in patients with early psychosis (EPP). The combination of these two may guide the diagnosis of early psychosis (Khadimallah et al., 2022). Funahashi et al. determined that miR-675-3p is significantly increased in refractory SCZ and is involved in neuronal and synaptic development (Funahashi et al., 2023). Moreover, the expression of other biomolecules in EVs was also abnormal in SCZ. Du et al. conducted a metabolomics study on serum EVs in SCZ patients and identified 25 disordered metabolites, primarily related to glycerophospholipid metabolism and biosynthetic pathways of phenylalanine, tyrosine and tryptophan (Du et al., 2021). Their differential expression showed excellent performance in the diagnosis of SCZ. Xu et al. revealed notable differences in the lipid profiles of serum EVs between SCZ and healthy subjects through absolute quantitative lipidomics (Xu C. X. et al., 2024). Their findings indicated significant disturbances in sphingolipid metabolism, glycerophospholipid metabolism, and linoleic acid metabolism, which play an indispensable role in the pathophysiology of the disease. Ranganathan et al. confirmed that compared with healthy controls, the glial fibrillary acidic proteins (GFAP) from plasma EVs are significantly increased in SCZ patients, while the α-II-Spectrins are significantly decreased (Ranganathan et al., 2022). This phenomenon provides a basis for the identification of EVs as biomarkers for schizophrenia. Tunset et al. identified abnormal expression of five proteins involved in regulating glutamate synaptic plasticity in SCZ through proteomic analysis (Tunset et al., 2020). The proteins include neurogranin (NRGN), neuron-specific calcium-binding protein hippocalcin (HPCA), kalirin (KALRN), β-adducin (ADD2), and ankyrin-2 (ANK2), which supported the glutaminergic hypothesis of SCZ.
So far, some studies have explored the abnormalities of EVs in SCZ patients, demonstrating the potential value of EVs in the field of SCZ diagnosis. However, the sample size in the existing studies is limited, and further validation is needed to expand the sample size, aiming to translate the potential biomarker characteristics of EVs into the benefits of SCZ diagnosis.
3.2 Major depression disorder (MDD)
MDD is a type of serious mental illness and a major global health problem affecting the global population (Cui et al., 2024). Reports indicate that approximately 8.29% of individuals in China suffer from moderate to severe depression, causing a considerable health burden (Wang et al., 2024). The core symptoms of MDD are persistent low mood and loss of pleasure, which seriously affect the quality of life and social interaction of patients. Furthermore, people with MDD have a higher risk of suicide, and the World Health Organization (WHO) classifies it as the leading cause of disability globally (Gutiérrez-Rojas et al., 2020). Currently, the diagnosis of MDD largely depends on the clinical judgment of healthcare professionals and patients’ self-reports, which is easy to cause confusion in the clinical practice of MDD. Therefore, exploring more objective and rigorous biomarkers for clinical evaluation is an important challenge.
Wei et al. conducted the genome-wide analysis of miRNA expression profile in blood-derived exosomes from MDD patients and healthy volunteers. They identified one miRNA, hsa-miR-139-5p, with the most significant difference in expression, being significantly upregulated in MDD (Wei et al., 2020). The results of the receiver operating characteristic (ROC) curve showed that hsa-miR-139-5p performed excellently in distinguishing MDD patients from healthy controls, achieving an area under the curve (AUC) of 0.807, sensitivity of 0.867, and specificity of 0.767, indicating that hsa-miR-139-5p in exosomes has potential as a biomarker for diagnosing MDD (Liang J. Q. et al., 2020). Fang et al. observed changes in the miRNA lineage in serum-derived EVs from depression-like rats that affect the function of key neurons in the brain, suggesting that they may be used as biomarkers to diagnose depression (Fang et al., 2020). Li et al. conducted miRNA sequencing on plasma-derived EVs from patients with depression and found that has-miR-335-5p was significantly upregulated, while has-miR-1292-3p was significantly downregulated (Li et al., 2021). These dysregulated miRNAs play an important role in axon formation and cell growth, providing a new possibility for the diagnosis of depression. Seki et al. employed miRNA chips to analyze miRNA expression levels in EVs from MDD patients, and the results indicated that the expressions of hsa-miR-6813-3p and hsa-miR-2277-3p were significantly downregulated as the severity of depression increased, demonstrating a strong correlation between the two (Seki et al., 2023). In addition, several researchers have identified proteins with potential diagnostic properties through proteomic analysis of EVs. For example, Jiang et al. showed that SERPINF1 can serve as a reliable biomarker for the development of MDD, and it is markedly reduced in depressed patients compared to healthy controls (Jiang et al., 2021). Zhang et al. discovered that the level of vitamin D-binding protein (VDBP) in plasma microglia-derived EVs from patients with depression was significantly reduced, a finding that was validated by the HAMD-24 score, suggesting that VDBP performed better as a diagnostic tool (Zhang G. et al., 2024).
Because of its stability and detectability, EVs provide new possibilities for diagnosing depression. However, although some related studies have been conducted in this field in recent years, there is still a lack of consensus on EVs as an available biomarker for depression, and it is necessary to expand the sample size and conduct systematic and comprehensive exploration.
3.3 Bipolar disorder (BD)
BD is a chronic and complex mental disorder characterized by intermittent or mixed episodes of depression and mania (Nierenberg et al., 2023). The pathogenesis of BD remains poorly understood, and definitive biomarkers are still lacking. Currently, BD diagnosis is primarily based on clinical observation and conversation, but its variable clinical manifestations often lead to misdiagnosis, highlighting the urgent need for biomarkers. A recent study found significant changes in expression levels of 33 miRNAs in EVs collected from patients with BD compared to healthy controls (Fries et al., 2019). Dysregulated miRNAs in BD are involved in the axon guidance of network proteins and the regulation of the serotonin receptor pathway, providing important preliminary evidence for the exploration of EVs as a biomarker of BD. Subsequently, Ceylan et al. found that compared to normal controls, miR-484, -652-3p, -142-3p in EVs of BD patients were significantly downregulated, while miR-185-5p was significantly upregulated (Ceylan et al., 2020). KEGG analysis revealed that dysregulated miRNAs participated in the pathological progression of BD through different target pathways such as PI3K/Akt signaling pathway, fatty acid biosynthesis/metabolism, extracellular matrix and adhesion pathway, which explained the importance of studying miRNAs from EVs as potential biomarkers in BD biomarker studies. Moreover, Du et al. analyzed metabolites in EVs from the serum of BD patients and identified 15 unbalanced metabolites. The ROC curve’s AUC value of 0.838 in the training set indicates that these metabolites may serve as diagnostic biomarkers for BD (Du et al., 2022). While the above studies provide evidence for the potential use of EVs in BD diagnosis, research in this area is still scarce. In the future, more researchers need to work together to analyze the complex causes of BD and identify more accurate biomarkers.
In addition, dysregulation of miRNA expression has also been observed in plasma-derived EVs from patients with autism, influencing the progression of neuropathology through various pathways (Chen et al., 2023; Qin et al., 2022). To sum up, the analysis of EVs collected from patients with mental disorders provides a wealth of information for the occurrence and development of diseases and the possibility for the diagnosis and process prediction of diseases (Table 1). Table 1 summarizes the potential biomarkers identified from EVs in various mental disorders, highlighting the valuable information they provide for disease progression and diagnosis. The transformation of EVs from laboratory research to clinical practice requires the joint efforts of researchers in the future.
TABLE 1 | EVs as potential biomarkers for diagnosing mental disorders.
[image: Table 1]4 APPLICATION OF EVS IN THE TREATMENT OF MENTAL DISORDERS
Due to their biocompatibility, stability, and low immunogenicity, EVs are becoming an attractive therapeutic strategy for CNS diseases (Li and Fang, 2023; Mattingly et al., 2021). The bimolecular lipid layer of EVs can protect their contents from protease attack, allowing them to remain stable in the extracellular environment and function over long distances. Additionally, EVs can penetrate various physiological barriers and target specific receptor cells through ligands on the membrane surface, thus achieving precise regulation. Recently, EVs-based treatments have begun to gain attention in addressing mental disorders.
4.1 EVs derived from mesenchymal stem cells
Previous studies have shown that the therapeutic effect of stem cells mainly depends on their paracrine function. Stem cell-derived EVs (MSC-EVs) can exert therapeutic effects in CNS diseases through various pathways such as neurogenesis, nerve regeneration, cognitive repair, and immune regulation (Harrell et al., 2021; Padinharayil et al., 2024). Li et al. established mouse models of depression and verified their therapeutic potential by intraperitoneal injection of EVs derived from human umbilical cord mesenchymal stem cells (hUC-MSCs). The results showed that EVs could inhibit the activation of M1 microglia and reduce neuroinflammation, thus exhibiting antidepressant effects (Li et al., 2024). Guo et al. constructed rat models of depression and treated them with EVs derived from bone marrow mesenchymal stem cells (Guo H. et al., 2020). These EVs upregulated the expression of miR-26a in the hippocampus of depressed rats, reduced the levels of malondialdehyde (MDA), lactate dehydrogenase (LDH), TNF-α and IL-1β, promoted the proliferation of hippocampal neurons, inhibited cell apoptosis, ultimately improving damage to hippocampal neurons in rats.
In recent years, intranasal administration, as a new non-invasive route of administration, has been gradually applied in the treatment of CNS diseases (Shen et al., 2023). Intranasal administration can bypass BBB and first-pass effects, enabling the drug to be rapidly enriched in the brain, with faster onset and higher bioavailability. Zhong et al. extracted EVs secreted from nasal olfactory mucosal mesenchymal stem cells (OM-MSCs-exos) (Zhong et al., 2024). After intranasal administration, OM-MSCs-exos inhibited the activation of microglia, alleviated neuroinflammation, and promoted nerve regeneration, thereby improving SCZ-like behavior. Tsivion-Visbord et al. found that intranasally administered MSC-EVs accumulated in the prefrontal cortex (PFC) of SCZ mice, alleviated the prepulse inhibition (PPI), enhanced neuronal viability, and had a positive effect on core SCZ-like behavior (Tsivion-Visbord et al., 2020).
Autism is a neurodevelopmental disorder characterized by social interaction defects, communication disorders, and stereotyped behavior. Studies have shown that MSC-EVs can positively influence autism-like behavior to a certain extent, increase social interaction and reduce repetitive behaviors (Liang Y. et al., 2020; Perets et al., 2020; Perets et al., 2018; Offen et al., 2019). After being administered intranasally, MSC-EVs can accumulate in the brain and continue to act for 72 h, effectively improving the behavioral phenotype of autism (Geffen et al., 2020b). Studies have found that MSC-EVs can affect the expression of immune regulation-related genes, alleviate neuroinflammation, and promote neurogenesis, thereby effectively improving autism-like behavior (Geffen et al., 2020a). In addition, MSC-EVs can significantly upregulate the expression of lncRNA Ifngas1 in the PFC of mice, activate the miR-21a-3p/PI3K/AKT signaling pathway, and promote neurogenesis, thereby exerting neuroprotective effects in autism mice (Fu et al., 2024).
Moreover, MSC-EVs have shown the ability to repair drug-induced nerve injury (Abdel-Gawad et al., 2024). Abdel-Gawad et al. demonstrated that the anti-tumor drug doxorubicin (DOX) can cause neuropathological changes in rats, leading to movement disorders and anxiety-like behaviors. However, after treatment with MSC-EVs, the pathological lesions and abnormal behavior in these animals caused by DOX can be significantly improved. To sum up, MSC-EVs can penetrate the brain, repair abnormal nerve damage, promote neurogenesis, improve the connection and communication between neurons, and show potential therapeutic effects in mental disorders.
4.2 EVs derived from microbial
Evidence suggests that microbes play a significant role in regulating host physiological functions, health, and disease development (Mitrea et al., 2022). Microbial-derived EVs can be taken up by host cells, and participate in signal transduction and regulation of biological processes, thereby affecting the physiological functions of the host. As a new therapeutic approach, microbial-derived EVs can transport neuroactive molecules produced by bacteria to the brain to function, which has attracted wide attention in the field of mental disorders (Guo et al., 2024). Choi et al. found that after treatment with Lactobacillus-derived EVs, the expressions of brain-derived neurotrophic factor (BDNF) and Nt4/5 in the hippocampus of depressed model mice were increased, and the depression-like behavior of mice was effectively improved (Choi et al., 2019). In addition, EVs secreted by Gram-positive probiotics, Bacillus subtilis, and Gram-negative probiotics, Bacillus mucilaginous, have also been validated to take antidepressant-like effects and play a positive role in counteracting changes in neurotrophic factors induced by chronic stress (Choi et al., 2022).
4.3 Engineering EVs
Due to their natural ability to cross various biological barriers, low immunogenicity, and modifiability, EVs have gained much attention in drug delivery. Functional EVs have been constructed by genetic engineering or chemical synthesis to improve the targeting and therapeutic efficacy of EVs (Schulze and Delalle, 2022). For instance, Lin et al. prepared EVs containing high levels of heat shock protein 70 (HSP70) by treating hUC-MSCs with heat shock (Lin et al., 2024). After treatment, they reduced the levels of TLR4 and p65 in the hippocampus of mice, regulated neuroinflammation and synaptic function, and significantly improved anxiety-like behavior and cognitive function in mice. Yu et al. designed and constructed an engineered EVs-drug delivery system, RVG-circDYM-ev, with enhanced brain targeting, which can effectively deliver circDYM to the brain. By binding with the transcription factor TATA-box binding protein-related factor 1 (TAF1), it reduces the expression of downstream target genes, inhibits neuroinflammation, and significantly improves depression-like behavior in mice (Yu et al., 2022).
In summary, EVs-based therapies have shown positive effects in the treatment of mental disorders (Table 2). However, the research of EVs in this field is still in the early stages, their specific mechanism of action is still unclear, and their actual efficacy remains to be further verified. In the future, more animal and clinical trials are necessary to explore the potential of EVs in mental disorders therapy.
TABLE 2 | Application of EVs in the treatment of mental disorders.
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With the expansion and deepening of research, the potential roles of EVs in the occurrence, progression, diagnosis and treatment of mental disorders have been gradually revealed. In the normal physiological environment, EVs are the necessary medium for information exchange between cells in the brain, which is very important in maintaining CNS homeostasis. In contrast, in pathological conditions, EVs transmit pathological information between cells in the brain, induce neuroinflammation, and regulate disease progression. Pathological EVs can not only be found in the brain but can also cross the BBB and enter peripheral circulation. Researchers have extracted EVs from the peripheral blood of patients with schizophrenia, major depression, bipolar disorder and autism, as well as from healthy controls. The intrinsic components of EVs extracted from patients with mental disorders, such as nucleotides, proteins, lipids and metabolites, showed significant changes compared to those from healthy individuals. Based on these findings, EVs and their contents hold promise as biomarkers for diagnosing mental disorders. Moreover, due to their high stability, biocompatibility, low immunogenicity, and ability to cross the BBB, EVs are considered to be a promising and effective treatment strategy for mental disorders. In particular, mesenchymal stem cell-derived EVs have been found to effectively relieve neuroinflammation, restore neurogenesis, and promote neuroprotection, thus significantly improving the behavior and cognition of patients with mental disorders. In conclusion, EVs present broad application prospects for both the diagnosis and treatment of mental disorders.
However, the existing research on EVs is mainly in the laboratory stage, and it is still a great challenge to transform basic research into clinical applications. Firstly, the processes for extracting and detecting EVs are not standardized and can be easily affected by other substances in peripheral blood, resulting in insufficient yield and purity. Secondly, most existing studies focus on exosomes, while only a limited number of studies on complexes that have not been classified in detail, which lack effective comparison between different EVs types, and it remains unclear how different types and sizes of EVs may cause differences in effects. Futhermore, the origin of EVs is still uncertain, and the commonly used surface marker for brain-derived EVs, L1CAM, is now controversial, so more specific surface markers need to be found. Finally, the sample size of existing EVs-related experimental studies is small, and there may be differences between different studies. Therefore, whether EVs can become effective diagnostic markers or therapeutic agents for mental disorders requires more comprehensive research, including standardized isolation and characterization research, in-depth mechanism research, effective animal research, and large-scale clinical research.
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