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ARTICLE INFO Abstract

Background. Schizophrenia, as a chronic and debilitating mental iliness, often results in
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a decrease in the quality of life of patients. This systematic review aimed to investigate
blood and brain exosomes as biomarkers for the diagnosis of schizophrenia.

Methods. In this systematic review, articles on the role of exosomes and their molecular
content in patients with schizophrenia were identified by searching PubMed, Scopus,
Embase, and Web of Science databases up to July 2025.

Results. A total of 215 articles were reviewed, and 19 studies were selected for

Keywords:

e Exosomes

e Schizophrenia

e Biomarkers

e Systematic review
e Brain

e Serum

inclusion. Our findings revealed that the molecular content of exosomes, including
proteins, metabolites, and circRNA, differs significantly between individuals with
schizophrenia and healthy controls. These biomarkers are associated with key
pathophysiological signaling pathways, including neurotransmission, mitochondrial
processes, neuroinflammation, and metabolism.

Conclusion. The use of exosomes as biomarkers can enhance diagnostic accuracy and
provide better insight into the molecular mechanisms involved in the development and

manifestation of schizophrenia.

Practical Implications. Exosomes can be used as biomarkers for the diagnosis of
schizophrenia. They have the potential to serve as non-invasive tools for the diagnosis of
schizophrenia, assessment of response to treatment, and development of targeted
therapies for this mental disease. The findings of the present study provide a new
perspective for the personalization of therapy for individuals with schizophrenia and the
early treatment of these patients.
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Extended Abstract
Background

Schizophrenia, as a chronic and debilitating mental
illness, decreases patients' quality of life; therefore, its
early diagnosis plays a crucial role in controlling its
progression and improving outcomes. The absence of
specific and reliable biomarkers presents significant

challenges in clinical diagnosis. Exosomes are small
vesicles measuring 50-150 nm that are released into
the bloodstream and other bodily fluids by various
types of cells, including neural cells. They can cross
the blood-brain barrier and transport cellular
components such as proteins, lipids, and RNAs. The
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composition of exosomes changes under pathological
conditions, making them non-invasive indicators for
assessing the biological state of the brain and
identifying biomarkers of schizophrenia. Due to their
unique molecular content, exosomes hold great
potential as non-invasive biomarkers for early
diagnosis of schizophrenia. Recent studies have
shown that the exosome content of individuals with
schizophrenia differs markedly from that of healthy
individuals.

Methods

This systematic review was conducted based on
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) Statement. In this
systematic review, articles about the role of exosomes
and their molecular content in patients with
schizophrenia were searched in PubMed, Scopus,
Embase, and Web of Science databases up to July
2025. The search strategy incorporated both Medical
Subject Headings (MeSH) and free-text keywords
related to Exosomes, Schizophrenia, Biomarkers,
Plasma, Brain, Serum, and Extracellular vesicles.
Boolean operators (AND, OR) combined and refined
the search terms. Additionally, the reference lists of
the articles were manually reviewed. After thorough
review and extraction of the necessary information,
the results of the articles were summarized in an
extraction table using Excel. Two reviewers
independently performed the risk-of-bias assessment
using the Quality Assessment of Diagnostic Accuracy
Studies-2 tool (QUADAS-2). Disagreements between
the two reviewers were resolved by discussion or a
third-party opinion. The biases in the studies were
evaluated with Review Manager 5.3 software
(RevMan; Oxford, UK). The data extracted from the
selected studies included authors and years of
publication, country of study, sample size, origin of
exosomes, exosome extraction method, and
measurement indicators.

Results

The initial database search yielded 215 articles,
and 114 duplicates were removed. The remaining
articles were screened by title and abstract, leading to
the review of 40 full-text articles. Ultimately, 19

studies were selected for the systematic review, with
their characteristics detailed in Table 1. Figure 1
represents the selection process. The results of the
evaluation of the quality of studies are shown in
Figure 2. Based on the results of the methodological
evaluation, most of the studies had medium to high
quality.

Numerous studies have demonstrated several
molecular changes in exosomes that can potentially be
used as biomarkers for schizophrenia. One study
showed a significant difference in 4 miRNAs in brain
samples taken from the prefrontal cortex of patients
with schizophrenia. In particular, 4 miRNAs,
including miR-497, miR-96, miR-33, and miR-31,
were found to be upregulated. Another study
identified higher levels of miR-223-3p, miR-193b-3p,
and miR-28a-3p, and lower levels of miR-132 in the
orbitofrontal cortex of patients. This study also
established a role for miR-223 as an exosome-secreted
miRNA that targeted glutamate receptors. It
emphasized that levels of miR-223 were inversely
associated with levels of its target genes, including
GRIN2B and GRIA2. Furthermore, miR-223 levels
were found to be positively correlated with

inflammatory gene expression, while miR-223
correlated negatively with GABAergic gene
expression.

A total of 18 miRNAs exhibited significant
differences in expression between patients with
schizophrenia and controls in  blood-derived
exosomes, with three miRNAs (hsa-miR-206, hsa-
miR-145-5p, and hsa-miR-133a-3p) showing two-
fold increases. Other miRNA studies have also
reported the upregulation of miR-675-3p in treatment-
resistant cases. In plasma extracellular vesicles, an
increase in MiR-137 levels was observed, which is
associated with mitochondrial damage, along with a
decrease in mitochondrial Cox6A protein, indicating
a potential biomarker for parvalbumin interneuron
dysfunction. In addition to miRNAs, alterations in
proteins and metabolites have also been observed.
Exosomes isolated from patients with schizophrenia
showed increases in GFAP (a marker of
neuroinflammation) and proteins of the complement
pathway (e.g., C3 and C4A). Conversely, proteins
associated with synaptic function and myelination
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were reduced. Serum-derived exosomes analyzed
with a metabolomics approach revealed significant
differences in 25 metabolites, indicating dysregulation
in glycerophospholipid and amino acid pathways.

Furthermore, the gut-brain axis was explored in a
study and reduced levels of bacterial and intestinal
cell-derived  exosomal  markers  such  as
lipopolysaccharide (LPS) were observed in patients,
indicating a potential link between gut microbiota
imbalance and psychosis.

Conclusion
It can be concluded that exosomes can be used as
non-invasive and effective diagnostic tools in the early

stages of schizophrenia. There are significant
differences in the expression levels of mMiRNASs,
proteins, and metabolites related to exosomes between
individuals with schizophrenia and healthy controls,
emphasizing the key role of neurobiological pathways
in the disease mechanism. Exosomes can serve as
reliable markers for early diagnosis of disease,
prediction of treatment response, and evaluation of
disease progression. With recent advances in
molecular technologies and exosome research, there is
an urgent need for more practical studies and clinical
trials to validate these molecular markers and establish
their clinical use.
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