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Abstract

implications for future research directions.

Exosomes, small extracellular vesicles released by various cell types, have emerged as key mediators of
intercellular communication and immune regulation. Their ability to transfer bioactive molecules, including proteins,
nucleic acids, and lipids, between cells makes them pivotal players in physiological and pathological processes. This
review provides a comprehensive overview of the biogenesis, composition, and functions of exosomes, with a focus on
their roles in modulating immune responses. We discuss the mechanisms by which exosomes infuence immune cell
function, including antigen presentation, immune suppression, and infammation regulation. Furthermore, we highlight
recent advancements in understanding the therapeutic potential of exosomes in immune-related disorders and their
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Introduction

Cell-to-cell communication is essential for coordinating diverse
biological processes, including development, homeostasis, and
immune responses [1]. While direct cell-cell contact and soluble factors
have long been recognized as primary modes of communication,
recent studies have uncovered the crucial role of extracellular vesicles,
particularly exosomes, in intercellular signaling. Exosomes are small
membrane-bound vesicles (30-150 nm) released by various cell types
into the extracellular environment [2]. ey carry a cargo of bioactive
molecules, including proteins, nucleic acids, and lipids, which can be
transferred to recipient cells, thereby in uencing their function and
phenotype.

Biogenesis and composition of exosomes

Exosomes originate from the endosomal pathway, where
intraluminal vesicles (ILVs) are formed within multivesicular bodies
(MVBs). e fusion of MVBs with the plasma membrane results in the
release of exosomes into the extracellular space [3]. Exosomes contain
a diverse array of molecules derived from their parent cells, re ecting
their cellular origin and physiological state. Proteomic, lipidomic, and
nucleic acid analyses have revealed the presence of speci ¢ markers,
such as tetraspanins (CD9, CD63, CD81), heat shock proteins (HSP70,
HSP90), and various RNA species (mMRNA, microRNA, long non-
coding RNA), which contribute to their unique composition and
functional diversity [4].

Intercellular communication via exosomes

Exosomes serve as carriers of intercellular communication by
delivering their cargo to recipient cells through various mechanisms,
including endocytosis, membrane fusion, and receptor-ligand
interactions. Once internalized, exosomal molecules can modulate
the signaling pathways and gene expression pro les of recipient cells,
thereby in uencing their behavior and phenotype [5]. In the context
of immune regulation, exosomes derived from immune cells, such
as dendritic cells, macrophages, and T cells, play critical roles in
orchestrating immune responses by promoting antigen presentation,
activating or suppressing immune cells, and modulating in ammatory
signaling pathways.
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exosomes in intercellular communication and immune regulation,
several challenges and unanswered questions remain. Elucidating the
mechanisms governing exosome biogenesis, cargo sorting, and uptake
by rec-nting the
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