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Abstract: Inflammation is a common feature of many inflammatory diseases and tumors, and plays a decisive role in their 
development. Exosomes are extracellular vesicles unleashed by assorted types of cells, and it is widely known that exosomes of 
different immune cell sources play different functions. Exosome production has recently been reported for immune cells comprising 
macrophages, T cells, B cells, and dendritic cells (DCs). Immune cell-derived exosomes are involved in a variety of inflammatory 
responses.Herein, we summarize and review the role of macrophages, T cells, B cells, and dendritic cells (DC) in inflammatory 
diseases, with a focus on the role of immune cell-derived exosomes in osteoarthritis, rheumatoid arthritis, and the inflammatory tumor 
microenvironment (TME).These findings are expected to be important for developing new treatments for inflammatory diseases and 
ameliorating tumor-related inflammation. 
Keywords: inflammatory diseases, immune cell-derived exosomes, osteoarthritis, rheumatoid arthritis, inflammatory tumor 
microenvironment

Introduction
The immune system plays a vital role in defending the body, but excessive immune responses can result in inflammatory 
diseases.1 Inflammation is a response to harmful stimuli, but prolonged and severe inflammation can lead to tissue 
damage and dysfunction.2 Exosomes are extracellular vesicles with diverse functions that were first identified in 1983.3,4 

They have since become a promising therapeutic modality for inflammatory diseases. Immune-derived exosomes are 
a novel form of intercellular communication that are involved in various cellular processes, such as immune response, 
signal transduction, immune activation, antigen presentation, cell killing, and metabolism regulation.5 In this review, we 
summarize the roles of immune cell-derived exosomes, including those from macrophages, T cells, B cells, and dendritic 
cells, in inflammatory conditions such as osteoarthritis, rheumatoid arthritis, and tumors. We also discuss the potential 
applications of immune cell-derived exosomes in diagnosing and treating these diseases. This review provides new 
insights into the roles of immune cell-derived exosomes in inflammatory diseases and their potential therapeutic 
applications.

Exosome Composition and Formation Mechanism
Exosomes are small vesicles, typically measuring between 30–100 nm in length, that are secreted by cells and can be 
found in various biological fluids, including cell culture supernatants, serum, plasma, saliva, urine, and amniotic fluid.6,7 

Exosomes have a phospholipid bilayer membrane that encapsulates DNA, RNA, proteins, lipids, and sugars.8 These 
vesicles contain a variety of specialized proteins, including tetrameric proteins such as CD9, CD63, CD81, and CD82, 
Alix, heat shock proteins (HSP), major histocompatibility complex (MHC-1/2), lipid rafts, and tumor susceptibility gene 
101 (TSG101). Of these proteins, CD9 and CD63 are widely accepted as biomarkers and their expression levels have 
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been shown to correlate with the prognosis of several tumors,9,10 Additionally, elevated CD63 levels have been found to 
be associated with the severity of organ-system dysfunction and mortality prediction in patients with severe sepsis.11 Alix 
is involved in exosome biogenesis and its expression has been shown to regulate the level of exosome-associated proteins 
in induced pluripotent stem cells (iPSC). Furthermore, the gradual decrease in Alix protein signaling during colorectal 
adenoma-carcinoma sequences promotes epithelial-stromal interactions that control tumor growth, metastatic invasion, 
and therapeutic response. HSP has both intracellular and extracellular functions in the immune system, including antigen 
presentation, expression of innate receptors, and promoting membrane deformation and exosome release by facilitating 
the fusion of multivesicular vesicle endosomes (MVEs) with the plasma membrane.12–14 MHC is an important molecule 
in the process of antigen recognition and plays a crucial role in antigen presentation and immune signaling. MHC class 
I molecules mainly interact with CD8+ cytotoxic T cells (Tc), while MHC class II molecules primarily interact with 
CD4+ helper T cells (Th), making them important biological markers for tumor immunotherapy.15

The process of exosome biogenesis is not yet fully understood, but it is believed to involve several steps (Figure 1). 
Initially, the plasma membrane invaginates to form a cup-shaped structure. Then, early sorted endosomes develop and 
mature into late sorted endosomes. During this process, the endosomal membrane buds into the cavity, forming 
intraluminal vesicles (ILVs) and transforming the endosomes into mature multivesicular endosomes (MVEs). MVEs 
can undergo two possible fates: fusion with lysosomes, leading to the degradation of the luminal vesicles, or transport to 
the plasma membrane, where they fuse and release their luminal vesicles outside the cell as exosomes.16,17

Immune Cell-Derived Exosome Function
Macrophage-Derived Exosomes
Macrophages serve as both effectors and regulators in the immune response, contributing to innate immunity, as well as 
cellular and humoral immunity. Under the influence of different cytokines, macrophages can be classified as M1 or M2.18 

M1-type macrophages are typically activated by Th1 cytokines (such as TNF-α and IFN-γ) or bacterial lipopolysacchar-
ide (LPS), leading to the release of NO through inducible nitric oxide synthase, as well as high levels of pro- 
inflammatory cytokines (including IL-1α, IL-1β, IL-6, IL-12, IL-23, TNF-α, and cox-2). On the other hand, M2-type 
macrophages are polarized by Th2 cytokines (such as IL-4 and IL-13) and display heightened expression of scavenger 
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receptors. These cells are capable of producing anti-inflammatory cytokines, such as IL-4, IL-13, IL-10, or transforming 
growth factor-β(TGF-β).19,20 Thus, macrophages have the potential to both promote and suppress inflammatory 
responses depending on the cytokine stimuli they receive.21

Recent studies have shown that macrophage-derived extracellular vesicles contribute to the activation of pro- 
inflammatory signaling pathways in endothelial cells, leading to increased levels of inflammation and ICAM 
expression.22 Additionally, exosomes derived from M2 macrophages can increase the percentage of M2 macrophages 
and decrease the percentage of M1 macrophages, whereas M1 macrophage-derived exosomes exhibit the opposite effect.23 

Macrophage-derived exosomes have also been shown to suppress inflammation and accelerate diabetic wound healing by 
inhibiting the secretion of pro-inflammatory enzymes and cytokines in a diabetic rat model of skin defects.24 Conversely, 
macrophage-derived exosomes imbued with miR-155 have been found to promote the production of inflammatory 
cytokines, including IL-6, IL-23, and TNF-α, as well as increase the expression of CD40, CD63, CD81, and MCH-1 in 
H.pylori-infected macrophages, while downregulating inflammatory signaling pathway proteins such as MyD88 and NF- 
κB25 (Table 1). Overexpression of the trigger receptor-2 expressed on myeloid cells (TREM2) has been shown to inhibit 
corticosterone biosynthesis during the early stages of septic shock, potentially contributing to macrophage-derived 
exosomes.26 Mg2+ has also been found to induce macrophage autophagy and modulate M1/M2 polarization in macro-
phages, a process closely associated with macrophage-derived exosomes, particularly those containing miR-381.27 

Inducing macrophage polarization from pro-inflammatory M1 to anti-inflammatory M2 via exosomes could be 
a promising target for treating inflammatory diseases.

T Cell-Derived Exosomes
T cells are a crucial component of the immune system and play an essential role in transmitting immunological 
information and directly killing infected cells. There are three primary types of T cells: CD8+ killer T cells, CD4+ 
helper T cells, and regulatory T cells. Exosomes derived from T cells can transfer inhibitory or promotive factors to other 
cells and have emerged as novel regulators of intercellular signal transduction in inflammatory responses, autoimmune, 
and infectious diseases. Researchers have identified specific proteins in the RAS/MAPK signaling pathway in exosomes 
produced by activated T cells, which can serve as biomarkers for inflammation by inducing ERK phosphorylation in 

Figure 1 Secretion and structure of exosomes.
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Table 1 The Role of Immune Cell-Derived Exosomes in the Inflammatory Response

Exosome Tissue or cell Separation 
method

Target cells Biological effects Mechanisms of action Reference

Macrophage-derived 
exosomes

THP-1 Density gradient 
and 

ultracentrifugation

HCAECs Up-regulate inflammation and 
Increased endothelial damage

Enhanced the expression of ICAM1, PAI-1 and 
reduced levels of miR-17-3p, And high expression 

of ICAM1 might through TLR4 signaling

[22]

Macrophage-derived 

exosomes

Bone marrow of 

mouse femurs

Ultracentrifugation Murine macrophage 

cell lines RAW 264.7

Modulate macrophages 

Polarization and reduce inflammation 

of spinal cord injury

Activate the miR-23a-3p/PTEN/PI3K/AKT axis [23]

Macrophage-derived 

exosomes

Murine 

macrophage cell 
lines RAW 264.7

Ultracentrifugation HG-HUVECs Reduce The infiltration of 

inflammatory cells and accelerate 
blood vessels formation

Down-regulate the expression of TNF-α and IL-6 

and suppress inflammatory signal transduction24

[24]

Macrophage-derived 
exosomes

Murine 
macrophage cell 

lines RAW 264.7

Ultracentrifugation Macrophages Induce strong inflammatory response Promote cytokines TNF-a, IL-6, IL-23 or cell signal 
transduction proteins CD40, CD63, CD81, and 

MCH-I by targeting MyD88, NF-κB proteins 

expression

[25]

T cell-derived 

exosomes

Human T cells – Mast cells Mast cell activation ERK phosphorylation [28]

T cell-derived 

exosomes

Mac-T cells Ultracentrifugation Bovine macrophages Promote M1 polarization of bovine 

macrophages and inflammatory 
responses

Target pro-inflammatory mRNA, which lead to 

active Janus kinase (JAK)/signal transducer, 
activator of transcription (STAT) signaling and NF- 

κB signaling

[29]

T cell-derived 

exosomes

Treg cell Ultracentrifugation 

and density 

gradient centrifu- 
gation

T cells Delay acute allograft rejection and 

inhibit the proliferation of T cells

Induce suppress immunoregulatory effects [30]

T cell-derived 
exosomes

Murine Treg-cell line 
(Auto-Treg cells)

Ultracentrifugation T cells Suppress 
cell responses and 

increase adaptive Treg-cell numbers

CD73 present on Treg-cell-derived exosomes 
Produce anti-inflammatory mediator adenosine

[31]

T cell-derived 

exosomes

BALB/c specific Treg 

line (dTregs)

Ultracentrifugation 

and ExoQuick-TC

Bone marrow-derive 

cells

Induce tolerogenic effect of DCs and 

reduce inflammation

By transferring miR-150-5p and miR-142-3p to 

reduce the production of the pro-inflammatory 

cytokine IL-6 and increase Anti-inflammatory 
cytokine IL-10 following TLR activation

[32]
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B cell-derived 
exosomes

Epstein Barr virus 
immortalized B-LCL

Differential 
centrifugation

Human skin 
fibroblasts

Bind to TNF-α-activated fibroblasts, 
activating adhesion-signaling pathways 

and modulate inflammation.

Express β1 and β2 integrins, mediating adhesion to 
ECM components and trigger adhesion-dependent 

Ca2+ signals

[33]

DC cell-derived 

exosomes

Mouse bone 

marrow derived- 

DCs and human 
monocyte-derived 

DCs

Ultrafiltration and 

diafiltration

NK cell Promote Natural Killer 

Cell Activation and Proliferation

Express both IL-15Ra and NKG2D ligands [34]

DC cell-derived 

exosomes

Bone marrow- 

derived DCs

Exosome 

extraction kit

– Reduce inflammation in mice with 

acute colitis

Decreased production of pro-inflammatory 

cytokines, such as tumor necrosis factor -α, 
interferon -γ, IL-17A, IL-12, and IL-22

[35]

Abbreviations: THP-1, Human monocytic leukemia cells; HCAECs, Human Coronary Artery Endothelial Cells; HG-HUVECs, High glucose cultured human umbilical vein endothelial cells; B-LCL, B-lymphoblastoid cell lines; ECM, 
ExtraCellular Matrix.
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recipient immune cells.28 Additionally, exosomes produced by bovine mammary epithelial T cells may stimulate 
macrophage polarization to M1 during inflammatory responses.29

CD8+ T cells play a vital role in defending against infection by killing infected cells through recognition of microbial 
peptides presented by MHC class I molecules on the surface of target cells. Granzyme and perforin, found in exosomes 
derived from CD8+ T cells, can assist in killing target cells.36 CD4+ T cell-derived exosomes interact with NK cells, 
macrophages, CD8+ T cells, and other cells, and MHCII-like peptides can stimulate the TCR of CD4+ T cells and enable 
their functions. Regulatory T cells (Tregs) are responsible for controlling autoimmune responses. A low number or 
hypofunction of Tregs can lead to an overreaction of the immune system and the development of autoimmune diseases, 
while a high number or abnormal activation can suppress the immune response, which is associated with the develop-
ment of numerous tumors. Exosomes derived from Tregs have been shown to have immunosuppressive capacity, and 
exosomes from Tregs can suppress acute rejection and inhibit T-cell proliferation.30,37 Treg cells secrete more exosomes 
containing membrane-bound molecules, including CD25, CTLA4, and CD73, compared to other T cell subtypes. 
Exosomes derived from Tregs mainly suppress inflammation by releasing adenosine and CD73.31,38 Also, it was 
demonstrated that MiR-150-5p and MiR-142-3p from exosomes derived from tregs were transferred to DCs, where 
they were expressed more strongly.Moreover, miRNAs, such as MiR-150-5p and MiR-142-3p, transferred to DCs via 
exosomes derived from Tregs may regulate DC function38 (Table 1).

B Cell-Derived Exosomes
B cells are essential effector cells in humoral immunity and are a major source of extracellular vesicles. During their 
differentiation into effector cells, B cells undergo a wide range of physiological changes, with exosome production being 
a key feature. The activation of B cells by CD40 and IL-4 signaling is known to facilitate the production of exosomes.32 

The exosomes formed by B cells contain immunoglobulins, which are transported via the surface B cell receptor (BCR) 
to the endosomal/exosomal pathway and then into the extracellular space.40 Using B-cell-derived exosomes, exogenic 
miRNA-155 mimics or inhibitors were found to be delivered into hepatocytes or macrophages, respectively, and 
stimulation of B cells resulted in an effective immune response.41

B-cell activation leads to the release of large amounts of MHC II-positive exosomes, which play a crucial role in 
antigen presentation.42 B-cell-derived exosomes have been found to enhance metabolic activity, leading to the suppres-
sion of cytotoxic T cells.43 They also express functional integrins that mediate the anchoring of ECM and cell surface 
adhesion molecules, representing a novel mode of conveying adhesion signals during inflammation beyond the distance 
of direct cell-cell contact33 (Table 1). In the tumor microenvironment, B-cell-derived exosomes inhibit CD8+ T-cell 
responses and interfere with the antitumor effects of chemotherapeutic agents. The levels of CD19+ B-cell-derived 
exosomes in the peripheral blood of tumor patients have been shown to correlate with worse tumor prognosis, and their 
levels may serve as a predictor of chemotherapeutic drug efficacy. Therefore, controlling the secretion of B-cell-derived 
exosomes could be a promising strategy for tumor treatment.

DC Cell-Derived Exosomes
As well as macrophages, dendritic cells (DCs) are powerful antigen-presenting cells, and the role of the exosomes should 
not be overlooked. Mature dendritic cell-derived exosomes highly express HLA-II-like molecules and CD40, CD80 and 
CD86 co-stimulatory molecules on their surface. In peripheral lymph nodes, m Dex interacts with DCs and T cells to 
promote the activation of initial T cells into effector T cells and initiate specific immune responses.In contrast, immature 
dendritic cell-derived exosomes (im Dex) with low surface expression of HLA-II class antigen-presenting molecules and 
CD40, CD80 and CD86 costimulatory molecules are not activated to induce immune tolerance and are not only 
associated with t cells,44,45 but DC-derived exosomes are also capable of mediating T and B cell activation and inducing 
antitumor immunity through complement activation and antigen shuttling.46,47 DCs can also receive exosomes from 
B cells and regulate T cell polarization, while T cells can use exosomes carrying genomic or mitochondrial DNA to 
induce antiviral responses in DCs through the cGAS/STING cytoplasmic DNA sensing pathway with IRF3-dependent 
interferon regulation of gene expression.48 In addition DC-derived exosomes mainly activate Natural killer cells (NK) 
and promote the proliferation of NK cells. dC cells are directly involved in IL-15R and NKG2D-dependent Nk cell 
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proliferation and activation by secreting exosomes expressing interleukin-15Ra and NKG2D ligands,34 and it has also 
been studied that Dc cell-derived exosomes are also able to contribute to the proliferation and secretion of IFNc by NK 
cells and inhibit tumor metastasis.49 It has been reported that inflammatory factors can affect DCs-derived exosome 
activity, and if the inflammatory environment contains high amounts of pro-inflammatory factors such as IL-6 and 
TNF-α, the precursors of DCs differentiate into mature DCs, and their exosomes exert pro-inflammatory effects; on the 
contrary, if the microenvironment contains factors such as IL-10, the precursors of DCs differentiate into immature DCs, 
and their exosomes exert immunosuppressive effects.50 During parasitic infection, antigen-stimulated DCs are able to 
resist the inflammatory response by means of exosomes35 (Table 1).Therefore, DC-derived exosomes play an important 
role in antigen presentation, regulation of immune response outcome, antitumor, and play different functions influenced 
by local inflammatory microenvironment inflammatory factors, activating T cells, B cells, NK cells and interacting with 
each other. The diversity of DC-derived exosome functions also The functional diversity of DC-derived exosomes also 
provides researchers with new ideas for targeted drug delivery in inflammatory diseases.

Immune Cell-Derived Exosomes in Inflammatory Diseases
Role of Immune Cell-Derived Exosomes in Osteoarthritis
Osteoarthritis (OA) is a degenerative disease that affects the joints, causing pain, mobility problems, disability and 
deformity, particularly in older adults. Although several treatment methods exist for osteoarthritis (OA), including 
nonsteroidal anti-inflammatory drugs, corticosteroid injections, and stem cell therapy, recently patient education (PE), 
exercise therapy, weight management, and manual therapy (MT) have been recommended as first-line interventions for 
OA.51–53 Joint replacement is commonly used to treat advanced-stage osteoarthritis.The knee and hip joints, being the 
most commonly affected joints in osteoarthritis, undergo significant impact. A recent study examining preoperative and 
postoperative blood samples revealed that both total hip and knee replacement surgeries exert similar effects on early 
postoperative inflammatory markers in patients.54 Inflammation remains a consistent presence throughout the entirety of 
the treatment process, emphasizing the importance of effectively controlling and eliminating inflammation for the 
successful interventions of osteoarthritis.However, the underlying mechanisms of this disease are still unclear, and 
currently, there is still no effective treatment method available.Recent studies have shown that exosomes from mesench-
ymal stem cells (MSCs) can reduce inflammation and protect cartilage in OA. For instance, exosomes from adipose- 
derived MSCs can down-regulate inflammatory factors and reduce the production of prostaglandin E2 (PGE2), which 
plays a chondroprotective role.55 Bone marrow-derived MSCs (BM-MSCs) secrete exosomal microRNA-9-5p that 
inhibits inflammation and reduces oxidative stress injury associated with OA. Moreover, exosomes from human 
umbilical cord MSCs (hUCMSCs) can polarize macrophages and release anti-inflammatory cytokines.56 Inhibition of 
NF-B signaling by exosomes from human bone MSCs (hBMSCs) reduces chondrocyte damage and matrix metallopro-
teinase (MMP) levels.57 While MSC-derived exosomes have been widely studied in OA, immune cell-derived exosomes 
remain understudied. M2 macrophage-derived exosomes (M2-exo) have been shown to reduce pro-inflammatory 
cytokines such as TNF-α, IL-6, and IL-1β and exert anti-inflammatory effects via the PI3K/AKT/mTOR signaling 
pathway.58 M2-exo also regulate the production of pro-inflammatory factors and facilitate bone differentiation while 
inhibiting MMP13 levels.59,60 These findings suggest that macrophage exosomes may become a new therapeutic 
direction for OA treatment, particularly for synovial inflammation.

The Role of Immune Cell-Derived Exosomes in Rheumatoid Arthritis
Rheumatoid arthritis (RA) is a chronic inflammatory disorder characterized by synovitis, destruction of articular cartilage 
and bones. The pathogenesis and progression of RA are believed to involve immune cells, autoantigens, and inflamma-
tory mediators. In recent years, the role of immune cell-derived exosomes in RA has attracted increasing attentionStudies 
have shown that exosomes from RA patients contain higher levels of miR-17 compared to healthy exosomes. MiR-17 has 
been found to inhibit Treg induction by suppressing the expression of transforming growth factor β receptor II (TGFBR 
II) in T cells.61 Additionally, TNF-α-stimulated exosomes expressing upregulated miRNAs, including miR-155-5p, miR- 
146a-5p, miR-323a-5p, and miR-1307-3p, have been identified in RA patients. Among these miRNAs, miR-146a was 
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expressed on CD4+ T cells from RA patients and overexpression of miR-146a suppressed Jurkat T cells by affecting 
FAS-related factor 1 (FAF1) apoptosis.62

RA has also been associated with changes in NK cells and CD38-expressing T cells. As CD38+NK cell ratios 
increase in RA, they inhibit Treg cell differentiation by stimulating mTOR signaling in CD4+ T cells.63 In addition, 
downregulation of miR-204-5p in exosomes has been observed in RA patients, and reduced exosomal miR-204-5p 
abundance has been observed in mice with collagen-induced arthritis (CIA), whereas human T lymphocytes release 
exosomes containing high amounts of miR-204-5p that can be transferred to synovial fibroblasts and inhibit FLS 
proliferation. Overexpression of miR-204-5p in synovial fibroblasts inhibits synovial fibroblast activation by targeting 
genes associated with FLS proliferation and invasion, making it a potential biomarker for the diagnosis and treatment of 
RA.In a mouse model of RA, plasmids encoding the anti-inflammatory cytokines interleukin 10 and betamethasone 
sodium phosphate (BSP) encapsulated into the bionic vector M2 exosome (M2 Exo), derived from M2 macrophages, 
have been shown to reduce the secretion of the pro-inflammatory cytokines IL-1β and TNF-α, increase the expression of 
IL-10 cytokines, promote M1 to M2 macrophage polarization, and attenuate RA.64 It has also been studied that over- 
activated B cells in autoimmune diseases can be involved in immune damage at inflammatory sites by releasing 
exosomes. Moreover, it has been suggested that blocking the release of B-cell-derived and dendritic cell-derived 
exosomes may suppress the overactive immune response of the body, offering a new avenue for the treatment of 
autoimmune diseases.

Role of Immune Cell-Derived Exosomes in Tumor Inflammatory Environment
Normal cells typically exist in a homeostatic internal environment, while tumour cells require a specific external 
microenvironment conducive to their growth and proliferation. This includes inducing tissue hypoxia and acidosis, 
producing large amounts of growth factors and protein hydrolases, and triggering immune inflammatory responses, 
among other factors. Cancer cells interact with their surrounding stromal and inflammatory cells to create an inflamma-
tory tumour microenvironment (TME). The inflammatory microenvironment affects all stages of tumour development, 
and several important cytokines and chemokines such as IL-1β, IL-6, CSF-1, and TNF-α are involved in this process. 
Furthermore, the tumour microenvironment perpetuates an inflammatory response, enhancing the invasive and metastatic 
abilities of the tumour cells. Numerous studies have indicated that exosomes participate in tumour-associated inflamma-
tion and regulate inflammation by facilitating intercellular communication.

Tumor-associated macrophages (TAMs) are the most abundant immune cells that infiltrate tumor tissue and have been 
reported to play an important role in the development of osteosarcoma. Studies have shown that TAM-derived exosomal 
lncRNA LIFR-AS1 promotes osteosarcoma cell proliferation, invasion, and inhibits apoptosis through the miR-29a/ 
NFIA axis.65 Tumor-associated macrophages (TAMs) usually have two opposing phenotypes: antitumor M1 and primary 
M2. Molecular features of TAM-EV are associated with a more favorable patient prognosis with enhanced inflammatory 
and immune responses compared to source TAM with a Th1 / M1 polarized molecular profile.Enriched TAM-EV 
preparations promote proliferation and activation of isolated T cells, and TAM-EV also contains bioactive lipids and 
biosynthetic enzymes that may alter pro-inflammatory signaling in cancer cells.TAM is largely immunosuppressive, but 
its exosomes largely stimulate the immune response.66 Exosomes derived from M1 macrophages can regulate the 
progression of hepatocellular carcinoma (HCC) through microRNAs (miRs).For example, miR-326, an M1 macrophage- 
derived exosome, inhibits HCC proliferation, migration, and invasion by downregulating NF-κB expression and 
promoting apoptosis.67 In contrast, exosomal miR-487a derived from M2 macrophages was found to promote prolifera-
tion and tumorigenesis in gastric cancer,68 Additionally, exosomes derived from M1 macrophages (M1NVs) can convert 
M2 TAMs into M1 macrophages, release pro-inflammatory cytokines, and induce anti-tumor immune responses.69

Tumor-derived exosomes (TDEs) have been reported to alter differentiation, maturation, and function of dendritic 
cells (DCs). TDEs contain a variety of biomolecules, including COX-2 (cyclooxygenase-2), PGE2 (prostaglandin E2), 
TGF-β (transforming growth factor-β), IL-6, HSP70, HSP72, HLA-G, and glycolytic enzymes, thereby affecting bone 
marrow progenitor cells and inhibiting the differentiation of DCs and monocytes while promoting the polarization of 
myeloid-derived suppressor cells (MDSCs). TDEs can also induce DCs to express TGF-β, which further increases TGF-β 
expression in an autocrine loop, and robustly inhibits anti-tumor immunity. Therefore, DCs are closely related to the 
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tumor inflammatory environment, and exosomes from DCs may play a role in the tumor inflammatory environment. 
A pilot study showed that in hepatocellular carcinoma (HCC) mice treated with exosomes of DCs expressing alpha- 
fetoprotein (AFP) (DEXAFP), the tumor microenvironment was improved with a significant increase in CD8+ 
T lymphocytes expressing gamma-interferon (IFN-γ), increased levels of IFN-γ and interleukin-2, decreased CD25 
+Foxp3+ regulatory T (Treg) cells, and reduced levels of interleukin 10 and transforming growth factor. While other 
immune cell sources in the tumor inflammatory environment have been less studied, regulation of the tumor inflamma-
tory microenvironment by immune-derived exosomes may become a direction of tumor therapy.

Clinical Implications
Inflammation is associated with the pathogenesis of many diseases, and both acute and chronic immune responses can 
lead to functional organ dysfunction. Inflammation and autoimmune diseases share common mechanisms, as both occur 
due to the inability to control the host’s immune response. Therefore, the treatment of these conditions involves targeting 
immune regulation.

Anti-inflammatory agents that can modulate inflammatory signaling pathways are commonly used to treat inflamma-
tion. For example, nonsteroidal anti-inflammatory drugs (NSAIDs) are widely used for inflammatory conditions such as 
osteoarthritis and rheumatoid arthritis. They exert their effects by inhibiting prostaglandin synthesis and release in the 
inflammatory response, thereby alleviating inflammation-related pain and discomfort. Additionally, research is underway 
on anti-inflammatory small molecules, microRNAs (miRNAs), and other approaches.Therapeutic strategies that disrupt 
autoreactive responses are being pursued in autoimmune diseases. Monoclonal antibodies targeting B cells are being used 
to treat autoimmune diseases. In addition to these methods, signal pathway inhibitors, stem cell transplantation, tumor 
necrosis factor (TNF) biologics (such as infliximab and adalimumab), interleukin-1 receptor antagonists (such as 
anakinra), and other approaches are extensively studied. The use of these drugs is limited due to their toxic reactions 
and immunosuppressive side effects. The use of mesenchymal stem cells for the treatment of inflammation and 
autoimmune diseases faces challenges such as low cell survival rates, impaired paracrine effects, and limited homing 
ability. Extracellular vesicles secreted by immune cells, which possess potent immunomodulatory activity, have emerged 
as an alternative to cell-based therapies. Compared to cell-based therapies, extracellular vesicles are cell-free and 
therefore have lower toxicity and fewer immune reactions. Moreover, extracellular vesicles can protect immunomodu-
latory biomolecules from degradation, making them suitable as drug delivery systems. Thus, immune cell-derived 
extracellular vesicles hold potential clinical applications in the treatment of inflammation-related diseases.

Conclusions and Future Directions
In order for the immune system to maintain cellular homeostasis and provide host defense, exosomes play an integral role 
in the establishment of communication between immune cells and the maintenance of a relatively stable immune 
environment. Exosomes play an important role in many physiological and pathological processes by being released 
into the extracellular environment and delivering their cargo molecules to target cells. Exosomes of immune origin have 
become key players in shaping the immune response, such as immune activation, immune suppression, and maintaining 
the body’s immune homeostasis. Inflammation is one of the pathogenesis of many diseases, and the relative stability of 
immunity is closely related to inflammatory diseases. With the discovery of exosomes and the advancement of research, 
exosomes have become a new therapeutic modality for inflammatory diseases Different cell-derived exosomes play 
different roles, while we focus on the mutual regulation of immune cell-derived exosomes and their application in 
diseases, including macrophage-derived exosomes, B-cell-derived exosomes, T cell-derived exosomes, dc cell-derived 
exosomes, and in common inflammatory diseases. In conclusion, immune cell-derived exosomes have great potential for 
the treatment of a variety of inflammatory diseases. Understanding the function of immune-derived exosomes and using 
the immune characteristics of exosomes to modulate immune responses may have applications in the specific pathogen-
esis of inflammatory diseases. However, further research is needed to fully understand the mechanisms underlying 
exosome-mediated immune regulation and to develop safe and effective exosome-based therapies for inflammatory 
diseases.
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