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Mast cell-derived exosomes and claudin regulation
in ulcerative colitis: emerging insights and
therapeutic potential
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Ulcerative colitis (UC) is a chronic inflammatory condition marked by immune dysfunction and disruption of
the intestinal epithelial barrier, in which mast cells play a significant role through the release of inflammatory
mediators. Recent advances suggest that mast cell-derived exosomes and intraluminal vesicles (MC-EXOs
and MC-ILVs) may contribute to disease pathogenesis by modulating epithelial tight junction proteins,
particularly members of the Claudin family. Notably, transcriptomic analyses indicate that CLDN23,
a gene encoding Claudin-23, is downregulated in active UC. Exosomes are emerging as key players in
intercellular communication, capable of delivering functional microRNAs and proteins that influence
intestinal permeability and immune cell behaviour. This mini-review summarizes current evidence on the
interaction between mast cell-derived vesicles and intestinal epithelial cells, focusing on their regulatory
role in Claudin expression and immune signalling pathways. Understanding these mechanisms may
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1. Introduction

Ulcerative colitis (UC) is an inflammatory bowel disease (IBD) of
unknown etiology. It is characterized by multiple causative
factors and potentially has lifelong consequences, which
significantly impact the patients' quality of life."* Evidence
from current research suggests that UC pathogenesis is
primarily related to intestinal immune imbalance, intestinal
flora dysbiosis, and other genetic factors.* The clinical treat-
ment of UC primarily focuses on controlling inflammation and
relieving symptoms. Recent findings have revealed that exo-
somes are stable, compatible, and safe nano-scale delivery
vehicles within the human body and do not exhibit immune-
activating properties. Designing methods for delivering
certain drug treatments has become a popular research topic.>®
However, when secreted by certain cells, exosomes not only
serve as a structural shell but also exhibit diverse functions.
Exosomes are small vesicles with a diameter of 30-200 nm that
can be secreted by various cells into the extracellular space. They
contain various bioactive components, including nucleic acids,
proteins, and lipids.” Intraluminal vesicles (ILVs) represent the
pre-secretory state of exosomes and can form multivesicular
bodies intracellularly.’® Exosomes, naturally secreted nanoscale
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inform the development of exosome-based biomarkers and therapeutic strategies for UC.

vesicles derived from cells, are ubiquitous and perform diverse
functions. For example, exosomes derived from oxidized low-
density lipoprotein-induced macrophages are enriched in
miRNA-146a. This causes the accumulation of lipid-containing
macrophages in the vascular wall and leads to atherosclerosis.™
Mesenchymal stem cell-derived exosomes can enhance the skin
barrier and suppress the release of inflammatory mediators
following skin injury.'*'* Furthermore, exosomes not only func-
tion as natural nanoparticles but also undergo complex engi-
neering modifications. For instance, dendritic cell-derived
chimeric exosomes encapsulating toyocamycin enable targeted
drug delivery to tumors, and aptamer-modified macrophage-
derived exosomes facilitate bone injury repair.***

Mast cells (MCs) are widely distributed in various tissues,
such as blood vessels, skin, nerves, and the intestinal mucosa,
among other tissues.'® Mast cell-derived exosomes (MC-EXOs)
have  garnered widespread  attention in  disease
pathogenesis.”””*® Furthermore, previous studies have reported
that Argonaute 2 (Ago2) protein influences both exosome
secretion and miRNA selection within exosomes.>***

Recent studies have demonstrated that tight junction (TJ)
proteins, such as the Claudin family of proteins, play a crucial
role in maintaining intestinal epithelial barrier function in
UC.”” Adjacent cells in the intestinal epithelium are connected
by TJs. The Claudin proteins, as important components, bind to
the cytoskeletal domains of the cellular scaffolds such as ZO-1
and ZO-2, forming a connective network that protects the
intestinal barrier.”® Claudin proteins are characterized by four
transmembrane domains with a long intracellular C-terminus
(PDZ-binding domain) and a shorter N-terminus. They also
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contain two extracellular loops: the larger ECL1 and the smaller
ECL2. These structures are encoded by the Claudin gene family,
which comprises 27 members in mammals.*** For instance,
Claudin-3 is expressed in surface intestinal epithelial cells
(IECs) and crypt enterocytes. The dysregulation of Claudin-3
expression can contribute to IBD development.”*® Claudin-4
and Claudin-8 work synergistically to form anion channels,
forming TJs in goblet cells. Their dysregulation can cause UC.
Generally, the expression of most Claudin proteins is down-
regulated in IBD, with the notable exception of Claudin-2
expression, which is upregulated.>”*' Claudin-8, as a down-
stream target, can be influenced by IL-23 and CREBHKO, which
can alter intestinal permeability and inflammation.***

2. The potential communication
between vesicles and intestinal
epithelium in ulcerative colitis

We hypothesize that MC-ILV may influence Claudin-23 expres-
sion, thereby contributing to UC pathogenesis. Mast cells
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generate vesicles via the endosomal pathway and establish
contact with intestinal epithelial cells through their derived
nanotubes, delivering intraluminal vesicles to epithelial cells.
This process may reduce Claudin-23 protein distribution in the
colon, decrease ZO-1 expression, polarize macrophages towards
the M1 phenotype, and regulate Th1/Th17 cell numbers. These
processes lead to altered intestinal permeability and dimin-
ished tolerance to immune or non-immune stimuli, ultimately
resulting in persistent inflammation and the development of
UC. Therefore, inhibiting MC-ILV synthesis represents a poten-
tial therapeutic approach for UC (Fig. 1). However, the specu-
lative hypotheses are derived from secondary analyses of
bioinformatics data and literature support. This hypothesis
requires further validation.

3. Assessment

From the GEO database, we re-analyzed high-throughput single-
cell sequencing data (GSE214695) that included 6 healthy colon
tissues and 6 colon tissue samples from active UC patients.
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(A) Mast cell synthesizing intraluminal vesicles in the exocytosis endosomal pathway. To stabilize the translocated miRNA, the extracellular

Argonaute 2 protein binds to the miRNA 5" end, A/U region. It carries miRNA to form the miRNA-induced silencing complex. This complex
combines GW182 and untranslated mRNAs to form a processing body that inhibits miRNA expression. Following this, degraded Argonaute 2
protein, mMRNA, and GW182 mature into intraluminal vesicles. (B) Mast cell nanotubes delivering intraluminal vesicles to intestinal epithelial cells,
as well as secreting exosomes involved in the regulation of macrophage and T cell subsets.
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Through t-SNE dimensionality reduction clustering and annota-
tion, cells from healthy control (HC) and ulcerative colitis (UC)
groups were classified into intestinal epithelial cells, T cells
(including Th1, Th17 cells), macrophages, B cells and plasma
cells, mesenchymal cells, and MCs (Fig S1A and C). Marker genes
for each cell type are displayed in Fig. S1C. Notably, among these
identified cell types, proportions analysis revealed a decreased
MC percentage in the UC group (Fig. S1B). Previous studies report
that activated MCs are more prevalent than their resting coun-
terparts in UC. However, these activated cells undergo accelerated
apoptosis after releasing proteases, which may account for the
observed reduction in MC numbers within the UC group.** Cell-
cell communication analysis revealed close MC interaction with
macrophages and Th1 cells in both HC and UC groups. In UC
samples, MCs exhibited specific interactions with intestinal
epithelial cells, implying direct MCs-epithelial contact (Fig. 2).
Based on mast cell positioning in the intestine, they are mainly
classified into two types: the lamina propria and epithelial types.
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The specific function of these cells remains unclear. However,
recent research discovered that intraepithelial MCs regulate anti-
helminth type 2 immunity via protease delivery through nano-
tube lumens, a key mechanism in MC-epithelial crosstalk.*
Reanalysis of the data serves as an exemple, suggesting that MC-
EXOs or MC-ILVs may be transported to epithelial cells through
nanotubes to modulate the epithelial barrier function in UC.
Additionally, the secondary analysis revealed a significant
downregulation of CLDN23 expression in UC and identified
miRNAs that potentially target CLDN23 (Fig. 3). Past research has
demonstrated that IECs expressing CLDN23 recruit CLDN3 and
CLDN4, forming cis-interacting complexes that synergistically
enhance the intestinal barrier function as contributors to tight
junction assembly.*® Furthermore, UC is an autoimmune disease
associated with pro-inflammatory M1 macrophages. Lu et al.
found upregulated miRNA-21a-5p in M1 macrophage-derived
exosomes from DSS-induced UC mice. This miRNA targets E-
cadherin mRNA, inhibiting its translation and activation. Then,
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Fig. 2 Re-analysis of the public data from GSE214695 to investigate cell to cell communication. (A) Total interaction number and strength
between all cell types in the HC group and interaction number and strength specifically between mast cells and other cell types. (B) All pathways
communication (number and weights) specifically between other cell populations and mast cells. (C) The number and intensity of ECM-receptor
communication between mast cells and individual cells in the UC group. (D) The comparison of secreted signaling interaction strength and

number between mast cells and distinct cell populations.
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Fig. 3 Re-analysis of the GSE87466 dataset to assess potential targets binding to CLDN23. (A) Differential gene analysis showing 267 down-
regulated genes, including CLDN23 (log Fc = —1.11345800, P < 0.05). (B) GO enrichment analysis of differentially expressed genes. (C and D)
Overlap of HMC-miRNA expression types from the EVmiRNA database with TARGETSCAN, MIRDB and MIWALK databases. (E). Expression levels
of CLDN23-targeting miRNAs within MC-EXOs. (F) Predicted binding sites between miRNA-486-5p and CLDN23.

© 2025 The Author(s). Published by the Royal Society of Chemistry

Nanoscale Adv., 2025, 7, 6774-6785 | 6777


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5na00707k

Open Access Article. Published on 10 September 2025. Downloaded on 6/21/2026 2:12:56 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Nanoscale Advances

Th2 cells, through the miRNA-21a-5p/E-cadherin/KLRG1/GATA-3
pathway, aggravate DSS-induced colitis.*” Collectively, these
previous literature reports motivated us to investigate unexplored
connections between exosomes, UC pathogenesis, and Claudin
proteins. Despite support from the cited literature, our perspec-
tive still requires rigorous experimental studies and validation in
clinical cohorts to ensure its robustness.

4. Claudin underexpression
contributes to UC development

Abnormalities in Claudin proteins have been implicated in
damage to the intestinal mucosa in patients with UC. Xiao et al.
demonstrated that matrix metalloproteinase 7 (MMP7) was
overexpressed in the colon of patients with UC. MMP7 can
cleave Claudin-7, compromising the protection provided by the
intestinal barrier.*® Claudins play both barrier and non-barrier
roles. Their functions include forming paracellular channels,
facilitating signal transduction, regulating cell differentiation
and proliferation, and maintaining cell membrane integrity.*
For instance, Claudin-12 promotes cancer cell migration and
proliferation, while Claudin-5 restricts endothelial cell move-
ment to enhance adhesion.*”** Channels formed by Claudin
proteins exhibit selective permeability. In the IECs, the over-
expression of CLDN23 significantly reduces permeability to
cations (Na', Li") and anions (CI").** The dysregulation of
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Claudin-2 expression in UC primarily causes diarrhea by
increasing the leakage of ions, solutes, and water from blood
vessels through paracellular channels. In previous studies,
patients with Crohn's disease exhibited higher expression of
pore-forming Claudin-2 but lower expression of barrier-
enhancing Claudin-3 and Claudin-4.>

Under normal conditions, the oxygen concentration gradient
in the intestinal epithelium induces “physiological hypoxia,”
which activates hypoxia-inducible factor 1 (HIF-1) to sustain the
normal barrier. Findings from previous studies have demon-
strated that the barrier effect in HIF-1B-deficient colonic
epithelium is weakened in response to the absence of Claudin-1
expression. Conversely, Claudin-1 expression can improve
barrier protection.*

Claudin-4, in conjunction with Claudin-8, can form both
a sodium channel and a protective barrier. Hou et al. discovered
that Claudin-8 binds Claudin-4 with high affinity in renal col-
lecting tubules.”® In a porcine reproductive and respiratory
syndrome virus infection model, Sun et al. found that Claudin-8
and Claudin-4 dysregulation in pulmonary microvascular endo-
thelial cells increased vascular endothelium permeability.** Addi-
tionally, a study on a human colon cancer HT-29-B6 cell model
revealed that TGFB-1 enhances barrier function by upregulating
Claudin-4 expression through Smad-4-dependent transcription.*

Claudin-5 is expressed in both vascular endothelial cells and
intestines. Using a DSS mouse model, Wang et al. verified that
Claudin-5 is a target of the IL-21-mediated inflammatory
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Fig. 4 The role of different pathways in regulating claudin proteins. Typically, several factors can trigger the downregulation of Claudin protein,
such as the TGFB-1/Smad-4 pathway, HIF-1, HtrA, and miRNA. However, Claudin-2 shows great improvement in UC, which can lead to leaky

diarrhea.
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cascade. Claudin-5 is positioned downstream of miRNA-423-5p
in the IL-21/miRNA-423-5p/Claudin-5 pathway. Then, miRNA-
423-5p binds to the 3'UTR sequence of Claudin-5, blocking its
expression, damaging the barrier, and inducing UC. The
expression of Claudin-1, Claudin-8, and ZO-1 was also inhibited
in this model.*®

Infection is another focal point in investigations on UC
pathogenesis. Campylobacter jejuni infection results in the
secretion of high temperature requirement A protein, which
cleaves Claudin-8 at the N-terminal cleavage site at position
A58-N59. This allows pathogens to invade the paracellular
space, triggering an intestinal inflammatory immune
response*® (Fig. 4).

Claudin family members typically serve dual roles in barrier
formation and channel regulation, with individual members
(e.g., CLDN5) exhibiting context-dependent functions. While
research on barrier disruption in UC has extensively docu-
mented altered permeability phenotypes, the cascade regulatory
effects mediated by dynamic TJ complexes remain poorly
explored. Although key regulatory pathways contributing to UC
development have been identified, how they in a coordinated or
antagonistic manner target specific Claudin combinations to
modulate barrier integrity and channel activity is unclear,
highlighting the need for an integrated molecular model.

5. Exosomes are involved in UC
regulation

Exosomes derived from various sources have been observed to
either mitigate or contribute to UC development. On the
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protective side, exosomes derived from IECs (IECs-EXOs)
maintain barrier integrity and activate the immunosuppres-
sive function of Treg cells in the intestinal mucosa. IECs-EXOs
contain annexin A1, which binds the IEC formyl peptide
receptor to mediate the repair of damaged mucosa.”*®
Conversely, exosomes can be potent drivers of inflammation
and barrier disruption in UC. Their cargo is highly diverse and
context-dependent. For instance, exosomal DNA, whether
surface-bound on small vesicles or encapsulated within larger
ones, can act as a damage-associated molecular pattern. After
being taken up, it can engage Toll-like receptors, triggering pro-
inflammatory NF-kB signaling and exacerbating colitis, high-
lighting a potential link between circulating nucleic acids and
IBD pathogenesis.***

Furthermore, exosomes are intimately linked to inflamma-
some activation. The NLRP3 inflammasome is involved in
pyroptosis and mediates IL-1B/IL-18 activation in Th1/Th17
cells to damage the barrier.>® Recent studies have proposed
that an exosome/NLRP3 inflammasome inflammatory cascade,
in which non-stem cells derived exosomes may act directly on
the NLRP3 inflammasome to induce caspase-1 cleavage and
release, is involved in UC pathogenesis.” Notably, the inflam-
matory effects of IL-1B can be sustained and amplified through
exosome-dependent packaging. Gasdermin D (GSDMD) is
considered to be involved in non-pyroptotic inflammatory
action through IL-1B-dependent GSDMD release. Researchers
found an increase in the GSDMD protein levels in IECs present
in the inflamed regions of the mouse colon in a murine model
of DSS-induced colitis. They demonstrated that IECs-EXOs
release the GSDMD/NEDD4/caspase-8/IL-1B complex and

Normal IECs C O
®ceoeo ® A N
D ® 1) O
: Gastric epithelium cells
N EVs Non-stem cells-EVs . + .
Y D o Helicobacter pylori
XN A2 .
'//,’ , "/" . .
Damage-assoéiated molecular pattern Nonpyroptotic v
IECs-EXOs
V4 \ J
Toll-like receptors 1 1 =
\ N\ A N\ 'f
MO N fag) m T
/ l | Cell death } ': i
Repair NF-kB signaling A i Pyrques optosis ‘
Destory *Destory Destory Destory ¢
(K %
O8N0, , ooy
Annexin Al Ds DNA NLRP3 inflammasome IL-1p GSDMB,
~ 1000
\\\ \\) ,V\MA NEDD4
Formyl peptide receptor Ss DNA Caspase-1 Ll

Fig. 5 Exosomes from diverse sources mediating both repair and injury processes in the IECs through pyroptotic and non-pyroptotic

mechanisms.
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identified a novel and potentially targetable inflammatory
amplification loop.*

Perhaps most intriguingly, exosomes facilitate pathological
communication beyond the local intestinal environment. The
concept of “long-distance infection” may be exemplified by
studies on Helicobacter pylori. Guo et al. demonstrated that
gastric tissue-colonizing H. pylori secrete cytotoxin-associated
gene A protein (CagA), which could exacerbate colitis in
a DSS-treated mouse model. They found that CagA was encap-
sulated in human gastric epithelium cell derived exosomes and
subsequently captured by the colonic epithelium. CagA acti-
vated CDX-2, which disrupted the integrity of the intestinal
mucosal barrier and aggravated colitis. The activation of CDX2
promoted Claudin-2 expression and was accompanied by a loss
of ZO-1 expression® (Fig. 5).

In summary, exosomes exhibit dual regulatory roles in UC,
influencing mucosal protection, inflammation amplification,
and distant organ damage. Validation of the GSDMD-mediated
non-pyroptotic pathway and remote infection theory in human
UC samples remains essential. Targeting exosome packaging
and release thus represents a promising therapeutic strategy.
However, the dose-response relationship of exosomes within
the inflammatory milieu of UC is poorly defined. While current
purification strategies enhance the detection of exosome-
mediated effects in vitro, they may not accurately reflect their
pathophysiological relevance in vivo, where complex con-
founding factors significantly modulate outcomes.

6. Interaction between exosomes and
claudin proteins

Exosomes secreted by various cells can circulate in the blood-
stream, affecting multiple tissue sites and targeting different
Claudin proteins. In previous studies on the mechanism
underlying colorectal cancer metastasis, exosomes secreted by
cancer cells were found to be transferred via blood flow and
could alter blood vessel permeability. Liu et al. used epithelial-
mesenchymal transition (EMT) HCT116 cancer cells co-cultured
with human umbilical vein endothelial cells as recipient cells.
They observed that the level of EMT-derived exosomes carrying
miRNA-29a was prompted in the recipient cells. The miRNA-29a
targets the transcription factor KLF4 through the EMT cancer
cell-EXO/miRNA-29a/KLF4 pathway. This interaction destabi-
lizes the vascular endothelial barrier by disrupting the
connectivity between Claudin-5, occludin, and ZO-1, increasing
the permeability of monolayer endothelial cells, thereby facili-
tating cancer cell metastasis.*

In addition to the effects of exosomes on them, Claudin
proteins also influence the biogenesis of exosomes. Claudin-7
plays a role in TJs. Palmitoylated Claudin-7 constitutes
glycolipid-enriched membrane domains. Cancer-initiating cell
micro-vesicles with a recognized oncogenic role are used in an
assay to compare the effects of palmitoylated and non-
palmitoylated Claudin-7 on vesicle recruitment. The study
showed that non-palmitoylated Claudin-7 was more conducive
to vesicle assembly and that vesicle recycling and restoration of
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miRNA action were both dependent on non-palmitoylated
Claudin-7. In contrast, palmitoylated Claudin-7 primarily
facilitated the recruitment of glycolipid-enriched membrane
domain-associated proteins.*® Ikeda et al. explored biomarkers
for cholangiocarcinoma (CCA) and identified Claudin-3 protein
in bile-derived extracellular vesicles. Using the chelating agent
EDEG, high-purity extracellular vesicles were extracted from
patients with CCA. Four proteins, namely Claudin-3, LARS,
FAF2, and RAB20, which are potential markers, were analyzed
using ELISA. They found that Claudin-3 expression was signif-
icantly elevated and proposed that it could be the most valuable
potential diagnostic marker in CCA.>”

These findings reveal an interplay between exosomes and
TJs, suggesting an alternative pathway for exosome biogenesis.
However, it remains unclear whether the context-specific tar-
geting selectivity of Claudin proteins by exosomes exhibits
tissue specificity. The diagnostic sensitivity and specificity of
exosomes as biomarkers require validation in larger cohorts. In
the future, studies need to integrate intravital imaging and
spatial transcriptomic analyses to elucidate the spatiotemporal
dynamics of exosome-Claudin interactions within disease
microenvironments.

7. Exosomes secreted by MCs

Recent studies reveal that the exocytosis process of MC secretory
granules influences exosome release. Omari et al. demonstrated
that granule-plasma membrane fusion is mediated by CD63-
positive, LC3 late endosomes. These endosomes form through
Rab5-regulated internalization of the plasma membrane.
Furthermore, the balance of exosome release is regulated by
either the fusion of granules into large secretory vesicles or the
fission of multigranular aggregates.>®

MC-EXOs mediate ferroptosis in target cells. Fang et al
demonstrated that in a murine acute respiratory distress
syndrome model, MC-EXOs were internalized by human bron-
chial epithelial cells, which were deficient in miR-774. This
uptake suppressed GPX4 expression while elevating ACSL4 and
ALOX15 levels, inducing ferroptosis and inflammation.
Conversely, the analysis of blood-derived exosomes from ARDS
patients revealed a significant reduction in miR-744 levels,
suggesting its potential utility as a diagnostic biomarker.** MC-
EXOs also participate in cellular processes as functional
complexes. Li et al. showed that the surfaces of exosomes
secreted by bone marrow-derived mast cells express OX40L and
CD63 molecules. Then, OX40L linked to OX40, which enabled
the differentiation of CD4-positive T cells into Th2 cells.*® Wang
et al. studied preeclampsia and found that miR181a-5p in MC-
EXOs targeted the YY1/MMP-9 pathway and regulated the MMP-
9 promoter to affect trophoblast activity.' Nevertheless, while
functional miRNAs and mRNAs are detected, further verifica-
tion is required to confirm whether all identified transcripts
undergo translation and functional expression. Although exo-
some biogenesis pathways are increasingly well-characterized,
significant gaps persist in understanding their release
kinetics, extracellular dissemination, and cellular uptake
mechanisms (Table 1).

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Review of previous studies on miRNA and its binding targets
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Micro RNAs Targets Conclusion Year Reference
miRNA-21a-5p E-cadherin/KLRG1/GATA3 Unfavorable 2021 37
miRNA-423-5p IL-21/Claudin-5 Unfavorable 2020 22
miRNA-29a KLF4/Z0O-1/Claudin-5 Unfavorable 2023 55
miRNA-774 GPX4 Beneficial 2024 59
miRNA-181-5p YY1/MMP-9 Beneficial 2022 19
miRNA-214-3p PI3K/AKT/mTOR Beneficial 2024 61
miRNA-590-3p LATS1/YAP/B-catenin Beneficial 2021 62
miRNA-223 Claudin-8 Unfavorable 2016, 2020 32 and 63

8. Discussion and conclusion

Previous studies have shown that exosomes can be secreted
with the endosomal sorting complexes required for transport
(ESCRT), which comprises three components: ESCRT-I, ESCRT-
II, and ESCRT-III. Among them, ESCRT-III can induce the
deformation of the plasma membrane, facilitating the release of
exosomes from plasma membrane buds.®* In recent studies,
exosomes have been categorized into classical (positive for
CD81, CD63, and CD9) and non-classical types based on their
surface molecular phenotypes.®® Argonaute proteins play a sup-
porting role in exosome release as well as in miRNA processing.
These proteins primarily bind to small RNAs, forming miRNA-
induced silencing complexes that inhibit RNA degradation
and suppress transcription. In humans, Ago2 proteins, func-
tioning as active enzymes, interact with GW182 proteins to form
GW bodies. These structures stabilize both intracellular and
secreted miRNAs. These GW bodies then associate with DEAD-
box helicase DDX6 to form processing bodies, aiding the
silencing function of Ago2 protein.®**® Han et al. examined the
mechanisms of Ago2 ubiquitination clearance and miRNA
degradation mechanisms. Their findings suggest that ZSWIMS,
a cullin-RING ubiquitin ligase, mediates ubiquitin transfer to
Ago2. This process triggers proteasomal degradation of miRNA-
loaded Ago2, which consequently releases the associated
miRNAs.”

Exosomes are not merely small vesicles with a specific
function but are environmentally responsive structures widely
distributed across organisms, including eukaryotes, prokary-
otes, and viruses. They serve as vehicles for cells to transmit
networked information and act as protective shells, analogous
to “envelopes,” for transportation.” For example, the functional
properties of MC-EXOs depend on stimulation status. Exosomes
from unstimulated murine MCs bind the high-affinity IgE
receptor, reducing IgE levels and consequently inhibiting
allergic inflammatory responses.”” This functional plasticity
indicates that exosomes mediate diverse biological signals.

Exosomes originating from MCs secreted in response to
immune antigen stimulation exert inflammatory effects on the
gut. However, experiments have shown that exosomes can be
used therapeutically for various diseases.®>”>’* For instance,
exosomes derived from human adipose tissue mesenchymal
stem cells can be used in cell-free therapy for atopic dermatitis.
They inhibit the upregulation of IL-4, IL-31, IL-23, and TNF-a,
exerting effects similar to corticosteroids, such as

© 2025 The Author(s). Published by the Royal Society of Chemistry

prednisolone.” Li et al. found that exosomes from hypoxia-
preconditioned hair follicle mesenchymal stem cells deliver
miR-214-3p to modulate the PI3K/AKT/mTOR pathway. This
action sustains mitochondrial dynamic stability, enhances
autophagy in MODE-K cells and murine colitis models, and
ameliorates ulcerative colitis.®* Compared to stem cell therapy,
stem cell-derived exosomes offer advantages including lower
tumorigenic potential, long-term storage capability, and
absence of ethical concerns. Other studies demonstrate that
miRNA-590-3p in M2 macrophage-derived exosomes targets and
inhibits LATS1. This activates the YAP/B-catenin pathway,
forming the YAP/B-catenin/TCF4 complex, which promotes IEC
regeneration.®” Yang et al. proposed an autologous exosome
therapy. They purified intestinal-derived exosomes isolated
using a multistep sucrose gradient ultracentrifugation method
from feces samples of healing-phase mouse models. They
revealed that these exosomes exert an anti-inflammatory effect
on DSS-treated mice.”

Furthermore, owing to their excellent drug delivery proper-
ties, exosomes exhibit significant promise for clinical applica-
tions. Examples include Patisiran and Ibudilast, which have
been approved for treating neurological disorders.” Ultracen-
trifugation suffers from low yield, the recent development of
tangential flow filtration offers a cost-effective and more
convenient approach for exosome isolation, thereby providing
potential technical support for clinical translation.

TJs are crucial structures for cellular stability across various
tissues, including the skin, blood vessels, blood-brain barrier,
and intestinal mucosa. In an experiment examining the effects
of Akkermansia muciniphila colonization on the intestine, the
use of cAMP-responsive element-binding protein H inhibitor
was found to suppress the expression of Claudin-8, which
altered the intestinal permeability and inflammation.*® Wang
et al. elucidated that in the pathogenesis of TNBS-induced IBD
in rats, the IL-23/Th17 axis downregulates Claudin-8 expression
through miRNA-223. This pathway compromises the intestinal
mucosal barrier, where Claudin-8 serves as a downstream target
of the IL-23 pathway.** Li et al. demonstrated that HMC-EXOs
interact with IECs through secretory pathways in vitro experi-
ments. They identified that MC-EXOs deliver miR-223 to
suppress Claudin-8 expression and increase intestinal epithelial
permeability.®® However, the immune cell interactions in
human ulcerative colitis are likely more complex in vivo.

We reviewed the precise interaction between exosomes and
Claudin along with the functions of exosomes in disease

Nanoscale Adv., 2025, 7, 6774-6785 | 6781
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development. We deem that MC-EXOs could be a promising
diagnostic biomarker. Simultaneously, we could alleviate the
severity of UC by blocking the pro-inflammatory effects of exo-
somes secreted by MCs. Consequently, the exosome secretion
pathway in MC can emerge as a promising therapeutic target in
UC. This review aims to provide new insights into the mecha-
nisms underlying UC development and potentially contribute to
improved diagnostic and therapeutic approaches for UC.
However, future clinical diagnostic research on exosomes
should incorporate multi-omics data and single-cell commu-
nication assays, providing the theoretical foundation for clin-
ical translation through in vivo validation.

9. Methods

See the SI file.
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