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Exosomal miRNAs are a type of non-coding RNA molecules present in exoso
mes. MiRNAs are involved in the regulation of a variety of physiological and 
pathological  processes by transmitting information between cells through t
he exosome, a carrier of  intercellular communication. During inflammatory r
esponses, exosomal miRNAs can  be involved in regulating the activation 
of inflammatory cells and the release of  inflammatory mediators, thus aff
ecting the development of inflammatory diseases.   Therefore, exosomal 
miRNAs may be  promising biomarkers for monitoring disease   progressio
n based on their functions and changes. In addition, since exosome prevents  
miRNAs from being degraded by RNase, drug development targeting the r
elease of  exosomal miRNA contents lays the foundation for innovative targe
ted therapies in the  future. This review focuses on exosomal miRNAs wit
h the aim of combing and  mastering its latest developments in the current 
research of inflammatory diseases.
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Introduction

MicroRNAs (miRNAs) are a class of single-stran
ded non-coding RNAs approximately 21-23 nu
cleotides in length that regulate gene expressi
on by binding to the 3′-untranslated region (3′-
UTR) of specific mRNAs[1]. MiRNAs account for 
1-5% of all genes in the human genom[2] and re
gulate approximately one-third of the human g
enome through their multiple targets[3]. MiRNA
s, as pivotal regulators of gene expression, intri
cately govern various biological cascades inclu
ding differentiation, growth, development and 
metabolism. The complexity arising from their 
diminutive size, expression levels, numerous re
petitive sequences within the genome and disti
nct modes of action poses singular hurdles in u
nraveling the intricate functional landscape of 
miRNAs[4].
Extracellular vesicles (EVs) have been shown to 
carry many biomolecules RNA, DNA, lipids, prot
eins, and metabolites[5], which also include miR
NAs[6]. In recent years, numerous investigations 
have underscored the pivotal role of miRNAs in 
employing exosomes as effective vehicles for f
acilitating intercellular signaling and communic
ation. Inflammatory diseases are a group of dis
orders in which tissue damage and inflammato
ry processes occur as a result of an abnormal re
sponse of the body's immune system due to a v
ariety of causes[7–9]. Over the past three decade
s, epidemiological investigations have revealed 
a notable increase in the occurrence of inflamm
atory disorders[10]. It is noted that they are ofte
n associated with a high risk for cancer[11,12].
The pivotal function of exosomal miRNAs in mo
dulating gene expression, along with their unre
gulated expression patterns have been observ
ed to be altered significantly across various typ
es of human cancers, has garnered considerabl
e research interest and attention, but studies o
n exosomal miRNAs in inflammatory diseases a
re less clear. The purpose of this review is to fur
ther summarize the potential influence of exos
omal miRNAs on inflammatory conditions, aimi
ng to provide deep insights.

Exosomal miRNAs biogenesis and 
function
In 1993, Ambros and his team made a groundb
reaking discovery, unveiling the role of a gene n
amed lin-4 in the developmental processes of t
he nematode Caenorhabditis elegans, and was 
in fact a small non-protein-coding RNA molecu
le. This revelation marked the inception of the 
miRNA field[13]. In the 2000, another miRNA, let
-7, was discovered, which regulates the timing 
of development in Hidradenitis elegans[14]. The 
discovery of this miRNA is a major step forward 
in the development of the nematode.
The production of miRNA begins in the nucleus 
and ends in the cytoplasm[15]. Initially, miRNA s
ynthesis is mainly transcribed through the actio
n of RNA polymerase II[16]. It then undergoes th
e process of capping, splicing, and addition of p
olyadenylate tails, which results in the formatio
n of primitive miRNAs (pri-miRNAs) containing 
at least one hairpin structure[17,18]. Within the n
ucleus, the primary miRNAs (pri-miRNAs) unde
rgo cleavage by the enzyme Drosha, aided by it
s cofactor DGCR8, resulting in the formation of 
precursor miRNAs (pre-miRNAs) that range in l
ength from 70 to 100 nucleotides[19]. The pre-
miRNAs traverse the nuclear pore and enter th
e cytoplasm with the assistance of Exportin-5[2

0]. Within the cytoplasm, the enzyme Dicer proc
esses the pre-miRNAs, resulting in the formatio
n of a double-stranded RNA duplex that includ
es the mature miRNA and its matching antisen
se strand[21]. Following cleavage, the deconjuga
ting enzyme separates the double-stranded R
NA, yielding a mature miRNA single strand, whi
ch subsequently associates with the RNA-indu
ced silencing complex (RISC) that includes the 
Argonaute protein (Ago2)[22]. Upon binding, the 
RISC complex engages with the 3' untranslated 
region (3'UTR) of the target mRNA, triggering it
s degradation and suppressing its translation, t
hus regulating gene expression[23,24]  (Figure 1).



Figure 1. The synopsis of miRNA synthesis and exosomal miRNA uptake

Over a decade ago, Valadi H and colleag
ues introduced the notion that miRNAs a
nd mRNAs can be exchanged between c
ells via vesicular transport and protein-
mediated mechanisms. Their groundbre
aking research unveiled the presence of 
these molecules within extracellular vesi
cles (EVs) released by various cell lines. T
his study confirmed that these EVs can b
e efficiently taken up by recipient cells, f
acilitating the delivery of their molecular 
contents into target cells[25].
Exosomes typically featuring diameters 
within the range of 40 to 160 nanometer
s, which classify them as smaller than 20
0 nm in diameter, distinguishing them a
s a distinct type of small EVs (sEVs)[26–28]. 
Exosomes exhibit a ubiquitous presence 
across various bodily fluids in humans, e
ncompassing saliva, urine, breast milk, s
emen, cerebrospinal fluid, as well as asci
tes fluid[29,30]. Numerous investigations c
onducted recently have shown that miR
NAs communicate with one another bet
ween 

cells by using exosomes as a carrier[31,32]. 
In particular, exosomal miRNAs are relea
sed by donor cells through mechanisms 
of paracrine or distal secretion, and then 
taken up by recipient cell in a variety of f
orms such as fusion, endocytosis and rec
eptor[33]. Among the intricate mechanis
ms governing miRNA incorporation into 
exosomes, the nerve sphingomyelinase 
2 (nsMase2)-related pathway was the th
e first protein reported to be intimately li
nked with the secretion of miRNAs into e
xosomes. Its down-regulation reduces th
e amounts of exosomal miRNAs, wherea
s its overexpression increases exosomal 
miRNA levels[34]. The level of Ago2 and it
s phosphorylation participate in the relea
se of certain exosomal miRNA[35]. Furthe
rmore, the heterogeneous nuclear ribon
ucleoprotein (hnRNP) family of proteins 
participates in the exosomal miRNA pac
kaging. Specifically, hnRNPA2B1 and hn
RNPA1 exhibit a remarkable ability to re
cognize recognize specific miRNA 



tetranucleotide sequences, facilitating their 
selective loading into exosomes[36]. RNA seq
uencing of human B cells and their associate
d exosomes by Koppers-Lalic D et al yielded 
that miRNAs featuring adenylated 3' termini 
were predominantly retained within the cells, 
whereas those with uridylylated 3' ends wer
e preferentially sorted into exosomes[37].Due 
to their role in immunity and gut barrier func
tion, exosomal miRNAs can be used as biom
arkers. The non-invasive nature and ease of 
collection of urinary diagnostics and salivary 
are attracting increasing attention today. Fo
r example, miR-2909 has emerged as a spe
cific and noninvasive biomarker in urinary ex
osomes of prostate cancer patients[38]. A gro
up of exosomal miRNAs, including let-7a, mi
R-21, miR-23a, miR-150, miR-223, miR-12
29 and miR-1246, can be used as diagnosti
c biomarkers for patients with colorectal can
cer[39].

In addition to its key role in tumor growth an
d development, exosomal miRNAs has also 
been proved to play a crucial function in the 
regulation of gene expression. The breast ca
ncer cell lines MCF-10A and MDA-MB-231 
can reduce ZO-1 gene expression in endoth
elial cells by releasing of miR-105 via exoso
mes, thereby 

facilitating metastasis to the lung and brain, e
mphasizing its role in cancer progression[40].E
xosomal miRNAs have also been found to hav
e immune response modulation. Fabbri M et 
al. discovered that exosomal miRNAs functio
n as ligands, capable of binding to toll-like re
ceptors (TLRs) and triggering immune cells a
ctivation, highlighting their immunomodulato
ry potential[41]. Exosomal miRNAs are capabl
e of reprogramme immunoreactive factors an
d the function of immune target cells such as 
T lymphocytes, dendritic cells (DCs) and natu
ral killer (NK) cells[42]. We recently reported th
at exosomes secreted from regulatory T cells 
and gingival-derived mensenchymal stem cel
ls treated inflammatory arthritis and the miR
NAs play a key role in controlling inflammator
y cells and disease onset and development[43,

44]. Epstein-Barr Virus (EBV) is the first virus k
nown to encode miRNAs (EBV-miRNAs)[45]. P
egtel DM et al demonstrated that mature mic
roRNAs encoded by EBV, when produced by i
nfected B cells, are released through exosom
es and subsequently function in uninfected re
cipient cells[46] (Table 1).

recipient-cell 

uptake

fusion endocytosis receptor-ligand macropinocytosis

mechanism nerve 

sphingomyelinase 2 

(nsMase2)-related 

pathway

Argonaute 

protein (Ago2)

heterogeneous nuclear 

ribonucleoprotein (hnRNP) 

family proteins

3’-end miRNA

function intercellular 

communication

biomarkers gene expression 

regulation

immune response 

modulation

Table 1. Exosomal miRNAs in Inflammatory Diseases.
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Inflammatory diseases and exosomal miRNAs 

Inflammation is an immune response that c
an be triggered by non-infectious or infecti
ous stimuli, for example, toxins, physical inj
ury and cellular damage[47,48]. Exosomes inh
ibit or stimulate the activation of inflammas
ome, and there is considerable evidence th
at inflammatory diseases of many etiologie
s result in exosomal miRNAs that differ in c
ontent from basal    production of exosome
s[49,50]. Exosomal miRNAs can be involved in 
the regulation of inflammatory cell activatio
n and release of inflammatory mediators[5

1]. For example, exosomes derived from hu
man umbilical cord mesenchymal stem cell
s (huc-MSCs) attenuate mechanical anoma
lous pain and thermal hyperalgesia in infla
mmatory pain via miR-146a-5p/TRAF6[52]. 
Exosomes derived from huc-MSCs mediat
e miR-181c to attenuate 

burn-induced excessive inflammation[53]

Other miRNAs may promote the activatio
n of inflammatory cells and exacerbate th
e inflammatory response. Exosomes of os
teoarthritic chondrocytes can enhance m
ature IL-1β production and aggravate ost
eoarthritic synovitis via osteoarthritis by 
miR-449a-5p[54].
This dual role makes exosomal miRNAs pl
aying an important role in the developme
nt and progression of inflammatory diseas
es. Numerous studies have demonstrated 
that changes in the levels of specific exos
omal miRNAs are associated with a variet
y of inflammatory diseases including autoi
mmune diseases, diabetes, cardiovascular 
diseases, and neuroinflammatory disease
s. Next, we will describe in each system se
parately (Table 2)..

Table 2. Summary of exosomal miRNAs profiles of indicated Inflammatory Diseases

Disease
Exosomal 

miRNA

Correlati

on with 

the 

disease

(positive

/negativ

e)

Origin of 

exosome

effective 

object

Targe

t gene
Significance

Refer

ences

autoimmu

ne 

disease

synovitis 

in 

osteoarth

ritis

miR-449a-5p positive

Ostearth

ritic 

chondro

cytes

macrop

hages
IL-1β

aggravated synovitis in 

osteoarthritis
[54]

 

Systemic 

lupus 

erythema

tous (SLE)

miR-129, miR-

142, miR-148b
positive  

Circulati

ng 

macrop

hages

 

illustrate the curative 

promise of directing 

interventions at 

miRNAs in individuals 

with SLE

[55,5

6]

 

Lupus 

nephritis 

(LN)

Let-7a, miR-

21
negative urine       [57]



Lupus 

nephritis 

(LN)

Let-7a, miR-

21
negative urine       [57]

Rheumat

oid 

arthritis 

(RA)

miR-6089 negative serum    

MiR-6089 regulates 

the production of 

inflammatory 

cytokines, including 

IL-6, IL-29, and 

TNF-α, through 

modulation of TLR4 

signaling pathways

[58]

miR-150-5p negative

mesench

ymal 

stem 

cells

 

MMP1

4 and 

VEGF

inhibiting 

synoviocyte 

hyperplasia and 

angiogenesis

[59]

miR-885-5p, 

miR-6894-3p, 

miR-1268a

       

 Biomarkers, 

diagnosis and 

prediction 

[60]

Multiple 

sclerosis 

(MS)

miR-26a, miR-

122-5p
       

potential targets, 

biomarkers and 

therapeutic tools

[61,62]

experime

ntal 

autoimmu

ne 

encephal

omyelitis

miR-23b-3p negative

bone 

mesench

ymal 

stem 

cells

microgli

al
 

via suppression of 

microglial pyroptosis
[63]

myasthen

ia gravis 

(MG)

miR-106a-5p        

correlates with MG 

severity and 

expected to be an 

early-onset 

myasthenia gravis 

biomarker in adults

[64,65]



cardiovascul

ar system

atherogenesi

s
miR-27b-3p positive

obesity-

induced 

visceral 

adipocytes

  PPARα

promotes endothelial 

inflammation and facilitates 

atherogenesis

[66]

 

acute 

myocardial 

infarction， 

AMI

miR-152-3p, let-

7i-5p
negative

hypoxia-

induced
 

Atg12 

and 

Faslg

produce anti-apoptotic 

effects
[67]

    miR-93-5p  

adipose-

derived 

stromal 

cells

inflammat

ory 

cytokine

Atg7 

and 

Toll-like 

recepto

r 4 

(TLR4)

attenuates myocardial 

damage
[68]

    miR-125  

Bone 

marrow 

mesenchy

mal stem 

cells

cardiomyo

cyte
 

facilitates ischemic cardiac 

repair  
[69]

metabolic 

inflammation
obesity miR-690 negative

M2 

polarized 

bone 

marrow-

derived 

macrophag

es

obese 

mice
 

improve glucose tolerance 

and insulin sensitivity,  

may be a novel therapeutic 

insulin sensitizer 

[70]

    miR-1249-3p negative

natural 

killer cell-

derived 

exosome 

miR-1249-

3p from 

lean mice

mice with 

type 2 

diabetes 

induced by 

obesity

 

attenuates obese insulin 

resistance and inflammation, 

enhance insulin sensitivity 

and relieve inflammation in 

adipocytes and hepatocytes

[71]

    miR-155 positive

adipose 

tissue 

macrophag

es in obese 

mice

lean mice PPARγ
 insulin resistance and 

glucose intolerance
[72]



 miR-155 positive

adipose 

tissue 

macroph

ages in 

obese 

mice

lean 

mice
PPARγ

 insulin resistance and 

glucose intolerance
[72]

Type 2 

diabetes

miR-320a, miR-

27a
    

metabolic Imbalance in 

Type 2 Diabetic 

Individuals

[73]

nonalcoho

lic fatty 

liver 

disease

miR-122 positive
adipocyte

-derived
 Sirt1

promotes the 

progression of NAFLD
[74]

neurodege

nerative 

diseases

Alzheimer'

s disease

miR-135a, miR-

384 and miR-

193b

 Serum   
 clinical biomarkers, 

therapeutic targets
[75]

miR-16-5p, miR-

125b-5p, miR-

451a and miR-

605-5p

 

colony 

stimulatin

g factor

  
detected in patients 

with early-onset AD,
[76]

Parkinson’

s disease

miR-125, miR-

210, miR-450b 

and miR-669b

positive    

exacerbate 

mitochondrial 

impairment, immune 

imbalance, and 

inflammationand then 

promote contribute to 

the overexpression and 

accumulation of 

manganese-dependent 

α-synuclein,

[77,78]



 

miR-1, Let-7g-

3p, miR-19b, 

miR-19b-3p, 

miR-10a-5p, 

miR-153, miR-

24, miR-331-5p, 

miR-409-3p, 

miR-505 and 

miR195

       
 potential to become 

biomarkers

[79–8

1]

Amyotroph

ic lateral 

sclerosis

miR-155, miR-

146
  Microglia    

influence the 

neuroinflammatory 
[82]

  miR-27a-3p   serum    
potential for clinical 

diagnosis
[83]

Other 

Inflammato

ry Diseases

Inflammato

ry bowel 

disease

miR-155 positive  intestinal 

epithelial 

cells

intestinal 

immune 

cells and 

inflamma

tory 

cytokines

  exacerbating intestinal 

inflammation

[84]

colitis  miR-378a-5p negative Human 

umbilical 

cord 

mesenchy

mal stem 

cell 

macroph

age 

NLRP3 attenuate colitis [85]

acute lung 

injury

miR-155 positive serum macroph

age

SHIP1 

and 

SOCS1

 promotes macrophage 

proliferation and 

inflammation

[86]

retinal 

inflammati

on

miR-126 negative mesenchy

mal stem 

cell 

   

HMGB

1

ameliorate 

Hyperglycemia-Induced 

Retinal Inflammation

[87]



periodonti

tis

miR-143-3p   Inflamma

tory 

Periodon

tal 

Ligament 

Stem 

Cells

macroph

age

PI3K/

AKT/N

F-κB 

Signali

ng

Drive M1 Macrophage 

Polarization, potential 

new target for 

periodontitis treatment

[88]

 Exosomal miRNAs in the autoimmune diseases

There  is   no doubt  that  microRNAs pla
y a pivotal regulatory role in the immune 
system[89]. Their transfer mechanism thro
ugh exosome-mediated transfer may co
nstitute a highly efficient pathway for fine
-tuning gene expression during the imm
une response, enhancing   the coordinati
on of the immune response, and also sig
nificantly increasing the  complexity of in
ter-cellular communication[90].   Exosomal   
miRNAs secreted by immune cells such a
s B, T cells, MSCs, macrophages, DCs an
d other immune cells play an important r
ole in physiological immune responses, a
s well as in the development of autoimm
une diseases[91].
It has been shown that T cell-derived mi
RNAs regulate specific targets in the AP
C and that exosomes loaded with micro
RNAs are unidirectionally transferred fro
m T cells to antigen-presenting cells[92].
Systemic lupus erythematosus (SLE) is a 
chronic diffuse connective tissue disease 
caused by abnormal activation of the im
mune system and attack its own tissues, 
poses challenges in both its early therape
utic intervention and precise diagnostic 
process[93]. Exosomal miRNAs can regula
te the pathogenesis of SLE 

mechanism, and several researches re
ported that in patients with SLE, the e
xpression of miR-142, miR-148b, and 
miR-129 is upregulated within circula
ting macrophages [55,56]. There is still a 
major morbidity and mortality associa
ted with lupus nephritis (LN) in SLE[9

4]. Let-7a and miR-21 are reduced in 
urinary exosomes during LN flares[57]. I
n addition, Chen F et al found that pat
ients diagnosed with SLE and LN displ
ay notably higher levels of exosomal 
miR-7974 and miR-4796-5p compar
ed to SLE patients without LN. These 
elevated miRNA expressions could po
tentially serve as valuable biomarkers 
to differentiate whether SLE patients 
with LN and  distinguish autoimmune 
nephritis cases more broadly[95]. 
Rheumatoid arthritis (RA) is a systemi
c autoimmune condition marked by p
ersistent inflammation of synovial tiss
ue, ultimately leading to irreparable d
amage to the joints[96,97]. Exosomes d
erived miR-6089 regulates LPS/TLR4, 
which mediates the inflammatory res
ponse in patients with RA[58].



Exosomes derived from MSCs containin
g miR-150-5p exhibit a therapeutic pot
ential to mitigate joint destruction in rhe
umatoid arthritis by suppressing angiog
enesis and synovial cell proliferation[59]. 
Exosomes derived from Serum, especial
ly miR-1268a, miR-6894-3p and miR-8
85-5p  have potential as biomarkers for 
prediction and early diagnosis of RA[60].
Systemic sclerosis (SSc) is an uncommo
n autoimmune disorder affecting the ce
ntral nervous system, distinguished by p
ersistent inflammation, demyelination, fi
brotic tissue formation and a diverse arr
ay of clinical manifestations[98]. Researc
h indicates that miRNA profiles associat
ed with exosomes may act as an progn
ostic 

indicator for monitoring treatment respon
siveness in individuals diagnosed with mul
tiple sclerosis(MS)[99]. MiR-26a and miR-1
22-5p may play a role in the pathogenesis 
of MS[61,62]. Exosomal miR-23b-3p, releas
ed by bone marrow mesenchymal stem c
ells (BMSCs), exhibits a pivotal role in miti
gating the severity of experimental autoi
mmune encephalomyelitis (EAE). This the
rapeutic effect is mediated through the su
ppression of microglial pyroptosis[63]. The 
expression of exosomal miR-106a-5p var
ies significantly across distinct subtypes o
f myasthenia gravis (MG), displaying a corr
elation with the severity of the disease[64]. 
Serum exosomal miRNAs are expected to 
be an early-onset myasthenia gravis biom
arker in adults[65].

 Exosomal miRNAs in the cardiovascular system

The most important role of exosom
al miRNAs is intercellular communicatio
n. Atherosclerosis is an inflammatory va
scular disease[100,101]. Exosomal miRNAs 
are key mediators of intercellular comm
unication during the development of at
herosclerosis, inducing or inhibiting the 
atherosclerosis by driving proatherogen
ic inducers or vasoprotective mediators
[102–104]. Tang Y et al discovered that exo
somal miR-27b-3p, originating from ob
esity-triggered visceral adipocytes, exer
ts a pro-inflammatory effect on endoth
elial cells and accelerates the developm
ent of atherosclerosis through the inhibi
tion of PPARα[66]. Conversely, studies ha
ve shown that exosomes derived from 
M2-like macrophages, 

which are induced by IL-4, possess the ca
pability to regulate inflammatory conditio
ns in mice, including atherosclerosis[105]. 
Myocardial infarction is usually caused by 
excessive or prolonged inflammatory resp
onse[106]. In acute myocardial infarction (A
MI), the elevated levels of exosomal micro
RNAs that induced by low oxygen environ
ments, counteract the apoptosis induced 
by hypoxia, in which let-7i-5p and miR-1
52-3p targeting Faslg and Atg12 respecti
vely, to produce anti-apoptotic effects[67]. 
The exosomal miR-93-5p from adipose-
derived stromal cells has a protective effe
ct against AMI-induced myocardial injury[6

8]. Bone marrow-derived mesenchymal st
em cells 



exhibit a cardioprotective role against myo
cardial infarction by releasing exosomal mi
R-125b, thereby mitigating cardiomyocyte 
apoptosis and fostering cardiac rejuvenatio
n[69].

miR-146a is a well-known anti-inflammator
y miRNA[27]. Exosomal miR-146a-5p from 
cardiomyocytes stimulated M1 macrophage 
polarization induced the onset of an inflam
matory response. On the contrary, it targets 
TRAF 6 to exert anti-inflammatory effects[1
07].

 Exosomal miRNAs in the metabolic inflammation

Metabolic inflammation is a chronic low-gr
ade inflammation caused by excess nutrie
nts and energy[108]. Inflammation is the link 
between metabolic syndrome, type 2 diab
etes and obesity[109]. An important pathop
hysiological defect in type 2 diabetes and o
besity is insulin resistance[110,111] and exoso
mal miRNAs play a key role in pathogenesi
s. Research has demonstrated that exoso
mes miR-690, released by M2-polarized b
one marrow-derived macrophages in obes
e mice, exhibit the potential to insulin sensi
tivity tolerance and enhance glucose in ob
ese mice upon administration, hence, miR-
690 could represent a new treatment appr
oach as an insulin sensitizer in the context 
of metabolic disorders[70].  Exosomes origi
nating from NK cells of lean mice, carrying 
miR-1249-3p,   were discovered to mitigat
e inflammation and insulin resistance in ob
ese mice with type 2  

diabetes. Additionally, these exosomes from 
lean NK cells  augment insulin sensitivity and 
alleviate inflammation in      adipocytesand h
epatocytes[71]. Conversely, exosomes  
emanating from obese adipose tissue macr
ophages (ATMs) and containing miR-155 ha
ve been caused glucose intolerance and insu
lin resistance[72]. In type 2 diabetics, exosom
es miR-320 and miR-27a are dysregulated[7

3].
Nonalcoholic steatohepatitis (NASH) and its 
associated liver cirrhosis are two intermedia
te and posterior stages in the progression of 
nonalcoholic fatty liver disease (NAFLD), in w
hich inflammation plays a key role[112]. Chen 
K et al found that the adipocyte-derived exo
some miR-122 promotes the progression of 
NAFLD by targeting Sirt1[74]. In addition, my
eloid-specific IL-6 signaling promotes the pr
oduction of exosomes enriched in miR-223 
to attenuate NAFLD-associated fibrosis[113].

 Exosomal miRNAs in neurodegenerative diseases

Neurodegenerative diseases (NDs) are a 
class of neurological system disorders 
arises due to irregularities within the 
neurogenic inflammatory, which usually 
involve in the dysfunctions of the nervous 
system leading to aberrant activation of 
inflammatory 

responses[114,115]. Exosomal miRNAs play a d
ual function in the regulation of neuroinflam
mation. Firstly, they facilitate intercellular co
mmunication among neurons, enabling the 
coordinated response to inflammatory stimu
li within the 



central nervous system (CNS). Secondly, exos
omal miRNAs exhibit the remarkable capabili
ty to traverse the blood brain barrier (BBB), eff
ectively bridging the gap between the periph
eral immune system and the CNS. By crossin
g the BBB, these miRNAs can transmit inflam
matory signals originating from the periphery, 
allowing the CNS to respond appropriately to 
systemic challenges[116].
Alzheimer's disease (AD)  is one of the most p
revalent form of chronic neurodegenerative di
sorder globally that leads to impaired cognitio
n and memory[117]. The etiology of AD is intric
ately linked with inflammatory processes, pot
entially exacerbating cellular injury and contri
buting to neuronal cell death[118]. Exosomal m
iRNAs provide new insights in the screening a
nd prevention of AD. In patients with AD, seru
m-derived exosomes exhibit distinct pattern
s of miRNA expression, particularly for miR-1
93b, miR-384, and miR-135a, which are diffe
rentially abundant compared to healthy indivi
duals[75]. Furthermore, exosomes derived fro
m colony stimulating factor (CSF) in individual
s diagnosed with early-stage AD reveal notab
le variations in the levels of miR-16-5p, miR-
125b-5p, miR-605-5p, and miR-451a, sugge
sting these miRNAs mayserve as potential bio
markers for the early detection of AD[76].
Parkinson's disease (PD) is the second  

most common ND after AD. Exosome miR
-450b, miR-125, miR-669b and miR-210 e
xacerbate mitochondrial dysfunction, imm
une dysregulation, and inflammatory proce
sses via diverse signaling cascades. This, in 
turn, fosters the overexpression and accum
ulation of manganese-dependent α-synucl
ein, a pivotal factor in the progression of P
D[77,78]. Multiple studies showed 
that exosomal miR-1, Let-7g-3p, miR-10a
-5p, miR-19b, miR-19b-3p, miR-24, miR-
153, miR195, miR-331-5p, miR-409-3p an
d miR-505 are all aberrantly expressed in P
D and have the potential to become PD bio
markers[79–81].
Amyotrophic lateral sclerosis (ALS) is a cata
strophic chronic progressive ND[119], micro
glia release exosomes rich in miR-155 and 
miR-146 that influence the neuroinflamma
tory processes of ALS[82]. An investigation c
ontrasting of miR-27a-3p expression withi
n serum exosomes between ALS patients a
nd healthy individuals uncovered a potentia
l link between decreased miR-27a-3p level
s and ALS progression. This discovery emp
hasizes the promising role of this exosomal 
miRNA as a diagnostic biomarker for ALS, 
offering a potential tool for early detection 
and monitoring of the disease[83].
 

Exosomal miRNAs in other inflammatory diseases

Inflammatory bowel disease (IBD) is a recurre
nt and chronic inflammatory  disease[120], and 
exosomes released from intestinal epithelial c
ells containing miR-155 are able to modulate 
the activation of intestinal immune cells and t
he production of inflammatory cytokines, ther
eby exacerbating intestinal inflammation[84]. 
Conversely, miR-146a with anti-inflammator
y, effectively hinder the synthesis of inflamma
tory mediators, thereby to reduce the occurre
nce of inflammation[121]. NLRP3 inflammasom
e are large intracellular multimeric protein co
mplexes formed in the cytosol, which play a c

entral act as in the occurrence of inflammat
ion[122,123] . It has been shown that intracellu
lar inflammatory responses and cellular pyr
optosis following NLRP3 activation promot
e the production and release of exosomes[1

24]. These exosomes, abundant in distinct 
miRNA molecules, modulate the inflammat
ory responses of recipient cells via diverse 
mechanisms[87,125]. For example, exosomes 
derived from hucMSCs mitigate colitis by 
modulating macrophage pyroptosis via the 
miR-378a-5p/NLRP3 pathway[85]. 



Jiang K et al observed a significant enrichme
nt of serum exosomes in the peripheral bloo
d of mice exhibiting adverse lung inflammati
on acute lung injury (ALI). These exosomes ar
e selectively loaded with miRNAs and miR-1
55 being the most abundant. In vivo, these e
xosomes exhibited the capacity to interact w
ith lung macrophages, contributing to lung in
jury. In vitro, analysis revealed that miR-155, 
originating from the serum exosomes, prom
oted inflammation and macrophage prolifera
tion by regulating key genes such as SOCS1 
and SHIP1, respectively[86].

Exosomes derived from MSCs regulate mi
R-126 by targeting HMGB1 to ameliorate r
etinal inflammation induced by hyperglyce
mia[87]. Periodontal ligament stem cells (P
DLSCs) during inflammatory conditions ha
ve been shown to enhance M1 macrophag
e polarization via a mechanism involving e
xosomal miR-143-3p. This exosomal miR
NA modulates the PI3K/AKT/NF-κB signali
ng pathway, thereby facilitating the polariz
ation process[88].

 Exosomal miRNAs detection and treatment capacity

MiRNAs are ubiquitous in all body fluid types 
tested. The use of specific miRNA concentrat
ions in body fluids has the potential to be use
d as a biomarker to detect and monitor a vari
ety of physiopathological conditions[126]. Curr
ently, diverse techniques facilitate the detect
ion of exosomal miRNA, including quantitativ
e reverse transcriptase-polymerase chain re
action (qRT-PCR), ratiometric fluorescent bi
oprobes, and some quantitative tests based 
on surface-enhanced Raman scattering (SER
S), ratiometric electrochemistry and localized 
surface plasmon resonance (LSPR), respectiv
ely[127]. 
Exosomes, as cellular vehicles, exhibit imme
nse promise as therapeutic tools for diverse 
pathologies, owing to their efficient capacity 
to transport small molecules between cells, f
acilitating targeted delivery and communicat
ion[128]. They act as cell-to-cell "couriers", deli
vering critical molecular information with pin
point accuracy. A notable benefit of utilizing 
exosomal miRNAs as intercellular signaling 

molecules lies in their protective shield ag
ainst degradation by RNase enzymes, sub
sequently enhancing the the efficiency of 
miRNA delivery to target cells[129] and they 
can be securely preserved in vitro under 4°
C conditions for a duration of 48 hours, m
aintaining their stability[126]. Meanwhile, du
e to the crucial role of exosomal miRNAs i
n the onset and progression of numerous 
diseases, attention has shifted towards to 
be placed on the targeted release of exos
omal miRNA contents for drug developme
nt. Existing data demonstrate that manip
ulation of exosomal miRNAs in vitro may b
e as an efficacious means for delivering mi
RNAs to target organs, thereby enhancing 
their therapeutic efficacy[130]. Exosomes h
ave proven effective in transporting siRNA
s to targeted cell types within mice, showc
asing their versatility in targeted delivery s
ystems[131]. Furthermore, exosomes posse
ss the ability to traverse the BBB, and vari
ous investigations have been undertaken 
exploring their potential as a therapeutic 
miRNA delivery vehicle for ND[116].



 Discussion

In summary, although significant progress h
as been made in recent years in the study o
f the relationship between exosomal miRN
As and diseases, there are still many unchar
ted areas and challenges that need to be fu
rther explored. Firstly, in-depth studies on t
he specific mechanisms of action and regul
atory networks of exosomal miRNAs in diffe
rent types of diseases are needed to reveal 
their key roles in the disease process. Secon
d, novel therapeutic strategies and drugs ta
rgeting exosomal miRNAs need to be devel
oped to provide new ideas and approaches 
for disease prevention and 

treatment. The study of exosomes and their 
miRNA contents not only determines the me
chanism of their intercellular communication, 
but also opens up a brand-new pathway for t
he treatment of diseases. Exosomes miRNA
s can be used as therapeutic targets or miRN
As can be delivered to the target cells throug
h the exosomes in order to achieve the preci
se treatment of diseases, which demonstrate
s a great potential for application and a broa
d prospect for development.
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