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Abstract. Exosomes are vesicles with a particle size of 
30‑120 nm that are secreted by cells through exocytosis. The 
composition of an exosome includes a lipid bilayer and its 
internal package of biological molecules, such as proteins, 
ribonucleotides and deoxyribonucleotides. Diabetes is a 
chronic and refractory disease. The complications induced 
by high blood glucose have become a major problem in 
global public health and the pathogenesis of diabetic compli‑
cations remains to be fully elucidated. In recent years, it has 
been gradually recognized that exosomes from different cell 
sources and their related molecules, particularly exosomal 
proteins and microRNAs, have an important role in the 
pathogenesis of diabetic complications, allowing for the 
exploration of the pathogenesis of diabetic complications 
from a molecular perspective. The present review summa‑
rizes the latest studies on exosomes from different cell 
sources in the pathogenesis of diabetic complications, which 
may provide novel targets for the prevention and treatment of 
diabetic complications.
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1. Introduction

China ranks first in the world in terms of incidence of diabetes 
and the age of patients diagnosed with diabetes exhibits a 
decreasing trend (1). Diabetes is a metabolic disorder char‑
acterized by hyperglycemia caused by insufficient insulin 
secretion, insulin resistance or both  (2). In recent years, 
exosomes have been demonstrated not only to be biomarkers 
of diabetic complications but also to participate in the etiology 
of diabetes (3,4). Therefore, exosomes are helpful for iden‑
tifying diabetic complications at an early stage and may be 
used to diagnose and treat diabetes at the molecular level. The 
present article reviews the role of exosomes in the pathogen‑
esis of diabetic complications and discusses the prospects of 
using exosomes in the diagnosis and treatment of diabetic 
complications.

2. Development of exosomes

Exosomes are cell vesicles with lipid bilayer membranes 
with a diameter measuring 30‑120 nm that contain specific 
proteins, related metabolites, lipids and nucleic acids  (5). 
Exosomes not only transmit information between cells 
in autocrine, paracrine and telecrine states but also corre‑
spond to cells (6). Exosomes may be released by most cells 
in the body and are present in most bodily fluids, such as 
plasma, urine, saliva, cerebrospinal fluid and breast milk, 
bronchoalveolar lavage f luid and epididymal f luid  (7). 
Exosomes may be separated by various methods, including 
ultrahigh‑speed centrifugation, filtration, precipitation and 
immune enrichment  (8). They have complex components, 
including DNA fragments, circular RNA, mRNA, microRNA 
(miRNA/miR), functional proteins, transcription factors 
and other substances. Internal vesicles are secreted into the 
extracellular environment through the fusion of vesicle endo‑
somes and the plasma membrane and then bind with receptor 
cells to exchange information between cells by releasing 
substances into receptor cells  (9). In addition, exosomes 
have been demonstrated to have an important role in tumor 
diagnosis, migration and growth, as well as tissue damage 
repair, immune antigen presentation and neurodegenerative 
diseases (10).
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3. Exosomes and diabetes

Diabetes is a group of metabolic diseases characterized by 
hyperglycemia. The etiology, pathogenesis and complexity of 
diabetes have remained to be fully clarified (11). Diabetes may 
be divided into two categories according to its pathogenesis 
as follows: Type 1 diabetes mellitus (T1DM), in which there 
is a lack of insulin due to the destruction of islet β cells, and 
type 2 diabetes mellitus (T2DM), in which insulin resistance 
is accompanied by insulin deficiency or impaired insulin 
secretion (12). Persistent hyperglycemia may induce diabetic 
complications by regulating the epigenetics of target cells (13). 
Exosomes have important roles in the pathology of T1DM and 
T2DM, including the destruction of pancreatic tissue by medi‑
ating immune reactions and inducing adipocytes to reduce 
insulin resistance (14). In recent years, studies have indicated 
that exosomes carrying miRNAs and long noncoding RNAs 
have important roles in the development of diabetes by regu‑
lating metabolic signals, insulin signaling and the interaction 
between inflammatory pancreatic cells  (15). In addition, 
miRNAs carried by exosomes may be used as biomarkers 
in diabetes and diabetic complications (16), which may help 
to identify diabetic complications at an early stage, thereby 
allowing patients to receive effective treatment in time.

Role of exosomes in T1DM
In the vast majority of cases of T1DM, the disease is an autoim‑
mune condition (17). Studies have indicated that the damage to 
islet β cells may be related to exosomes from specific sources. 
Exosomes from rats and humans contain β‑cell autoantigens, 
such as 65 kDa glutamic acid decarboxylase, islet antigen‑2 
and proinsulin, which activate dendritic cells, leading to an 
increase in cytokine levels and ultimately inducing apop‑
tosis and endoplasmic reticulum stress to destroy islet cells. 
Exosomes also promote the release of exosomes, forming a 
vicious cycle that participates in the occurrence and devel‑
opment of T1DM (18). In addition, mesenchymal stem cells 
(MSCs) derived from pancreatic islets in nonobese diabetic 
mice were observed to release immunomodulatory exosomes 
and promote the T cell‑mediated destruction of pancreatic 
islets (19). This evidence suggests that exosomes promote the 
development of T1DM. By contrast, in clinical patients with 
T1DM, upregulation of miR‑21‑5p and miR‑25‑3p, as well 
as downregulation of miR‑16‑5p, miR‑302d‑3p, miR‑378a, 
miR‑570‑3p, miR‑574‑5p and miR‑579, were detected in 
serum‑derived exosomes (Sexos) (20). These exosomes may 
be used as potential biomarkers of T1DM, which is helpful 
for its early diagnosis. Regarding treatment in rats, exosomes 
derived from MSCs (MSC‑Exos) contained miR‑106b‑5p and 
miR‑222‑3p, mediated protein kinase B (PKB/Akt and MAPK 
signaling pathways) and promoted islet β‑cell proliferation, 
and these exosomes are expected to reverse the occurrence of 
T1DM in the future (21).

Role of exosomes in T2DM
T2DM is closely related to obesity  (22). Adipose tissues 
release various mediators, including free fatty acids, tumor 
necrosis factor, leptin and resistin, leading to systemic insulin 
resistance (23). Studies in rats have indicated that the miR‑34a 
carried by exosomes derived from adipocytes inhibits the 

polarization of M2 macrophages and promotes fat inflamma‑
tion induced by obesity, thereby aggravating the progression 
of T2DM  (24). In addition, MSC‑Exos contain miR‑122, 
miR‑192, miR‑27a‑3p and miR‑27b‑3p, which target peroxi‑
some proliferator‑activated receptors γ in the adipose tissue 
of rats, causing adipose tissue degeneration and infiltration of 
inflammatory factors, ultimately participating in the occur‑
rence and development of T2DM (25). Regarding treatment, 
studies have indicated that the replication of pancreatic β‑cells 
declines sharply with age (26), leading to an increased risk 
of T2DM. Exosomes derived from human umbilical cord 
mesenchymal stem cells (HucMSC‑Exos) carrying miR‑16 
restored the phosphorylation of insulin receptor substrate 1 
and PKB (tyrosine site) in T2DM and promoted the expression 
of glucose transporter 4 (GLUT4) in muscle and membrane 
translocation to reverse peripheral insulin resistance (27).

Role of exosomes in diabetic complications
Diabetic complications include microangiopathy, atheroscle‑
rotic cardiovascular disease, neurological complications and 
diabetic foot ulcers (28). Microvascular disease is a specific 
complication of diabetes and its typical changes are base‑
ment membrane thickening and microcirculation disease. 
Microvascular disease may affect all tissues and organs in the 
whole body, and diabetic nephropathy and retinopathy are the 
most common (29). Experiments in rats have indicated that 
MSC‑Exos reduce oxidative stress by inhibiting C‑C motif 
chemokine receptor 2 and reduce the damage from the 
inflammatory response to its microvascular endothelium (30); 
therefore, exosomes may promote angiogenesis and enhance 
the repair of vascular endothelium damaged by oxidative 
stress. Exosomes derived from adipose mesenchymal stem 
cells (AMSC‑Exos) are rich in miR‑125a, which may inhibit 
the expression of the angiogenesis inhibitor delta‑like 4 protein 
and promote angiogenesis in rats (31). It has been indicated that 
the complement system has an important role in the develop‑
ment of vascular damage (32). Furthermore, Huang et al (33) 
reported that a lack of IgG in exosomes results in a reduction 
in vascular damage in diabetic mice. Another study suggested 
that miR‑21 carried by exosomes derived from glioma stem 
cells upregulates vascular endothelial growth factor expres‑
sion, which promotes the angiogenic ability of endothelial 
cells  (30). Therefore, exosomes may be a promising drug 
candidate for treating microvascular damage caused by high 
glucose.

Diabetic nephropathy (DN). DN is a complex and common 
chronic kidney disease, and it is one of the primary causes of 
end‑stage renal disease (34). The clinical features of DN are 
persistent albuminuria and the thickening of the glomerular 
basement membrane. DN causes an accumulation of the 
extracellular matrix and induces autophagy, causing podocyte 
damage and progressive renal insufficiency (35). The tradi‑
tional method for diagnosing DN is to detect protein in urine; 
however, as the deterioration of renal function usually occurs 
earlier than proteinuria, DN cannot be prevented at an early 
stage (36). It has been reported that podocytes induced by high 
glucose secrete exosomes carrying early flowering 3 (Elf3), 
which may only be detected in the urine of patients with DN, 
suggesting that measuring the level of Elf3 protein in exosomes 
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derived from the human urine stem cells (USC‑Exos) of 
patients with DN may be used as an early, non‑invasive marker 
of cell damage in podocytes (37). The expression of Wilms 
tumor protein 1 (WT1) in USC‑Exos of patients increases with 
the decline in the patient's renal function, suggesting that WT1 
may be used as a monitoring indicator of early renal function 
in DN (38). The expression of miR‑19b‑3p in the USC‑Exos of 
patients with DN is significantly increased and it is positively 
correlated with the severity of renal interstitial inflammatory 
reactions in patients with DN, suggesting that miR‑19b‑3p can 
be used as a molecular marker for monitoring the progression 
of DN (39). Fibrosis is a key step in the pathology of DN (40). 
Exosomes derived from bone marrow MSCs (BM‑MSCs‑Exo) 
carry miR‑let7a‑5p, which acts on high mobility group 
AT‑hook 2 to promote the transformation of DN renal tubular 
epithelial cells and renal fibrosis in rats  (41). In addition, 
USC‑Exos carry miR‑145 and miR‑320c, which directly or 
indirectly activate the TGF‑β1/Smad pathway of renal cells 
and promote renal fibrosis in rats  (42). High glucose and 
proteinuria synergistically stimulate renal podocytes and renal 
tubular cells to produce chemokines, stimulate the release of 
inflammatory factors, increase the synthesis of extracellular 
matrix and accelerate glomerular sclerosis (43). In addition, 
exosomes secreted from human serum albumin‑treated 
HK‑2 cells released miR‑199a‑5p, which targeted the 
Klotho/Toll‑like receptor (TLR)4 pathway to induce M1‑type 
macrophage (M1) polarization, accelerating the inflamma‑
tory reaction and promoting the progression of DN (44). In 
clinical patients, molecules derived from BM‑MSCs‑Exo were 
observed to induce glomerular hypertrophy by promoting the 

PI3K/Akt/mTOR pathway and participate in the proliferation 
of mesangial cells and the extracellular matrix (45). Adipose 
stem cell‑derived exosomes (ADSC‑Exos) containing miR‑486 
activate reactive oxygen species (ROS), thereby targeting the 
PI3K/Akt/mTOR pathway to accelerate the apoptosis of podo‑
cytes, and they were observed to participate in the occurrence 
of DN in rats (46). Exosomes not only serve as related markers 
of DN but also participate in the pathophysiological processes 
of DN. Fig. 1 provides a schematic of the mechanisms of the 
involvement of exosomes in the pathogenesis of DN.

Diabetic retinopathy (DR). Diabetic retinopathy (DR) is 
a common complication of diabetes. Long‑term chronic 
hyperglycemia may cause retinal microcirculation disorders, 
which manifest as vascular degeneration in the early stage 
and develop into proliferative DR during the late stage, 
which is accompanied by proliferative neovascularization, 
leading to vitreous bodies and even retinal detachment (47). 
In recent years, studies have indicated that exosomes reflect 
the relationship between cell secretion and the progression of 
DR (33). Mazzeo et al (48) compared the miRNA expression 
profiles of plasma extracellular vesicles (including exocy‑
tosis) between patients with DR and healthy individuals and 
observed that the expression of miR‑150‑5p, miR‑21‑3p and 
miR‑30b‑5p was increased in patients with DR, indicating 
that exosomes carrying these miRNAs may be used as 
biomarkers for DR. The pathogenesis of DR is complex and 
remains to be fully elucidated, but it is primarily related to 
damage to the vascular endothelium and the progression 
of vascular inflammation and oxidative stress  (49). Fig. 2 

Figure 1. Exosomes are involved in the pathogenesis of DN. BM‑MSCs‑Exo carry miR‑let7a‑5p, which acts on HMGA2 to promote the formation of DN 
renal tubular epithelial cells and renal fibrosis. miR‑145 and miR‑320c carried by USC‑Exos activate the TGF‑β1/Smad pathway to promote the renal fibrosis 
process. HSA‑treated HK‑2 cell‑Exos release miR‑199a‑5p, which targets the Klotho/TLR4 pathway to accelerate the inflammatory reaction. BM‑MSCs‑Exo 
induce glomerular hypertrophy by promoting the PI3K/Akt/mTOR pathway. miR‑486 carried by ADSC‑Exos activates reactive oxygen species targeting the 
PI3K/Akt/mTOR pathway to accelerate the apoptosis of podocytes. DN, diabetic nephropathy; miR, microRNA; BM‑MSCs‑Exo, exosomes derived from 
bone marrow mesenchymal stem cells; ADSC, adipose stem cell; HSA, human serum albumin; TLR, Toll‑like receptor; ROS, reactive oxygen species; EMT, 
epithelial to mesenchymal transition; USC, urine‑derived stem cell; M1, M1‑type macrophage; TSP‑1, thrombospondin‑1. 
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provides a schematic of the mechanisms of the involvement 
of exosomes in the pathogenesis of DR. A previous study (50) 
has shown that the arginase 1 contained in the Sexos of 
patients with DR inhibits nitric oxide (NO), endothelin 1 and 
prostacyclin but increases prostaglandin 2 after being taken 
up by endothelial cells to cause vascular endothelial damage 
in DR. In addition, miR‑15a carried by Sexos inhibits 
PKB3/Akt3 to activate ROS, which destroy retinal cells in 
patients, including pigment epithelial cells, Müller cells and 
photoreceptor cells, representing a pathogenic mechanism of 
DR (51). Zhang et al (52) indicated that exosomes derived from 
platelet plasma target TLR4, which activates the NF‑κB/p65 
pathway, causing damage to human retinal endothelial cells, 
and they determined that these exosomes upregulate the 
expression of retinal intercellular adhesion molecule 1 and 
vascular cell adhesion molecule 1, inducing retinal degrada‑
tion. Experiments in rats have indicated that miR‑29 carried 
by BM‑MSCs‑Exo inhibited the Smad2/TGF‑β pathway, 
which caused proliferative retinopathy and further detach‑
ment of the retina (53). Microglia are immune cells of the 
retina that are closely related to the progression of DR. 
Exosomes derived from microglia release interleukin‑1β 
(IL‑1β), IL‑3, interferon‑γ and macrophage chemoattractant 
protein 2, resulting in a significant inflammatory reac‑
tion in patients  (54). In addition, exosomes derived from 
peripheral cells carry proline‑tryptophan‑tryptophan‑proline 
domain‑containing protein 2A and act on angiopoietin 1, 
occludin, and sirtuin1, which regulates endothelial cells 
and aggravates retinal vascular dysfunction in rats (55). The 
abovementioned studies demonstrated that exosomes affect 

and participate in the pathophysiological processes of DR via 
various mechanisms.

Diabetic cardiomyopathy (DCM). DCM is caused by exten‑
sive necrosis of the myocardium due to cardiac microvascular 
disease and myocardial metabolic disorders (56). The preva‑
lence of myocardial damage caused by high glucose in the 
population is increasing and the progression of this damage 
is becoming increasingly more rapid. The pathogenesis of 
DCM is primarily related to metabolic disorders, myocar‑
dial fibrosis, myocardial cell apoptosis and microvascular 
disease (57). Fig. 3 provides a schematic of the mechanisms 
of the involvement of exosomes in the pathogenesis of DCM. 
In recent years, studies have indicated that exosomes are 
closely related to the pathogenesis of DCM. Cardiac fibrosis 
is the primary cause of myocardial dysfunction in patients 
with diabetes. The transdifferentiation of fibroblasts into 
myofibroblasts is key to the process of cardiac fibrosis (58). 
Experiments in rats suggested that BM‑MSCs‑Exo carry 
molecular targeting proteases, such as plasmin, MMP‑2 and 
MMP‑9, to activate the TGF‑β1/Smad2/3 signaling pathway 
to promote cardiac muscle fibrosis, causing myocardial 
damage  (59). Furthermore, miR‑204 carried by exosomes 
derived from islet cells inhibits the expression of insulin 
receptor substrate 1 in rats, causing insulin resistance. In addi‑
tion to aggravating myocardial energy mechanism disorders, 
miR‑204 also directly damages the structure and function 
of the left ventricle  (60). In rats, it was demonstrated that 
ADSC‑Exos activate the key promoters of the cardiomyocyte 
apoptosis pathway, caspase12 and C/EBP‑homologous protein, 

Figure 2. Signal transduction of exosomes in DR. Sexos inhibit NO, ET‑1, prostacyclin and PGI2 to promote vascular endothelial damage in DR. miR‑15a 
carried by Sexos inhibits Akt3 to activate ROS, destroying retinal cells. PRP‑Exos target TLR4, activate the NF‑κB/p65 pathway and cause damage to retinal 
endothelial cells. miR‑29 carried by BM‑MSCs‑Exo inhibits the Smad2/TGF‑β pathway, which causes retinal detachment. Microgl‑Exos release IL‑1β, IFN‑γ 
and MCP‑2, resulting in a significant inflammatory reaction. Pericyte‑Exos carry cPWWPA, which aggravates retinal vascular dysfunction. DR, diabetic 
retinopathy; ROS, reactive oxygen species; BM‑MSCs‑Exo, exosomes derived from bone marrow mesenchymal stem cells; TLR, Toll‑like receptor; NO, nitric 
oxide; PRP, platelet plasma; ET‑1, endothelin 1; PGI2, prostaglandin 2; Sexos, serum‑derived exosomes; Microgl, microglial; MCP‑2, macrophage chemoat‑
tractant protein 2; cPWWPA, proline‑tryptophan‑tryptophan‑proline domain‑containing protein 2A; SIRT1, sirtuin 1; Arg 1, arginase 1; ICAM‑1, intercellular 
adhesion molecule 1; VCAM‑1, vascular cell adhesion molecule 1. 
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by targeting 78‑kD glucose‑regulated protein and mediating 
the endoplasmic reticulum response. ADSC‑Exos induce cell 
apoptosis and eventually lead to DCM (61). Observations 
in rats have also indicated that miR‑320 carried by cardio‑
myocyte exosomes inhibits target gene receptors such as 
insulin‑like growth factor 1 (IGF1), heat shock protein 20 and 
E26 transformation‑specific proto‑oncogene 2. The inhibition 
of cardiac endothelial cell migration and blood vessel forma‑
tion may be one of the mechanisms of microangiogenesis in 
DCM (62). Exosomes derived from endothelial cells increase 
the content of mammalian ste20‑like kinase‑1 (Mst1), a key 
protein in the Hippo pathway that regulates organ size, apop‑
tosis and autophagy and enhance the binding of Mst1 and 
death domain‑associated protein to disrupt GLUT4 membrane 
translocation, thereby aggravating insulin resistance. 
Furthermore, Mst1 inhibits autophagy of cardiomyocytes, 
enhances cell apoptosis and promotes the formation of DCM 
in rats (63). Although exosomes have important roles in the 
mechanisms of DCM, the evidence available is limited to 
animal experiments (64) and corresponding clinical studies 
are lacking. The diabetes‑mediated regulation of exosomes in 
the cardiovascular system is currently under further investiga‑
tion, which may be a promising treatment approach that will 
benefit numerous clinical patients.

Diabetic peripheral neuropathy (DPN). DPN may affect 
any part of the nervous system and includes central nervous 
system complications, peripheral neuropathy and autonomic 
neuropathy (65). The pathogenesis of DPN is complex and 
is primarily related to inflammation under high‑glucose 
conditions. The activation of factors is related to intracranial 

microvascular disease  (66). Fig.  4 provides a schematic 
of the mechanisms of the involvement of exosomes in the 
pathogenesis of DPN. It has been indicated that certain 
exosomes are inflammatory markers of DPN. The miR‑21‑5p 
carried by exosomes originating from dorsal root ganglia 
neurons increases TNF‑α, IL‑6 and other inflammatory 
factors, which induces the polarization of macrophages 
to the proinflammatory M1 phenotype, accelerating the 
occurrence and development of DPN in rats (67). miR‑146a 
carried by BM‑MSCs‑Exo also increases TNF‑α and medi‑
ates the inflammatory reaction  (68). Jia et al  (69) report 
that the expression of miR‑28, ‑31a and ‑130a in Schwann 
cells‑derived exosome is increased by the action of target 
proteins in axons, such as DNA methyltransferase 3A, 
Numb protein, synaptosome protein 25 and growth‑related 
protein 43, which causes rat axon ischemia, hypoxia and 
abnormal metabolism, inhibits axon growth and aggravates 
DPN damage. BM‑MSCs‑Exo carry let‑7a, miR‑17, miR‑23 
and other molecules that inhibit the TLR4/NF‑κB signaling 
pathway, leading to a decrease in neurotrophic factors and 
ultimately participating in the pathogenesis of DPN in 
mice (70). Part of the reason for the damage to the nervous 
system is the disturbance of nervous system homeostasis 
caused by oxidative stress and increased apoptosis (71). Based 
on this observation, studies on nerve cells have indicated that 
exosomes derived from astrocytes activate ROS and target 
the Ras/adenosine monophosphate‑activated protein kinase 
signaling pathway, which causes mitochondrial dysfunction 
and apoptosis, ultimately leading to neuronal damage (72). 
The above mechanistic study suggests the potential of using 
exosomes in treating DPN.

Figure 3. Role of exosomes in the pathogenesis of DCM. BM‑MSCs‑Exo carry molecular targeting proteases, such as plasmin, MMP‑2 and MMP‑9, which 
activate the TGF‑β1/Smad2/3 signaling pathway, thereby promoting cardiac muscle fibrosis. miR‑204 carried by islet cells‑Exo inhibits the expression of 
iSIRT1, aggravating myocardial energy mechanism disorders. ADSC‑Exos activate the key promoters of the cardiomyocyte apoptosis pathway, caspase12 and 
CHOP, by targeting GRP78, inducing cardiomyocyte apoptosis. miR‑320 carried by CDM‑Exos inhibits IGF1, Hsp20 and Ets2, inhibiting cardiac endothe‑
lial cell migration and blood vessel formation. EC‑Exos release Mst1, inducing cardiomyocyte apoptosis. DCM, diabetic cardiomyopathy; BM‑MSCs‑Exo, 
exosomes derived from bone marrow mesenchymal stem cells; ADSC, adipose‑derived stem cells; iSIRT1, insulin receptor substrate 1; miR, microRNA; IGF, 
insulin‑like growth factor; Hsp, heat shock protein; CHOP, C/EBP‑homologous protein; CRP78, 78‑kD glucose‑regulated protein; CDM, cardiomyocyte; Ets2, 
E26 transformation‑specific proto‑oncogene 2; Mst1, mammalian ste20‑like kinase‑1; EC, endothelial cell. 
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Diabetic foot ulcer (DFU). DFU refers to foot ulcers, infections 
and/or deep tissue destruction associated with abnormalities in 
the distal nerves of the lower extremities and varying degrees 
of peripheral vascular disease (73). DFU is one of the common 
complications of diabetes and a chronic disease caused by 
multiple factors related to skin susceptibility, vascular disease, 

neuropathy and immune factors under high‑glucose condi‑
tions (74). In recent years, it has been indicated that exosomes 
participate in the occurrence of DFU through a variety of 
mechanisms (75) (Fig. 5). For instance, HucMSC‑Exos increase 
inflammatory factors, such as TNF‑α, IL‑1β and IL‑10, leading 
to pathological manifestations in mice, such as poor granulation 

Figure 5. Exosomes are involved in the pathogenesis of DFU. HucMSC‑Exos increase TNF‑α, IL‑1β and IL‑10, leading to pathological manifestations. Sexos 
cause the accumulation of H2O2, •OH and HOCl as well as the reduction of NO, causing damage to the vascular endothelium. MSC‑Exos increase CRP, 
fibrinogen, IL‑6, MIF and MIP‑1a but decrease the expression and secretion of activated T cells. The molecules carried by MSC‑Exos inhibit the production of 
sP, leading to peripheral nerve regeneration disorders. DFU, diabetic foot ulcer; NO, nitric oxide; CRP, C‑reactive protein; HucMSC‑Exos, exosomes derived 
from human umbilical cord mesenchymal stem cells; Sexos, serum‑derived exosomes; MIF, macrophage migration inhibitory factor; MIP‑1α, macrophage 
inflammatory protein‑1α; sP, substance P. 

Figure 4. Exosomes are involved in the disease progression of DPN. miR‑21‑5p carried by DRG neurons‑Exo increases TNF‑α, IL‑6 and other inflammatory 
factors, inducing inflammatory reactions. miR‑146a carried by BM‑MSCs‑Exo also increases TNF‑α, mediating the inflammatory reaction. The increases 
in miR‑28, ‑31a and ‑130a in Schwann cells‑Exo target DNMT‑3A, NUMB, SNAP‑25 and GAP‑43, which causes axon ischemia, hypoxia and abnormal 
metabolism and inhibits axon growth. BM‑MSCs‑Exo carry let‑7a, miR‑17, miR‑23 and other molecules that target the TLR4/NF‑κB signaling pathway, 
which leads to a decrease in neurotrophic factors. Under high glucose conditions, part of the reason for the damage to the nervous system is the disturbance of 
nervous system homeostasis caused by oxidative stress and increased apoptosis. AS‑Exos activate ROS and target the Ras/AMPK signaling pathway, causing 
mitochondrial dysfunction and apoptosis. DPN, diabetic peripheral neuropathy; BM‑MSCs‑Exo, exosomes derived from bone marrow mesenchymal stem 
cells; ROS, reactive oxygen species; miR, microRNA; DRG, dorsal root ganglia; DNMT‑3A, DNA methyltransferase 3A; SNAP‑25, synaptosome protein 25; 
GRP‑43, growth‑associated protein 43; AS, astrocytes; AMPK, adenosine monophosphate‑activated protein kinase.
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formation, tissue fragility, delayed epithelialization, tissue 
rupture and necrosis (76). In addition, exosomes derived from 
the Sexos of diabetic patients induce the accumulation of 
hydrogen peroxide, hydroxyl radicals and hypochlorous acid, 
as well as the reduction of endothelial relaxing factors, such as 
NO, causing damage to the vascular endothelium, which slows 
down the repair of diabetic wounds in mice (77). MSC‑Exos 
significantly increase C‑reactive protein, fibrinogen, IL‑6, 
macrophage migration inhibitory factor and macrophage 
inflammatory protein‑1α but decrease the expression and secre‑
tion of activated T cells, which participate in the pathogenesis 
of DFU in rats (78). The sensory neuropeptide substance P (sP) 
secreted by nerve endings is a vasoactive substance (79) that 
mediates nerve regulation in wound repair. The delayed healing 
of diabetic wounds is closely related to the lack of local sP 
secretion (80). The molecules carried by MSC‑Exos induce the 
destruction of ulcers under high‑glucose conditions and their 
mechanism of action is to inhibit sP production. The expression 
of neurotrophic factors, such as nerve growth factor and IGF‑1, 
decreases, which leads to peripheral nerve regeneration disor‑
ders, thereby inhibiting the healing of ulcer wounds in rats (81). 
Thus, diagnosis and treatment plans may be formulated based 
on the pathogenesis of DFU resulting from exosomes.

4. Conclusion

Due to the complexity of the clinical manifestations underlying 
different types of diabetes complications, it is challenging to 
identify them in time by using current laboratory methods (82). 
However, physiological and pathological changes may be 
monitored by analyzing the contents of lipids, proteins, 
nucleic acids and exosomes. In addition, exosomes are simple, 
cheap and easy to obtain and may meet the demand for novel 
biological markers to diagnose diabetes in the future (18). In 
addition, as a natural endogenous carrier of drugs, exosomes 
have unique advantages: They have good immunocompat‑
ibility and low immunogenicity and are able to avoid the rapid 
clearance of mononuclear macrophages (83). Exosomes may 
also deliver drugs to specific tissues or organs (84). Therefore, 
exosomes may overcome the difficulties faced by the current 
encapsulation of nucleic acid drugs based on miRNAs, which 
will make it possible for nucleic acid drugs to be used widely 
in treating diabetic complications in the future (85). However, 
the pathogenesis of diabetic complications caused by exosomes 
from different sources has remained to be fully elucidated 
and more research is required to identify the mechanisms 
of exosome regulation as a therapeutic target (16). Research 
focused on exosomes as the entry point will provide novel 
ideas and methods for the prevention and treatment of diabetic 
complications in the future and is expected to become a novel 
strategy for curing diabetic complications.
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