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Abstract

Diabetes mellitus is a group of metabolism-related diseases characterized by
elevated plasma glucose levels, and the course of diabetes mellitus is closely
linked to the development of diabetes-related complications, which can be
life-threatening due to poor glycemic control. Exosomes are small vesicles
that encapsulate intracellular molecules and are composed of a variety of bio-
active proteins, lipids and nucleic acids (including microRNAs, IncRNAs, and
circ-RNAs), and recent studies have increasingly shown that miRNAs in ex-
osomes are an important mode of intercellular and intertissued communi-
cation and play a key role in the development and progression of various dis-
eases. This review presents the progress of the application of exosomal miR-
NAs in type 1 diabetes mellitus (T1DM), type 2 diabetes mellitus (T2DM), and
diabetes-related complications.
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1. Introduction

Diabetes mellitus is a multifactorial chronic disease characterized by the pres-
ence or absence of progressive insulin resistance and elevated blood glucose le-
vels due to relative insulin deficiency [1]. According to the results of the Interna-
tional Diabetes Federation Diabetes Consultation, 9th edition, the global preva-
lence of diabetes in 2019 is 9.3% (463 million people), and given that nearly 500
million people have diabetes, there is an urgent need to develop and implement
multisectoral strategies to address diabetes. Without urgent and adequate action,
579 million people are expected to have diabetes in 2030, a figure that will in-
crease by 51% (700 million) by 2045 [2]. And on December 6, 2021, the Interna-
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tional Diabetes Federation (IDF) officially released the 10th edition of the Global
Diabetes Map, in which the core content indicates that in 2021, 537 million
(10.5%) adults aged 20 - 79 will have diabetes - 1 in 10 people. The total number
of people with diabetes is projected to increase to 643 million (11.3%) by 2030
and to 783 million (12.2%) by 2045 [3]. In recent decades, almost all regions of
the world have shown a significant increase in the prevalence of diabetes. Di-
abetic complications are diseases secondary to diabetes. Diabetic complications
can involve all organ systems of the body, including cardiovascular, brain, kid-
ney, nerve, retina, skin and extremities, and can result in serious disabling and
even life-threatening complications such as myocardial infarction, cerebrovas-
cular disease, renal failure, ketoacidosis, and non-ketotic hyperosmolar coma.
The increase in the number of people with diabetes or the prolongation of the
duration of diabetes may change the disease status of many populations world-
wide, and as the base of people with diabetes increases year by year, the inci-
dence of diabetes-related complications also increases year by year [4]. Diabetes
is one of the top 10 causes of death among adults, causing an estimated 4 million
deaths worldwide in 2017, and global health expenditures for diabetes were es-
timated at $727 billion in 2017 [5]. Macrovascular complications of diabetes, in-
cluding coronary heart disease, stroke and peripheral vascular disease, micro-
vascular complications, such as end-stage renal disease (ESRD), retinopathy and
neuropathy, and lower extremity amputation (LEA), are the leading causes of
diabetes-related burden.

Exosomes are small extracellular vesicles of 50 - 150 nm in diameter, which
originate in the late endonuclear pathway and are secreted in the extracellular
space when the multivesicular vesicles fuse with the plasma membrane [6]. It is a
small extracellular vesicle of 50 - 150 nm in diameter, which is secreted in the
extracellular space when the multivesicular vesicles fuse with the plasma mem-
brane. Many studies have shown that all cell types in the human body can se-
crete exosomes [7]. It has been shown that exosomes are naturally present in
body fluids. In addition, there is also growing evidence that exosomes are an
important mode of intercellular and intertissued communication [8] [9]. For
example, bone marrow mesenchymal stromal cells are a major source of cellular
and tissue communication. For example, bone marrow MSC-derived exosomes
regulate aging-related insulin resistance [10]. Exosomes from human umbilical
cord MSCs can alleviate type 2 diabetes by reversing peripheral insulin resistance
and reducing cell destruction [11]. Adipocyte-derived microRNA-34a exosomes
inhibit the polarization of M2 macrophages and promote obesity-induced adi-
pose inflammation [12]. The exosomes of cardiomyocyte origin can directly
transfer excess proteins and glycolytic enzymes to endothelial cells and thus re-
gulate glucose transport [13] etc. Thus, it is clear that exosomes do play an im-

portant role in regulating body metabolism and signaling.

2. Exosomal miRNAs and Type 1 Diabetes Mellitus (T1DM)

Type 1 diabetes mellitus (T1IDM), one of the types of diabetes, is a complex au-
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toimmune disease that primarily affects children and adolescents [14]. Elevated
blood glucose levels in patients with T1DM result from absolute insulin defi-
ciency and lead to hyperglycemia and life-threatening diabetic complications
[15]. Although much research has been conducted on the pathogenesis of this
type one diabetes mellitus (T1DM), its exact pathogenesis remains unclear.
There is growing evidence that small extracellular vesicles, exosomes, are in-
volved in intercellular communication and regulate interorgan dialogue, thereby
regulating various metabolisms in the body [8] [9]. Exosomes are extracellular
nanoparticles secreted by cells, containing proteins, lipids and nucleic acids
(miRNA, IncRNA, circRNA, etc.) bioactive molecules [16]. More importantly,
many studies have shown that exosomes and their cargo—proteins, lipids and
nucleic acids (miRNA, IncRNA, circRNA, etc.) bioactive molecules are asso-
ciated with the development of TIDM, and miRNA (microRNA) among the dif-
ferent components of exosomes have attracted special attention [17]—miRNAs,
one of the main substances transported by exosomes, are abundant small non-
coding RNAs (19 - 22 nucleotides in length), which are key post-transcriptional
regulators of gene expression and can be transferred to recipient cells in an ac-
tive form via exosomes [18] [19] [20] [21]. They play a key role in many biolog-
ical processes by binding to target molecules, inducing their degradation or in-
hibiting translation [22]. It is now well understood that miRNAs play a key role
in many biological processes by binding to target molecules, inducing their de-
gradation or inhibiting translation. It is now well known that miRNAs are se-
creted by cells and can be delivered to recipient cells as endogenous miRNAs.
Although miRNAs are rapidly degraded by ribonucleases in plasma, miRNAs
encapsulated by extracellular vesicles are highly stable in circulation [23]. MiR-
NAs play an important role in the regulation of pancreatic f-cell activity. In-
deed, they are involved in S-cell differentiation and functional maturation and
regulate insulin secretion and cell survival [24] [25]. Dysregulation of miRNAs
expression is associated with the development of T1D and T2D and with an
age-related decrease in S-cell proliferation [26] [27]. In addition, in rodent and
human islets, some miRNAs such as miR-23a-3p, miR-23b-3p and miR-149-5p
were found to regulate the expression of the pro-BH3-only proteins DP5 and
PUMA in human pancreatic S-cells, thereby inducing S-cell dysfunction and
death under inflammatory conditions [28]; T-lymphocyte-derived exosomal
miRNAs, in type 1 diabetes mellitus (TIDM), can cause pancreatic S-cell apop-
tosis [29]. In recent years, some exosomal miRNAs have also been found to be
differentially expressed in T1DM patients through studies [30], it was also found
that in the plasma-derived exosomal mRNA expression profile of TIDM pa-
tients, a total of 112 plasma-derived exosomal miRNAs were detected, of which
66 miRNA expressions were upregulated and 46 miRNA expressions were down-
regulated [31]. In addition, it has been shown that plasma exosome-rich extra-
cellular vesicles from lactating mothers with type 1 diabetes contain abnormal

levels of miRNAs postpartum. Real-time qPCR validation confirmed that compared
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with lactating healthy mothers, hsa-miR-146a-5p, hsa-miR-26a-5p, hsa-miR-24-3p
and hsa-miR-30d-5p were significantly upregulated in lactating mothers with
type 1 diabetes [32]. Overall, the above research evidence suggests that exosomal
miRNAs are increasingly associated with the formation and progression of type
1 diabetes mellitus (T1DM). However, there is a lack of diagnostic and therapeu-
tic measures for early prevention, early diagnosis and early treatment of type 1
diabetes mellitus (T1DM) in clinical practice. In recent years, the emergence of a
new research hotspot—exosomal miRNAs—has provided a new possibility for
early prevention of type 1 diabetes mellitus (T1DM) through early screening of
differentially expressed miRNAs in exosomes to identify high-risk groups, and
exosomal miRNAs play an important role in regulating pancreatic S-cell activity,
which provides a new opportunity to target type 1 diabetes mellitus (TIDM) pa-
tients for early prevention. This provides a new guiding direction for the resto-
ration of targeted therapies to regulate islet S-cell activity, modulate islet S-cell
activity, and prevent islet S-cell apoptosis in patients with type 1 diabetes melli-
tus (T1IDM).

3. Exosomal miRNA and Type 2 Diabetes (T2DM)

Type 2 diabetes mellitus (T2DM) is a metabolic chronic disease characterized by
insulin resistance and elevated blood glucose levels [1]. Type 2 diabetes mellitus
(T2DM) has the highest prevalence and incidence of all diabetes cases, is a com-
plex disease with a rising global prevalence, and is rapidly increasing worldwide
[5]. Type 2 diabetes mellitus (T2DM) is a multifactorial disease with genetic, en-
vironmental, and obesity correlates. Obesity is one of the prevalent and predis-
posing factors of type 2 diabetes mellitus (T2DM) and is a major influence on
global health and economic burden. And in recent years, it has been shown that
insulin resistance is a common feature of obesity and type 2 diabetes, and type 2
diabetes mellitus (T2DM) is closely related to obesity [2] [33] [34] [35]. Adipose
tissue is considered to be a dynamic endocrine organ that regulates the energy
balance of the entire body by releasing a variety of hormones that regulate glu-
cose and lipid metabolism [36]. In addition, adipose tissue is a dynamic endo-
crine organ. In addition, adipose tissue is an important source of exosomes, es-
pecially exosomal miRNAs, which can regulate gene expression in distant tissues
such as the liver [37]. In recent years, more and more experimental studies have
shown that exosomes and their carriers (proteins, mRNAs and microRNAs)
contribute to the alteration of crosstalk between skeletal muscle, liver and adi-
pose tissue during the development of insulin resistance and that miRNAs,
which are non-coding RNAs, play a key role in regulating glucose metabolism
and tissue cell insulin resistance in the body. Studies have shown that exosomal
miRNAs derived from adipose tissue macrophages can regulate insulin sensitiv-
ity in vivo and in vitro [38]. Recently, it was reported that adipose tissue endo-
thelial cells produce large amounts of exosomes in response to glucagon, and

this study confirmed the importance of exosome-mediated intra-adipose and
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inter-organ communication in energy metabolism [39]. The liver is also a dy-
namic endocrine organ that secretes a variety of proteins, nucleic acids [40] and
it plays a key role in many physiological processes, including the regulation of
systemic glucose and lipid metabolism [41]. Exosomal miRNAs are produced by
a wide range of cells and are inextricably linked to insulin resistance and islet cell
autoimmunity. It has been demonstrated that exosomal MiR-29b-3p from bone
marrow MSCs can regulate aging-related insulin resistance exosomes, and ex-
osomal MiR-29b-3p released from bone marrow MSCs can be taken up by adi-
pocytes, myocytes and hepatocytes, thus leading to insulin resistance in vivo and
in vitro [10]. The adipocyte-derived exosome MiR-27a induces skeletal muscle
insulin resistance by inhibiting PPARy [42] [43]. ExosomalmiR-375 prevents
high-fat diet-induced insulin resistance and obesity by targeting the aryl hydro-
carbon receptor and bacterial tryptophanase (tnaA) genes [44]. In addition, re-
cent studies have shown that exosomal miRNA-351, miR-1249-3p, and miR-26a
all play important roles in the regulation of cellular insulin sensitivity, respec-
tively [45] [46] [47]. In conclusion, through the in-depth research on exosomal
miRNAs in various fields in recent years, it is easy to find that exosomal miR-
NAs play a key role in the formation and development of type 2 diabetes melli-
tus (T2DM).

According to the World Health Organization, the number of adults with di-
abetes is expected to increase, with the majority of people with diabetes (ap-
proximately 90% - 95%) having type 2 diabetes mellitus (T2DM). Type 2 di-
abetes mellitus (T2DM) is rapidly increasing worldwide, and as the prevalence
base increases each year, the type 2 diabetes epidemic requires the development
of new treatment and prevention strategies to attenuate this debilitating disease
the expansion [48]. It is important to identify individuals at risk for diabetes.
Identifying individuals at risk for diabetes is important because early interven-
tion may delay or even prevent the full progression of the disease, and new bio-
markers are needed for type 2 diabetes mellitus (T2DM) to identify high-risk in-
dividuals in the population for early prevention and early diagnosis [49]. In re-
cent years, a new class of non-coding RNAs, microRNAs (miRNAs), has
emerged as important regulators of many biological functions, including cell
signaling and the essential maintenance of tissue structure. Exosomal miRNAs
are small endogenous noncoding RNAs, and their potential as biomarkers has
been extensively studied in recent years because they are stable and easy to
quantify [23] [50]. And an increasing number of experimental studies have
shown that disruption of miRNA levels not only leads to the development of
chronic inflammation in obese diabetic patients, but also to pancreatic f3-cell
dysfunction and loss, as well as insulin resistance in metabolic tissues. MiRNA-
level disruption seems to be reflected in the patient’s serum, which may prove to
be diagnostic for patients before clinical manifestations of the disease, thus im-
proving the management of diabetes and its associated management of compli-

cations. These metabolites have a significant predictive correlation with T2D
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prodromal diabetes, T1D and/or T2D. In contrast, changes in plasma metabo-
lites can be identified by metabolomics techniques and used to identify and ana-
lyze T1D and T2D biomarkers. Therefore, the results of metabolomics studies
can be used to help develop effective interventions to manage these diseases [51].
Thus, it appears that exosomal miRNAs not only show promise as early bio-
markers of disease, but many of them show therapeutic potential, some of which

are already in preclinical development [52].

4. Exosomal miRNA and Diabetic Complications

Macrovascular complications of diabetes, including coronary heart disease,
stroke, and peripheral vascular disease; microvascular complications, such as
end-stage renal disease (ESRD), retinopathy and neuropathy, and lower extrem-
ity amputation (LEA), are the leading causes of diabetes-related burden [53]. In
recent decades, almost all regions of the world have shown a significant increase
in the prevalence of diabetes mellitus [3] [5] [54]. The increase in the number of
people with diabetes or the prolonged duration of diabetes may alter the disease
status of many populations worldwide, especially due to the high prevalence of
diabetes-specific complications such as renal failure and peripheral arterial dis-
ease [4]. The epidemiology of other diseases often associated with diabetes, in-
cluding infections and cardiovascular disease, may also change, with direct im-
plications for quality of life, health service needs, and economic costs. Hyperten-
sion and type 2 diabetes are common comorbidities, and people with diabetes
develop hypertension twice as often as non-diabetic people. In addition, people
with hypertension tend to exhibit insulin resistance and are at greater risk of de-
veloping diabetes than normotensive people [55]. Patients with type 2 diabetes
mellitus (T2DM) are at high risk for macrovascular complications, and hyper-
tension exacerbates cardiovascular disease, which is the leading cause of mor-
bidity and mortality in diabetes mellitus [56]. The widespread burden of com-
plications in people with diabetes will ultimately be influenced by efforts to pre-
vent diabetes.

In recent years, a new class of non-coding RNA, microRNA (miRNA), has
emerged as an important regulator of many biological functions. These functions
include cell signaling and the basic maintenance of tissue architecture. Disrup-
tions in miRNA levels not only lead to the development of chronic inflammation
in obese diabetic patients, but also to pancreatic 3-cell dysfunction and loss, and
insulin resistance in metabolic tissues. These major events set the stage for dys-
function in other tissues, including the retina, kidney, peripheral nerves, heart,
and the entire vascular system [57]. Here again, miRNAs are shown to play a de-
cisive role in the development of disease in a range of diabetic complications.
Whereas disturbed miRNA levels appear to be reflected in the serum of patients,
this may prove to be diagnostic of patients prior to clinical manifestations of the
disease, thereby improving the management of diabetes and its associated com-

plications [58]. It has been shown that exosomal miR-320 plays a key role in the
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induction of diabetic cardiomyopathy, and this study demonstrates that CD36
(fatty acid translocase) is a key target gene of this miRNA and suggests that in-
duction of CD36 expression is responsible for increased fatty acid uptake, which
leads to cardiac lipotoxicity [59]. Among the complications of diabetes, diabetic
nephropathy (DKD) remains one of the major causes of shortened life expec-
tancy in diabetic patients, but its pathogenesis is not particularly well unders-
tood. However, it has been shown that miR-145 expression is increased in the
urine of patients with early diabetic nephropathy and experimental animals with
early diabetic nephropathy by experimental assays [60]. However, it has been
shown that miR-145 expression is increased in the urine of early diabetic neph-
ropathy patients and early diabetic nephropathy experimental animals. Moreo-
ver, in recent years, an in-depth study of exosomal miR-145 has demonstrated
that miR-145 does play an important role in the formation and development of
diabetic nephropathy [61] [62].

5. Current Problems with the Diabetes and Exosomal miRNA

Diabetes starts with the inability of the pancreas to maintain blood glucose con-
centrations within the normal physiological range, and there are no clinical in-
dicators used to screen people at risk for early diabetes. It can only be observed
through clinical features when the symptoms of diabetes are already in the mid-
dle to late stages and the islets have begun to fail or have undergone irreversible
damage. In addition to this, there is no clinically validated test to distinguish
type 1 from type 2 diabetes. The treatment for type 1 diabetes is relatively single,
and there are no effective treatments other than insulin injections. In contrast,
exosomal miRNAs have now been shown in various studies to improve cellular
tissue insulin resistance, prevent islet cell apoptosis, and differentially expressed
in plasma in healthy and diabetic populations. This provides a direction of
choice for screening early indicators of people at risk for diabetes, a possible dif-
ferential diagnosis between type 1 and type 2 diabetes, and a possible new option
for a therapeutic approach to type 1 diabetes. At present, although the specific
mechanisms of exosomal miRNAs in regulating human glucose metabolism and
related pathways are not clear, we believe that their specific mechanisms will be

clarified in the future as the related research progresses.

6. Summary and Prospect

The purpose of this review is to demonstrate the potential future use of exosom-
al miRNAs in the detection of prediabetes and/or staging progression and di-
abetes patterns and to provide a new therapeutic idea for the clinical treatment

of diabetes and related complications.
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