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A B S T R A C T

Diabetes is a chronic metabolic disorder with rising global prevalence, particularly in developed and high-income 
regions. Central to its pathogenesis is the dysfunction of pancreatic β-cells, alongside impaired glucose and lipid 
metabolism in peripheral insulin-responsive tissues. Exosomes are nano-sized extracellular vesicles essential for 
intercellular communication and have emerged as pivotal regulators of metabolic homeostasis. Secreted by 
virtually all cell types, exosomes encapsulate bioactive cargo that reflects their cellular origin and physiological 
state, thereby exerting diverse functional effects. Recent evidence highlights the role of exosomes derived from 
the liver, gut, adipose tissue, skeletal muscle, and mesenchymal stem cells in modulating β-cell proliferation, 
insulin secretion, and survival. In peripheral tissues exosomes also influence insulin sensitivity by regulating 
glucose and lipid metabolism, ultimately shaping β-cell responses under hyperglycemic conditions. A more 
comprehensive understanding of exosome-mediated crosstalk between metabolic organs and pancreatic β-cells 
could pave the way for the development of exosome-based diagnostic tools and therapeutic strategies aimed at 
improving early detection, prevention, and treatment of the diabetes.

1. Introduction

Diabetes mellitus (DM) is a life-threatening disease with a rapidly 
increasing prevalence worldwide, now recognized as one of the top ten 
causes of death globally [1–5]. DM is a chronic metabolic disease 
characterized by hyperglycemia resulting from insufficient insulin 
secretion, impaired insulin action, or a combination of both. The pri
mary mechanism underlying this condition is often linked to the loss, 
dysfunction, or insufficiency compensation of pancreatic islet β-cells 
[6,7]. Pancreatic β-cells are located in the pancreas and aggregate in 
clusters known as pancreatic islets or islets of Langerhans, comprising 
about 1–2 % of pancreatic volume [8]. In individuals with type 1 dia
betes, an autoimmune attack leads to the loss of β-cells, leaving an 
insufficient number of functional β-cells to adequately regulate blood 
glucose levels, resulting in life-threatening type 1 diabetes [9–11]. In 
other individuals, a combination of genetic susceptibility, unhealthy 
dietary habits, and sedentary lifestyle contributes to sustained hyper
glycemia, along with the development of insulin resistance in peripheral 
tissues. This insulin resistance, along with chronic hyperglycemia, pla
ces stress on β-cells, leading to β-cell dysfunction and the onset of type 2 
diabetes [12–14]. Although the etiologies of different types of diabetes 
vary, it is widely recognized that the progression of diabetes is closely 
associated with dysregulated communication between pancreatic β-cells 

and other organs and tissues [15,16].
Exosomes are membrane-bound extracellular vesicles (EVs), first 

identified in 1983, typically ranging in diameter from approximately 30 
to 150 nm. Exosomes can be isolated from various bodily fluids, 
including blood, urine, cerebrospinal fluid, amniotic fluid, and saliva, as 
well as from different cells and tissues such as stem cells, dendritic cells, 
hepatocytes, and the placenta [17–19]. Traditionally, exosomes were 
considered cellular organelles responsible for clearing metabolic waste 
[20]. However, beyond waste clearance, a growing body of research has 
revealed their pivotal role as cellular housekeepers and mediators of 
intercellular and inter-organ communication. This paradigm shift has 
positioned exosomes as one of the most promising topics in contempo
rary biomedical research. [21,22]. The biogenesis of exosomes begins 
with the endocytic pathway. After the formation of early endosomes, 
they develop into multivesicular bodies (MVBs), which can interact with 
other intracellular vesicles and organelles, contributing to the diversity 
of exosomal components [23]. Depending on the cell of origin, exo
somes, may contain various cellular constituents, such as DNA, RNA, 
lipids, metabolites, and cytosolic or surface proteins. Exosomes are then 
further processed and released through either ESCRT-dependent or 
ESCRT-independent mechanisms [24]. These vesicles can be released 
into body fluids—such as plasma, urine, and saliva—under various 
pathophysiological conditions. Once released, exosomes can interact 
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Table 1 
Regulatory Effects of Exosomes from Different Sources and Their Contents on Pancreatic β-Cells.

origin Tissue / Cell cargo of exosomes Target Effect

Liver-derived NAFLD[34–36] miRNA-375, miRNA-9, miRNA- 
143

/ Increased insulin secretion

obese mice[38] miR-7218-5p CD74 Stimulate the proliferation of MIN6 cells
Steatotic hepatocytes[39] miR-126a-3p IRS2 Promote β-cell apoptosis
HepG2 cells[41] / / The expression of Pdx1, NeuroD1, and Ins1 in 

MIN6 cells was significantly increased
Gut-derived Gut microbiota[44] Microbial DNA cGAS/STING pathway 

activation
Increased islet inflammation and impaired 
insulin secretion

Gastrointestinal enteroendocrine 
cell line STC-1[43]

ACE2 NLRP3 inflammasome Inhibit islet inflammasome activation and 
pyroptosis

Skeletal muscle- 
derived

Skeletal muscle[62,64] miR-16 Ptch1 Increased proliferation of MIN6 cells
miR-133a, miR-206 / Promote insulin secretion

Fat-derived Adipose tissue from healthy 
individuals[66]

/ Akt phosphorylation 
pathway

Upregulated the expression of Pdx1 and Nkx6.1

3 T3-L1 adipocytes stimulated by 
inflammatory cytokines[67]

Increased levels of miR-155-5p, 
miR-30a-5p, and miR-146

/ Inhibit GSIS and induce β-cell apoptosis

Decreased levels of miR-320-3p 
and miR-501

/ Affect the effects of anti-diabetic drugs on β-cells

White adipose tissue[70–73] miR-29a, miR-27a, miR-34 
andmiR-15

PPARγ, IRS1, and 
macrophages

Insulin resistance

Brown adipose tissue[74,75] miR-132-3p Srebf1 Improved glucose tolerance
Pro-inflammatory macrophages in 
adipose tissue of obese individuals 
[78,79]

miR-155 Mafb Impaired insulin secretion, increased β-cell 
proliferation, and amelioration of glucose 
intolerance and insulin resistance

Endogenous islet- 
derived

Cytokine-treated MIN6 cells[80,82] / Increased expression of 
Cxcl10, Tlr1, and Tlr4

Decreased expression of insulin and Pdx1

miR-546, miR-710 / Increased β-cell apoptosis
Untreated MIN6 cells[85] / Macrophages and CD31 

expression
Modulate islet neovascularization and immune 
reactions

INS-1 cells treated with low 
concentrations of cytokines [81]

Neutral ceramidase S1PR2 Alleviate INS-1 cell apoptosis

β cells[83,84] miR-1224, miR-122-5p, miR- 
133a-3p, miR-10b-5p, miR-423- 
5p

Phosphorylated Akt, 
GSK3α/β, and NF-κB

Disruption of GSIS in immature pancreatic β-cells

miR-26a / Reduce hyperinsulinemia and enhance insulin 
sensitivity

Pancreatic stellate cells[35,87] miR-23a-3p / Induce β-cell death
miR-140-3p, miR-143-3p BCL2 Induce islet dysfunction

Acinar cells[88] miR-130a-3p PPAR-γ Promote activation of pancreatic stellate cells 
and collagen formation

Resident M1 macrophages in the 
islets[90,91]

miR-155 Pdx1 Insulin resistance and glucose intolerance
miR-212-5p sirtuin2/Akt/GSK-3β/ 

β-catenin pathway
Impair β-cell insulin secretion

Mesenchymal stem 
cell-derived

Bone marrow mesenchymal stem 
[96,97]

/ Activated TGF-β and Smad 
family genes

Upregulate insulin and Pdx1 genes

miR-222-3p, miR-106b-5p Downregulation of the Cip/ 
Kip famil

Promote β-cell proliferation

Adipose-derived mesenchymal stem 
cells[98]

/ T cells, Cxcl9-positive 
macrophages

Promote β-cell proliferation and insulin secretion

Umbilical cord mesenchymal stem 
cells[99–101]

miR-21 Inhibit p38 MAPK signaling 
pathway

Protect β-cells from hypoxia-induced apoptosis

Menstrual blood-derived 
mesenchymal stem cells[102]

/ Regulate Pdx1 Increase β-cell mass and insulin production

Placenta-derived Placenta of women with GDM 
[105,106,108,109]

/ / Glucose intolerance and skeletal muscle insulin 
resistance

miR-320b / Impaired glucose tolerance
Placenta of healthy women[107] / / Increased GSIS in pancreatic islet cells
Placenta of mice with GDM[110] / / Promote β-cell apoptosis and reduce insulin 

secretion
pancreatic cancer- 

derived
Pancreatic cancer cell lines SW1990 
and BxPC-3[115]

miR-19a Adcy1 and Epac2 Impaired GSIS

Primary pancreatic cancer cells 
[116,117]

Adrenomedullin and CA19-9 Caveolin-mediated 
endocytosis or pinocytosis

Inhibit insulin secretion

Lymphocyte- 
derived

T cell[118–120] miR-142-3p, miR-142-5p and 
miR-155

Increased chemokines such 
as Ccl2, Ccl7, and Cxcl10

Promote β-cell apoptosis

Circulatory system- 
derived

Human whole blood and plasma 
[123,124]

miR-25–30 Associated with insulin 
synthesis pathway

Decreased insulin secretion in phase II

miR-574 Autoantibody production- 
related

miR-223 / Involved in the regulation of β-cell proliferation, 
differentiation, and insulin secretion

Serum of obese mice[125,126] Increased expression of miR-122, 
miR-192, miR-27a-3p, and miR- 
27b-3p

/ Glucose intolerance and insulin resistance

(continued on next page)
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with target cells based on their cargo (proteins, lipids, or nucleic acids), 
transmitting information and modulating biological processes even at 
distant sites [21]. Thus, exosomes are an essential part of the intercel
lular and inter-organ communication system, capable of conveying 
biological signals from one cell type or tissue to another [25]. Extensive 
research has demonstrated that exosome-mediated intercellular and 
inter-organ crosstalk plays a critical role in regulating insulin secretion 
by β-cells, modulating insulin sensitivity in peripheral insulin-target 
tissues, and maintaining glucose homeostasis under physiological con
ditions [26]. Among the components of exosomes, microRNAs (miRNAs) 
are particularly significant in mediating regulatory interactions between 
various tissues and pancreatic β-cells.

This review primarily focuses on exosomes as key mediators of 
cellular communication, highlighting how they facilitate regulatory in
teractions between pancreatic islet β-cells and various organs and tis
sues, such as the liver, intestine, adipose tissue, skeletal muscle, 
placenta, immune cells, and several types of stem cells. The molecular 
contents of exosomes, especially miRNAs, vary significantly depending 
on their tissue of origin. These miRNAs play crucial roles in regulating 
β-cell proliferation, apoptosis, insulin secretion, and inflammatory 
infiltration (Table 1). Leveraging exosomal miRNAs as therapeutic tools 
holds promise for targeted interventions that enhance β-cell function 
and glycemic regulation, offering new avenues for diabetes treatment 
and complication prevention.

2. Exosomes derived from the liver

The liver plays a central role in energy metabolism, while the 
pancreatic islets is responsible for secreting metabolic regulators such as 
insulin and glucagon. The interaction between these two organs is 
crucial for maintaining glucose homeostasis. In recent years, the 
increasing research on liver regulation of the pancreas has highlighted 
the liver-islet axis as a vital pathway for enhancing pancreatic function. 
Under metabolic stress, the liver secretes numerous factors that regulate 
the function and quality of pancreatic cells [27]. For example, liver- 
derived proteins and peptides such as fibroblast growth factor 21, 
serine protease inhibitor B1, and Kisspeptin can act on pancreatic β-cells 
to modulate their insulin secretion and proliferation, thereby amelio
rating impaired glucose tolerance [28–33]. In addition to secreted pro
teins or peptides, liver-derived exosomes have recently garnered 
attention for their role in regulating the liver- islet axis. Liver exosomes 
can influence pancreatic β-cells function and proliferation by trans
ferring vesicles containing specific molecules, such as miRNAs and 
proteins. Among the contents of liver-derived exosomes, several miRNAs 
have been identified that can regulate various metabolic functions of 
pancreatic β-cells. For example, several miRNAs, including miRNA-375 
[34], miRNA-9 [35], and miRNA-143 [36], which are elevated in the 
liver of Non-Alcoholic Fatty Liver Disease (NAFLD) patients, have been 
shown to regulate insulin secretion [37]. miR-7218-5p, enriched in 
liver-derived exosomes from high-fat diet (HFD)-induced obese mice 
compared to those fed a standard diet, targets the CD74 gene to promote 
the proliferation of MIN6 cells without affecting insulin secretion [38]. 
In contrast, exosomes secreted by steatotic hepatocytes and enriched in 
miR-126a-3p may accelerate the progression of diabetes by promoting 
β-cell apoptosis through the suppression of insulin receptor substrate 2 
(IRS2) expression. Notably, inhibition of miR-126a-3p has been 
demonstrated to attenuate β-cell loss and enhance insulin production in 
mice with diabetes, resulting in a significant improvement in the dia
betes phenotype [39]. Other studies have shown that exosomes derived 

from lipotoxic hepatocytes can exacerbate pancreatic β-cell dysfunction 
by increasing immune cell infiltration in the pancreas and impairing 
glucose-stimulated insulin secretion (GSIS), ultimately leading to β-cell 
failure. Additionally, exosomes isolated from human HepG2 hepatocytes 
treated with the insulin receptor antagonist S961 significantly upregu
lated the expression of β-cell markers, including Pancreatic and 
Duodenal Homeobox 1(Pdx1), Neurogenic Differentiation Factor 1 
(NeuroD1), and Insulin 1(Ins1), in MIN6 cells compared to exosomes 
from untreated cells. Nevertheless, both studies did not identify the 
specific exosomal cargo responsible for these modulatory effects on 
β-cell function, leaving the underlying mechanisms largely undefined 
[40,41].

3. Exosomes derived from the gut

The gut-islets axis is a crucial endocrine signaling pathway that 
mediates the regulation and communication between the gut micro
biota, intestinal metabolic signals, and pancreatic islet function [42]. 
Extensive research has demonstrated that microbial-derived products 
from the gut can be transported to the pancreatic islet and modulate 
β-cell function [43,44]. Intestinal barrier disruption is a well-known 
feature of obesity, leading to the leakage of microbial-derived prod
ucts into the host’s circulatory system and distant organs [45]. This 
exacerbates inflammation and metabolic disorders in various tissues 
under obese conditions [46,47]. Gut microbiota–derived metabolites, 
such as N-formyl peptides, serotonin, short-chain fatty acids, indole 
derivatives, bile acids, and trimethylamine N-oxide, can reach pancre
atic islets and influence insulin secretion and β-cell mass, thereby 
modulating diabetes progression [48–54]. Emerging evidence suggests 
that, in addition to the aforementioned microbial-derived molecules, gut 
microbiota can also produce EVs (including exosomes) encapsulating 
specific RNA, DNA, proteins, and lipids, which are subsequently released 
into the host’s circulatory system [55–57]. Studies have shown that 
when gut-derived exosomes are labeled with the red fluorescent dye 
PKH26 and injected into mice, a strong red fluorescence signal appears 
in the pancreas of obese mice, whereas the quantity of PKH26-labeled 
exosomes in the pancreatic tissue of normal mice is significantly 
lower. This indicates that exosomes containing microbial DNA can 
readily cross the compromised intestinal barrier in obesity, delivering 
microbial DNA to β-cells. This process triggers cGAS/STING activation, 
leading to increased inflammation and impaired insulin secretion [44]. 
Exosomes extracted from the intestinal enteroendocrine cell line STC-1, 
treated with either palmitic acid (PAEXO) or BSA (NCEXO), were used to 
intervene in MIN6 cells and HFD-fed mice. Both types of exosomes were 
found to be taken up by pancreatic β-cells. Compared to PAEXO, NCEXO 
is enriched with angiotensin-converting enzyme 2 (ACE2), which has a 
protective effect on β-cells by preventing β-cell damage caused by lip
otoxicity. This protective effect primarily involves the activation of the 
ACE2/Ang (1–7)/Mas pathway, which regulates NFκB expression, 
thereby inhibiting NOD-like receptor family pyrin domain containing 3 
(NLRP3) inflammasome activation and pyroptosis [43].

4. Exosomes derived from skeletal muscle

Since skeletal muscle is the primary tissue responsible for insulin- 
mediated glucose handling, it can send feedback signals to the pan
creas—through various myokines and exosomes—to adjust insulin 
secretion based on demand, thereby maintaining blood glucose levels 
within the physiological range [58,59]. This inter-tissue communication 

Table 1 (continued )

origin Tissue / Cell cargo of exosomes Target Effect

Dairy-derived Milk[129] miRNA-148a, miRNA-29b, 
miRNA-29c, miRNA-130a and 
TGF- β

mTORC1 Promote early β-cell apoptosis
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forms the skeletal muscle-islets axis. Extensive research has shown that 
myokines can enhance pancreatic β-cell function, survival, and prolif
eration. For instance, muscle-derived IL-6 can prevent apoptosis in INS-1 
and primary islet cells, but it may increase apoptosis under pro- 
inflammatory conditions [60]. Myokines derived from TNF-α-treated 
insulin-resistant muscles negatively affect β-cells [61]. This indicates 
that myokines secreted by skeletal muscle can bidirectionally regulate 
β-cell function and quality depending on the prevailing pathophysio
logical conditions. Currently, whether exosomes secreted by skeletal 
muscle participate in the regulation of pancreatic β-cells and the 
development of insulin resistance has become a growing area of research 
interest. One study found that exosome vesicles released by skeletal 
muscle can be absorbed by the pancreas both in vivo and in vitro, 
delivering functional cargo to β-cells. Compared to skeletal 
muscle–derived exosomes from standard diet–fed mice (SD-ELVs), those 
from mice fed a high-palmitate diet (HPD-ELVs) increased β-cell pro
liferation when co-cultured with MIN6 cells and isolated mouse islets for 
24 h, without altering insulin secretion. This suggests a potential role for 
HPD-ELVs in promoting adaptive β-cell mass expansion during insulin 
resistance. Subsequent analyses identified miR-16 upregulation in HPD- 
ELVs, which was linked to reduced expression of Patched1 (Ptch1) 
mRNA and a concomitant increase in MIN6 cell proliferation. These 
findings suggest that Ptch1 may act as a negative regulator of β-cell 
proliferation [62]. In contrast, exercise has been reported to beneficially 
influence type 2 diabetes in part through the release of skeletal 
muscle–derived exosomes into the circulation. Characterization of 
exercise-induced skeletal muscle–derived exosomes has revealed the 
presence of bioactive components, including proteins such as IL-6 and 
heat shock protein 60, as well as miRNAs such as miR-133a and miR- 
206. These exosomal contents have been shown to positively influence 
pancreatic β-cell function, survival, and insulin secretion [63–65]. The 
establishment of a novel pathway of inter-organ communication be
tween skeletal muscle and pancreatic islets offers new insights into the 
pathological processes linking insulin resistance and β-cell failure.

5. Exosomes derived from adipose tissue

Adipose tissue functions as an endocrine organ, managing energy 
metabolism by secreting adipokines, hormones, and exosomes. The 
complexity and functional versatility of adipose-derived exosomes have 
sparked growing interest in their roles in metabolic regulation [66]. 
Adipose-derived exosomes can act locally via paracrine signaling or 
systemically after entering circulation, thus mediating signaling be
tween adipose tissue and pancreatic β-cells or other insulin-sensitive 
organs.

5.1. Exosomes derived from white adipose tissue and adipocytes

Exosomes derived from white adipose tissue (WAT) of healthy in
dividuals have been shown to support β-cell differentiation and func
tional stability by upregulating pancreatic transcription factors such as 
Pdx1 and NK6 Homeobox 1 (Nkx6.1) via an Akt phosphor
ylation–dependent pathway. In contrast, exosomes secreted by 3 T3-L1 
adipocytes treated with pro-inflammatory stimuli (e.g., TNF-α or 
palmitate), referred to as cytokine-induced exosomes (CK-EVs), exhibit 
elevated levels of miR-155-5p, miR-30a-5p, and miR-146, which sup
press GSIS and promote β-cell apoptosis. Among the downregulated 
miRNAs in CK-EVs, miR-320-3p and miR-501 have been associated with 
the beneficial effects of antidiabetic drugs on β-cell function. [67]. 
Therefore, exosomes derived from WAT and adipocytes can exert either 
positive or negative effects on pancreatic β-cell survival, proliferation, 
and function, depending on the condition and origin of the adipocytes. 
In addition, accumulating evidence suggests that exosomes derived from 
various WAT and adipocytes exert systemic effects by modulating in
sulin sensitivity in multiple organs [68,69]. For instance, exosomal 
miRNAs derived from WAT, such as miR-29a, miR-27a, miR-34, and 

miR-155, modulate metabolic processes by suppressing Peroxisome 
Proliferator-Activated Receptor Gamma (PPARγ) and IRS1 expression or 
promoting M1 polarization of macrophages, leading to insulin resistance 
in multiple tissues [70–73].

5.2. Exosomes derived from Brown adipose tissue

Brown adipose tissue (BAT)-derived exosomes have been shown to 
reduce body weight, lower blood glucose levels, and improve glucose 
tolerance in obese animal models, while also decreasing lipid accumu
lation in WAT and the liver [74]. This effect is potentially mediated by 
miR-132-3p, a miRNA released from BAT-derived exosomes, which can 
suppress the expression of Srebf1, a key regulator of hepatic lipogenesis 
associated with obesity in humans and mice [75].

5.3. Exosomes derived from pro-inflammatory macrophages in adipose 
tissue

Pro-inflammatory macrophages in obese adipose tissue (ATMs) play 
a crucial role in obesity-induced tissue inflammation and insulin resis
tance [76,77]. ATM-derived exosomes have been shown, both in vitro 
and in vivo, to be delivered to pancreatic β-cells, where they suppress 
insulin secretion while promoting β-cell proliferation. Further analysis 
revealed that altered levels of miR-155 within these exosomes 
contribute to their regulatory effects on β-cell function by directly sup
pressing the expression of MAF BZIP Transcription Factor B (MafB) [78]. 
ATM-derived exosomes also play a significant role in regulating insulin 
sensitivity and glucose homeostasis. When ATM-derived exosomes of 
obese mice were administered to lean mice, they induced glucose 
intolerance and insulin resistance. Conversely, administering ATM- 
derived exosomes of lean mice to obese mice helped improve glucose 
tolerance and reduce insulin resistance [79].

6. Exosomes derived from the pancreas

Various cells within the pancreas secrete exosomes, which regulate 
β-cell function in the islets through autocrine and paracrine 
mechanisms.

6.1. Exosomes derived from β-cells

The functions of exosomes derived from β-cells can be altered due to 
disruptions in the islet microenvironment. Exosomes extracted from 
MIN6 cells treated with cytokines (IL-1β, TNF-α, and IFN-γ) induce 
significant changes in primary mouse islet cells, increasing the expres
sion of key pro-inflammatory genes (such as Cxcl10, Tlr1, and Tlr4) 
while reducing insulin and Pdx1 expression [80]. Low concentrations of 
cytokines stimulate INS-1 cells to release neutral ceramidase (NCDase) 
via exosomes, which attenuates cytokine-induced apoptosis in INS-1 
cells through activation of the S1P-S1P receptor 2 (S1PR2) signaling 
pathway. However, elevated cytokine levels suppress the release of 
exosomal NCDase [81]. Exosomes secreted by MIN6 cells, whether 
exposed to cytokines or not, display distinct miRNA expression profiles. 
For instance, miR-546 and miR-710 are upregulated in exosomes from 
cytokine-exposed MIN6 cells, while let-7e and miR-212-3p are more 
abundant in exosomes from untreated MIN6 cells. When exosomes 
derived from cytokine-exposed MIN6 cells are incubated with naïve 
MIN6 cells or dispersed primary mouse islet cells, a significant increase 
in apoptosis is observed. In contrast, exosomes purified from the me
dium of untreated MIN6 cells do not affect the survival of recipient cells 
[82]. Additional studies have demonstrated that exosomes derived from 
untreated pancreatic β-cells can impair GSIS in naïve pancreatic β-cells. 
Exosomal miRNAs, including miR-1224, miR-122-5p, miR-133a-3p, 
miR-10b-5p, and miR-423-5p, may play a role in this regulation. 
These miRNAs appear to mediate their effects by downregulating 
signaling molecules including phosphorylated Akt, phosphorylated 

Y. Gao et al.                                                                                                                                                                                                                                     Diabetes Research and Clinical Practice 224 (2025) 112222 

4 

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 19, 
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



Glycogen Synthase Kinase 3 Alpha/Beta (GSK3α/β), Calcium/ 
Calmodulin-Dependent Protein Kinase II, and Glucose Transporter 
Type 2, while concurrently upregulating phosphorylated NF-κB and 
Cyclooxygenase-2 [83]. Moreover, β-cell-derived exosomes carrying 
miR-26a suppress obesity-induced β-cell proliferation and GSIS by 
reducing β-cell replication and disrupting actin remodeling through 
autocrine pathways, ultimately alleviating hyperinsulinemia. Further
more, in a paracrine manner, these exosomes circulate and significantly 
enhance insulin sensitivity and metabolic homeostasis in distant tissues 
[84]. Exosomes derived from β-cell also play a critical role in main
taining islet architecture and vascularization. Exosomes derived from 
MIN6 cells exhibit protective effects against streptozotocin (STZ)- 
induced glycemic dysregulation in mice. Specifically, they alleviate 
glucose intolerance in mice treated with low-dose STZ, help preserve 
islet architecture, and extend survival in mice with diabetes induced by 
high-dose STZ. Additionally, these protective effects were associated 
with increased CD31 expression in the pancreas and reduced macro
phage infiltration in the islets, indicating that exosomes may support 
neovascularization and modulate immune responses within pancreatic 
islets [85]. It has been confirmed that exosome-mediated signaling 
mechanisms are involved in intercellular communication among 
pancreatic β-cells.

6.2. Exosomes derived from pancreatic stellate cells

The detrimental effects of pancreatic stellate cells (PSCs) within islets 
on β-cell survival are partly mediated by their release of pro- 
inflammatory cytokines [86]. However, PSCs also release another 
category of mediators—exosomes—that play a crucial regulatory role in 
the endocrine function within islets. In type 2 diabetes patients, islet 
hypoxia is a possible condition that can activate PSCs. Once activated, 
PSCs release exosomes enriched with miR-23a-3p that promote β-cell 
death through apoptotic pathways [36]. Another study similarly 
demonstrated that activated PSCs secrete exosomes carrying miR-140- 
3p and miR-143-3p, which act as novel mediators of islet dysfunction 
by promoting apoptosis through B-cell lymphoma 2 (BCL2) transcrip
tional repression and translational inhibition [87]. This finding un
derscores the critical role of PSC-derived exosomes in modulating β-cell 
dysfunction.

6.3. Exosomes derived from acinar cells

Another intriguing finding is that exosomes derived from acinar 
cells, enriched with miR-130a-3p, promotes the activation and collagen 
production of PSCs by targeting PPAR-γ, thereby contributing to 
pancreatic fibrosis. Knockdown of miR-130a-3p has been shown to 
significantly reduce serum levels of hyaluronic acid and β-amylase, 
while increase C-peptide levels. This protective effect supports both the 
endocrine and exocrine functions of the pancreas, as well as the function 
of endothelial cells [88]. These results suggest that acinar cell–derived 
exosomes modulate islet function indirectly by acting on PSCs.

6.4. Exosomes derived from islet macrophages

In prediabetes, the infiltration of M1 macrophages in the islets has 
been found to trigger islet inflammation and impair insulin secretion by 
β cells [89]. Interestingly, emerging evidence suggests that macrophages 
can secrete exosomes (M1-Exos) rich in miRNAs to target cells, indi
cating that this exosomal pathway may mediate inflammation-induced 
β-cell dysfunction in type 2 diabetes. The expression of miR-155 is 
elevated in islets of both HFD and db/db mice, and is released in exo
somal form by islet-resident M1 macrophages under metabolic stress 
conditions. miR-155 impairs β-cell function by directly targeting Pdx1. 
Notably, blocking miR-155 in M1-Exos can mitigate insulin resistance 
and glucose intolerance in HFD and db/db mice, while enhancing the 
GSIS capacity of β-cells [90]. Another study found that miR-212-5p is 

significantly upregulated in M1-Exos. Elevated levels of miR-212-5p 
impair insulin secretion in β-cells, while blocking miR-212-5p can 
significantly restore insulin secretion following M1-Exos-induced dam
age. Mechanistically, M1-Exos mediate the intercellular transfer of miR- 
212-5p, targeting the sirtuin2 gene and regulating the Akt/GSK-3β/ 
β-catenin signaling pathway in recipient β-cells, ultimately suppressing 
insulin secretion [91].

6.5. Exosomes derived from human islets

Human islet amyloid polypeptide (IAPP), also known as amylin, 
tends to aggregate into insoluble amyloid fibrils, a characteristic feature 
in the pancreatic islets of individuals with type 2 diabetes. IAPP is co- 
secreted with insulin from pancreatic β-cells and plays a role in 
glucose metabolism regulation. Studies have found that pancreatic 
exosomes from healthy individuals reduce the formation of IAPP amy
loid by promoting peptide clearance, which involves IAPP surface 
binding and/or internalization. In contrast, exosomes derived from the 
pancreas of individuals with type 2 diabetes do not exhibit this effect. 
Moreover, there are differences in the insulin: C-peptide ratio and lipid 
composition between exosomes derived from healthy and type 2 
diabetes-affected pancreases. However, the specific components within 
healthy pancreatic exosomes that inhibit IAPP amyloid aggregation 
remain to be further investigated [92].

7. Exosomes derived from mesenchymal stem cells (MSCs)

Mesenchymal stem cells (MSCs) are multipotent cells capable of 
differentiating into various mature mesenchymal tissues, and they play a 
role in maintaining and replenishing the endogenous stem cell micro
environment due to their high self-renewal capacity, low immunoge
nicity, and immunomodulatory properties [93]. Notably, MSC-derived 
exosomes (MSC-Exos) have certain advantages over MSCs themselves, 
including reduced immunogenicity, enhanced stability, and greater ease 
of storage [94,95].

7.1. Exosomes derived from bone marrow stem cells

In patients undergoing bone marrow transplantation, intercellular 
communication promotes the regeneration of pancreatic β-cells. 
Screening serum exosomal miRNAs post-bone marrow transplantation 
in mice revealed an increase in 42 miRNAs, with miR-106b-5p and miR- 
222-3p being confirmed to originate from bone marrow stem cells and 
upregulated in recipient’s islet cells. Intravenous administration of these 
miRNA mimics promoted β-cell proliferation after injury by down
regulating the Cip/Kip family, ultimately improving hyperglycemia in 
insulin-deficient mice with diabetes [96]. Administration of bone 
marrow-derived MSC-Exos to STZ-induced type 1 diabetes mellitus rats 
lowered blood glucose levels and elevated plasma insulin, indicating 
enhanced pancreatic β-cell regeneration and restored insulin produc
tion. The mechanism is thought to bone marrow-derived MSC-Exos 
activated Smad signaling pathways and members of the TGF-β family, 
thereby modulating cell proliferation, differentiation, growth, and 
migration. This process contributes to tissue remodeling and the gen
eration of new β-cell, accompanied by the upregulation of insulin and 
Pdx1 gene expression [97].

7.2. Exosomes derived from adipose stem cells

In a type 1 diabetes model induced in NOD mice via administration 
of a purified monoclonal antibody against programmed cell death pro
tein 1 (PD-1), treatment with adipose-derived human MSCs significantly 
reduced the infiltration of T cells (by 45 %) and CXCL9-positive mac
rophages (by 67 %) in the islets. This intervention also led to a 1.9-fold 
increase in insulin content and a 2.7-fold expansion in β-cell area, ulti
mately delaying the onset of diabetes. Adipose-derived MSC-Exos may 
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inhibit monocyte-derived macrophage recruitment and activation, 
reducing the incidence of PD-1 blockade-induced diabetes in male NOD 
mice [98].

7.3. Exosomes derived from umbilical stem cells

Intravenous administration of MSC-Exos from human umbilical 
cords into an STZ-induced hyperglycemic rat model lowered blood 
glucose levels, alleviated type 2 diabetes by reversing peripheral insulin 
resistance. This treatment also mitigated β-cell damage and protected 
β-cells from hypoxia-induced apoptosis, primarily through miR-21- 
mediated attenuation of endoplasmic reticulum (ER) stress and inhibi
tion of the p38 MAPK signaling pathway [99,100]. Furthermore, exo
somes in the conditioned medium of human umbilical-derived MSCs 
(hu-MSC-CM) enhanced the survival and function of neonatal porcine 
islet cell clusters exposed to hypoxia [101].

7.4. Exosomes derived from menstrual blood stem cells

Exosomes derived from menstrual blood MSCs (MEX) have been 
shown to restore β-cell quality and insulin production in rats of STZ- 
induced type 1 diabetes. This study found that MEX injection led to 
the formation of newly generated small islets in the pancreas of rats with 
type 1 diabetes, resulting in serum insulin levels significantly higher 
than those in untreated controls. Further investigation revealed 
increased expression of Pdx1 in the regenerated islets, suggesting that 
MEX promotes β-cell maturation and functionalization through a Pdx1- 
dependent mechanism, highlighting its potential to improve conditions 
related to type 1 diabetes [102].

8. Exosomes derived from the placenta

Studies have shown that placenta-derived exosomes (pdEs) can be 
detected in maternal circulation as early as the sixth week of pregnancy, 
with pdEs making up about 20 % of the total small extracellular vesicles 
(sEVs) in maternal blood at term [103,104]. Compared to normal 
pregnancies, levels of sEVs are significantly higher in gestational dia
betes mellitus (GDM) patients [105]. Continuous intravenous infusion of 
sEVs isolated from GDM patients, administered to pregnant mice using a 
micro-osmotic pump, induced glucose intolerance in these animals. In 
contrast, injecting sEVs from healthy pregnant women into normal 
pregnant mice enhanced GSIS in islet cells, resulting in elevated fasting 
insulin levels [106]. Similarly, another study found that sEVs derived 
from healthy pregnant women promoted GSIS and alleviated peripheral 
insulin resistance in non-pregnant mice [107]. PdEs in sEVs from GDM 
women were found to inhibit cell migration and contribute to insulin 
resistance in skeletal muscle. When exosomes were isolated from cho
rionic villous explants of women with normal glucose tolerance (NGT) 
and GDM pregnancies and subjected to miRNA sequencing, differen
tially expressed gene targets and signaling pathways associated with cell 
migration and carbohydrate metabolism were identified. Moreover, 
pdEs from NGT pregnancies improved insulin-responsive glucose uptake 
and cell migration in skeletal muscle of rats with diabetes, whereas pdEs 
from GDM pregnancies attenuated insulin-stimulated migration and 
glucose uptake in primary skeletal muscle cells from insulin-sensitive 
individuals [108]. In studies investigating pdEs effects on islet cell 
function, pdEs from GDM mice significantly increased β-cell apoptosis. 
In vitro, this was manifested as impaired GSIS in primary islet β-cells, 
while in vivo, it resulted in glucose intolerance in pregnant mice. miRNA 
sequencing of exosomes extracted from human placentas revealed that 
hsa-miR-320b was differentially expressed in the plasma of individuals 
with prediabetes or newly diagnosed type 2 diabetes. Furthermore, miR- 
320b levels were positively correlated with blood glucose measurements 
at one and two hours during the 75 g oral glucose tolerance test con
ducted between 24 and 28 weeks of gestation in pregnant women. These 
findings suggest that exosomes may transfer miR-320b from the human 

placenta to the pancreas, promoting GDM-related β-cell dysfunction 
[109,110].

9. Exosomes derived from pancreatic cancer

Numerous epidemiological studies have explored the association 
between pancreatic cancer (PaC) and DM. Notably, over 80 % of PaC 
patients exhibit glucose metabolism abnormalities within three years 
preceding their cancer diagnosis, suggesting that DM may serve as an 
early manifestation of PaC [111,112]. Emerging evidence indicates that 
PaC can release abundant miRNA-enriched exosomes, which may 
contribute to β-cell dysfunction [113,114]. Experiments treating MIN6 
cells and primary mouse islets with exosomes from PaC cell lines 
SW1990 and BxPC-3 have demonstrated impaired GSIS. Further analysis 
has identified miR-19a as a critical signaling molecule in this process, 
secreted by PaC cells and directly targeting adenylate cyclase 1 (Adcy1) 
and the Exchange Protein Directly Activated by cAMP 2 (Epac2), both 
essential for insulin secretion [115]. Another study compared exosomes 
from serum samples of 50 PaC patients and 50 healthy controls, treating 
human islet-derived progenitor cells (hIPCs) and identifying 24 differ
entially expressed candidate miRNA markers, including hsa-miR-144- 
5p, hsa-miR-3148, and hsa-miR-3133. Many of these miRNAs are asso
ciated with diabetes and insulin resistance [116]. Beyond miRNAs, PaC 
exosomes also carry elevated levels of adrenomedullin and CA19-9, 
which are easily internalized by β-cells via caveolin-mediated endocy
tosis or macropinocytosis, thereby inhibiting insulin secretion and pro
moting β-cell dysfunction [117]. Thus, these findings highlight the 
capacity of PaC-derived exosomes to modulate β-cell function and in
fluence systemic glucose metabolism.

10. Exosomes derived from lymphocytes

Rodent and human T lymphocytes release exosomes containing miR- 
142-3p, miR-142-5p, and miR-155, which can be actively transferred 
into pancreatic β-cells, leading to apoptosis [118]. Studies on the 
mechanisms behind exosome function reveal that T lymphocyte-derived 
exosomes specifically trigger apoptotic pathways and upregulate che
mokine signaling genes—such as Ccl2, Ccl7, and Cxcl10—in β-cells, but 
not in α-cells [119]. This miRNA transfer potentially recruits immune 
cells, thereby accelerating β-cell death during autoimmune attacks. 
Notably, inactivating miR-142-3p/-5p, miR-150, and miR-155 in β-cells 
has been shown to protect non-obese mice with NOD mice from the 
onset of type 1 diabetes [120]. Other immune cells, like monocyte- 
macrophages and natural killer cells, also secrete exosomes enriched 
in miR-150, miR-155, and miR-1249-3p, which impact recipient cell 
functions and suggest that immune cell-derived exosomes contribute to 
β-cell dysfunction and loss [79,121,122]. Consequently, this study does 
not rule out the possibility that exosomes from various immune cells 
infiltrating the islets might play a critical role in β-cell impairment and 
apoptosis.

11. Exosomes derived from the circulatory system

Exosomes in the circulatory system have emerged as important 
players in metabolic regulation and diabetes pathology. In studies using 
whole blood as a source of circulating exosomes, researchers have 
observed significant changes in exosomal contents, especially miRNAs, 
between diabetes patients and healthy controls. In type 1 diabetes, for 
instance, the levels of specific miRNAs carried by plasma exosomes are 
altered, including miR-25–30, which is linked to insulin synthesis 
pathways, and miR-574, which has been associated with the production 
of autoantibodies. Experiments indicate that when these exosomes from 
type 1 diabetes donors are applied to human pancreatic islets in vitro, 
can impair second-phase insulin secretion, reflecting their potential 
impact on β-cell function [123]. In type 2 diabetes, exosomal miR-223 
levels in serum are notably reduced. Research suggests that miR-223 is 

Y. Gao et al.                                                                                                                                                                                                                                     Diabetes Research and Clinical Practice 224 (2025) 112222 

6 

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 19, 
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



integral to β-cell proliferation, differentiation, and insulin release. miR- 
223 knockout mice exhibit impaired GSIS, decreased β-cell replication, 
increased β-cell apoptosis, and dysregulation of β-cell differentiation 
markers [124]. Circulating exosomes also appear to play a role in insulin 
resistance in peripheral tissues. For example, when exosomes from the 
serum of obese mice are introduced into lean mice, they trigger glucose 
intolerance and insulin resistance. This effect has been associated with 
elevated levels of miR-122, miR-192, miR-27a-3p, and miR-27b-3p, 
highlighting how obesity-related exosomes may mediate insulin resis
tance and metabolic dysregulation across various tissues [125,126]. 
These findings underscore the potential of circulating exosomes as bio
markers and therapeutic targets in the management of diabetes and 
related metabolic disorders.

12. Exosomes in dairy products

Epidemiological evidence increasingly suggests that consuming 
commercial dairy, particularly cow’s milk, may be linked to heightened 
risks of insulin resistance and type 2 diabetes [127,128]. Milk-derived 
exosomes, rich in specific miRNAs like miRNA-148a, miRNA-29b, 
miRNA-29c, miRNA-130a, along with TGF-β, contribute to this effect by 

inhibiting β-cell differentiation and reducing insulin secretion. These 
exosomal contents also promote β-cell proliferation through the mech
anistic target of rapamycin complex 1 (mTORC1) signaling during 
postnatal development, a phase that is critical for β-cell mass expansion. 
Persistent overactivation of mTORC1 combined with β-cell de- 
differentiation due to milk-derived miRNAs, ultimately leads to 
impaired secretory function, increased ER stress, disrupted autophagy, 
and accelerated β-cell apoptosis [129]. This mechanism potentially ex
plains the epidemiological association between milk intake and type 2 
diabetes. In summary, the emerging evidence highlights the complex 
role of dairy-derived exosomes in modulating pancreatic β-cell function 
and their potential impact on metabolic health.

13. Discussion

Diabetes is a group of metabolic disorders characterized by chronic 
hyperglycemia resulting from pancreatic β-cell failure, with or without 
insulin resistance. Dysfunction and decline in β-cell mass are central 
issues, arising from complex intercellular interactions between pancre
atic cells and other tissues, partially mediated by exosomes [130–132]. 
Exosomes are extracellular vesicles approximately 30–150 nm in 

Fig. 1. Exosomes are secreted by nearly all tissues and cell types in the body. The content of these exosomes varies according to their cellular or tissue origin, as well 
as the physiological or pathological state, with marked differences in the composition and abundance of miRNAs. The miRNAs present in exosomes play distinct 
regulatory roles in pancreatic β-cells, potentially modulating key pathways such as cell proliferation, inflammation, and apoptosis, which in turn may impact β-cell 
viability and insulin secretion functionality.
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diameter, secreted by nearly all cell types [15]. Originating from 
endosomal compartment, exosomes possess a lipid bilayer embedded 
with proteins, encapsulating lipids, proteins, and nucleic acids, and are 
released through budding from the plasma membrane. Once secreted, 
exosomes can act locally or travel through the circulation to distant 
organs, delivering molecular signals that help coordinate metabolic 
functions [133]. As mediators of intercellular signaling, exosomes are 
increasingly recognized for their potential as diagnostic and therapeutic 
tools for numerous pathological conditions, including neurodegenera
tive diseases, cardiovascular dysfunction, cancer, metabolic syndrome, 
and diabetes [21,134–136]. Exosomes play a crucial role in metabolic 
diseases, facilitating metabolite transfer and fostering intercellular 
communication through miRNA exchange among pancreatic β-cells, 
adipose tissue, skeletal muscle, and liver in both humans and rodents, 
thereby helping to maintain metabolic homeostasis [137,138]. Alter
ations in exosome-mediated communication are pivotal in autoimmune 
processes during type 1 diabetes and in the development of insulin 
resistance and β-cell dysfunction in type 2 diabetes [139]. Exosomes also 
modulate β-cell function by promoting cell regeneration and enhancing 
insulin secretion via upregulation of factors such as Pdx1, TGF-β, Smad2, 
and Smad3. Conversely, exosomes can also exacerbate β-cell dysfunction 
and apoptosis by inducing inflammatory cell infiltration within the islets 
and promoting polarization of macrophages toward the M1 phenotype. 
miRNAs are small non-coding RNAs that regulate gene expression by 
binding to the 3′ untranslated region (3′UTR) of target mRNAs, leading 
to translational repression or mRNA degradation [140]. Though they do 
not encode proteins, miRNAs regulate various biological functions by 
recruiting epigenetic modifiers, regulating mRNA stability and trans
lation, and sequestering transcription factors [141]. Numerous exoso
mal miRNAs are recognized as critical determinants of pancreatic β-cell 
functionality, regulating differentiation, proliferation, survival, and in
sulin synthesis and secretion [142,143]. Certain miRNA families, 
including miR-29 and let-7, have been implicated in the pathogenesis of 
both type 1 and type 2 diabetes (Fig. 1) [144–146]. Exosomes represent 
a promising therapeutic avenue for enhancing GSIS in patients with 
β-cell dysfunction, potentially restoring β-cell function. Furthermore, 
investigating the specific exosomal cargo provides insight into molecu
lar mechanisms governing β-cell transcriptional regulation.

Therapeutic strategies for diabetes have long been the focus of 
extensive research efforts. This review highlights a range of exosomes 
carrying bioactive molecules that regulate pancreatic β-cell viability and 
function. Among these, specific miRNAs and other molecular compo
nent hold potential for therapeutic applications, including synthetic 
miRNA mimics and strategies for upregulating or silencing selected 
targets relevant to diabetes. Nonetheless, significant challenges remain, 
including stabilizing these exosomes outside cellular membranes and 
achieving efficient delivery to the pancreatic β-cell. In conclusion, 
elucidating exosome-mediated intercellular communication and its role 
in β-cell biology holds substantial value. Leveraging the therapeutic 
potential of exosomes may open new avenues for the development of 
targeted treatments for diabetes and related metabolic disorders.
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