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Abstract
Diabetes mellitus includes a wide range of chronic metabolic disorders that result in severe hyperglycemia and
other damages in diabetic patients due to impaired insulin secretion or insulin inefficiency. This study purpose was
to consider of the potential therapeutic properties of MSCs-derived EVs/Exo against DM. A complete systematic
search was achieved in various electronic databases (Scopus, Web of Science, PubMed and Embase) up to June
2025, following the PRISMA guidelines. A whole of 89 studies were screened based on predetermined standards
for inclusion and exclusion. Eventually, the current systematic study contained 13 publications that had the criteria
of inclusion. According to the findings of this study, MSCs-derived EVs/Exo reduce DM and hyperglycemia with the
high ability to regulate inflammatory-immune responses and activate autophagy pathways. However, compared
to the diabetic groups, treatment with MSCs-derived EVs/Exo revealed tendency towards immunomodulatory,
anti-inflammatory, anti-diabetic, regeneration and neogenesis of B-islets. In other studies, have been identified that
DM causes significant biochemical changes in beta cells/pancreas tissue. In addition, obvious histological changes
were observed in pancreatic tissue following DM. Generally, MSCs-derived EVs/Exo administration modulated most
of the histological and biochemical changes caused by diabetes. Notably, the DM is improved through recovering
damaged tissues, increasing insulin levels and glycemic stability. It seems that, MSCs-derived EVs/Exo exert these
protective and therapeutic properties through the modulating of multiple mechanisms that are implicated in DM.
Highlights
- The efficacy of MSCs-derived EVs/Exo was confirmed by checking related studies results.
- Treatment with MSCs-derived EVs/Exo showed significant improvement in need to insulin and glycemic
stability.
- The use of exosomes as natural drug delivery systems could be a new, cell-free therapeutic tool for diabetic
patients.
- Exosome therapy, as a novel and efficient approach, could be a more suitable alternative to cell therapy in
regenerative medicine.
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Introduction

Diabetes mellitus (DM) is a life-threatening disease and
its prevalence is increasing worldwide [1]. According to
the 9th edition of the Diabetes Atlas by the International
Diabetes Federation (IDF), the global number of diabetic
patients is estimated to be 463 million in 2019, which will
increase to 578 million in 2030 and 700 million in 2040
[2, 3]. Also, diabetes is a major public health problem and
a major health concern for the global population. Accord-
ing to the standards of the World Health Organization
(WHO), diabetes is generally classified into two main
types, type 1 diabetes (T1D) and type 2 diabetes (T2D)
[4]. Both of these types cause severe hyperglycemia and
many complications due to insulin secretion defects or
insulin inefficiency [5]. Currently, diabetes has become a
serious non-communicable disease that right next to car-
diovascular diseases and malignant tumors causes a high
mortality rate. Furthermore, with the emergence of the

- ®

Covid-19 pandemic, according to numerous global sta-
tistics, the death rate in diabetic patients with Covid was
much higher [6, 7].

Diabetic patients need external insulin injections to
keep their blood glucose levels stable for a long time
[8]. In this regard, diabetes specialists are studying and
investigating treatment methods to optimize the treat-
ment of diabetes, as well as searching for suitable alter-
native treatment strategies [9, 10]. Currently, cell-based
therapeutic methods, including cell therapy, exosome
(Exo) therapy, and gene therapy, have attracted the atten-
tion of scientists for the treatment of diabetes [11]. The
main purpose of regenerative medicine is to repair and
regenerate damaged tissues and improve their func-
tion in various human diseases [12]. For this purpose,
various sources of cell therapy and cellular products are
used in pre-clinical and clinical studies. One of the most
important cellular products is exosome therapy, which
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is a powerful tool for the development of therapeutic
goals in regenerative medicine [13, 14]. According to the
guidelines of the International Society for Extracellular
Vesicles (ISEV), extracellular vesicles (EVs) have been
proposed as a general term for particles that are naturally
released from most cells into the extracellular space. The
most important classification of EVs is based on biogen-
esis, which includes three main groups, microvesicles,
apoptotic bodies and exosomes [15, 16]. Exosome, small
secretory vesicles with a diameter of about 30-150 nm,
which are made of multivesicular bodies [17, 18].

The main mechanism in causing diabetes, especially
T1D, is the excessive activity of T helper immune cells
and the infiltration of immune cells, which is accompa-
nied by the high secretion of inflammatory cytokines
and immune factors, which ultimately leads to apoptosis
and destruction of pancreatic beta cells and defects in
the production and secretion of insulin [19-21]. Studies
have shown that mesenchymal stem cells (MSCs), and
especially exosomes isolated from them, lead to beta cell
regeneration and neogenesis through multiple mecha-
nisms, including anti-inflammatory and immunomodu-
latory activities, protective and regenerative properties,
antioxidant and anti-apoptotic effects [22, 23]. In fact,
exosomes derived from MSCs can be suitable as a new
therapeutic strategy for the treatment of inflammatory
and autoimmune diseases such as diabetes due to their
unique advantages such as regeneration of damaged tis-
sue, less immunization, natural drug delivery systems,
crossing biological barriers, prevention of transplant
rejection, immune system modulation, and suppression
of inflammatory mediators [17, 24, 25].

In this systematic study, we aimed to evaluate and ana-
lyze the potential therapeutic effects of MSCs-derived
EVs/Exo against T1D and T2D in non-clinical studies
and one clinical trial. Moreover, in this study was tried
to response the following inquiries: (i) the underlying
mechanisms of T1D and T2D, (ii) the protective role of
MSCs-derived EVs/Exo against the harmful effects of
DM on various organs, (iii) the fundamental mechanisms
involved in the protective role of MSCs-derived EVs/
Exo in DM. Finally, to achieve the above objectives, we
executed a comprehensive literature review to investigate
the protective role of MSCs-derived EVs/Exo in DM.

Methods

The current study summarizes the therapeutic poten-
tial of MSCs-derived EVs/Exo on the diabetes. The
present systematic review was designed according to
the PRISMA 2020 guideline (which include Preferred
Reporting Items for Systematic Reviews and Meta Anal-
yses) (Moheret al., 2009). Additionally, in this study was
used from a PICO framework (Moher et al., 2009). These
parameters include participants (P): DM (in vivo studies)
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and/or patients with adverse effects caused by diabetes
(T1D, T2D) (clinical/in vivo studies); intervention (I): the
treatment (MSCs-derived EVs/Exo administration); com-
parison (C): the comparison between (untreated/vehicle/
alternative treatment); (O): there were two important
outcomes: (1) changes in the T1D and T2D following dia-
betes treatment compared to control/non-treated groups
and (2) changes in the DM (T1D, T2D).

Search strategy

We performed a comprehensive systematic search to
identify all related studies on “the therapeutic potential
of MSCs-derived-EVs/Exo on the diabetes disease” in
both medical subject heading (MeSH) and advance in the
PubMed, Web of Science, Scopus and Embase electronic
databases from initiation until June 2025. The search of
the present study was conducted using specific search
terms: (“Diabetes Mellitus, Type 1”7 (MeSH) OR Auto-
immune Diabetes (MeSH) OR Hyperglycemia (MeSH))
AND (Diabetes Mellitus, Type 2” (MeSH) OR “Diabetes
Mellitus, Experimental” (MeSH)) AND (“Extracellular
Vesicles” (MeSH) OR “Exosomes” (MeSH) OR “Cell-
Derived Microparticles” (MeSH) OR “Stem cell-derived
exosomes” (MeSH) OR “Stem Cell-Derived Extracellular
Vesicles” (MeSH)).

Process of study selection

Criteria of the inclusion to this systematic review
included the full text of scientific articles that met the fol-
lowing criterions: (1) all of them were written in English
and published in recognized peer-reviewed journals; (2)
they focused on the effects of MSCs-derived EVs/Exo
in T1D and T2D (as specified by the keywords stated
above); (3) they contained sufficient results; (4) there
were no limitations on clinical trial, in vivo or in vitro
studies in the relevant publications; and (5) there were
no restrictions on the year of publication of the article. In
addition, in this study were excluded (1) data of hemody-
namic, (2) publications of unrelated, 3), review articles 4),
retracted articles, 5) the book chapters, 6) case reports, 7)
the oral presentations, 8) letters to the editors of journals,
9) editorials, and 10) posters.

Process of data extraction
Two researchers examined each qualified study and then
the following information extracted:

(a) name of author, publication year and country, (b)
models (tissue) and duration, (c) diabetes-inducing agent
(dosage) and administration route, (d) Model of animal,
(e) EVs/Exo Size, (f) EVs/Exo delivery method, dose and
timing, (g) Source of MSC, (h) MSCs-EVs/Exo isola-
tion, (i) MSCs-EVs/Exo characterization and outcomes
were expressed in the following categories or classifi-
cations: (a) outcomes of DM (T1D, T2D) impairment,
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MSCs-EVs/Exo size & route of administration/duration
of administration, and (b) MSCs-EVs/Exo administration
outcomes. When P<0.05 was considered significant.

Dataitems

We autonomously collected the information if there are
of variable outcomes from each study according to the
evaluation of the effectiveness of MSCs-EVs/Exo as a
novel therapeutic approach for improving diabetes.

Results

Literature search and screening

An extensive search of difference electronic databases
up to June 2025 obtained a total of 396 articles. After
excluding duplicated articles (#=109) in the first screen-
ing (according to our keywords in the title and abstract),
198 articles were discarded and 89 articles were reviewed
in the second screening using our full-text criteria.
Finally, 13 articles were determined to be eligible for the

Identification

Screening

Eligibili

Included

Fig. 1 PRISMA flow diagram showing the articles proses
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current investigation. The approach for doing the litera-
ture search and screening is depicted in Fig. 1.

Data extraction

The information of articles, including the name of the
first author and the year of publication, model of disease
(tissue) and duration, diabetes-inducing agent (dosage)
and route of administration, outcomes of DM impair-
ment, MSCs-EVs/Exo dosage, and route of adminis-
tration/duration of administration, MSCs-EVs/Exo
administration outcomes, was extracted and entered in
Table 1 by MK, and AH confirmed the accuracy of the
collected data.

Also, information from these articles about, place of
study, EVs/Exo Size, model Species, EVs/Exo delivery
method, dose and timing, control, MSCs source, MSCs-
EVs/Exo isolation, MSCs-EVs/Exo characterization, was
extracted by MK and confirmed by AH and demon-
strated in Table 2.
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Table 2 Application protocols of the extracellular vesicles
Study EVs/Exo Model Speciesor  EVs/Exo delivery Control MSC Source  MSCs- MSCs-de-
(Location) Size type of animal method, dose and derived rived EVs/
timing EVs/Exo Exo Charac-

Isolation terization
Fatma Y. Meligy et al. 72-79nm Albino rat ip, 80 pg/ratin normal, rat BM-MSCs uc TEM, WB
2025 0.5mlof 0.1 mPBS, MSC
[33]
Yang Ou et al. 2024 132- mice (NOD/Ltf) iv,2mg/kg in 200 pul - PBS hUCMSCs Ribo™ EVs TEM, WB,
(China) 175 nm of PBS, twice a week Isolation NTA
[29] for 8 weeks Reagent
Mahsa Kouhestani et al. 2023 30- rat i.p, double dose of ~ normal, hENMSCs ucC FESEM, DLS,
(Iran) 150 nm 200 pg in 100 pl MSC WB
[30] of PBS
Sara Assar Kashani et al. 2023 50— rhesus monkeys i.c, 30 ug/ml PBS hBM-cMSC UCand TEM, SEM,
(Iran) 200 nm in 3 ml of PBS, two sucrose DLS, WB
[26] times density

gradient
Rajni Sharma et al. 2021 50— mice (C57BL/6) iv, 1 10° MSCs- PBS UCMSCs ucC SEM, DLS,
(India) 140 nm derived Exo/mice, WB
[34] for 7 days
Dina Sabry et al. 2020 100 nm rat (albino) ip, four doses of 200 normal, rat BM-MSCs e TEM
(Egypt) pg/mL, for 4 weeks ~ MSC
[35]
Elahe Mahdipour et al. 2019 (Iran) 30— rat tail vein, 10 ug in PBS hMenSCs ucC FESEM, AFM,
[37] 150 nm PBS, WB
Shahrzad Nojehdehi et al. 2018~ 40— mice ip, 50 ugin TmLof  normal mice AD-MSCs  UC TEM, SEM,
(Iran) 100 nm (C57BL/6) PBS, for 4 weeks DLS
[31] (twice a week)
Taeko Shigemoto-Kuroda et al. 100 nm  mice (NOD/scid) iv, 3 g or 30 ug PBS HMSCs the column  SEM, NTA,
2017 (USA) resin and WB
[36] uc
Jia Song et al. 2023 130 nm mice (db/db) tail vein, 200 ug in PBS hUCMSCs ucC TEM, WB,
(China) 200 pL PBS, every 3 NTA
[32] days for 8 weeks
Weijian Fan et al. 2023 (China) 30- mice (DB/DB) tail vein, 100 ug in PBS hUCMSCs ucC TEM, NTA,
[38] 200 nm 0.1 mI PBS WB
Seng Kar Yap et al. 2022 (Malaysia) 97 nm rat tail vein, 1 mg, PBS hUCMSCs Millipore™  TEM, NTA,
[27] (less than 0.5mg, 0.25 mg, Centricon®  WB

220 nm) Every 3 days, total Plus70
5 times Centrifugal

Filter
YaoXiang Sun et al. 2018 (China) 30— rat tail vein, 10 mg/kg/  PBS hUCMSCs NR TEM, NTA,
[28] 150 nm bw in 200 ul PBS, WB

every 3 days for 5
cycles

HUCMSCs, human umbilical cord Mesenchymal stem cells; hEnMSCs, human Endometrial Mesenchymal stem cells; BM-MSCs, Bone marrow Mesenchymal stem cells;
hMenSCs, human Menstrual stem cells; AD-MSCs, Adipose-derived Mesenchymal stem cells; PBS, Phosphate buffer saline; TEM, Transmission electron microscope;
SEM, Scanning electron microscope; FESEM, Field emission scanning electron microscopy; AFM, Atomic force microscopy; NTA, Nanoparticle tracking analysis; DLS,

Dynamic light scatting; WB, Western blot; UC, Ultracentrifuge; NR, not reported

The role of MSCs-derived-EVs/Exo against
biochemical, molecular and histological changes
induced by diabetes mellitus (T1D, T2D)

Biochemical changes

In the current study, the changes of biochemical are indi-
cators for identifying disorders produced by DM (T1D,
T2D). According to the results of this study, DM induces
a significant increase in blood glucose level, serum
HbAlc, C-peptide levels as hyperglycemia situation and

OGTT and IPITTs levels, HOMA-IR levels as glucose
tolerance and insulin resistance status [26—28], and also
IL-1B, IL-6, IFN-y, NF-«B, TNF-q, IL-17 levels and pro-
liferation of CD4 + T lymphocyte as immune-inflam-
mation system mediators compared to control group
animals. Meanwhile, MSCs-derived EVs/Exo improved
hyperglycemia condition and inflammatory responses
and reduced insulin sensitivity compared to the diabetic
groups [26, 29, 30].
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The results of this study showed that DM considerably
reduced body weight, serum insulin and IL-2, IL-4, IL-10,
TGE-B levels as anti-inflammatory cytokine compared
to normal group. These immune-inflammatory mark-
ers were restored with MSCs-EVs/Exo administration to
normal levels [29-31].

Molecular changes

The changes of molecular are markers for identify-
ing damages of the cellular created by DM (T1D, T2D).
Based on the results of current study, DM induces a sig-
nificant elevation in expression of T-bet and IFN-y pro-
teins as inflammation mediators, casp3 protein, the ratio
of LC3II/LC3I and p62 content compared to the healthy
animals group. MSCs-EVs/Exo decreased the expres-
sion of T-bet, IFN-y, casp3, LC3I, LC3II and p62 proteins
compared to diabetic animals group [29, 32, 33].

The present study results indicated that DM dramati-
cally diminished the expression of insulin, pdxl, Atro-
ginl, MuRF1, GATA-3, IL-2, IL-4, IL-10, p-AMPK,
p-ULK1, p-AKT, p(tyr)-IRS-1, CD105, TGE-p1, GLUT4,
p-TBC1D4, p-GSK3p and GYS-2 proteins and expression
of TGF-B, Smad2, Smad3, Reg2, Reg3, Amy2b and PK
genes as mediators and regulators of different signaling
pathways compared to the healthy group. This is while,
administration of MSCs-derived EVs/Exo restored these
molecular changes to natural levels [29, 34, 35].

Histological changes

The changes of histological are signs for identifying dam-
ages of tissue induced by DM (T1D, T2D). The study
findings show that DM induced an increase in insulitis
and number of CD4 + cells in islets, p62 positive cells,
permeability of vascular walls, proportion of LC3-pos-
itive muscle fibers, expression and distribution of Fas/
FasL compared to the standard group. However, treat-
ment with MSCs-derived EVs/Exo reversed back these
changes of histological to normal [29, 32, 36].

In addition, results of this research demonstrated that
DM decreased the number, mass and size of p-islet, insu-
lin immunoreactivity and cellular density in B-cells, pro-
liferation of islet cells, lack of insulin and pdx1 signal in
beta cells of pancreas, an ill-defined ghost of endocrine
cells with highly vacuolated cytoplasm, also cells-p with
hyperchromatic nuclei and irregular nuclear envelope,
acinar cells, acinar cells have zymogen granules of vari-
able size, a small heterochromatin nucleus with indis-
tinct nucleolus and irregular arrangement of the rough
endoplasmic reticulum, fluorescence intensity of CD31 in
muscle vessels, CSA of muscle fibers, percentage of slow
in fast muscle fibers and number of muscle fibers com-
pared to the normal group animals. While, in the groups
treated with MSCs-derived EVs/Exo, these changes were
reversed to their normal state. Also, total volume of
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pancreases and volume density of B-cells no significant
differences in the experimental groups [30, 33, 34, 37, 38].

Study of clinical trial
Although, in some animal studies have used MSCs-
derived EVs/Exo for the treatment of diabetes, only one
clinical study has been reported in the clinicaltrial.gov
database, that has investigated the therapeutic effects of
EVs (MV) in type 1 diabetes patients. In this trial clini-
cal (NCT02138331) which was recorded by Sahel Teach-
ing Hospital (Egypt), the effect of administering umbilical
cord blood-derived EVs (Microvesicles) on B-cell Mass
and glycemic control in T1D Patients investigated. This
patient received double dose of MV for Three months.
Reasons like reporting of incomplete results in animal
studies, lake of GMP principles and standards for EVs
isolation, purification, and quantification, also our lim-
ited information and understanding of the safety, efficacy
and pharmacokinetic data of exosomes could indicate the
registration of a limited number of trial clinical. So, it is
necessary to create a standard protocol for the evaluation
of diabetic patient’s outcomes treated with exosomes and
expansion of MSCs for preparation and production of
EVs/Exo in a large-scale.

Discussion

The aim of this study was to investigate the detrimental
impacts of diabetes on different organs specially pan-
creas. In addition, researchers examined the therapeutic
effect of MSCs-derived EVs/Exo on these adverse out-
comes. It should be noted that, according to knowledge
and our research in different database, this study is the
first systematic review on the therapeutic efficacy of
MSCs-derived EVs/Exo on pre-clinical and clinical stud-
ies of diabetes (T1D, T2D). The following points further
highlight the novel contribution and unique position of
our work. Previous meta-analyses and systematic reviews
have focused exclusively on the role of EVs/Exo in the
management of diabetic complications, such as wound
healing, nephropathy, or cardiomyopathy. In contrast,
our study is the first to specifically focus on the efficacy
of EVs/Exo in modulating the core pathophysiology of
type 1 and type 2 diabetes, including glycemic control,
beta-cell regeneration/repair, regulation of inflamma-
tory-immune responses, and insulin sensitivity. Further-
more, we applied strict inclusion criteria and selected
only studies that used MSCs-derived EVs/Exo (from dif-
ferent sources) and specifically addressed T1D or T2D.
Table 1 shows summary of the data about the effects of
DM alone or in treatment with MSCs-derived EVs/Exo
on f-islet cells/pancreas and muscle tissues. In addition,
a summary of the characteristics of used MSCs-derived
EVs/Exo in the included studies were listed in Table 2.
Also, a schematic of significant changes in beta cells with
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Fig. 2 The diverse mechanisms involved in diabetes mellitus. Schematic diagram of the protective function of MSCs-derived EVs/Exo against diabetes
by improving tissue damages caused by severe hyperglycemia condition. MSCs-derived EVs/Exo inhibits immune and inflammatory reactions, apoptosis,
oxidative stress and as well as up regulates the expression of important functional proteins, as a result, prevents the progression of diabetes and leads to

reduction in destructive pathologies

severe hyperglycemic conditions and the effective effects
of MSCs-derived EVs/Exo administration on these altera-
tions are depicted in Fig. 2.

DM includes a range of metabolic and autoimmune
disorders and generally occurs in people with a genetic
background, which due to a severe defect in insulin
secretion or insulin inefficiency leads to chronic hyper-
glycemia and also changes in the metabolism of other
metabolites [39, 40]. According IDF, the majority of
countries spend 5% to 25% of their health expenses on
this disease. Also, this organization has estimated that
the total health care costs related to diabetes reached
more than 850 billion dollars in 2017 [41]. Although
the cause of diabetes has not been fully determined, it is
believed that the pathogenesis of this disease is related to
many factors. It is believed that the pathogenesis of dia-
betes is related to a complex interaction between genetic
and environmental factors. However, the initial initiating
events of this disease are still unknown [42]. Generally,

hyperglycemia by activating several cell death signaling
pathways, including apoptosis, necrosis and autophagy,
as well as by activating inflammatory and immune path-
ways in beta cells, leads to the reduction and loss of the
mass of insulin-producing beta cells and the progression
of diabetes [43, 44].

Activation of immune and inflammatory pathways is
initiated by the infiltration of dendritic cells and macro-
phages (APCs) into the pancreatic islets, which leads to
the migration of B cells and TCD4 + and TCD8 + cells
from the pancreatic lymph nodes into the pancreatic
islets, ultimately leading to beta-islet inflammation, beta-
cell destruction, and the progression of diabetes. TCD4
+ and TCD8 + cells also produce proinflammatory cyto-
kines such as perforin, interferon gamma (IFN¥), TNF-
a, IL-6, and IL-1pB, which lead to beta cell apoptosis [19,
44, 45]. IL-1p inhibits the normal physiological function
of pancreatic beta cells, and TNF-a and IFN-y synergis-
tically enhance the cytotoxicity of IL-1p [46, 47]. NF-kB
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is also a key transcription factor that plays an important
regulatory role in many pathophysiological processes,
including inflammatory processes, immune responses, as
well as cell survival and death. So, various studies have
identified the role of NF-kB signaling as an important
inflammatory pathway that controls chronic inflamma-
tion in many inflammatory diseases [48, 49]. On the other
hand, factors such as IL-2, IL-4, and IL-10 are pleiotro-
pic anti-inflammatory cytokines and are known as key
and primary regulators of immunity and mainly suppress
important inflammatory and immune responses, thereby
preventing the progression of various inflammatory and
autoimmune lesions [50, 51]. The studies included in this
systematic review confirmed the activation of immune
and inflammatory pathways in T1D and T2D. The results
of these studies showed an increase in the levels of IFNY¥,
TNEF-«, IL-6, IL-1B and NF-kB, and also a decrease in
anti-inflammatory cytokines levels includes, IL-2, IL-4
and IL-10. Meanwhile, MSCs-derived EVs/Exo could
restore these immune and inflammatory factors [26, 28—
31]. Various studies, in support of our study, have shown
that MSCs-derived exosomes have potent anti-inflamma-
tory and immunomodulatory properties that are highly
effective in regenerating damaged beta cells and reac-
tivating them to produce and secrete insulin, leading to
improvement in diabetes [35, 52, 53].

CD4 + T-helper (Th) lymphocytes are a function-
ally heterogeneous cell population, consisting of at least
three subsets, Th1, Th2, and ThO, characterized by their
cytokine production profiles. Thl cells are involved in
the pathogenesis of diabetes by producing inflammatory
cytokines, while Th2 cells, with their anti-inflammatory
and modulatory activity, could be useful for the pre-
vention and treatment of diabetes. Therefore, impaired
differentiation of ThO cells into Th1/Th2 cells could con-
tribute to the development of diabetes [54, 55]. This dif-
ferentiation is influenced by two transcription factors,
GATA-3 and T bet (T-box). T-bet induces the Th1 subset,
whereas the transcription factor GATA-3 is responsible
for the differentiation and effective responses of Th2 cells.
Therefore, controlling the expression of T-bet/GATA-3
could be very useful in the prevention and understanding
of the pathology of diabetes [56, 57]. The documentation
of this study showed that MSCs-derived EVs/Exo-based
therapy in diabetic animals affects the control of Tbet/
GATA-3 expression, leading to an increase in Th2 cells
and a decrease in Th1l, which consequently controls the
secretion of various inflammatory and immune factors,
ultimately leading to the inhibition of beta-cell destruc-
tion and diabetes [29].

Regulatory T cells (Tregs) are a heterogeneous popula-
tion of lymphocytes that help to resolve tissue inflamma-
tion by suppressing autoreactive T cells and regulating
immune responses. Tregs play a key role in establishing
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and maintaining immune tolerance, such that defects in
the number and function of these cells may be underlying
causes of many autoimmune disorders, including T1D
[58, 59]. The results of this study showed that treatment
of T1D mice with MSCs-derived exosomes significantly
increased the Treg cell population [31].

Transforming growth factor beta (TGF-f) is a pleio-
tropic signaling pathway whose function is achieved
through a combination of receptors and ligands such as
SMAD transcription factors and is involved in numerous
processes such as cell growth, differentiation, and apop-
tosis [60, 61],. CD105 is a lateral transmembrane glyco-
protein and is expressed on activated vascular endothelial
cells. In general, TGF-P1 activates the Smad1/5/8 signal-
ing pathway through CD105 and promotes endothelial
cell migration, proliferation, and tube formation [62, 63].
MSCs-derived-Exo possibly by enhancing angiogenesis
and directly stimulating endothelial cell proliferation
through TGF-B1 and the CD105/TPR-II complex can
be repair endothelial cell damage and improve vascu-
lar permeability [64]. The results of this study showed a
decrease in the expression of T-GF, SMAD2, SMAD3,
and CD105 proteins, which were increased by MSCs-
derived exosomes treatment [26, 31, 35, 38].

In diabetic patients, accompanied by severe inflam-
mation, beta islets undergo apoptosis and death, which
is likely one of the main mechanisms of beta cell death.
Increased expression and distribution of Fas/FasL on the
cell surface acts as a death receptor by activating the cas-
pase-3 protein, leading to the initiation of the apoptotic
cell death pathway [65, 66]. Some documents, in support
of our study have shown that the expression of Fas recep-
tor and caspase-3 protein is increased in diabetic groups
and by stimulating the Fas/FasL/apoptosis signaling path-
way, it causes destruction and death of beta islets, while
a significant decrease in the expression of these factors
is observed in groups treated with MSCs-EVs/Exo [28,
29, 67, 68]. Thus as expected, in the H&E-stained tissue
sections from MSCs-EVs/Exo -treated animals observed
larger islets with greater numbers and normal morphol-
ogy compared to the extensive destruction and loss of
B-islets in diabetic groups [30, 37].

Reg family proteins with anti-apoptotic and anti-
inflammatory properties are known as regenerative pro-
teins of the islets of Langerhans [69, 70]. AMY2B (alpha
amylase 2B) is also mainly associated with the pathways
of glucose metabolism and digestion of dietary glycogen
[71, 72]. The findings of this study showed that treatment
with MSCs-EVs/Exo in diabetic mice by increasing the
expression of Reg family and AMY2B genes actived the
ability to produce beta islets and improved insulin levels
[34].

Insulin is a peptide hormone secreted by pancre-
atic islets that is essential for maintaining glucose
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homeostasis and regulating metabolism [73, 74]. Pdx1
is not only known as a master regulator of pancreatic
growth and survival, but also a key factor that controls
most of the vital functions of beta cells, including insu-
lin biosynthesis and sensitivity to apoptosis, and its
decreased expression leads to beta cell apoptosis and
decreased insulin production and secretion [75-77]. The
findings of this study showed that the MSCs-EVs/Exo-
treated groups showed a significant increase in pdx1 pro-
tein expression as well as insulin, which led to increased
pancreatic islets survival and improvement of diabetes
(30, 35, 37].

HbA1C, or glycosylated hemoglobin, indicates the
patient’s average blood sugar over the past two to three
months, and there is a direct relationship between
HbA1C and complications of diabetes [78-80]. C-pep-
tide connects the alpha and beta chains of proinsulin, and
there is a direct relationship between insulin deficiency
and C-peptide deficiency in diabetes [81-83]. The find-
ings from this study showed that MSCs-EVs/Exo treat-
ment improved hyperglycemia in diabetic animals by
reducing HbA1C and increasing C-peptide levels [26,
27]. Weight gain was also observed in treated animals
compared to diabetic animals that experienced severe
weight loss and polyuria [29-31, 34, 37]. Furthermore,
evaluation of homeostasis model assessment of insulin
resistance (HOMA-IR), oral glucose tolerance (OGTT),
and intraperitoneal insulin tolerance (IPITTs) in MSCs-
EVs/Exo-treated groups showed significant improve-
ments in these indices [27].

Autophagy is a regulated self-destructive process and
is closely linked to inflammation and oxidative stress,
which may play a role in the pathogenesis of diabetes [46,
84]. AMPK and ULKI1 proteins are effective in activat-
ing autophagy [85, 86]. p62 is an autophagy receptor that
acts as a marker for the clearance of protein aggregates,
toxic cellular debris, and inhibition of autophagy. LC3 is
a specific marker for autophagy activation and autopha-
gosome formation [87, 88]. The autophagy process is
critical for controlling skeletal muscle function and main-
taining muscle mass homeostasis. Studies have shown
that in obese diabetic mice, along with reduced expres-
sion of AMPK/ULK]1 proteins, accumulation of LC3 and
p62 markers in skeletal muscles and inhibition of autoph-
agy are evident, which ultimately leads to severe muscle
weakness and atrophy in diabetic animals. Studies have
shown that MSCs-extracted-EVs/Exo can improve skel-
etal atrophy and frailty by activating autophagy through
the AMPK/ULKI1 pathway in diabetic animals [86, 89].
On the other hand, excessive and inappropriate autoph-
agy activity may damage cells. Therefore, the exacerba-
tion of autophagy can cause beta cell death and diabetes.
The results of this study showed that MSCs-derived-
EVs/Exo can prevent beta cell death and be effective in
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improving diabetes by significantly reducing the expres-
sion of LC3 and P62 [28, 32, 33].

It should be noted that in the articles included in this
study, ultracentrifugation was used as the gold standard
method for the isolation and preparation of EVs. There-
fore, heterogeneity in EVs preparation is significantly
reduced, thereby limiting its potential impact on the
comparison of results.

Generally, this systematic study found that MSCs-
derived EVs/Exo have anti diabetic effects and protective
potential, including immunomodulatory, anti-apoptotic,
and antioxidant properties. These amazing and inter-
esting properties are achieved by influencing various
mediators such as IL-1f, IL-6, I L-17, IL-2, IL-4, IL-10,
IEN-y, NF-kB, TNF-a, TGF-p and the expression of pro-
teins caspase3, LC3I/IL, p62, p-AMPK, p-ULK1, p-AKT,
Smad and Reg. As a result, MSCs-derived EVs/Exo help
in reducing the histopathological damages that diabetes
causes to pancreas and muscle. It is worth noting that
these findings are derived from non-clinical studies and
one clinical study. To gain a complete and comprehensive
understanding of this disease, further clinical studies in
diabetic people and investigation of other relevant path-
ways in this disease are needed.

Conclusion

Main Finding: MSCs-derived EVs/Exo can be considered
as a promising source for repairing damaged tissues with
safe and cost-effective therapeutic potential. Therefore,
we suggest that administering MSCs-derived EVs/Exo
could be a novel and powerful therapeutic strategy for
diabetic patients who have poor response to conventional
treatments.

Limitation/Gap and Future Directions: It should be
noted that, only one clinical trial was included in this
systematic. This means that, we were faced with a seri-
ous shortage of human data. Therefore, to achieve better
results and transfer this treatment method to the clinic, it
is necessary to evaluate the safety, efficacy and feasibility
of this therapeutic approach in humans.
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