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: In rats with type 1 diabetes (T1DM), the therapeutic effects 
and underlying mechanisms of action of stroke treatment were compared 
between bone-marrow stromal cells (BMSCs) derived from T1DM rats (DM-
BMSCs) and BMSCs derived from normal rats (Nor-BMSCs). The novel role 
of microRNA-145 (miR-145) in mediating DM-BMSC treatment-induced 
benefits was also investigated. T1DM rats (n = 8 per group) underwent 
2 hours of middle cerebral artery occlusion (MCAo) and were treated 24 
hours later with the one of the following (5 x 10(6) cells 
administered i.v.): (a) phosphate-buffered saline (PBS); (b) Nor-
BMSCs; (c) DM-BMSCs; (d) DM-BMSCs with miR-145 overexpression 
(miR-145+/+DM-BMSCs); or (e) Nor-BMSCs with miR-145 knockdown. 
Evaluation of functional outcome, vascular and white-matter remodeling 
and microRNA expression was made, and in vitro studies were performed. 
In vitro, DM-BMSCs exhibited decreased miR-145 expression and 
increased survival compared with Nor-BMSCs. Capillary tube formation 
and axonal outgrowth in cultured primary cortical neurons were 
significantly increased by DM-BMSC-conditioned medium compared with 
Nor-BMSCs, and significantly decreased by miR-145+/+DM-BMSC-
conditioned medium compared with DM-BMSCs. In T1DM rats in which 
stroke had been induced (T1DM stroke rats), DM-BMSC treatment 
significantly improved functional outcome, increased vascular and 
white matter remodeling, decreased serum miR-145 expression, and 
increased expression of the miR-145 target genes adenosine 
triphosphate-binding cassette transporter 1 (ABCA1) and insulin-like 
growth factor 1 receptor (IGFR1), compared with Nor-BMSCs or PBS 
treatment. However, miR-145+/+DM-BMSCs significantly increased serum 
miR-145 expression and decreased brain ABCA1 and IGFR1 expression, as 
well as attenuated DM-BMSC-induced neurorestorative effects in T1DM-
MCAo rats. DM-BMSCs exhibited decreased miR-145 expression. In T1DM-
MCAo rats, DM-BMSC treatment improved functional outcome and promoted 
neurorestorative effects. The miR-145/ABCA1/IGFR1 pathway may 
contribute to the enhanced DM-BMSCs' functional and neurorestorative 
effects in T1DM stroke rats. SIGNIFICANCE: In rats with type 1 
diabetes (T1DM), the therapeutic effects and underlying mechanisms of 
action of stroke treatment were compared between bone-marrow stromal 
cells (BMSCs) derived from T1DM rats (DM-BMSCs) and BMSCs derived from 
normal rats (Nor-BMSCs). In vitro, DM-BMSCs and derived exosomes 
decreased miR-145 expression and increased DM-BMSC survival, capillary 
tube formation, and axonal outgrowth, compared with Nor-BMSCs; these 
effects were decreased by DM-BMSCs in which miR-145 was overexpressed. 
In vivo, compared with Nor-BMSC or phosphate-buffered saline 
treatment, DM-BMSC treatment improved functional outcome and vascular 
and white matter remodeling, decreased serum miR-145 expression, and 
increased expression of the miR-145 target genes ABCA1 and IGFR1. 
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microRNA-145 mediated the benefits induced by DM-BMSC treatment.
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The incidence of dementia is higher in diabetic patients, but 
no effective treatment has been developed. This study showed that rat 
bone marrow mesenchymal stem cells (BM-MSCs) can improve the cognitive 
impairments of STZ-diabetic mice by repairing damaged neurons and 
astrocytes. The Morris water maze test demonstrated that cognitive 
impairments induced by diabetes were significantly improved by 
intravenous injection of BM-MSCs. In the CA1 region of the 
hippocampus, degeneration of neurons and astrocytes, as well as 
synaptic loss, were prominent in diabetes, and BM-MSC treatment 
successfully normalized them. Since a limited number of donor BM-MSCs 
was observed in the brain parenchyma, we hypothesized that humoral 
factors, especially exosomes released from BM-MSCs, act on damaged 
neurons and astrocytes. To investigate the effectiveness of exosomes 
for treatment of diabetes-induced cognitive impairment, exosomes were 
purified from the culture media and injected intracerebroventricularly 
into diabetic mice. Recovery of cognitive impairment and histological 
abnormalities similar to that seen with BM-MSC injection was found 
following exosome treatment. Use of fluorescence-labeled exosomes 
demonstrated that injected exosomes were internalized into astrocytes 
and neurons; these subsequently reversed the dysfunction. The present 
results indicate that exosomes derived from BM-MSCs might be a 
promising therapeutic tool for diabetes-induced cognitive impairment.
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PURPOSE OF REVIEW: The initial autoimmune trigger of type 1 
diabetes (T1D) remains unclear. In non-obese diabetic (NOD) mice, 
islet inflammation starts early in life, suggesting the presence of an 
endogenous trigger for the spontaneous autoimmune response in this T1D 
mouse model. In this review, we argue that abnormal release of 
exosomes might be the trigger of the early inflammatory and autoimmune 
responses in the islets. RECENT FINDINGS: Exosomes are nano-sized 
membrane complexes that are secreted by cells following fusion of late 
endosomes and/or multivesicular bodies with the plasma membrane. They 
are known extracellular messengers, communicating among neighboring 
cells via transporting large molecules from parent cells to recipient 
cells. Recent evidence demonstrates that these extracellular vesicles 
can modulate immune responses. It has been shown that insulinoma and 
islet mesenchymal stem cell-released exosomes are potent immune 
stimuli that can induce autoreactive B and T cells. Searching for 
candidate antigens in the exosomes identified endogenous retrovirus 
(ERV) Env and Gag antigens, which are homologous to an endogenous 
murine leukemia retrovirus. Autoantibodies and autoreactive T cells 
spontaneously developed in NOD mice can react to these retroviral 



antigens. More importantly, expression of the retroviral antigens in 
the islet mesenchymal stem cells is associated with disease 
susceptibility, and the expression is restricted to T1D-susceptible 
but not resistant mouse strains. Exosomes are novel autoimmune 
targets, carrying autoantigens that can stimulate innate and adaptive 
immune responses. An abnormal or excess release of exosomes, 
particularly those ones containing endogenous retroviral antigens 
might be responsible for triggering tissue-specific inflammatory and 
autoimmune responses.
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Adipose tissue plays a key role in the development of insulin 
resistance and its pathological sequelae, such as type 2 diabetes and 
non-alcoholic fatty liver disease. Dysfunction in the adipose tissue 
response to storing excess fatty acids as triglyceride can lead to 
adipose tissue inflammation and spillover of fatty acids from this 
tissue and accumulation of fatty acids as lipid droplets in ectopic 
sites, such as liver and muscle. Extracellular vesicles (EVs) are 
released from adipocytes and have been proposed to be involved in 
adipocyte/macrophage cross talk and to affect insulin signaling and 
transforming growth factor beta expression in liver cells leading to 
metabolic disease. Furthermore EV produced by adipose tissue-derived 
mesenchymal stem cells (ADSC) can promote angiogenesis and cancer cell 
migration and have neuroprotective and neuroregenerative properties. 
ADSC EVs have therapeutic potential in vascular and neurodegenerative 
disease and may also be used to target specific functional miRNAs to 
cells. Obesity is associated with an increase in adipose-derived EV 
which may be related to the metabolic complications of obesity. In 
this review, we discuss our current knowledge of EV produced by 
adipose tissue and the potential impact of adipose tissue-derived EV 
on metabolic diseases associated with obesity.

Nagaishi, K., et al. (2017). "Umbilical cord extracts improve diabetic 
abnormalities in bone marrow-derived mesenchymal stem cells and 
increase their therapeutic effects on diabetic nephropathy." Sci Rep 
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Bone marrow-derived mesenchymal stem cells (BM-MSC) has been 
applied as the most valuable source of autologous cell transplantation 
for various diseases including diabetic complications. However, 
hyperglycemia may cause abnormalities in intrinsic BM-MSC which might 
lose sufficient therapeutic effects in diabetic patients. We 
demonstrated the functional abnormalities in BM-MSC derived from both 
type 1 and type 2 diabetes models in vitro, which resulted in loss of 
therapeutic effects in vivo in diabetic nephropathy (DN). Then, we 
developed a novel method to improve abnormalities in BM-MSC using 
human umbilical cord extracts, namely Wharton's jelly extract 
supernatant (WJs). WJs is a cocktail of growth factors, extracellular 
matrixes and exosomes, which ameliorates proliferative capacity, 



motility, mitochondrial degeneration, endoplasmic reticular functions 
and exosome secretions in both type 1 and type 2 diabetes-derived BM-
MSC (DM-MSC). Exosomes contained in WJs were a key factor for this 
activation, which exerted similar effects to complete WJs. DM-MSC 
activated by WJs ameliorated renal injury in both type 1 and type 2 
DN. In this study, we developed a novel activating method using WJs to 
significantly increase the therapeutic effect of BM-MSC, which may 
allow effective autologous cell transplantation.
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Mesenchymal Stem Cells (MSCs) possess important 
characteristics that could be exploited in therapeutic strategies for 
Type 1 Diabetes (T1D) and for certain complications of Type 2 Diabetes 
(T2D). MSCs can inhibit autoimmune, alloimmune and inflammatory 
processes. Moreover, they can promote the function of endogenous and 
transplanted pancreatic islets. Furthermore, they can stimulate 
angiogenesis. MSC functions are largely mediated by their secretome, 
which includes growth factors, exosomes, and other extracellular 
vesicles. MSCs have shown a good safety profile in clinical trials. 
MSC-derived exosomes are emerging as an alternative to the 
transplantation of live MSCs. MSCs harvested from different anatomical 
locations (e.g. bone marrow, umbilical cord, placenta, adipose tissue, 
and pancreas) have shown differences in gene expression profiles and 
function. Data from clinical trials suggest that umbilical cord-
derived MSCs could be superior to bone marrow-derived MSCs for the 
treatment of T1D. Autologous MSCs from diabetic patients may present 
abnormal functions. BM-MSCs from T1D patients exhibit gene expression 
differences that may impact in vivo function. BM-MSCs from T2D 
patients seem to be significantly impaired due to the T2D diabetic 
milieu. In this review, we highlight how the harvesting site and donor 
derivation can affect the efficacy of MSC-based treatments for T1D and 
T2D.
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Exosomes derived from adipose tissue-derived mesenchymal stem 
cells (AD-MSCs) have immunomodulatory effects of T-cell inflammatory 
response and reduction of clinical symptoms on streptozotocin-induced 
of the type-1 diabetes mellitus (T1DM). Beside control group and 
untreated T1DM mice, a group of T1DM mice was treated with 
intraperitoneal injections of characterized exosomes derived from 
autologous AD-MSCs. Body weight and blood glucose levels were measured 
during the procedure. Histopathology and immunohistochemistry were 
used for evaluation of pancreatic islets using hemotoxylin and eosin 
(H&E) staining and anti-insulin antibody. Isolated splenic mononuclear 
cells (MNCs) were subjected to splenocytes proliferation assay using 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, 



immunophenotyping of regulatory T cells and cytokines. A significant 
increase in the levels of interleukin-4 (IL-4), IL-10, and 
transforming growth factor-beta, and a decrease in the levels of IL-17 
and interferon-gamma in concordance with the significant increase in 
the Treg cell ratio in splenic MNCs (P < 0.05) was shown in T1DM mice 
treated with AD-MSC's exosomes as compared to T1DM untreated mice. 
This amelioration of autoimmune reaction after treatment of T1DM mice 
with the AD-MSC exosomes was confirmed with a significant increase in 
islets using H&E staining and Immunohistochemistry analyses. As 
expected, body weight, blood glucose levels in a survival of T1DM mice 
treated with AD-MSC's exosomes were maintained stable in comparison to 
untreated T1DM mice. It can be concluded that AD-MSC's exosomes exert 
ameliorative effects on autoimmune T1DM through increasing regulatory 
T-cell population and their products without a change in the 
proliferation index of lymphocytes, which makes them more effective 
and practical candidates.
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Human mesenchymal stem cells were exposed to diabetic sera for 
7 days. Cell viability and apoptosis rate were detected by MTT and 
flow cytometry assays. The expression of key genes such as CD63, Alix, 
Rab27a, Rab27b, and Rab8b was monitored by real-time PCR. We also 
measured acetylcholinesterase activity and size and zeta potential of 
exosomes in the supernatant form diabetic cells and control. The 
cellular distribution of CD63 was shown by immunofluorescence imaging 
and western blotting. Any changes in the ultrastructure of cells were 
visualized by electron microscopy. Data showed a slight decrease in 
survival rate and an increased apoptosis in diabetic cells as compared 
to control (p < 0.05). By exposing cells to diabetic sera, a 
significant increase in the level of all genes CD63, Alix, Rab27a, 
Rab27b, and Rab8b was observed (p < 0.05). Flow cytometry analysis and 
immunofluorescence imaging confirmed increasing CD63 protein content 
upon treatment with diabetic sera (p < 0.05). We found an enhanced 
acetylcholinesterase activity in a diabetic condition which coincided 
with the increasing size of exosomes and decrease in zeta potential (p 
< 0.05). The fatty acid profile was not significantly affected by 
diabetic sera. Ultrastructural examination detected more accumulated 
cytoplasmic lipid vacuoles in diabetic cells.
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Exosomes are nanosized extracellular vesicles (EVs) that show 
great promise in tissue regeneration and injury repair as mesenchymal 
stem cell (MSC). MSC has been shown to alleviate diabetes mellitus 
(DM) in both animal models and clinical trials. In this study, we 
aimed to investigate whether exosomes from human umbilical cord MSC 



(hucMSC-ex) have a therapeutic effect on type 2 DM (T2DM). We 
established a rat model of T2DM using a high-fat diet and 
streptozotocin (STZ). We found that the intravenous injection of 
hucMSC-ex reduced blood glucose levels as a main paracrine approach of 
MSC. HucMSC-ex partially reversed insulin resistance in T2DM 
indirectly to accelerate glucose metabolism. HucMSC-ex restored the 
phosphorylation (tyrosine site) of the insulin receptor substrate 1 
and protein kinase B in T2DM, promoted expression and membrane 
translocation of glucose transporter 4 in muscle, and increased 
storage of glycogen in the liver to maintain glucose homeostasis. 
HucMSC-ex inhibited STZ-induced beta-cell apoptosis to restore the 
insulin-secreting function of T2DM. Taken together, exosomes from 
hucMSC can alleviate T2DM by reversing peripheral insulin resistance 
and relieving beta-cell destruction, providing an alternative approach 
for T2DM treatment.


