
Lai, R. C., et al. (2013). "Mesenchymal stem cell exosome ameliorates 
reperfusion injury through proteomic complementation." Regen Med 8(2): 
197-209.

The therapeutic efficacy of mesenchymal stem cell (MSC) 
transplantation has recently been attributed to exosomes when a single 
bolus of MSC exosomes prior to reperfusion of ischemic myocardium 
ameliorates reperfusion injury and reduces infarct size. In this 
article we review the therapeutic efficacy of MSC exosome in 
ameliorating cell intrinsic factors in reperfusion injury by focusing 
on the proteome complementation of exosomes and reperfused myocardium. 
The well-documented ATP deficit and initiation of apoptosis during 
ischemia and reperfusion were recently found to be underpinned by a 
proteomic deficit in enzymes critical for fatty acid oxidation, 
glycolysis and tricarboxylic acid cycle, and a proteomic surplus of 
proapoptotic proteins. Interestingly, this deficit in glycolytic 
enzymes was complemented by an abundance in MSC exosomes and the 
surplus of proapoptotic proteins was circumvented by CD73 that could 
increase survival signaling through the activation of reperfusion 
injury salvage kinases. Together, this provides a window of 
opportunity for the cells to repair and regenerate thus constituting 
the rationale for the therapeutic efficacy of MSC exosomes.

Salomon, C., et al. (2013). "Exosomal signaling during hypoxia 
mediates microvascular endothelial cell migration and vasculogenesis." 
PLoS One 8(7): e68451.

Vasculogenesis and angiogenesis are critical processes in 
fetal circulation and placental vasculature development. Placental 
mesenchymal stem cells (pMSC) are known to release paracrine factors 
(some of which are contained within exosomes) that promote 
angiogenesis and cell migration. The aims of this study were: to 
determine the effects of oxygen tension on the release of exosomes 
from pMSC; and to establish the effects of pMSC-derived exosomes on 
the migration and angiogenic tube formation of placental microvascular 
endothelial cells (hPMEC). pMSC were isolated from placental villi 
(8-12 weeks of gestation, n = 6) and cultured under an atmosphere of 
1%, 3% or 8% O2. Cell-conditioned media were collected and exosomes 
(exo-pMSC) isolated by differential and buoyant density 
centrifugation. The dose effect (5-20 microg exosomal protein/ml) of 
pMSC-derived exosomes on hPMEC migration and tube formation were 
established using a real-time, live-cell imaging system (Incucyte). 
The exosome pellet was resuspended in PBS and protein content was 
established by mass spectrometry (MS). Protein function and canonical 
pathways were identified using the PANTHER program and Ingenuity 
Pathway Analysis, respectively. Exo-pMSC were identified, by electron 
microscopy, as spherical vesicles, with a typical cup-shape and 
diameters around of 100 nm and positive for exosome markers: CD63, CD9 
and CD81. Under hypoxic conditions (1% and 3% O2) exo-pMSC released 
increased by 3.3 and 6.7 folds, respectively, when compared to the 
controls (8% O2; p<0.01). Exo-pMSC increased hPMEC migration by 1.6 
fold compared to the control (p<0.05) and increased hPMEC tube 
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formation by 7.2 fold (p<0.05). MS analysis identified 390 different 
proteins involved in cytoskeleton organization, development, 
immunomodulatory, and cell-to-cell communication. The data obtained 
support the hypothesis that pMSC-derived exosomes may contribute to 
placental vascular adaptation to low oxygen tension under both 
physiological and pathological conditions.

Xin, H., et al. (2013). "Systemic administration of exosomes released 
from mesenchymal stromal cells promote functional recovery and 
neurovascular plasticity after stroke in rats." J Cereb Blood Flow 
Metab 33(11): 1711-1715.

Here, for the first time, we test a novel hypothesis that 
systemic treatment of stroke with exosomes derived from multipotent 
mesenchymal stromal cells (MSCs) promote neurovascular remodeling and 
functional recovery after stroke in rats. Adult male Wistar rats were 
subjected to 2 hours of middle cerebral artery occlusion (MCAo) 
followed by tail vein injection of 100 mug protein from MSC exosome 
precipitates or an equal volume of vehicle phosphate-buffered saline 
(PBS) (n=6/group) 24 hours later. Animals were killed at 28 days after 
stroke and histopathology and immunohistochemistry were employed to 
identify neurite remodeling, neurogenesis, and angiogenesis. Systemic 
administration of MSC-generated exosomes significantly improved 
functional recovery in stroke rats compared with PBS-treated controls. 
Axonal density and synaptophysin-positive areas were significantly 
increased along the ischemic boundary zone of the cortex and striatum 
in MCAo rats treated with exosomes compared with PBS control. Exosome 
treatment significantly increased the number of newly formed 
doublecortin (a marker of neuroblasts) and von Willebrand factor (a 
marker of endothelial cells) cells. Our results suggest that 
intravenous administration of cell-free MSC-generated exosomes post 
stroke improves functional recovery and enhances neurite remodeling, 
neurogenesis, and angiogenesis and represents a novel treatment for 
stroke.

Xin, H., et al. (2013). "MiR-133b promotes neural plasticity and 
functional recovery after treatment of stroke with multipotent 
mesenchymal stromal cells in rats via transfer of exosome-enriched 
extracellular particles." Stem Cells 31(12): 2737-2746.

To test, in vivo, the hypothesis that exosomes from 
multipotent mesenchymal stromal cells (MSCs) mediate microRNA 133b 
(miR-133b) transfer which promotes neurological recovery from stroke, 
we used knockin and knockdown technologies to upregulate or 
downregulate the miR-133b level in MSCs (miR-133b(+) MSCs or 
miR-133b(-) MSCs) and their corresponding exosomes, respectively. Rats 
were subjected to middle cerebral artery occlusion (MCAo) and were 
treated with naive MSCs, miR-133b(+) MSCs, or miR-133b(-) MSC at 1 day 
after MCAo. Compared with controls, rats receiving naive MSC treatment 
significantly improved functional recovery and exhibited increased 
axonal plasticity and neurite remodeling in the ischemic boundary zone 
(IBZ) at day 14 after MCAo. The outcomes were significantly enhanced 



with miR-133b(+) MSC treatment, and were significantly decreased with 
miR-133b(-) MSC treatment, compared to naive MSC treatment. The 
miR-133b level in exosomes collected from the cerebral spinal fluid 
was significantly increased after miR-133b(+) MSC treatment, and was 
significantly decreased after miR-133b(-) MSC treatment at day 14 
after MCAo, compared to naive MSC treatment. Tagging exosomes with 
green fluorescent protein demonstrated that exosomes-enriched 
extracellular particles were released from MSCs and transferred to 
adjacent astrocytes and neurons. The expression of selective targets 
for miR-133b, connective tissue growth factor and ras homolog gene 
family member A, was significantly decreased in the IBZ after 
miR-133b(+) MSC treatment, while their expression remained at similar 
elevated levels after miR-133b(-) MSC treatment, compared to naive MSC 
treatment. Collectively, our data suggest that exosomes from MSCs 
mediate the miR-133b transfer to astrocytes and neurons, which 
regulate gene expression, subsequently benefit neurite remodeling and 
functional recovery after stroke.

Feng, Y., et al. (2014). "Ischemic preconditioning potentiates the 
protective effect of stem cells through secretion of exosomes by 
targeting Mecp2 via miR-22." PLoS One 9(2): e88685.

Mesenchymal stem cells (MSCs) have potential application for 
the treatment of ischemic heart diseases. Besides differentiation 
properties, MSCs protect ischemic cardiomyocytes by secretion of 
paracrine factors. In this study, we found exosomes enriched with 
miR-22 were secreted by MSCs following ischemic preconditioning 
(Exo(IPC)) and mobilized to cardiomyocytes where they reduced their 
apoptosis due to ischemia. Interestingly, by time-lapse imaging, we 
for the first time captured the dynamic shedding of miR-22 loaded 
exosomes from cytosol to extracellular space. Furthermore, the anti-
apoptotic effect of miR-22 was mediated by direct targeting of methyl 
CpG binding protein 2 (Mecp2). In vivo data showed that delivery of 
Exo(IPC) significantly reduced cardiac fibrosis. Our data identified a 
significant benefit of Exo(IPC) for the treatment of cardiac diseases 
by targeting Mecp2 via miR-22.

Doeppner, T. R., et al. (2015). "Extracellular Vesicles Improve Post-
Stroke Neuroregeneration and Prevent Postischemic Immunosuppression." 
Stem Cells Transl Med 4(10): 1131-1143.

UNLABELLED: Although the initial concepts of stem cell therapy 
aimed at replacing lost tissue, more recent evidence has suggested 
that stem and progenitor cells alike promote postischemic neurological 
recovery by secreted factors that restore the injured brain's capacity 
to reshape. Specifically, extracellular vesicles (EVs) derived from 
stem cells such as exosomes have recently been suggested to mediate 
restorative stem cell effects. In order to define whether EVs indeed 
improve postischemic neurological impairment and brain remodeling, we 
systematically compared the effects of mesenchymal stem cell (MSC)-
derived EVs (MSC-EVs) with MSCs that were i.v. delivered to mice on 
days 1, 3, and 5 (MSC-EVs) or on day 1 (MSCs) after focal cerebral 



ischemia in C57BL6 mice. For as long as 28 days after stroke, motor 
coordination deficits, histological brain injury, immune responses in 
the peripheral blood and brain, and cerebral angiogenesis and 
neurogenesis were analyzed. Improved neurological impairment and long-
term neuroprotection associated with enhanced angioneurogenesis were 
noticed in stroke mice receiving EVs from two different bone marrow-
derived MSC lineages. MSC-EV administration closely resembled 
responses to MSCs and persisted throughout the observation period. 
Although cerebral immune cell infiltration was not affected by MSC-
EVs, postischemic immunosuppression (i.e., B-cell, natural killer 
cell, and T-cell lymphopenia) was attenuated in the peripheral blood 
at 6 days after ischemia, providing an appropriate external milieu for 
successful brain remodeling. Because MSC-EVs have recently been shown 
to be apparently safe in humans, the present study provides clinically 
relevant evidence warranting rapid proof-of-concept studies in stroke 
patients. SIGNIFICANCE: Transplantation of mesenchymal stem cells 
(MSCs) offers an interesting adjuvant approach next to thrombolysis 
for treatment of ischemic stroke. However, MSCs are not integrated 
into residing neural networks but act indirectly, inducing 
neuroprotection and promoting neuroregeneration. Although the 
mechanisms by which MSCs act are still elusive, recent evidence has 
suggested that extracellular vesicles (EVs) might be responsible for 
MSC-induced effects under physiological and pathological conditions. 
The present study has demonstrated that EVs are not inferior to MSCs 
in a rodent stroke model. EVs induce long-term neuroprotection, 
promote neuroregeneration and neurological recovery, and modulate 
peripheral post-stroke immune responses. Also, because EVs are well-
tolerated in humans, as previously reported, the administration of EVs 
under clinical settings might set the path for a novel and innovative 
therapeutic stroke concept without the putative side effects attached 
to stem cell transplantation.

Hu, G. W., et al. (2015). "Exosomes secreted by human-induced 
pluripotent stem cell-derived mesenchymal stem cells attenuate limb 
ischemia by promoting angiogenesis in mice." Stem Cell Res Ther 6: 10.

INTRODUCTION: 'Patient-specific' induced pluripotent stem 
cells (iPSCs) are attractive because they can generate abundant cells 
without the risk of immune rejection for cell therapy. Studies have 
shown that iPSC-derived mesenchymal stem cells (iMSCs) possess 
powerful proliferation, differentiation, and therapeutic effects. 
Recently, most studies indicate that stem cells exert their 
therapeutic effect mainly through a paracrine mechanism other than 
transdifferentiation, and exosomes have emerged as an important 
paracrine factor for stem cells to reprogram injured cells. The 
objective of this study was to evaluate whether exosomes derived from 
iMSCs (iMSCs-Exo) possess the ability to attenuate limb ischemia and 
promote angiogenesis after transplantation into limbs of mice with 
femoral artery excision. METHODS: Human iPSCs (iPS-S-01, C1P33, and 
PCKDSF001C1) were used to differentiate into iMSCs in a modified one-
step method. iMSCs were characterized by flow cytometry and 



multipotent differentiation potential analysis. Ultrafiltration 
combined with a purification method was used to isolate iMSCs-Exo, and 
transmission electron microscopy and Western blotting were used to 
identify iMSCs-Exo. After establishment of mouse hind-limb ischemia 
with excision of femoral artery and iMSCs-Exo injection, blood 
perfusion was monitored at days 0, 7, 14, and 21; microvessel density 
in ischemic muscle was also analyzed. In vitro migration, 
proliferation, and tube formation experiments were used to analyze the 
ability of pro-angiogenesis in iMSCs-Exo, and quantitative reverse-
transcriptase polymerase chain reaction and enzyme-linked 
immunosorbent assay were used to identify expression levels of 
angiogenesis-related molecules in human umbilical vein endothelial 
cells (HUVECs) after being cultured with iMSCs-Exo. RESULTS: iPSCs 
were efficiently induced into iMSC- with MSC-positive and -negative 
surface antigens and osteogenesis, adipogenesis, and chondrogenesis 
differentiation potential. iMSCs-Exo with a diameter of 57 +/- 11 nm 
and expressed CD63, CD81, and CD9. Intramuscular injection of iMSCs-
Exo markedly enhanced microvessel density and blood perfusion in mouse 
ischemic limbs, consistent with an attenuation of ischemic injury. In 
addition, iMSCs-Exo could activate angiogenesis-related molecule 
expression and promote HUVEC migration, proliferation, and tube 
formation. CONCLUSION: Implanted iMSCs-Exo was able to protect limbs 
from ischemic injury via the promotion of angiogenesis, which 
indicated that iMSCs-Exo may be a novel therapeutic approach in the 
treatment of ischemic diseases.

Yang, J., et al. (2015). "Buyang Huanwu Decoction (BYHWD) Enhances 
Angiogenic Effect of Mesenchymal Stem Cell by Upregulating VEGF 
Expression After Focal Cerebral Ischemia." J Mol Neurosci 56(4): 
898-906.

Buyang Huanwu decoction (BYHWD) has been used for centuries to 
treat paralysis and stroke. Previously, we have demonstrated that 
BYHWD combined with mesenchymal stem cell (MSC) transplantation 
attenuates ischemic injury partly by upregulating angiogenesis. 
However, the mechanisms of this drug for stroke treatment are not 
completely understood. Here, we aimed to clarify the mechanism of 
BYHWD on angiogenesis mediated by MSCs. Firstly, we verified 
microvessels with a size of 50-100 nm produced by either MSCs or MSCs 
treated by 500 mug/ml BYHWD. These exosomes were purified and found to 
be able to activate vascular endothelial growth factor (VEGF) 
expression in endothelial cells (ECs). Moreover, exosomes from MSCs 
and MSCs treated by BYHWD induced elevated microRNA (miRNA)-126 
expression and reduced miR-221 and miR-222 expression. In MSCs, 
disruption of dicer, an enzyme responsible for miRNA maturation, by 
dicer small interfering RNA (siRNA), or RNase pretreatment abolished 
this ability of the exosomes. Additionally, exosomes from MSCs treated 
by BYHWD promoted VEGF and Ki-67 expression and augmented vascular 
density in rat brain after bilateral carotid artery ligation. In 
conclusion, our study revealed that BYHWD exposure augmented 
angiogenetic miRNA and VEGF expression in exosomes secreted by MSCs 



and elevated angiogenesis in rat brain.

Chen, K. H., et al. (2016). "Intravenous administration of xenogenic 
adipose-derived mesenchymal stem cells (ADMSC) and ADMSC-derived 
exosomes markedly reduced brain infarct volume and preserved 
neurological function in rat after acute ischemic stroke." Oncotarget 
7(46): 74537-74556.

We tested the hypothesis that combined xenogenic (from mini-
pig) adipose-derived mesenchymal stem cell (ADMSC) and ADMSC-derived 
exosome therapy could reduce brain-infarct zone (BIZ) and enhance 
neurological recovery in rat after acute ischemic stroke (AIS) induced 
by 50-min left middle cerebral artery occlusion. Adult-male Sprague-
Dawley rats (n = 60) were divided equally into group 1 (sham-control), 
group 2 (AIS), group 3 [AIS-ADMSC (1.2x106 cells)], group 4 [AIS-
exosome (100mug)], and group 5 (AIS-exosome-ADMSC). All therapies were 
provided intravenously at 3h after AIS procedure. BIZ determined by 
histopathology (by day-60) and brain MRI (by day-28) were highest in 
group 2, lowest in group 1, higher in groups 3 and 4 than in group 5, 
but they showed no difference between groups 3 and 4 (all p < 0.0001). 
By day-28, sensorimotor functional results exhibited an opposite 
pattern to BIZ among the five groups (p < 0.005). Protein expressions 
of inflammatory (inducible nitric oxide synthase/tumor necrosis 
factor-alpha/nuclear factor-kappaB/interleukin-1beta/matrix 
metalloproteinase-9/plasminogen activator inhibitor-1/RANTES), 
oxidative-stress (NOX-1/NOX-2/oxidized protein), apoptotic (caspase-3/ 
Poly-ADP-ribose polymerase), and fibrotic (Smad3/transforming growth 
factor-beta) biomarkers, and cellular expressions of brain-damaged 
(gamma-H2AX+/ XRCC1-CD90+/p53BP1-CD90+), inflammatory (CD11+/CD68+/
glial fibrillary acid protein+) and brain-edema (aquaporin-4+) markers 
showed a similar pattern of BIZ among the groups (all n < 0.0001). In 
conclusion, xenogenic ADMSC/ADMSC-derived exosome therapy was safe and 
offered the additional benefit of reducing BIZ and improving 
neurological function in rat AIS.

Xin, H., et al. (2017). "MicroRNA cluster miR-17-92 Cluster in 
Exosomes Enhance Neuroplasticity and Functional Recovery After Stroke 
in Rats." Stroke 48(3): 747-753.

BACKGROUND AND PURPOSE: Multipotent mesenchymal stromal cell 
(MSC) harvested exosomes are hypothesized as the major paracrine 
effectors of MSCs. In vitro, the miR-17-92 cluster promotes 
oligodendrogenesis, neurogenesis, and axonal outgrowth. We, therefore, 
investigated whether the miR-17-92 cluster-enriched exosomes harvested 
from MSCs transfected with an miR-17-92 cluster plasmid enhance 
neurological recovery compared with control MSC-derived exosomes. 
METHODS: Rats subjected to 2 hours of transient middle cerebral artery 
occlusion were intravenously administered miR-17-92 cluster-enriched 
exosomes, control MSC exosomes, or liposomes and were euthanized 28 
days post-middle cerebral artery occlusion. Histochemistry, 
immunohistochemistry, and Golgi-Cox staining were used to assess 
dendritic, axonal, synaptic, and myelin remodeling. Expression of 



phosphatase and tensin homolog and activation of its downstream 
proteins, protein kinase B, mechanistic target of rapamycin, and 
glycogen synthase kinase 3beta in the peri-infarct region were 
measured by means of Western blots. RESULTS: Compared with the 
liposome treatment, both exosome treatment groups exhibited 
significant improvement of functional recovery, but miR-17-92 cluster-
enriched exosome treatment had significantly more robust effects on 
improvement of neurological function and enhancements of 
oligodendrogenesis, neurogenesis, and neurite remodeling/neuronal 
dendrite plasticity in the ischemic boundary zone (IBZ) than the 
control MSC exosome treatment. Moreover, miR-17-92 cluster-enriched 
exosome treatment substantially inhibited phosphatase and tensin 
homolog, a validated miR-17-92 cluster target gene, and subsequently 
increased the phosphorylation of phosphatase and tensin homolog 
downstream proteins, protein kinase B, mechanistic target of 
rapamycin, and glycogen synthase kinase 3beta compared with control 
MSC exosome treatment. CONCLUSIONS: Our data suggest that treatment of 
stroke with tailored exosomes enriched with the miR-17-92 cluster 
increases neural plasticity and functional recovery after stroke, 
possibly via targeting phosphatase and tensin homolog to activate the 
PI3K/protein kinase B/mechanistic target of rapamycin/glycogen 
synthase kinase 3beta signaling pathway.

Xin, H., et al. (2017). "Secondary Release of Exosomes From Astrocytes 
Contributes to the Increase in Neural Plasticity and Improvement of 
Functional Recovery After Stroke in Rats Treated With Exosomes 
Harvested From MicroRNA 133b-Overexpressing Multipotent Mesenchymal 
Stromal Cells." Cell Transplant 26(2): 243-257.

We previously demonstrated that multipotent mesenchymal 
stromal cells (MSCs) that overexpress microRNA 133b (miR-133b) 
significantly improve functional recovery in rats subjected to middle 
cerebral artery occlusion (MCAO) compared with naive MSCs and that 
exosomes generated from naive MSCs mediate the therapeutic benefits of 
MSC therapy for stroke. Here we investigated whether exosomes isolated 
from miR-133b-overexpressing MSCs (Ex-miR-133b+) exert amplified 
therapeutic effects. Rats subjected to 2 h of MCAO were intra-
arterially injected with Ex-miR-133b+, exosomes from MSCs infected by 
blank vector (Ex-Con), or phosphate-buffered saline (PBS) and were 
sacrificed 28 days after MCAO. Compared with the PBS treatment, both 
exosome treatment groups exhibited significant improvement of 
functional recovery. Ex-miR-133b+ treatment significantly increased 
functional improvement and neurite remodeling/brain plasticity in the 
ischemic boundary area compared with the Ex-Con treatment. Treatment 
with Ex-miR-133b+ also significantly increased brain exosome content 
compared with Ex-Con treatment. To elucidate mechanisms underlying the 
enhanced therapeutic effects of Ex-miR-133b+, astrocytes cultured 
under oxygen- and glucose-deprived (OGD) conditions were incubated 
with exosomes harvested from naive MSCs (Ex-Naive), miR-133b 
downregulated MSCs (Ex-miR-133b-), and Ex-miR-133b+. Compared with the 
Ex-Naive treatment, Ex-miR-133b+ significantly increased exosomes 



released by OGD astrocytes, whereas Ex-miR-133b- significantly 
decreased the release. Also, exosomes harvested from OGD astrocytes 
treated with Ex-miR-133b+ significantly increased neurite branching 
and elongation of cultured cortical embryonic rat neurons compared 
with the exosomes from OGD astrocytes subjected to Ex-Con. Our data 
suggest that exosomes harvested from miR-133b-overexpressing MSCs 
improve neural plasticity and functional recovery after stroke with a 
contribution from a stimulated secondary release of neurite-promoting 
exosomes from astrocytes.

Bai, Y., et al. (2018). "Adipose mesenchymal stem cell-derived 
exosomes stimulated by hydrogen peroxide enhanced skin flap recovery 
in ischemia-reperfusion injury." Biochem Biophys Res Commun 500(2): 
310-317.

BACKGROUND: Mesenchymal stem cell (MSC)-derived exosomes have 
been recognized as new candidates for the treatment of ischemic 
disease or injury and may be an alternative treatment for cell 
therapy. This aim of the study was to evaluate whether exosomes 
derived from adipose mesenchymal stem cell (ADSC) can protect the skin 
flap during ischemia-reperfusion (I/R) injury and induce 
neovascularization. METHODS: To investigate the effects of exosomes in 
the I/R injury of flap transplantation in vivo, flaps were subjected 
to 6h of ischemia by ligating the left superficial inferior epigastric 
vessels (SIEA) followed by blood perfusion. Exosomes derived from 
normal ADSC (ADSC-exos) and exosomes derived from ADSC preconditioned 
with H2O2 (H2O2-ADSC-exos) were injected into the flaps. Then, the 
blood perfusion unit (BPU) of the flaps was measured by Laser Doppler 
Perfusion Imaging (LDPI) and microvessel density was determined by the 
endothelial with cell marker CD31 with Immunohistochemistry (IHC) 
staining. Inflammatory cell infiltration of the skin flap and 
apoptosis were detected by hematoxylin & eosin staining (H&E) and the 
TdT-mediated biotinylated dUTP nick end-labeling (TUNEL) technique. 
RESULTS: In vivo, exosomes significantly increased flap survival and 
capillary density compared to I/R on postoperative day 5, and 
decreased the inflammatory reaction and apoptosis in the skin flap 
(P<0.05). Furthermore, H2O2-ADSC-exos had better outcomes compared to 
normal exosomes (P<0.05). ADSC-exos could significantly increase human 
umbilical vein endothelial cell (HUVEC) proliferation (P<0.05), but no 
statistic difference was found in exosomes derived from different 
microenvironments (P>0.05). HUVEC co-cultured with H2O2-ADSC-exos 
increased the migration ratio and generated more cord-like structures 
compared to ADSC-exos and the control group (P<0.05). CONCLUSION: 
ADSC-exos can enhance skin flap survival, promote neovascularization 
and alleviate the inflammation reaction and apoptosis in the skin flap 
after I/R injury. The use of a specific microenvironment for in vitro 
stem cell culture, such as one containing a low concentration of H2O2, 
will facilitate the development of customized exosomes for cell-free 
therapeutic applications in skin flap transplantation.

Bedini, G., et al. (2018). "Mesenchymal Stem Cell Therapy in 



Intracerebral Haemorrhagic Stroke." Curr Med Chem 25(19): 2176-2197.
BACKGROUND: Spontaneous intracerebral haemorrhage (ICH) is a 

relatively common fatal disease, with an overall global incidence 
estimated at 24.6 per 100,000 person- years. Given the high degree of 
morbidity and mortality associated with ICH, therapies that may have 
neuroprotective effects are of increasing interest to clinicians. In 
this last context, cell therapies offer the promise of improving the 
disease course which cannot be addressed adequately by existing 
treatments. OBJECTIVE: The aim of this review is to evaluate the 
protective effects and molecular mechanisms of mesenchymal stem cells 
(MSCs) on haemorrhagic brain following ICH. We also discuss possible 
emerging therapeutic approaches worth of further research. METHODS AND 
RESULTS: The available literature on the therapeutic potential of MSCs 
in ICH animal models clearly demonstrated that MSCs enhance the 
functional recovery and reduce the volume of the infarct size exerting 
anti-inflammatory and angiogenic properties. However, the quality of 
the original articles investigating the efficacy of stem cell 
therapies in ICH animal models is still poor and the lack of ICH 
clinical trial does not permit to reach any relevant conclusions. 
CONCLUSION: Further studies have to be implemented in order to achieve 
standardized methods of MSCs isolation, characterization and 
administration to improve ICH treatments with MSCs or MSC-derived 
products.

Huang, X., et al. (2018). "Exosomes derived from PEDF modified 
adipose-derived mesenchymal stem cells ameliorate cerebral ischemia-
reperfusion injury by regulation of autophagy and apoptosis." Exp Cell 
Res 371(1): 269-277.

Increasing evidence suggest that exosomes from mesenchymal 
stem cells have therapeutic effects in cerebral ischemia-reperfusion 
(I/R) injury, but the underlying mechanisms are unclear. Pigment 
epithelium-derived factor (PEDF) is a multifunctional protein that 
exhibits anti-inflammatory, antioxidative, and neuroprotective 
properties. We investigated the involvement of PEDF in I/R, using 
adipose-derived mesenchymal stem cells (ADSCs) isolated from rat. 
PEDF-overexpressing ADSCs were constructed and exosomes from ADSCs 
were isolated. SY-5Y cells were employed to identify the protective 
effects of exosomes in oxygen-glucose deprivation (OGD) experiments. 
Exosome treatment suppressed OGD-induced apoptosis by inhibiting the 
two-step caspase dependent (caspase-9 and caspase-3) apoptotic 
pathway. Increasing the PEDF content of exosomes further promoted the 
protective effect against OGD-induced apoptosis by activating 
autophagy, while blocking autophagy reduced the effect of PEDF-
containing exosomes. We constructed a middle cerebral artery 
occlusion-reperfusion (MCAO) model using male Sprague-Dawley rats to 
identify the role of PEDF in exosome-mediated neuroprotection. These 
in vivo experiments further confirmed that exosomes from PEDF-modified 
ADSCs ameliorated cerebral I/R injury by activating autophagy and 
suppressing neuronal apoptosis. These findings suggest that PEDF plays 
a role in exosome-mediated prevention of cerebral I/R injury by 



modulating apoptotic factors and promoting autophagy.

Otero-Ortega, L., et al. (2018). "Exosomes promote restoration after 
an experimental animal model of intracerebral hemorrhage." J Cereb 
Blood Flow Metab 38(5): 767-779.

Exosomes are gaining importance because they show great 
promise in therapeutic applications for several diseases. Particularly 
in stroke, exosomes derived from mesenchymal stem cell (MSC) therapy 
work as paracrine effectors responsible for promoting neurovascular 
remodeling and functional recovery. Adult male rats were subjected to 
intracerebral hemorrhage (ICH) by intrastriatal injection of 
collagenase type IV; 24 h after surgery, MSC-derived exosomes were 
administered through the tail vein. The rats were euthanized at 7 or 
28 days after treatment. Functional evaluation, lesion size, fiber 
tract integrity, axonal sprouting and white matter repair markers, 
biodistribution of exosomes and secretome proteomics were analyzed. 
DiI-labeled exosomes were found in the brains of the ICH-treated group 
and in the liver, lung and spleen. Animals receiving treatment with 
exosomes showed significantly better results in terms of functional 
recovery, lesion size, fiber tract integrity, axonal sprouting and 
white matter repair markers compared with the control group 28 days 
after stroke. Proteomics analysis of the exosomes identified more than 
2000 proteins that could be implicated in brain repair function. In 
conclusion, white matter integrity was partly restored by exosome 
administration mediated by molecular repair factors. Exosomes as a 
treatment could be a heterogeneous process by nature and presents many 
factors that can influence brain plasticity in an adaptable and 
versatile manner.

Otero-Ortega, L., et al. (2018). "Role of Exosomes as a Treatment and 
Potential Biomarker for Stroke." Transl Stroke Res.

Approximately, 16 million strokes occur worldwide each year, 
causing 6 million deaths and considerable disability, implying an 
enormous social, individual health, and economic burden. Due to this 
high incidence, strategies to promote stroke recovery are urgently 
needed. Research into new therapeutic approaches for stroke has 
determined that intravenous administration of mesenchymal stem cells 
(MSCs) is a good strategy to improve recovery by amplifying mechanisms 
implicated in brain plasticity. Recent studies have demonstrated the 
efficacy of MSCs in stroke, with no need for them to reach the area of 
brain injury. Although the mechanisms by which they mediate 
restorative effects are still unknown, the evidence suggests that MSCs 
might use specialised communication by sending and receiving 
biological information included in elements called exosomes. Exosomes 
are nanosized extracellular vesicles released into physical 
environments, and they have recently been suggested to mediate 
restorative stem cell effects. Moreover, after stroke, exosomes can 
also be synthesised and released from brain cells, passing through the 
blood-brain barrier (BBB), and can be detected in peripheral blood or 
in cerebrospinal fluid. Thus, exosomes could possibly be biomarkers 



that reflect pathological progress and promote stroke recovery. This 
review discusses the translational aspects of MSC-derived exosomes and 
their various roles in brain repair and as circulating biomarkers in 
stroke.

Shen, H., et al. (2018). "Role of Exosomes Derived from miR-133b 
Modified MSCs in an Experimental Rat Model of Intracerebral 
Hemorrhage." J Mol Neurosci 64(3): 421-430.

Intracerebral hemorrhage (ICH) has poor outcomes due to high 
mortality and morbidity, but until now, the effective treatments 
remain limited. MicroRNAs (miRNAs) are vital regulators of gene 
expression and demonstrated to be linked to the pathogenesis of 
various central nervous system (CNS) diseases. Exosomes are considered 
as cell-to-cell communication vectors and secreted largely by 
mesenchymal stromal cells (MSCs). The present study investigated the 
role of miR-133b delivered by exosomes secreted from MSCs to brain 
tissues in rats after ICH. An autologous arterial blood ICH model in 
adult male Sprague-Dawley (SD) rats was used in this study. At 72 h 
after transfection with miR-133b mimics in MSCs, miR-133b-modified 
MSC-derived exosomes were collected from medium of MSCs and then 
injected to rats via tail vein. The levels of miR-133b in secreted 
exosomes and brain tissues of rats in various groups and the levels of 
RhoA, phosphorylations of extracellular signal regulating kinase 
(ERK1/2), and cAMP response element-binding protein (CREB) were 
detected by real-time PCR and western blot analysis, respectively. The 
effects of miR-133b on neuronal apoptosis and degeneration were 
respectively evaluated by TUNEL and fluoro-jade B staining. The 
miR-133b levels were reduced in brain tissues of rats at 24 h and 
peaked at 72 h after ICH. At 24 h after miR-133b-modified exosome 
administration, the level of miR-133b was significantly increased, 
while the apoptotic and neurodegenerative neurons were obviously 
reduced in brain tissues after ICH. The results of western blot 
analysis showed that miR-133b modified exosomes treatment remarkably 
suppressed RhoA expression and activated ERK1/2/CREB in brain tissues 
after ICH. Collectively, our investigation suggested that exosomes 
derived from miR-133b modified MSCs exhibited neuroprotective role for 
anti-apoptotic effect of miR-133b mediating RhoA and ERK1/2/CREB in 
rats after ICH.

Zagrean, A. M., et al. (2018). "Multicellular Crosstalk Between 
Exosomes and the Neurovascular Unit After Cerebral Ischemia. 
Therapeutic Implications." Front Neurosci 12: 811.

Restorative strategies after stroke are focused on the 
remodeling of cerebral endothelial cells and brain parenchymal cells. 
The latter, i.e., neurons, neural precursor cells and glial cells, 
synergistically interact with endothelial cells in the ischemic brain, 
providing a neurovascular unit (NVU) remodeling that can be used as 
target for stroke therapies. Intercellular communication and signaling 
within the NVU, the multicellular brain-vessel-blood interface, 
including its highly selective blood-brain barrier, are fundamental to 



the central nervous system homeostasis and function. Emerging research 
designates cell-derived extracellular vesicles and especially the 
nano-sized exosomes, as a complex mean of cell-to-cell communication, 
with potential use for clinical applications. Through their richness 
in active molecules and biological information (e.g., proteins, 
lipids, genetic material), exosomes contribute to intercellular 
signaling, a condition particularly required in the central nervous 
system. Cerebral endothelial cells, perivascular astrocytes, 
pericytes, microglia and neurons, all part of the NVU, have been shown 
to release and uptake exosomes. Also, exosomes cross the blood-brain 
and blood-cerebrospinal fluid barriers, allowing communication between 
periphery and brain, in normal and disease conditions. As such 
exosomes might be a powerful diagnostic tool and a promising 
therapeutic shuttle of natural nanoparticles, but also a means of 
disease spreading (e.g., immune system modulation, pro-inflammatory 
action, propagation of neurodegenerative factors). This review 
highlights the importance of exosomes in mediating the intercellular 
crosstalk within the NVU and reveals the restorative therapeutic 
potential of exosomes harvested from multipotent mesenchymal stem 
cells in ischemic stroke, a frequent neurologic condition lacking an 
efficient therapy.

Zhang, H., et al. (2018). "MicroRNA-21 Overexpression Promotes the 
Neuroprotective Efficacy of Mesenchymal Stem Cells for Treatment of 
Intracerebral Hemorrhage." Front Neurol 9: 931.

Intracerebral hemorrhage (ICH) has high morbidity and 
mortality, with no effective treatment at present. One possible 
therapeutic strategy involves the use of mesenchymal stem cells 
(MSCs), which have shown promise in experimental models and have great 
potential for treating nervous illnesses in humans. However, many 
deficiencies in MSC treatment still need to be addressed, including 
their poor survival rate post-transplantation. Previously, we reported 
that the microRNA-21 (miR-21) is downregulated in ICH patients' blood 
and brain tissue. In this study, we aimed to examine its role and 
therapeutic efficacy in ICH using miR-21-overexpressing MSCs. We found 
that this microRNA can enhance MSC survival and recovery of 
neurological function in ICH rats. Its mechanism of action involves 
reduced neuronal apoptosis. In addition, we demonstrated that miR-21 
can be transported to neurons through exosomes derived from MSCs and 
that it can target transient receptor potential melastatin 7 (TRPM7) 
to alleviate neuronal injury following ICH. We also observed that the 
NF-kappaB pathway is involved in the regulation of miR-21 in neural 
cells. In conclusion, miR-21 significantly enhances the survival of 
MSCs in ICH, and miR-21-overexpressing MSCs clearly improved 
neurological function in ICH rats. Transplantation of miR-21-
overexpressing MSCs may, therefore, provide an effective strategy for 
neuroprotection and treatment of cerebrovascular diseases.

Jiang, X., et al. (2019). "Human mesenchymal stem cell-derived 
exosomes reduce ischemia/reperfusion injury by the inhibitions of 



apoptosis and autophagy." Curr Pharm Des.
BACKGROUND: Human mesenchymal stem cell-derived exosomes 

(hMSC-Exo) have been shown to reduce ischemia/reperfusion injury (I/R) 
in multiple models. I/R-induced apoptosis or autophagy play important 
roles in cell death. However, little or no reports demonstrate any 
roles of hMSC-Exo in this regards. OBJECTIVE: To test the hypothesis 
that the inhibition of I/R-induced apoptosis and autophagy play a 
pivotal role in the cardioprotection of hMSC-Exo. METHODS: Myoblast 
H9c2 cells and isolated rat hearts were underwent hypoxia /re-
oxygenate (H/R) or ischemia/reperfusion (I/R) respectively. H9c2 were 
treated with 1.0 microg/ml Exo, in comparison with 3-MA or rapamycin 
(Rapa), a known anti- or pro-autophagic agent respectively. Hearts 
were treated with 0.5, 1.0 and 2.0 microg/ml Exo for 20 min in the 
beginning of reperfusion. Cell viability, WST assay, LDH release, 
Annexin-V staining apoptosis assay and GFP-LC3 labeled autophagosomes 
formation, cardiac function and Western blot were measured. RESULTS: 
Exo significantly reduced H/R injury as indicated by increased cell 
viability and reduced LDH and apoptosis. 3-MA, while Rapa, showed 
increased or decreased protective effects. Rapa-induced injury was 
partially blocked by Exo. Exo decreased LC3-II/I ratio and increased 
p62, inhibited autophagosome formation, a sign of autophagy 
inhibition. In isolated heart, Exo increased cardiac functional 
recovery and reduced LDH release in I/R. Bcl-2 was significantly 
upregulated by Exo but not 3-MA. Exo downregulated Traf6 and 
upregulated mTORC1/p-4eBP1. CONCLUSION: Exo reduce I/R-induced 
apoptosis and autophagy. Up-regulation of Bcl-2 is the cross-talk 
between these two processes. Inhibition of Traf6 and activation of 
mTORC1 are additional mechanisms in inhibiting apoptosis and 
autophagy.

Mathew, B., et al. (2019). "Mesenchymal stem cell-derived 
extracellular vesicles and retinal ischemia-reperfusion." Biomaterials 
197: 146-160.

Retinal ischemia is a major cause of vision loss and 
impairment and a common underlying mechanism associated with diseases 
such as glaucoma, diabetic retinopathy, and central retinal artery 
occlusion. The regenerative capacity of the diseased human retina is 
limited. Our previous studies have shown the neuroprotective effects 
of intravitreal injection of mesenchymal stem cells (MSC) and MSC-
conditioned medium in retinal ischemia in rats. Based upon the 
hypothesis that the neuroprotective effects of MSCs and conditioned 
medium are largely mediated by extracellular vesicles (EVs), MSC 
derived EVs were tested in an in-vitro oxygen-glucose deprivation 
(OGD) model of retinal ischemia. Treatment of R28 retinal cells with 
MSC-derived EVs significantly reduced cell death and attenuated loss 
of cell proliferation. Mechanistic studies on the mode of EV 
endocytosis by retinal cells were performed in vitro. EV endocytosis 
was dose- and temperature-dependent, saturable, and occurred via cell 
surface heparin sulfate proteoglycans mediated by the caveolar 
endocytic pathway. The administration of MSC-EVs into the vitreous 



humor 24h after retinal ischemia in a rat model significantly enhanced 
functional recovery, and decreased neuro-inflammation and apoptosis. 
EVs were taken up by retinal neurons, retinal ganglion cells, and 
microglia. They were present in the vitreous humor for four weeks 
after intravitreal administration, with saturable binding to vitreous 
humor components. Overall, this study highlights the potential of MSC-
EV as biomaterials for neuroprotective and regenerative therapy in 
retinal disorders.


