
Katsuda, T., et al. (2015). "Potential application of extracellular 
vesicles of human adipose tissue-derived mesenchymal stem cells in 
Alzheimer's disease therapeutics." Methods Mol Biol 1212: 171-181.

In the last 20 years, extracellular vesicles (EVs) have 
attracted attention as a versatile cell-cell communication mediator. 
The biological significance of EVs remains to be fully elucidated, but 
many reports have suggested that the functions of EVs mirror, at least 
in part, those of the cells from which they originate. Mesenchymal 
stem cells (MSCs) are a type of adult stem cell that can be isolated 
from connective tissue including bone marrow and adipose tissue and 
have emerged as an attractive candidate for cell therapy applications. 
Accordingly, an increasing number of reports have shown that EVs 
derived from MSCs have therapeutic potential in multiple diseases. We 
recently reported a novel therapeutic potential of EVs secreted from 
human adipose tissue-derived MSCs (hADSCs) (also known as adipose 
tissue-derived stem cells; ASCs) against Alzheimer's disease (AD). We 
found that hADSCs secrete exosomes carrying enzymatically active 
neprilysin, the most important beta-amyloid peptide (Abeta)-degrading 
enzyme in the brain. In this chapter, we describe a method by which to 
evaluate the therapeutic potential of hADSC-derived EVs against AD 
from the point of view of their Abeta-degrading capacity.

Zhang, Y., et al. (2015). "Effect of exosomes derived from 
multipluripotent mesenchymal stromal cells on functional recovery and 
neurovascular plasticity in rats after traumatic brain injury." J 
Neurosurg 122(4): 856-867.

OBJECT: Transplanted multipotent mesenchymal stromal cells 
(MSCs) improve functional recovery in rats after traumatic brain 
injury (TBI). In this study the authors tested a novel hypothesis that 
systemic administration of cell-free exosomes generated from MSCs 
promotes functional recovery and neurovascular remodeling in rats 
after TBI. METHODS: Two groups of 8 Wistar rats were subjected to TBI, 
followed 24 hours later by tail vein injection of 100 mug protein of 
exosomes derived from MSCs or an equal volume of vehicle (phosphate-
buffered saline). A third group of 8 rats was used as sham-injured, 
sham-treated controls. To evaluate cognitive and sensorimotor 
functional recovery, the modified Morris water maze, modified 
Neurological Severity Score, and foot-fault tests were performed. 
Animals were killed at 35 days after TBI. Histopathological and 
immunohistochemical analyses were performed for measurements of lesion 
volume, neurovascular remodeling (angiogenesis and neurogenesis), and 
neuroinflammation. RESULTS: Compared with the saline-treated group, 
exosome-treated rats with TBI showed significant improvement in 
spatial learning at 34-35 days as measured by the modified Morris 
water maze test (p < 0.05), and sensorimotor functional recovery 
(i.e., reduced neurological deficits and foot-fault frequency) was 
observed at 14-35 days postinjury (p < 0.05). Exosome treatment 
significantly increased the number of newly generated endothelial 
cells in the lesion boundary zone and dentate gyrus and significantly 
increased the number of newly formed immature and mature neurons in 
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the dentate gyrus as well as reducing neuroinflammation. CONCLUSIONS: 
The authors demonstrate for the first time that MSC-generated exosomes 
effectively improve functional recovery, at least in part, by 
promoting endogenous angiogenesis and neurogenesis and by reducing 
inflammation in rats after TBI. Thus, MSC-generated exosomes may 
provide a novel cell-free therapy for TBI and possibly for other 
neurological diseases.

Bonafede, R., et al. (2016). "Exosome derived from murine adipose-
derived stromal cells: Neuroprotective effect on in vitro model of 
amyotrophic lateral sclerosis." Exp Cell Res 340(1): 150-158.

Therapeutic strategies for the fatal neurodegenerative disease 
amyotrophic lateral sclerosis (ALS) have not yet provided satisfactory 
results. Interest in stem cells for the treatment of neurodegenerative 
diseases is increasing and their beneficial action seems to be due to 
a paracrine effect via the release of exosomes, main mediators of 
cell-cell communication. Here we wished to assess, in vitro, the 
efficacy of a novel non-cell therapeutic approach based on the use of 
exosomes derived from murine adipose-derived stromal cells on 
motoneuron-like NSC-34 cells expressing ALS mutations, and used as in 
vitro models of disease. In particular, we set out to investigate the 
effect of exosomes on NSC-34 naive cells and NSC-34 cells 
overexpressing human SOD1(G93A) or SOD1(G37R) or SOD1(A4V) mutants, 
exposed to oxidative stress. The data presented here indicate for the 
first time that exosomes (0.2 microg/ml) are able to protect NSC-34 
cells from oxidative damage, which is one of the main mechanism of 
damage in ALS, increasing cell viability. These data highlight a 
promising role of exosomes derived from stem cells for potential 
therapeutic applications in motoneuron disease.

Hajivalili, M., et al. (2016). "Mesenchymal Stem Cells in the 
Treatment of Amyotrophic Lateral Sclerosis." Curr Stem Cell Res Ther 
11(1): 41-50.

Amyotrophic lateral sclerosis (ALS is a neurodegenerative 
disorder which is characterized by motor neuron (MN dysfunction, 
progressive paralysis, and death. Although several therapeutic 
approaches have been used for treatment of ALS, little success has 
been achieved. Natural vectors such as mesenchymal stem cells (MSCs 
can be a promising tool for overcoming therapeutic problems. MSCs have 
multipotential characteristics such as the ability to differentiate 
into variety of cell types, easy access, immunomodulation, tissue 
repair, exertion of trophic factors, exosome secretion and efficient 
homing. In this review, we will discuss the characteristics of MSCs 
and their possible therapeutic mechanisms in ALS patients.

Hall, J., et al. (2016). "Delivery of Therapeutic Proteins via 
Extracellular Vesicles: Review and Potential Treatments for 
Parkinson's Disease, Glioma, and Schwannoma." Cell Mol Neurobiol 
36(3): 417-427.

Extracellular vesicles present an attractive delivery vehicle 



for therapeutic proteins. They intrinsically contain many proteins 
which can provide information to other cells. Advantages include 
reduced immune reactivity, especially if derived from the same host, 
stability in biologic fluids, and ability to target uptake. Those from 
mesenchymal stem cells appear to be intrinsically therapeutic, while 
those from cancer cells promote tumor progression. Therapeutic 
proteins can be loaded into vesicles by overexpression in the donor 
cell, with oligomerization and membrane sequences increasing their 
loading. Examples of protein delivery for therapeutic benefit in pre-
clinical models include delivery of: catalase for Parkinson's disease 
to reduce oxidative stress and thus help neurons to survive; prodrug 
activating enzymes which can convert a prodrug which crosses the 
blood-brain barrier into a toxic chemotherapeutic drug for schwannomas 
and gliomas; and the apoptosis-inducing enzyme, caspase-1 under a 
Schwann cell specific promoter for schwannoma. This therapeutic 
delivery strategy is novel and being explored for a number of 
diseases.

Jarmalaviciute, A. and A. Pivoriunas (2016). "Exosomes as a potential 
novel therapeutic tools against neurodegenerative diseases." Pharmacol 
Res 113(Pt B): 816-822.

Exosomes are extracellular vesicles that can transfer 
biological information over long distances affecting normal and 
pathological processes throughout organism. It is known that very 
often composition and therapeutic properties of exosomes depends on 
cell type and its physiological state. Thus, depending on tissue of 
origin and physiological context exosomes may act as promoters, or 
suppressors of pathological processes in CNS. From the therapeutic 
perspective, the most promising cellular sources of exosomes are 
mesenchymal stem cells, dendritic cells and inducible pluripotent stem 
cells. In this review, we will summarize the current state of 
knowledge on the molecular mechanisms underlying neuroprotective 
actions of exosomes derived from these cells. New therapies for the 
neurodegenerative disorders are often halted by the inability of drugs 
to cross blood-brain barrier. In this respect exosomes have a critical 
advantage, because they can cross blood-brain barrier. Despite the 
great importance, surprisingly little is known about mechanistic 
details of this process. Therefore we will discuss some recent 
findings that may explain mechanisms of exosomal entry into the brain.

Kim, D. K., et al. (2016). "Chromatographically isolated CD63+CD81+ 
extracellular vesicles from mesenchymal stromal cells rescue cognitive 
impairments after TBI." Proc Natl Acad Sci U S A 113(1): 170-175.

Extracellular vesicles (EVs) secreted by cells present an 
attractive strategy for developing new therapies, but progress in the 
field is limited by several issues: The quality of the EVs varies with 
the type and physiological status of the producer cells; protocols 
used to isolate the EVs are difficult to scale up; and assays for 
efficacy are difficult to develop. In the present report, we have 
addressed these issues by using human mesenchymal stem/stromal cells 



(MSCs) that produce EVs when incubated in a protein-free medium, 
preselecting the preparations of MSCs with a biomarker for their 
potency in modulating inflammation, incubating the cells in a 
chemically defined protein-free medium that provided a stable 
environment, isolating the EVs with a scalable chromatographic 
procedure, and developing an in vivo assay for efficacy of the cells 
in suppressing neuroinflammation after traumatic brain injury (TBI) in 
mice. In addition, we demonstrate that i.v. infusion of the isolated 
EVs shortly after induction of TBI rescued pattern separation and 
spatial learning impairments 1 mo later.

Oron, A. and U. Oron (2016). "Low-Level Laser Therapy to the Bone 
Marrow Ameliorates Neurodegenerative Disease Progression in a Mouse 
Model of Alzheimer's Disease: A Minireview." Photomed Laser Surg 
34(12): 627-630.

OBJECTIVE: This communication reviews the ability of low-level 
laser therapy (LLLT) to stimulate mesenchymal stem cells (MSCs) in 
autologous bone marrow (BM) to enhance the capacity of MSCs to 
infiltrate the brain, clear beta-amyloid, and improve cognition. 
BACKGROUND: We recently reported that LLLT applied to the BM enhanced 
the proliferation of MSCs and their mobilization toward the ischemic 
heart region, suggesting a possible application of this approach in 
regenerative medicine and neurodegenerative diseases. It was also 
shown that circulating monocytes can infiltrate the brain and reduce 
brain amyloid load in an Alzheimer's disease (AD) mouse model. METHODS 
AND RESULTS: MSCs from wild-type mice stimulated with LLLT 
demonstrated an increased ability to maturate toward a monocyte 
lineage and to increase phagocytosis of soluble Abeta in vitro. 
Furthermore, weekly LLLT for 2 months to the BM, starting at 4 months 
of age (progressive stage of the disease in these 5XFAD transgenic 
male mice), improved memory and spatial learning, compared to a sham-
treated AD mouse model. Histology revealed a significant reduction in 
Abeta brain burden in the laser-treated mice compared to the nonlaser-
treated ones. CONCLUSIONS: The application of LLLT to the BM is 
suggested as a therapeutic approach in progressive stages of AD, and 
its potential role in mediating MSC therapy in brain amyloidogenic 
disease is implied.

Bonafede, R. and R. Mariotti (2017). "ALS Pathogenesis and Therapeutic 
Approaches: The Role of Mesenchymal Stem Cells and Extracellular 
Vesicles." Front Cell Neurosci 11: 80.

Amyotrophic lateral sclerosis (ALS) is a fatal 
neurodegenerative disease characterized by progressive muscle 
paralysis determined by the degeneration of motoneurons in the motor 
cortex brainstem and spinal cord. The ALS pathogenetic mechanisms are 
still unclear, despite the wealth of studies demonstrating the 
involvement of several altered signaling pathways, such as 
mitochondrial dysfunction, glutamate excitotoxicity, oxidative stress 
and neuroinflammation. To date, the proposed therapeutic strategies 
are targeted to one or a few of these alterations, resulting in only a 



minimal effect on disease course and survival of ALS patients. The 
involvement of different mechanisms in ALS pathogenesis underlines the 
need for a therapeutic approach targeted to multiple aspects. 
Mesenchymal stem cells (MSC) can support motoneurons and surrounding 
cells, reduce inflammation, stimulate tissue regeneration and release 
growth factors. On this basis, MSC have been proposed as promising 
candidates to treat ALS. However, due to the drawbacks of cell 
therapy, the possible therapeutic use of extracellular vesicles (EVs) 
released by stem cells is raising increasing interest. The present 
review summarizes the main pathological mechanisms involved in ALS and 
the related therapeutic approaches proposed to date, focusing on MSC 
therapy and their preclinical and clinical applications. Moreover, the 
nature and characteristics of EVs and their role in recapitulating the 
effect of stem cells are discussed, elucidating how and why these 
vesicles could provide novel opportunities for ALS treatment.

Li, Y., et al. (2017). "Exosomes secreted by stem cells from human 
exfoliated deciduous teeth contribute to functional recovery after 
traumatic brain injury by shifting microglia M1/M2 polarization in 
rats." Stem Cell Res Ther 8(1): 198.

BACKGROUND: Traumatic brain injury (TBI) is one of the major 
causes of mortality and disability for all ages worldwide. Mesenchymal 
stem cells (MSCs)-originated exosomes have provided therapeutic 
effects. However, as an indispensable component of MSCs, whether 
odontogenic stem cell-generated exosomes could benefit TBI is still 
unclear. Thus we aimed to explore the potential of stem cells from 
human exfoliated deciduous teeth-originated exosomes (SHED-Ex) for the 
management of TBI. METHODS: First, a transwell system was used to co-
culture activated BV-2 microglia cells with SHED. The secretion levels 
of neuroinflammatory factors and nitrite were evaluated by enzyme-
linked immunosorbent assay (ELISA) and Griess assay. Furthermore, 
purified SHED-Ex were co-cultured with activated BV-2. ELISA, Griess 
assay, flow cytometry, immunofluorescence, and qRT-PCR were performed 
to test the levels of inflammatory factors as well as the microglia 
phenotype. Finally, SHED and SHED-Ex were locally injected into TBI 
rat models. Basso, Beattie, and Bresnahan (BBB) scores were chosen to 
evaluate the motor functional recovery. Histopathology and 
immunofluorescence were performed to measure the lesion volume and 
neuroinflammation. RESULTS: As a result, SHED-Ex could reduce 
neuroinflammation by shifting microglia polarization. The 
administration of SHED-Ex improves rat motor functional recovery and 
reduces cortical lesion compared with the control group 2 weeks post-
injury (P < 0.05). CONCLUSIONS: The current study demonstrates for the 
first time that SHED-Ex contribute a therapeutic benefit to TBI in 
rats, at least in part by shifting microglia polarization to reduce 
neuroinflammation. The use of odontogenic stem cells, and indeed their 
exosomes, may be expanded for the treatment of TBI or other 
neurological disorders.

Liew, L. C., et al. (2017). "Mesenchymal stem cell-derived 



extracellular vesicles: a glimmer of hope in treating Alzheimer's 
disease." Int Immunol 29(1): 11-19.

One of the pathological hallmarks of Alzheimer's disease (AD) 
is the presence of extracellular plaques resulting from the 
accumulation of beta-amyloid peptide (Abeta). To date, a definitive 
cure for this disease is still lacking as the currently approved drugs 
used are mainly symptomatic treatments. The revolutionary discovery of 
extracellular vesicles (EVs) has shed new light on the development of 
disease-modifying treatments for AD, owing to their potential in 
delivering the therapeutic agents to the brain. The feasibility of 
harnessing EVs for clinical applications is highly dependent on the 
donor cell, which determines the intrinsic properties of EVs. The 
merit of mesenchymal stem cells (MSCs) as therapeutic delivery 
vehicles, and the proven therapeutic effects of the EVs derived from 
these cells, make researchers esteem MSCs as ideal producers of EVs. 
Therefore, MSC-derived EVs (MSC-EVs) emerge to be an appealing 
therapeutic delivery approach for the treatment of AD. Here, we 
discuss perspectives on the therapeutic strategies using MSC-EVs to 
treat AD and the associated challenges in clinical application.

Xiong, Y., et al. (2017). "Emerging potential of exosomes for 
treatment of traumatic brain injury." Neural Regen Res 12(1): 19-22.

Traumatic brain injury (TBI) is one of the major causes of 
death and disability worldwide. No effective treatment has been 
identified from clinical trials. Compelling evidence exists that 
treatment with mesenchymal stem cells (MSCs) exerts a substantial 
therapeutic effect after experimental brain injury. In addition to 
their soluble factors, therapeutic effects of MSCs may be attributed 
to their generation and release of exosomes. Exosomes are endosomal 
origin small-membrane nano-sized vesicles generated by almost all cell 
types. Exosomes play a pivotal role in intercellular communication. 
Intravenous delivery of MSC-derived exosomes improves functional 
recovery and promotes neuroplasticity in rats after TBI. Therapeutic 
effects of exosomes derive from the exosome content, especially 
microRNAs (miRNAs). miRNAs are small non-coding regulatory RNAs and 
play an important role in posttranscriptional regulation of genes. 
Compared with their parent cells, exosomes are more stable and can 
cross the blood-brain barrier. They have reduced the safety risks 
inherent in administering viable cells such as the risk of occlusion 
in microvasculature or unregulated growth of transplanted cells. 
Developing a cell-free exosome-based therapy may open up a novel 
approach to enhancing multifaceted aspects of neuroplasticity and to 
amplifying neurological recovery, potentially for a variety of neural 
injuries and neurodegenerative diseases. This review discusses the 
most recent knowledge of exosome therapies for TBI, their associated 
challenges and opportunities.

Yang, Y., et al. (2017). "MSCs-Derived Exosomes and Neuroinflammation, 
Neurogenesis and Therapy of Traumatic Brain Injury." Front Cell 
Neurosci 11: 55.



Exosomes are endosomal origin membrane-enclosed small vesicles 
(30-100 nm) that contain various molecular constituents including 
proteins, lipids, mRNAs and microRNAs. Accumulating studies 
demonstrated that exosomes initiated and regulated neuroinflammation, 
modified neurogenic niches and neurogenesis, and were even of 
potential significance in treating some neurological diseases. These 
tiny extracellular vesicles (EVs) can derive from some kinds of 
multipotent cells such as mesenchymal stem cells (MSCs) that have been 
confirmed to be a potentially promising therapy for traumatic brain 
injury (TBI) in experimental models and in preclinical studies. 
Nevertheless, subsequent studies demonstrated that the predominant 
mechanisms of MSCs's contributions to brain tissue repairment and 
functional recovery after TBI were not the cell replacement effects 
but likely the secretion-based paracrine effects produced by EVs such 
as MSCs-derived exosomes. These nanosized exosomes derived from MSCs 
cannot proliferate, are easier to preserve and transfer and have lower 
immunogenicity, compared with transplanted exogenous MSCs. These 
reports revealed that MSCs-derived exosomes might promise to be a new 
and valuable therapeutic strategy for TBI than MSCs themselves. 
However, the concrete mechanisms involved in the positive effects 
induced by MSCs-derived exosomes in TBI are still ambiguous. In this 
review, we intend to explore the potential effects of MSCs-derived 
exosomes on neuroinflammation and neurogenesis in TBI and, especially, 
on therapy.

Yue, Y., et al. (2017). "[Research advances in mesenchymal stem cell-
derived exosomes in treatment of brain injury]." Zhongguo Dang Dai Er 
Ke Za Zhi 19(12): 1285-1290.

Mesenchymal stem cell (MSC) transplantation is considered one 
of the most promising therapeutic strategies for the repair of brain 
injuries and plays an important role in various links of nerve repair. 
Recent studies have shown that MSC-derived exosomes may dominate the 
repair of brain injuries and help to promote angiogenesis, regulate 
immunity, inhibit apoptosis, and repair the nerves, and therefore, 
they have a great potential in the treatment of brain injuries in 
neonates. With reference to these studies, this article reviews the 
mechanism of action of exosomes in the repair of brain injuries and 
related prospects and challenges, in order to provide new directions 
for the treatment of brain injuries in neonates with stem cells.

Zhang, Y., et al. (2017). "Systemic administration of cell-free 
exosomes generated by human bone marrow derived mesenchymal stem cells 
cultured under 2D and 3D conditions improves functional recovery in 
rats after traumatic brain injury." Neurochem Int 111: 69-81.

Multipotent human bone marrow derived mesenchymal stem cells 
(hMSCs) improve functional outcome after experimental traumatic brain 
injury (TBI). The present study was designed to investigate whether 
systemic administration of cell-free exosomes generated from hMSCs 
cultured in 2-dimensional (2D) conventional conditions or in 3-
dimensional (3D) collagen scaffolds promote functional recovery and 



neurovascular remodeling in rats after TBI. Wistar rats were subjected 
to TBI induced by controlled cortical impact; 24 h later tail vein 
injection of exosomes derived from hMSCs cultured under 2D or 3D 
conditions or an equal number of liposomes as a treatment control were 
performed. The modified Morris water maze, neurological severity score 
and footfault tests were employed to evaluate cognitive and 
sensorimotor functional recovery. Animals were sacrificed at 35 days 
after TBI. Histological and immunohistochemical analyses were 
performed for measurements of lesion volume, neurovascular remodeling 
(angiogenesis and neurogenesis), and neuroinflammation. Compared with 
liposome-treated control, exosome-treatments did not reduce lesion 
size but significantly improved spatial learning at 33-35 days 
measured by the Morris water maze test, and sensorimotor functional 
recovery, i.e., reduced neurological deficits and footfault frequency, 
observed at 14-35 days post injury (p < 0.05). Exosome treatments 
significantly increased the number of newborn endothelial cells in the 
lesion boundary zone and dentate gyrus, and significantly increased 
the number of newborn mature neurons in the dentate gyrus as well as 
reduced neuroinflammation. Exosomes derived from hMSCs cultured in 3D 
scaffolds provided better outcome in spatial learning than exosomes 
from hMSCs cultured in the 2D condition. In conclusion, hMSC-generated 
exosomes significantly improve functional recovery in rats after TBI, 
at least in part, by promoting endogenous angiogenesis and 
neurogenesis and reducing neuroinflammation. Thus, exosomes derived 
from hMSCs may be a novel cell-free therapy for TBI, and hMSC-scaffold 
generated exosomes may selectively enhance spatial learning.

Chang, Y. H., et al. (2018). "Exosomes and Stem Cells in Degenerative 
Disease Diagnosis and Therapy." Cell Transplant 27(3): 349-363.

Stroke can cause death and disability, resulting in a huge 
burden on society. Parkinson's disease (PD) is a chronic 
neurodegenerative disorder characterized by motor dysfunction. 
Osteoarthritis (OA) is a progressive degenerative joint disease 
characterized by cartilage destruction and osteophyte formation in the 
joints. Stem cell therapy may provide a biological treatment 
alternative to traditional pharmacological therapy. Mesenchymal stem 
cells (MSCs) are preferred because of their differentiation ability 
and possible derivation from many adult tissues. In addition, the 
paracrine effects of MSCs play crucial anti-inflammatory and 
immunosuppressive roles in immune cells. Extracellular vesicles (EVs) 
are vital mediators of cell-to-cell communication. Exosomes contain 
various molecules such as microRNA (miRNA), which mediates biological 
functions through gene regulation. Therefore, exosomes carrying miRNA 
or other molecules can enhance the therapeutic effects of MSC 
transplantation. MSC-derived exosomes have been investigated in 
various animal models representing stroke, PD, and OA. Exosomes are a 
subtype of EVs. This review article focuses on the mechanism and 
therapeutic potential of MSC-derived exosomes in stroke, PD, and OA in 
basic and clinical aspects.



Cui, G. H., et al. (2018). "Exosomes derived from hypoxia-
preconditioned mesenchymal stromal cells ameliorate cognitive decline 
by rescuing synaptic dysfunction and regulating inflammatory responses 
in APP/PS1 mice." Faseb j 32(2): 654-668.

Administration of exosomes derived from mesenchymal stromal 
cells (MSCs) could improve some neurologic conditions by transferring 
functional biomolecules to recipient cells. Furthermore, exosomes from 
hypoxic progenitor cells exerted better therapeutic effects in organ 
injury through specific cargoes. However, there are no related reports 
about whether exosomes derived from MSCs or hypoxia-preconditioned 
MSCs (PC-MSCs) could prevent memory deficits in Alzheimer disease 
(AD). In this study, the exosomes derived from MSCs or PC-MSCs were 
systemically administered to transgenic APP/PS1 mice. The expression 
of miR-21 in MSCs was significantly increased after hypoxic treatment. 
Injection of exosomes from normoxic MSCs could rescue cognition and 
memory impairment according to results of the Morris water maze test, 
reduced plaque deposition, and Abeta levels in the brain; could 
decrease the activation of astrocytes and microglia; could down-
regulate proinflammatory cytokines (TNF-alpha and IL-1beta); and could 
up-regulate anti-inflammatory cytokines (IL-4 and -10) in AD mice, as 
well as reduce the activation of signal transducer and activator of 
transcription 3 (STAT3) and NF-kappaB. Compared to the group 
administered exosomes from normoxic MSCs, in the group administered 
exosomes from PC-MSCs, learning and memory capabilities were 
significantly improved; the plaque deposition and Abeta levels were 
lower, and expression of growth-associated protein 43, synapsin 1, and 
IL-10 was increased; and the levels of glial fibrillary acidic 
protein, ionized calcium-binding adaptor molecule 1, TNF-alpha, 
IL-1beta, and activation of STAT3 and NF-kappaB were sharply 
decreased. More importantly, exosomes from PC-MSCs effectively 
increased the level of miR-21 in the brain of AD mice. Additionally, 
replenishment of miR-21 restored the cognitive deficits in APP/PS1 
mice and prevented pathologic features. Taken together, these findings 
suggest that exosomes from PC-MSCs could improve the learning and 
memory capabilities of APP/PS1 mice, and that the underlying mechanism 
may lie in the restoration of synaptic dysfunction and regulation of 
inflammatory responses through regulation of miR-21.-Cui, G.-H., Wu, 
J., Mou, F.-F., Xie, W.-H., Wang, F.-B., Wang, Q.-L., Fang, J., Xu, 
Y.-W., Dong, Y.-R., Liu, J.-R., Guo, H.-D. Exosomes derived from 
hypoxia-preconditioned mesenchymal stromal cells ameliorate cognitive 
decline by rescuing synaptic dysfunction and regulating inflammatory 
responses in APP/PS1 mice.

Ding, M., et al. (2018). "Exosomes Isolated From Human Umbilical Cord 
Mesenchymal Stem Cells Alleviate Neuroinflammation and Reduce Amyloid-
Beta Deposition by Modulating Microglial Activation in Alzheimer's 
Disease." Neurochem Res 43(11): 2165-2177.

Alzheimer's disease (AD) is the most common neurodegenerative 
disease characterized by excessive accumulation of the amyloid-beta 
peptide (Abeta) in the brain, which has been considered to mediate the 



neuroinflammation process. Microglial activation is the main component 
of neuroimmunoregulation. In recent years, exosomes isolated from 
human umbilical cord mesenchymal stem cells (hucMSC-exosomes) have 
been demonstrated to mimic the therapeutic effects of hucMSCs in many 
inflammation-related diseases. In this study, exosomes from the 
supernatant of hucMSCs were injected into AD mouse models. We observed 
that hucMSC-exosomes injection could repair cognitive disfunctions and 
help to clear Abeta deposition in these mice. Moreover, we found that 
hucMSC-exosomes injection could modulate the activation of microglia 
in brains of the mice to alleviated neuroinflammation. The levels of 
pro-inflammatory cytokines in peripheral blood and brains of mice were 
increased and the levels of anti-inflammatory cytokines were 
decreased. We also treated BV2 cells with hucMSC-exosomes in culture 
medium. HucMSC-exosomes also had inflammatory regulating effects to 
alternatively activate microglia and modulate the levels of 
inflammatory cytokines in vitro.

Hosseini, S. A., et al. (2018). "Stem cell- and gene-based therapies 
as potential candidates in Alzheimer's therapy." J Cell Biochem 
119(11): 8723-8736.

Alzheimer's disease (AD) is a progressive neurodegenerative 
disorder, which is associated with impairments of memory, thinking, 
language, and reasoning. Despite extensive research aiming at the 
treatment of AD, durable and complete remissions are rare. Hence, new 
therapeutic approaches are required. Among various therapeutic 
approaches, stem cells (ie, neural stem cells, mesenchymal stem cells, 
and embryonic stem cells) and delivery of protective genes such as 
encoding nerve growth factor, APOE, and glial cell-derived 
neurotrophic factor have generated promise in AD therapy. Here, we 
summarized a variety of effective therapeutic approaches (ie, stem 
cells, and genes) in AD therapy.

Kojima, R., et al. (2018). "Designer exosomes produced by implanted 
cells intracerebrally deliver therapeutic cargo for Parkinson's 
disease treatment." Nat Commun 9(1): 1305.

Exosomes are cell-derived nanovesicles (50-150 nm), which 
mediate intercellular communication, and are candidate therapeutic 
agents. However, inefficiency of exosomal message transfer, such as 
mRNA, and lack of methods to create designer exosomes have hampered 
their development into therapeutic interventions. Here, we report a 
set of EXOsomal transfer into cells (EXOtic) devices that enable 
efficient, customizable production of designer exosomes in engineered 
mammalian cells. These genetically encoded devices in exosome producer 
cells enhance exosome production, specific mRNA packaging, and 
delivery of the mRNA into the cytosol of target cells, enabling 
efficient cell-to-cell communication without the need to concentrate 
exosomes. Further, engineered producer cells implanted in living mice 
could consistently deliver cargo mRNA to the brain. Therapeutic 
catalase mRNA delivery by designer exosomes attenuated neurotoxicity 
and neuroinflammation in in vitro and in vivo models of Parkinson's 



disease, indicating the potential usefulness of the EXOtic devices for 
RNA delivery-based therapeutic applications.

Kubota, K., et al. (2018). "An enriched environment prevents diabetes-
induced cognitive impairment in rats by enhancing exosomal miR-146a 
secretion from endogenous bone marrow-derived mesenchymal stem cells." 
PLoS One 13(9): e0204252.

Increasing evidence suggests that an enriched environment (EE) 
ameliorates cognitive impairment by promoting repair of brain damage. 
However, the mechanisms by which this occurs have not been determined. 
To address this issue, we investigated whether an EE enhanced the 
capability of endogenous bone marrow-derived mesenchymal stem/stromal 
cells (BM-MSCs) to prevent hippocampal damage due to diabetes by 
focusing on miRNA carried in BM-MSC-derived exosomes. In diabetic 
streptozotocin (STZ) rats housed in an EE (STZ/EE), cognitive 
impairment was significantly reduced, and both neuronal and astroglial 
damage in the hippocampus was alleviated compared with STZ rats housed 
in conventional cages (STZ/CC). BM-MSCs isolated from STZ/CC rats had 
functional and morphological abnormalities that were not detected in 
STZ/EE BM-MSCs. The miR-146a levels in exosomes in conditioned medium 
of cultured BM-MSCs and serum from STZ/CC rats were decreased compared 
with non-diabetic rats, and the level was restored in STZ/EE rats. 
Thus, the data suggest that increased levels of miR-146a in sera were 
derived from endogenous BM-MSCs in STZ/EE rats. To examine the 
possibility that increased miR-146a in serum may exert anti-
inflammatory effects on astrocytes in diabetic rats, astrocytes 
transfected with miR-146a were stimulated with advanced glycation end 
products (AGEs) to mimic diabetic conditions. The expression of IRAK1, 
NF-kappaB, and tumor necrosis factor-alpha was significantly higher in 
AGE-stimulated astrocytes, and these factors were decreased in 
miR-146a-transfected astrocytes. These results suggested that EEs 
stimulate up-regulation of exosomal miR-146a secretion by endogenous 
BM-MSCs, which exerts anti-inflammatory effects on damaged astrocytes 
and prevents diabetes-induced cognitive impairment.

Reza-Zaldivar, E. E., et al. (2018). "Potential Effects of MSC-Derived 
Exosomes in Neuroplasticity in Alzheimer's Disease." Front Cell 
Neurosci 12: 317.

Alzheimer's disease (AD) is the most common type of dementia 
affecting regions of the central nervous system that exhibit synaptic 
plasticity and are involved in higher brain functions such as learning 
and memory. AD is characterized by progressive cognitive dysfunction, 
memory loss and behavioral disturbances of synaptic plasticity and 
energy metabolism. Cell therapy has emerged as an alternative 
treatment of AD. The use of adult stem cells, such as neural stem 
cells and Mesenchymal Stem Cells (MSCs) from bone marrow and adipose 
tissue, have the potential to decrease cognitive deficits, possibly by 
reducing neuronal loss through blocking apoptosis, increasing 
neurogenesis, synaptogenesis and angiogenesis. These processes are 
mediated primarily by the secretion of many growth factors, anti-



inflammatory proteins, membrane receptors, microRNAs (miRNA) and 
exosomes. Exosomes encapsulate and transfer several functional 
molecules like proteins, lipids and regulatory RNA which can modify 
cell metabolism. In the proteomic characterization of the content of 
MSC-derived exosomes, more than 730 proteins have been identified, 
some of which are specific cell type markers and others are involved 
in the regulation of binding and fusion of exosomes with adjacent 
cells. Furthermore, some factors were found that promote the 
recruitment, proliferation and differentiation of other cells like 
neural stem cells. Moreover, within exosomal cargo, a wide range of 
miRNAs were found, which can control functions related to neural 
remodeling as well as angiogenic and neurogenic processes. Taking this 
into consideration, the use of exosomes could be part of a strategy to 
promote neuroplasticity, improve cognitive impairment and neural 
replacement in AD. In this review, we describe how exosomes are 
involved in AD pathology and discuss the therapeutic potential of MSC-
derived exosomes mediated by miRNA and protein cargo.

Sugaya, K. and M. Vaidya (2018). "Stem Cell Therapies for 
Neurodegenerative Diseases." Adv Exp Med Biol 1056: 61-84.

Stem cell therapies have been proposed as a treatment option 
for neurodegenerative diseases, but the best stem cell source and 
therapeutic efficacy for neuroregeneration remain uncertain. Embryonic 
stem cells (ESCs) and neural stem cells (NSCs), which can efficiently 
generate neural cells, could be good candidates but they pose ethical 
and practical issues. Not only difficult to find the good source of 
those cells but also they alway pose immunorejection problem since 
they may not be an autologous cells. Even if we overcome the 
immunorejection problem, it has also been reported that 
transplantation of ESCs develop teratoma. Although adult stem cells 
are more accessible, they have a limited developmental potential. We 
developed technologies to increase potency of mesenchymal stem cells, 
which allow them to develop into neural cells, by over expression of 
the ESC gene, nanog. We also developed a small molecule compound, 
which significantly increases endogenous NSCs by peripheral 
administration, eliminating even the necessity of stem cell injection 
to the brain. These novel technologies may offer neuroregenerative 
therapies for Alzheimers disease (AD). However, we found that AD 
pathological condition prevent neurogenesis from NSCs. This chapter 
discusses how to overcome the problem associated stem cell therapy 
under AD pathology and introduces exosome as a tool to improve the 
modification of adult stem cells. These new technologies may open a 
door for the new era for AD therapy.

Sun, B., et al. (2018). "Applications of stem cell-derived exosomes in 
tissue engineering and neurological diseases." Rev Neurosci 29(5): 
531-546.

Exosomes are extracellular vesicles with diameters of 30-100 
nm that are key for intercellular communication. Almost all types of 
cell, including dendritic cells, T cells, mast cells, epithelial 



cells, neuronal cells, adipocytes, mesenchymal stem cells, and 
platelets, can release exosomes. Exosomes are present in human body 
fluids, such as urine, amniotic fluid, malignant ascites, synovial 
fluid, breast milk, cerebrospinal fluid, semen, saliva, and blood. 
Exosomes have biological functions in immune response, antigen 
presentation, intercellular communication, and RNA and protein 
transfer. This review provides a brief overview of the origin, 
morphological characteristics, enrichment and identification methods, 
biological functions, and applications in tissue engineering and 
neurological diseases of exosomes.

Ni, H., et al. (2019). "Exosomes Derived From Bone Mesenchymal Stem 
Cells Ameliorate Early Inflammatory Responses Following Traumatic 
Brain Injury." Front Neurosci 13: 14.

Traumatic brain injury (TBI) is a leading cause of mortality 
and disability worldwide. Although treatment guidelines have been 
developed, no best treatment option or medicine for this condition 
exists. Recently, mesenchymal stem cells (MSCs)-derived exosomes have 
shown lots of promise for the treatment of brain disorders, with some 
results highlighting the neuroprotective effects through neurogenesis 
and angiogenesis after TBI. However, studies focusing on the role of 
exosomes in the early stages of neuroinflammation post-TBI are not 
sufficient. In this study, we investigated the role of bone 
mesenchymal stem cells (BMSCs)-exosomes in attenuating 
neuroinflammation at an early stage post-TBI and explored the 
potential regulatory neuroprotective mechanism. We administered 30 mug 
protein of BMSCs-exosomes or an equal volume of phosphate-buffered 
saline (PBS) via the retro-orbital route into C57BL/6 male mice 15 min 
after controlled cortical impact (CCI)-induced TBI. The results showed 
that the administration of BMSCs-exosomes reduced the lesion size and 
improved the neurobehavioral performance assessed by modified 
Neurological Severity Score (mNSS) and rotarod test. In addition, 
BMSCs-exosomes inhibited the expression of proapoptosis protein Bcl-2-
associated X protein (BAX) and proinflammation cytokines, tumor 
necrosis factor-alpha (TNF-alpha) and interleukin (IL)-1beta, while 
enhancing the expression of the anti-apoptosis protein B-cell lymphoma 
2 (BCL-2). Furthermore, BMSCs-exosomes modulated microglia/macrophage 
polarization by downregulating the expression of inducible nitric 
oxide synthase (INOS) and upregulating the expression of clusters of 
differentiation 206 (CD206) and arginase-1 (Arg1). In summary, our 
result shows that BMSCs-exosomes serve a neuroprotective function by 
inhibiting early neuroinflammation in TBI mice through modulating the 
polarization of microglia/macrophages. Further research into this may 
serve as a potential therapeutic strategy for the future treatment of 
TBI.

Perets, N., et al. (2019). "Golden Exosomes Selectively Target Brain 
Pathologies in Neurodegenerative and Neurodevelopmental Disorders." 
Nano Lett.

Exosomes, nano-vesicles that are secreted by different cell 



types, enable intercellular communication at local or distant sites. 
Though they have been found to cross the blood brain barrier, their 
migration and homing abilities within the brain remain unstudied. We 
have recently developed a method for longitudinal and quantitative in 
vivo neuroimaging of exosomes, based on the superior visualization 
abilities of classical X-ray computed tomography (CT), combined with 
gold nanoparticles as labeling agents. Here, we used this technique to 
track the migration and homing patterns of intranasally administrated 
exosomes derived from bone marrow mesenchymal stem cells (MSC-exo) in 
different brain pathologies, including stroke, autism, Parkinson's 
disease and Alzheimer's disease. We found that MSC-exo specifically 
targeted and accumulated in pathologically-relevant murine models 
brains regions up to 96 hrs post administration, while in healthy 
controls they showed a diffuse migration pattern and clearance by 24 
hrs. The neuro-inflammatory signal in pathological brains was highly 
correlated with MSC-exo accumulation, suggesting that the homing 
mechanism is inflammatory-driven. In addition, MSC-exo were 
selectively uptaken by neuronal cells, but not glial cells, in the 
pathological regions. Taken together, these findings can significantly 
promote the application of exosomes for therapy and targeted drug 
delivery in various brain pathologies.

Vilaca-Faria, H., et al. (2019). "Mesenchymal Stem Cells-derived 
Exosomes: A New Possible Therapeutic Strategy for Parkinson's 
Disease?" Cells 8(2).

Parkinson's disease (PD) is the second most prevalent 
neurodegenerative disorder worldwide. Clinically, it is characterized 
by severe motor complications caused by a progressive degeneration of 
dopaminergic neurons (DAn) and dopamine loss. Current treatment is 
focused on mitigating the symptoms through administration of levodopa, 
rather than on preventing DAn damage. Therefore, the use and 
development of neuroprotective/disease-modifying strategies is an 
absolute need, which can lead to promising gains on PD translational 
research. Mesenchymal stem cells (MSCs)(-)derived exosomes have been 
proposed as a promising therapeutic tool, since it has been 
demonstrated that they can act as biological nanoparticles with 
beneficial effects in different pathological conditions, including PD. 
Thus, considering their potential protective action in lesioned sites, 
MSCs-derived exosomes might also be active modulators of the 
neuroregeneration processes, opening a door for their future use as 
therapeutical strategies in human clinical trials. Therefore, in this 
review, we analyze the current understanding of MSCs-derived exosomes 
as a new possible therapeutic strategy for PD, by providing an 
overview about the potential role of miRNAs in the cellular and 
molecular basis of PD.

Williams, A. M., et al. (2019). "Mesenchymal Stem Cell-Derived 
Exosomes Provide Neuroprotection and Improve Long-Term Neurologic 
Outcomes in a Swine Model of Traumatic Brain Injury and Hemorrhagic 
Shock." J Neurotrauma 36(1): 54-60.



Combined traumatic brain injury (TBI) and hemorrhagic shock 
(HS) remains a leading cause of preventable death worldwide. 
Mesenchymal stem cell-derived exosomes have demonstrated promise in 
small animal models of neurologic injury. To investigate the effects 
of exosome treatment in a clinically realistic large animal model, 
Yorkshire swine underwent TBI and HS. Animals were maintained in shock 
for 2 h before resuscitation with normal saline (NS). Animals were 
then resuscitated either with NS (3 x volume of shed blood) or with 
the same volume of NS with delayed exosome administration (1 x 10(13) 
particles/4 mL) (n = 5/cohort). Exosomes were administered 9 h post-
injury, and on post-injury days (PID) 1, 5, 9, and 13. Neurologic 
severity scores (NSS) were assessed for 30 days, and neurocognitive 
functions were objectively measured. Exosome-treated animals had 
significantly lower NSS (p < 0.05) during the first five days of 
recovery. Exosome-treated animals also had a significantly shorter 
time to complete neurologic recovery (NSS = 0) compared with animals 
given NS alone (days to recovery: NS = 16.8 +/- 10.6; NS + exosomes = 
5.6 +/- 2.8; p = 0.03). Animals treated with exosomes initiated 
neurocognitive testing earlier (days to initiation: NS = 9.6 +/- 0.5 
vs. NS + exosomes = 4.2 +/- 0.8; p = 0.008); however, no difference 
was seen in time to mastery of tasks. In conclusion, treatment with 
exosomes attenuates the severity of neurologic injury and allows for 
faster neurologic recovery in a clinically realistic large animal 
model of TBI and HS.


