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Alzheimer's disease (AD) is characterized by the accumulation 
of beta-amyloid peptide (Abeta) in the brain because of an imbalance 
between Abeta production and clearance. Neprilysin (NEP) is the most 
important Abeta-degrading enzyme in the brain. Thus, researchers have 
explored virus-mediated NEP gene delivery. However, such strategies 
may entail unexpected risks, and thus exploration of a new possibility 
for NEP delivery is also required. Here, we show that human adipose 
tissue-derived mesenchymal stem cells (ADSCs) secrete exosomes 
carrying enzymatically active NEP. The NEP-specific activity level of 
1 mug protein from ADSC-derived exosomes was equivalent to that of ~ 
0.3 ng of recombinant human NEP. Of note, ADSC-derived exosomes were 
transferred into N2a cells, and were suggested to decrease both 
secreted and intracellular Abeta levels in the N2a cells. Importantly, 
these characteristics were more pronounced in ADSCs than bone marrow-
derived mesenchymal stem cells, suggesting the therapeutic relevance 
of ADSC-derived exosomes for AD.

Tan, S. S., et al. (2013). "Therapeutic MSC exosomes are derived from 
lipid raft microdomains in the plasma membrane." J Extracell Vesicles 
2.

BACKGROUND: Mesenchymal stem cell (MSC) was previously shown 
to secrete lipid vesicles that when purified by high performance 
liquid chromatography as a population of homogenously sized particles 
with a hydrodynamic radius of 55-65 nm reduce infarct size in a mouse 
model of myocardial ischemia/reperfusion injury. As these vesicles 
exhibit many biophysical and biochemical properties of exosomes, they 
were identified as exosomes. Here we investigated if these lipid 
vesicles were indeed exosomes that have an endosomal biogenesis. 
METHOD: In most cells, endocytosis is thought to occur at specialized 
microdomains known as lipid rafts. To demonstrate an endosomal origin 
for MSC exosomes, MSCs were pulsed with ligands e.g. transferrin (Tfs) 
and Cholera Toxin B (CTB) that bind receptors in lipid rafts. The 
endocytosed ligands were then chased to determine if they were 
incorporated into the exosomes. RESULTS: A fraction of exogenous Tfs 
was found to recycle into MSC exosomes. When MSCs were pulsed with 
labelled Tfs in the presence of chlorpromazine, an inhibitor of 
clathrin-mediated endocytosis, Tf incorporation in CD81-
immunoprecipitate was reduced during the chase. CTB which binds GM1 
gangliosides that are enriched in lipid rafts extracted exosome-
associated proteins, CD81, CD9, Alix and Tsg101 from MSC-conditioned 
medium. Exogenous CTBs were pulse-chased into secreted vesicles. 
Extraction of Tf- or CTB-binding vesicles in an exosome preparation 
mutually depleted each other. Inhibition of sphingomyelinases reduced 
CTB-binding vesicles. CONCLUSION: Together, our data demonstrated that 
MSC exosomes are derived from endocytosed lipid rafts and that their 
protein cargo includes exosome-associated proteins CD81, CD9, Alix and 
Tsg101.
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Exosomes mediate intercellular communication, and mesenchymal 
stem cells (MSC) or their secreted exosomes affect a number of 
pathophysiologic states. Clinical applications of MSC and exosomes are 
increasingly anticipated. Radiation therapy is the main therapeutic 
tool for a number of various conditions. The cellular uptake 
mechanisms of exosomes and the effects of radiation on exosome-cell 
interactions are crucial, but they are not well understood. Here we 
examined the basic mechanisms and effects of radiation on exosome 
uptake processes in MSC. Radiation increased the cellular uptake of 
exosomes. Radiation markedly enhanced the initial cellular attachment 
to exosomes and induced the colocalization of integrin CD29 and 
tetraspanin CD81 on the cell surface without affecting their 
expression levels. Exosomes dominantly bound to the CD29/CD81 complex. 
Knockdown of CD29 completely inhibited the radiation-induced uptake, 
and additional or single knockdown of CD81 inhibited basal uptake as 
well as the increase in radiation-induced uptake. We also examined 
possible exosome uptake processes affected by radiation. Radiation-
induced changes did not involve dynamin2, reactive oxygen species, or 
their evoked p38 mitogen-activated protein kinase-dependent endocytic 
or pinocytic pathways. Radiation increased the cellular uptake of 
exosomes through CD29/CD81 complex formation. These findings provide 
essential basic insights for potential therapeutic applications of 
exosomes or MSC in combination with radiation.
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Exosomes are nanoscale membrane vesicles secreted from many 
types of cells. Carrying functional molecules, exosomes transfer 
information between cells and mediate many physiological and 
pathological processes. In this report, utilizing selective 
inhibitors, molecular tools, and specific endocytosis markers, the 
cellular uptake of PC12 cell-derived exosomes was imaged by high-
throughput microscopy and statistically analyzed. It was found that 
the uptake was through clathrin-mediated endocytosis and 
macropinocytosis. Furthermore, PC12 cell-derived exosomes can enter 
and deliver microRNAs (miRNAs) into bone marrow-derived mesenchymal 
stromal cells (BMSCs), and decrease the expression level of 
transforming growth factor beta receptor II (TGFbetaRII) and 
tropomyosin-1 (TPM1) through miR-21. These results show the pathway of 
exosome internalization and demonstrate that tumor cell-derived 
exosomes regulate target gene expression in normal cells.
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Mesenchymal stem cells (MSC) are multipotent cells with great 
potential in therapy, reflected by more than 500 MSC-based clinical 
trials registered with the NIH. MSC are derived from multiple tissues 
but require invasive harvesting and imply donor-to-donor variability. 
Embryonic stem cell-derived MSC (ESC-MSC) may provide an alternative, 
but how similar they are to ex vivo MSC is unknown. Here we performed 
an in depth characterization of human ESC-MSC, comparing them to human 
bone marrow-derived MSC (BM-MSC) as well as human embryonic stem cells 
(hESC) by transcriptomics (RNA-seq) and quantitative proteomics 
(nanoLC-MS/MS using SILAC). Data integration highlighted and validated 
a central role of vesicle-mediated transport and exosomes in MSC 
biology and also demonstrated, through enrichment analysis, their 
versatility and broad application potential. Particular emphasis was 
placed on comparing profiles between ESC-MSC and BM-MSC and assessing 
their equivalency. Data presented here shows that differences between 
ESC-MSC and BM-MSC are similar in magnitude to those reported for MSC 
of different origin and the former may thus represent an alternative 
source for therapeutic applications. Finally, we report an 
unprecedented coverage of MSC CD markers, as well as membrane 
associated proteins which may benefit immunofluorescence-based 
applications and contribute to a refined molecular description of MSC.
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Lefty is a member of transforming growth factor-beta (TGF-
beta) superfamily and a potent antagonist of the TGF-beta/Nodal/
Activin signaling pathway. Lefty is critical in sustaining self-
renewal/pluripotency status, and implicated in the differentiation of 
embryonic stem cells (ESCs). However, emerging studies depict Lefty as 
a multifaceted protein involved in myriad cellular events. Lefty 
proteins (human Lefty A and B) are secreted glycoproteins, but their 
mode of secretion and the significance of their "glycan" moiety remain 
mostly unexplored. By employing an in vitro system of human ESCs 
(hESCs), we observed that Lefty protein(s) are encased in exosomes for 
extracellular release. The exosomal- and cell-associated Lefty diverge 
in their proteolytic processing, and possess N-glycan structures of 
high mannose and complex nature. Differentiation of hESCs to 
mesenchymal cells (MSCs) or neuronal progenitor cells (NPCs) entails 
distinct changes in the Lefty A/Lefty B gene(s), and protein 
expression. Specifically, the proteolytic cleavage and N-glycan 
composition of the cell-associated and exosomal Lefty differ in the 
differentiated progenies. These modifications affected Lefty's 
inhibitory effect on Nodal signaling in aggressive melanoma cells. The 
microheterogeneity in the processing and glycosylation of Lefty 
protein(s) between hESCs, MSCs, and NPCs could present efficient means 
of diversifying the endogenous functions of Lefty. Whether Lefty's 
diverse functions in embryonic patterning, as well as its diffusion 
range in the extracellular environment, are similarly affected remains 
to be determined. Our studies underscore the potential relevance of 



Lefty-packaged exosomes for combating debilitating diseases such as 
cancer.
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Extracellular vesicles (exosomes and shedding vesicles) 
released by mesenchymal stem cells (MSCs) are regarded as a storable, 
cell-free alternative with comparable therapeutic potential to their 
parent cells. Shedding vesicles originate as bulges on the cell 
surface but little is known about their turnover or how their 
formation can be stimulated. We have used atomic force microscopy 
(AFM) to follow the formation dynamics of bulges in living adipose 
tissue-derived MSCs. AFM images showed that, in general, MSCs present 
hundreds of nanosized protrusions on their surface with life spans of 
10-20 min. Scanning electron microscopy confirmed those images and 
showed that bulges are also formed on filamentous processes. 
Extracellular vesicles deposited on the culture surface have 
comparable sizes to those of bulges showing up on the cell surface. 
The amount of protrusions on cells treated with progesterone or PDGF-
BB, two treatments that stimulate the secretion of extracellular 
vesicles in MSCs, was evaluated by AFM. Measurements of the cross-area 
at 50 nm over the cell surface provided estimates of the amount of 
protrusions and showed that these values increased with the 
stimulating treatments. Our study suggests that shedding vesicles 
constitute a large population of the extracellular vesicle pool.
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Mesenchymal stem cell (MSC) exosome specifically defines the 
50-200 nm vesicles that are secreted into the extracellular space when 
multivesicular bodies in the MSC fuse with the plasma membrane. 
However, the exosome is just one of several 50-200 nm extracellular 
vesicles (EVs) known to be secreted by cells. Nevertheless, the term 
'MSC exosome' is often used to describe populations of 50-200 nm EVs 
that are prepared from culture medium conditioned by MSCs on the basis 
that these populations collectively exhibited typical exosome-
associated proteins such as endosomal proteins, TSG101 and Alix, and 
tetraspanin proteins, CD9, CD63 and CD81. They also carry a rich 
diverse RNA cargo. MSC exosomes are increasingly implicated as the 
mediator of many of the MSC-associated therapeutic potencies. They 
elicit therapeutic activity by delivering their cargo of potentially 
therapeutic proteins and RNAs to the recipient cells. The therapeutic 
potency of MSC exosomes is usually rationalized on the presence of a 
biologically relevant protein or RNA in the MSC exosome. In the 
present paper, we expanded this rationale beyond a physical presence 
to include biologically relevant concentration, biochemical 
functionality and the potential to elicit an appropriate timely 
biochemical response. Based on these, we propose that MSC exosomes 
most probably work through the protein rather than the RNA.
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BACKGROUND: Exosomes are considered key elements for 
communication between cells, but very little is known about the 
mechanisms and selectivity of the transference processes involving 
exosomes released from different cells. RESULTS: In this study we have 
investigated the transfer of hollow gold nanoparticles (HGNs) between 
different cells when these HGNs were loaded within exosomes secreted 
by human placental mesenchymal stem cells (MSCs). These HGNs were 
successfully incorporated in the MSCs exosome biogenesis pathway and 
released as HGNs-loaded exosomes. Time-lapse microscopy and atomic 
emission spectroscopy allowed us to demonstrate the selective transfer 
of the secreted exosomes only to the cell type of origin when studying 
different cell types including cancer, metastatic, stem or 
immunological cells. CONCLUSIONS: In this study we demonstrate the 
selectivity of in vitro exosomal transfer between certain cell types 
and how this phenomenon can be exploited to develop new specific 
vectors for advanced therapies. Specifically, we show how this 
preferential uptake can be leveraged to selectively induce cell death 
by light-induced hyperthermia only in cells of the same type as those 
producing the corresponding loaded exosomes. We describe how the 
exosomes are preferentially transferred to some cell types but not to 
others, thus providing a better understanding to design selective 
therapies for different diseases.


