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Mesenchymal Stromal Cell-Derived Exosomes: Biogenesis and Cargoes = 5P OTOCOLS

Mesenchymal stromal cells (also known as mesenchymal stem cells or MSCs) are HLA-DR surface molecules; (iii) adhere to plastic, and (iv) have the capacity to intraluminal vesicles (ILVs) formed by inward budding of early endosomal A Wiley Brand

self-renewing progenitor cells that can be isolated from various tissues, including differentiate into adipocytes, osteoblasts, and chondrocytes in vitro.® MSCs are membranes and released through fusion with PM. The exosomal biogenesis
bone marrow?, adipose tissue?, dental pulp?, and Wharton’s jelly*. They can also also capable of modulating inflammatory responses, and this activity is believed pathway in MISCs involves packaging of signaling molecules—including nucleic M ™
be generated from human embryonic stem cells (hESCs), including induced to be mediated at least in part through the MSC secretome.” This includes the acids (mRNA/microRNA), cytokines, metabolites, and enzymes—for transfer to ST E IVI C E L L
pluripotent stem cells (iPSCs).5 The International Society for Cellular Therapy release of extracellular vesicles—primarily microvesicles (MVs) and exosomes. recipient cells.®* MSC-derived exosomes have received substantial interest for S
(ISCT) guidelines suggest that human MSCs must: (i) express CD105, CD73, and MVs (50—-1,000 nm in diameter)®° are shed directly from cell plasma their potential use as cell-free therapeutics. Here, we will focus on their

CD90; (ii) lack expression of CD45, CD34, CD14 or CD11b, CD79a or CD19, and membranes (PMs), whereas exosomes (50—-150 nm in diameter)®*° are biogenesis, cargo, and impact on physiological processes. Scientists Helping Scientists™ | WWW.STEMCELL.COM

TECHNOTLOGIE

1. Membrane proteins accumulate into 2. Exosome cargo is 3. Inward budding of the endosomal membrane is
microdomains on late endosomes or sequestered from the directed by either ESCRT-II/ESCRT-III binding or
at PM domains, then cluster via the cytoplasm to the ceramide/tetraspanin accumulation, followed by
ESCRT-0/ESCRT-Il or endosome surface. membrane fission and release into the endosome
ceramide/tetraspanin pathways. resulting in MVB formation.
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The biogenesis of MVs and exosomes utilizes different cellular Endee e e mbrane P ———_— o —— mm —

pathways and release mechanisms*. MVs are formed via the
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In contrast, exosome biogenesis begins with recruitment of e - |' — W‘“ \W‘“
membrane-associated proteins to endosomal membrane ¥ Tetraspanin
microdomains and is followed by endosomal membrane e
fission through either ESCRT-dependent or -independent Endocytosis
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sequester cytosolic contents (e.g. proteins or nucleic acids) to Early e /7 & \’\ w ,'\\; A i\\ \\( ,,/ @ m?:‘:;\a;e and dock
. D t , actin,
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direct inward budding and membrane fission to generate ILVs ,\ \‘Etf\‘/ \\, ~/ \\, J —r .
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(i.e. future exosomes) inside the endosome, forming a ; \ /\/ S /\/ /‘/@ N
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Exosome Cargo Types and Functions '\ i /\' ﬁ‘» =
The ESCRT-independent pathway involves hydrolysis of —_— | , \ @ p\= J/ MVB
sphingomyelin to ceramide, which induces spontaneous , _ _ e y f The MVB fuses with the '\ ¢ \/
negative curvature on the membranes. Metabolism of mRNA: Transfers information to modulate gene expression between cells; alters both physiological and plasma membrane, releasing @ /‘ﬁt./‘
) ) ) pathophysiological recipient cell signaling pathways. the exosomes into the
ceramide has also been shown to be essential for cargo : o . e e extracellular space. 4 A/ *
sorting into ILVs. In addition, endosomal sorting mechanism mlRth\. I\./Io_dlﬁes protel_n translatlcfrT in .reaplent cells throu.gh complementary base-pairing with cell mRNA, V\’— \’
) . . . resulting in its degradation or modification of gene expression. — AN \\ &
can occur through clustering of the tetraspanin protein family | &) %
on the membrane and formation of microdomains. Inward —  Cytokines: Cell-derived signaling proteins that regulate inflammatory responses and immune system \ v \\\
) g oy tion of recipient cells through autocrine, ine, and endocri hanisms. . »
budding and membrane fission is then elicited either by operation of recipient cells through autocrine, paracrine, and endocrine mechanisms \ ~¢‘\1 Exosomes @2 j/
microdomains’ interactions with the membrane and ? Kk‘; N <
cytoplasmic partners, or by inherent structural properties. The repertoire of MSC-derived exosome cargoes can vary between MSC tissue sources.!**> Moreover, MSC RECIPIENT CELL &
response to different cytokines can influence the types of cargoes packaged into MSC-derived exosomes.™ - :
Following ILV formation, MVBs traffic to and subsequently Here are some examples of MSC-derived exosomal miRNA cargoes and their function on recipient cells: . 7. e Iy o
. 2 . —— N ‘ /[\ e N
fuse with the PM, releasing exosomes into the extracellular * miR-146a: Pre-treatment of MSC cultures with TNFa increases the miR-146a content of MSC-derived //‘/ v \& \Qq) Y, !&ffﬁ(_——_ () 4 7/" "\\\
milieu. Exosomes then diffuse through the extracellular space exosomes and enhances their immuno-inhibitory effects on recipient cells. This happens via the inhibition - ﬁ)f)\\l \,jq/ * d o & //'
/ and bind to surface receptors such as integrins, of mRNAs such as TRAF6 and IRAK1 and results in the suppression of NF-kB signalling.** . gL \'__‘ // Exosomes bind to surface T \\’\l/\
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proteoglycans, and extracellular matrix components on » miR-223: This miRNA has been demonstrated to contribute to the cardioprotective properties of \P\\:Q/ @ receptors on the PM of the -
recipient cells. They then either directly fuse with the MSC-derived exosomes in a model of polymicrobial sepsis, through the down-regulation of Sema3A and J el e el Microvesicle
recipient cell PM or are internalized by STAT3 in cardiomyocytes.™ . =
phagocytosis/endocytosis and release their cargo. » miR-147: Extracellular vesicles (EVs) derived from MSCs transfected with an miR-147-mimetic have been @, \‘\\ Exosomes release their contents ) o

: - : : : shown to attenuate leukocyte infiltration and inflammation in a mouse model of abdominal aortic v — :_) @ @ ;’I::e‘::::ﬁ;::ii':?;::Z::z::n?ers -
*This section is summarized from the review by van Niel et al.® aneurysm. This attenuation occurs via the down-regulation of IL-17 and HMGB-1 expression. - » K{ / B Y e B
p\\z_q/ endosomal membranes.
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