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Cells

* Smallest unit of life:

“building blocks for everything”

* Require communication:

-secretory vesicles

* Secrete extracellular matrix:

-collagen, hyalouronic acid, elastin, etc
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Extracellular
Vesicles: Exosomes

 Started with early work from platelets and
RBCs

-discards from, “emitting of cellular debris”
* Also called exosomes and microvesicles

* membranous small vesicles that can
transfer protein, messenger RNA (mRNA)
and micro RNA (miRNA) into cells

* Normally formed by blebbing off

the plasma membrane




Extracellular Vesicles/Exosomes

e Rangeinsize:

Table 1 Different types of vesicles derived from various fluids and CM

Vesicles

Size (diameter) Sucrose gradient Origin
Exosomes 40-100 nm 1.13-1.19g/ml Luminal budding into MV Bs; release by fusion of MVB with cell membrane
Microvesicles 50-1,000 nm 1.04-1.07 g/ml Outward budding of cell membrane
Apoptotic bodies 1-5,000 nm 1.16 and 1.28 g/ml Outward blebbing of apoptotic cell membrane

MVB, multivesicular body.



e Various conditions effect nature and
number of vesicles

)
e

-age, gender, disease, fasting state,
medication, etc

Extracelular

VeSiC‘ES/EXOSO * 2013 nobel prize: James E. Rothman,

Randy W. Schekman and Thomas C.
Mes Sudhof for their discoveries of
machinery regulating vesicle traffic, a
major transport system in our cells




Exosomes
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- Total protein, lipid, and/ or RNA

- Analysis of specific molecules
(WB, qPCR, ELISA)

- NTA

-TRPS

- Omics analysis

- Electron microscopy

- Surface plasmon resonance

Hessvik, Llorente, 2018




-Serve as a vehicle to transfer bioactive cargos

* Proteins: over 700 identified in bone marrow
MSCs (420 similar found in other cell types)

* mRNA: over 200 transcripts identified in
horizontal transfer from MSCs exosomes

Exosomes R.. .

miRNA: noncoding small regulatory RNAs into
target cells.

* Lipids: lipid bilayer similar to plasma membrane.
enriched with phosphatidylserine, disaturated
phosphatidylethanolamine, desaturated
phosphatidylcholine, sphingomyelin, ganglioside
GM3, and cholesterol.




—

..y and examples of ea.

Example

-~

Mposition

Exosomes

roteins Heat shock proteins: Hsp70, Hsp90
Membrane transport and fusion proteins:
GTPase, annexins, flotillin
Tetraspanins: CD9, CD63, CD81, CD82
Thrombospondin
ALIX
TSG101
Lipids Sphingomyelin
Phosphatidylcholine
Phosphatidylethanolamine
Phosphatidylserine
GM3
Phosphatidylinositol
Mc acids mRNA
miRNA
Non-coding RNA

-Serve as a vehicle to transfer bioactive cargos
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Therapeutic potential of mesenchymal
stem cell-derived microvesicles

“MVs derived from endothelial cells can
activate angiogenesis through the transfer
of pro-angiogenic molecules such as
growth factors (VEGF, basic fibroblast
3 growth factor bFGF, platelet-derived
growth factor PDGF, leptin, acidic fibroblast
EXOSO mes growth factor aFGF, TNFa, and TGF-B and
9 others), along with proteases (e.g. matrix
metalloproteases MMP9, MMP2 and
membrane thpe 1 metalloprotease MT1-
MMP), and their activator (EMMPRIN).
‘Moreover, it has been shown that MVs
derived from lipopolysaccharide-activated
monocytes are able to induce apoptosis in
target cells by transferring caspase-1”

Biancone et al., 2012




“rich in annexins, tetraspanins (CD63,
CD81, CD9) and heat-shock proteins
(such as Hsp60, Hsp70 and Hsp90),
expose low amounts of
Exosomes & . phosphatidylserine and include cell-
L. type-specific proteins. In addition,
tumor susceptibility gene 101
(Tsg101), Alix and clathrin are
frequently present in exosomes”

Biancone et al., 2012




Extracellular Vesicles
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FIGURE 1: A schematic representation of the mechanisms involved
in the exchange of information between stem cells and injured
tissue cells as mediated by microvesicles. (a) MVs may directly
stimulate target cells through surface-expressed receptors. (b) MV's
may transfer receptors to target cells. (c) MVs may deliver functional
proteins to target cells. (d) M Vs may transfer genetic information via
mRNA and microRNA (miRNA) to target cells.



How do | know
| have an

Extracellular
Vesicle?

Most common method is
ultracentrifugation followed by sucrose
density gradient

->100,000x g

ldentify exosomes: scanning electron
microscopy, atomic force microscopy,
nanoparticle tracking analysis,
transmission electron microscopy, flow
cytometric analysis, western blotting,
and enzyme-linked immunosorbent
assay (ELISA)
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Figure 1. Characterization of microvesicles (MVs) released from human mesenchymal stem cells
(MSCs) (MSC MVs). (A) After serum starvation, human MSCs constitutively release MVs (arrows),
small-membrane enclosed bodies from the plasma membrane (scale bar=1 um). Insert shows
purified MSC MVs as a homogeneous population of spheroid particles (scale bar=2 pm). (B) The
protein concentration of the therapeutic dose, 90 wl of MSC MVs, used for the small animal
studies was similar to the dose of MSC MVs previously used in the literature. MSC MVs contained
a significant amount of total RNA. MSC MV protein and RNA contents are expressed as mean = SD
total protein (wg/90 wl) and total RNA (ng/90 wl), respectively (n =24 for protein; n=7 for RNA
content). (C) Western blot analyses of MSC MVs demonstrated significant levels of CD44, a receptor
previously involved in MSC trafficking to inflammatory sites. Similar to MSCs, we hypothesized

that MSC MVs homed to injured tissues using the CD44 receptor. MW = molecular weight.

Monsel et al., 2015
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Exosomes from human umbilical cord blood accelerate
cutaneous wound healing through miR-21-3p-mediated
promotion of angiogenesis and fibroblast function
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Abstract

The application of blood plasma for soft tissue wound healing is receiving much more attention
recently. Exosomes are critical paracrine mediators that can be obtained from biological fluids
including plasma and be able to induce regenerative effects by transferring bioactive molecules such
as microRNAs (miRNAs). This study aimed to investigate the effects of exosomes from human
umbilical cord blood plasma (UCB-Exos) on wound healing and to elucidate the underlying
mechanism.
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The Product
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NANOSIGHT ULSC-X Lot 041618 2019-05-09 08-37-36

Caoncentration (particles / ml)

ULSC-X Lot 041618 20150508 08-40-14-08-40-14
ULSC-X Lot 041618 2015-05-08 08-40-48-08-40-48
ULSC-X Lot 041618 2018-05-08 08-41-23-08-41-23
ULSC-X Lol 041618 2018-05.08 08-41-57-08-41-57
ULSC-X Lot 041618 2018-05-08 08-42-32-08-42-32

400 500 600 700 800 900 1000
Size (nm)

FTLA Concentration / Size graph for Experiment:
ULSC-X Lot 041618 2019-05-09 08-37-36

Included Files

ULSC-X Lot 041618 2019-05-09 08-40-14
ULSC-X Lot 041618 2019-05-09 08-40-48
ULSC-X Lot 041618 2019-05-09 08-41-23
ULSC-X Lot 041618 2019-05-09 08-41-57
ULSC-X Lot 041618 2019-05-09 08-42-32

Details

NTA Version: NTA 3.3 Dev Build 3.3.104
Script Used: SOP Standard Measurement 08-37-36AM 09May2019.txt
Time Captured: 08:37:36 09/05/2019
Operator: mMB

Pre-treatment:

Sample Name: ULSC-X LOT:041618
Diluent: 100 water

Remarks:

Capture S gs

Camera Type: sCMOS

Laser Type: Green

Camera Level: 15

Slider Shutter: 1206

Slider Gain: 366

FPS 25.0

Number of Frames: 749

Temperature: 22.99C

Viscosity: (Water) 0.931 - 0.932 cP
Dilution factor: 1x10e2

Syringe Pump Speed: 30
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Averaged FTLA Concentration / Size for Experiment:
ULSC-X Lot 041618 2019-05-09 08-37-36
Error bars indicate + / -1 standard error of the mean

Results

Stats: Merged Data

Mean: 133.1 nm
Mode: 84.5 nm
SD: 61.3 nm
D10: 78.8 nm
D50: 111.2 nm
D90: 209.8 nm

Stats: Mean +/- Standard Error

Mean: 133.3 +/- 4.2 nm

Mode: 96.4 +/- 4.6 nm

S0 60.2 +/- 3.8 nm

Dio: 78.4 +/- 2.5 nm

D50: 112.9 +/- 4.2 nm

D90: 207.0 +/- 3.4 nm

Concentration: 2.26e+10 +/- 9.57e+08 particles/m|

11.5 +/- 0.5 particles/frame
13.3 +/- 0.6 centres/frame

RESTEM

Exosomes

Small packets of information which
carry proteins, mRNA and miRNA

2.26 x 10"19 per ml




Essentials for

Product Success

Collagen
 Typel
 Type lll
Hyaluronic
Acid (HA)
Chondroitin
Sulfate (CS)

Stem cell growth

factors

* Nerve growth
factor (NGF)

« Vascular growth
factor (VGF)

« Stem cell factor
(SCF)

« Vascular
endothelial growth
factor (VEGF)



Essentials for Product

Success

Conditioned Medium

g Collagen

Collagen | & Ill Contents

mg/ ml
Sample A: Conditioned 0.281
medium, neat (Lot 121914BB) )
Sample B: Sample A, 10-fold 0.961
concentrated (Lot 121914BB)
Sample C: Sample B, filtered 1.643 (e

(Lot 121214BA)

Collagen

Scientifically based process
to produce the highest
possible yield of collagen

Best method to
obtain highest
amount determined
through research



Essentials for Product

Success

HA and CS after testing
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Hyaluronic Acid (HA)
Chondroitin Sulfate (CS)

Independent testing
helped determine correct
formulation for maximal
HA and CS production

Hyaluronic Acid (HA)

High molecular weight is the

best for skin.

http://barefacedtruth.com/2015/03/31/hyaluron
ic-acid-yes-size-does-matter/



http://barefacedtruth.com/2015/03/31/hyaluronic-acid-yes-size-does-matter/

Essentials for Product
success

SCF VEGF
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U: Medium from umbilical cord lining stromal cell culture
B: Medium from bone marrow mesenchymal stromal cell culture

Growth Factors

Examples of Growth Factors
in Umbilical Cord optimized
by proprietary research




Product

Overview

- |IL-18

Factors Quantity
1.643
Collagen |, llI mg/ml
1.85
Hyaluronic Acid (HA) ug/ml
1.58
Chondroitin Sulfate (CS) ug/ml
38.0
Stem Cell Factor (SCF) pg/ml
Vascular Endothelial Growth Factor
(VEGF) 1.8 ng/ml

|Factor |pg/ml
|GM-CSF [6.53
INF-y  [2.30
IL-2 8.20
IL-3 1.75
IL-4 9.48
IL-5 0.94
IL-6 633
IL-7 37.0
IL-8 11,278
IL-10 1.40
7.70
MIP-1 a |[5.80
MIP-18 [18.8
MCP-1  |13,714
TNF-a 6.53
TNF-B 8.90




Exosomes

Orthopedics

Wound care

Cosmetics/hair restoration



Cells age as we do

Exposure to toxins,
mutations, etc with time

Young vs Old: UC

Release, repair
mechanisms are impaired



Questions Please ask!




