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Microvesicles, microparticles,
ectosomes, oncosomes, etc.

Early
endosome

Golgi complex

Lipids
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EV thif p A %

®F | CSF: EVs from cells of brain and spinal cord
emale

® Male
Both

Nose: EVs from cells of airway epithelial and dendritic cells lining
the epithelium

Saliva: EVs from epithelial cells and granulocytes

BALF: EVs from cells within the lung

Breast milk: EVs from cells present in the breast milk, epithelial
breast cells and from blood circulation

\ 1 Bile: EVs from cells of liver and gallbladder

| \ \ Synovial fluid: EVs from macrophages

( \“ Amniotic fluid: EVs from cells of fetal kidney and mother’s blood
/

cells of other tissues

\ / : Blood: EVs from circulating cells, endothelial cells, and from
/ ‘\ \

Seminal fluid/semen: EVs from cells of prostate and epididymal epithelial cells

Uterine fluid: EVs from cells of uterus, fallopian tube and ovary
Urine: EVs from cells of kidney, bladder, prostate and urethra
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* w5 1% (Exosome)
e (Microvesicles)
&= -] (Apoptotic bodies)
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8/1/2019 Bence Gyorgy et al, Cellular and Molecular Life Sciences (2015)



ARF|EVs

“the
clotting
factor of
which the
plasma is
deprived”
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Wang Yiran et al, Oncotarget (2017)
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EVs # % 3p® : ISEV, ISTH, AHA

Standardization of sample collection, isolation and analysis methods in
extracellular vesicle research.
J Extracell Vesicles, 2013.

Standardization of pre-analytical variables in plasma microparticle
determination: results of the International Society on Thrombosis and
Haemostasis SSC Collaborative workshop.

J Thromb Haemost, 2013.

Minimal experimental requirements for definition of extracellular vesicles and
their functions: a position statement from the International Society

for Extracellular Vesicles.

J Extracell Vesicles, 2014. 2017. 2018

Obstacles and opportunities in the functional analysis of extracellular vesicle
RNA - an ISEV position paper. J Extracell Vesicles, 2017.

EV-TRACK: transparent reporting and centralizing knowledge in extracellular
vesicle research.
Nat Methods, 2017.

Methodological Guidelines to Study Extracellular Vesicles. Circ Res, 2017.



MISEV2018

JEV, 2018

| Minimal information for X | + v
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JOURNAL OF
EXTRACELLILAR

Journal of Extracellular Vesicles

ISSN: (Print) 2001-3078 (Online) Journal ho http://www.tandfonline.com/loi/zjev20

Minimal information for studies of extracellular
vesicles 2018 (MISEV2018): a position statement of
the International Society for Extracellular Vesicles
and update of the MISEV2014 guidelines

Clotilde Théry, Kenneth W Witwer, Elena Aikawa, Maria Jose Alcaraz,
Johnathon D Anderson, Ramaroson Andriantsitohaina, Anna Antoniou,
Tanina Arab, Fabienne Archer, Georgia K Atkin-Smith, D Craig Ayre, Jean-
Marie Bach, Daniel Bachurski, Hossein Baharvand, Leonora Balaj, Shawn
Baldacchino, Natalie N Bauer, Amy A Baxter, Mary Bebawy, Carla Beckham,
Apolonija Bedina Zavec, Abderrahim Benmoussa, Anna C Berardi, Paolo
Bergese, Ewa Bielska, Cherie Blenkiron, Sylwia Bobis-Wozowicz, Eric Boilard,
Wilfrid Boireau, Antonella Bongiovanni, Francesc E Borras, Steffi Bosch,
Chantal M Boulanger, Xandra Breakefield, Andrew M Breglio, Meadhbh A
Brennan, David R Brigstock, Alain Brisson, Marike LD Broekman, Jacqueline
F Bromberg, Paulina Bryl-Gérecka, Shilpa Buch, Amy H Buck, Dylan Burger,
Sara Busatto, Dominik Buschmann, Benedetta Bussolati, Edit | Buzas, James
Bryan Byrd, Giovanni Camussi, David RF Carter, Sarah Caruso, Lawrence W
Chamley, Yu-Ting Chang, Amrita Datta Chaudhuri, Chihchen Chen, Shuai
Chen, Lesley Cheng, Andrew R Chin, Aled Clayton, Stefano P Clerici, Alex
Cocks, Emanuele Cocucci, Robert | Coffey, Anabela Cordeiro-da-Silva, Yvonne
Couch, Frank AW Coumans, Beth Coyle, Rossella Crescitelli, Miria Ferreira
Criado, Crislyn D" Souza Schorey, Saumya Das, Paola de Candia, Eliezer
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a) Differential centrifugation  b) Density gradient/cushion centrifugation
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Bogdan Mateescu et al, Journal of Extracellular Vesicles (2017)



ZELAZI2—REICE/REBHFARAIC

culture supernatant/fluid
300 % g, 10 min plasma/serum was diluted in the same
r larger volume of PBS

\

peliet = cells
supematant

2000 g, 10 min

\

peliet = dead cells

supernatant
Pellet
10,000 X g, 30 min (crude exosomes)
"e - ce“ d N / 4
oa S Y {00,000 g 16 hours

supematant

100,000 X g, 70 min

Y

pellet = exosomes + contaminating proteins Exosome -ve fractions Exosome +ve fractions

(discard)

wash in PBS ' 100,000 X g, 70 min 100,000 g 90 minugss

pellet = exosomes

Exosomes



)

IR

R

s 4 4 Y.
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2000 x g,20min 8; f,b

pellet=dead cells

supematant

10000x g,30min

supematant MEERFEAREEAR

concentrate with Centricon

pellet=cell debris

concentrate



ATAET £

=
Add chloroform SB 1
en :;; B ﬁ to QlAzol eluate
. a:,.?fe somplewih - Se.rum or Eonl'liCk
bind to column Biofluid 4 Solution
¢ Spin blood Recover aqueous o -2 |
phase and add ” L= i
¢ ethanol 1 :
Transfer l y
plasma/serum = l :
. y -
Bi
l g(:ss: x‘s’":“h incluc;?r:; miRNAs
Buffer XWP k- .
g -~
Filter
| K % Wash 3x Simple one-step
= oo
s T Eue precipitation
Filtered Lyse vesicles and
E plasma/serum ﬁ elute with QlAzol ﬁ Total RNA Sy
including miRNAs = -
¢ ~15 minute separation time Supernatant
o Greatly reduced risk of protein complex formation and vesicle aggregation Buffers > ) .
with physiological osmolarity and viscosity can be used qEV
o Agentle, rapid method for maximising recovery of biological function n I—-}

* Vesicle recovery is expected to be 50% or greater
Exosome

* Protein removal ratio > 1000 pellet

o HDL purification > & fold
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Biochemical
properties

SSC Sensitivity <30 nm NPs
SSC Resolution 40/50 nm NPs

Fluorescence Sensitivity <10 MESF
Fluorescence Resolution 42/133 MESF
Particle Size 7-500 nm

Sample Acquisition Rate 10,000 events/min
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Quantitative and stoichiometric analysis of the
microRNA content of exosomes

John R. Chevillet®, Qing Kang®®, Ingrid K. Ruf*', Hilary A. Briggs™', Lucia N. Vojtech®', Sean M. Hughes®',

Heather H. Chenga'd, Jason D. Arroyo®, Emily K. Meredith®, Emily N. Gallichotte®, Era L. Pogosova-Agadjanyan®,

Colm Morrissey’, Derek L. Stirewalt®, Florian Hladik=%2, Evan Y. Yu®, Celestia 5. Higano®*¥, and Muneesh Tewari®Pehilk.2
Divisions of *Human Blology, *Clinical Research, & accine and Infectious Disease, and 'Public Health Sdences, Fred Hutchinson Cancer Research Center, Seattle,
WA 9810% Departments of Snternal Medidne and "Biomedical Engineering, 'Biointerfaces Institute, and “Center for Computational Medicine, University

of Michigan, Ann Arbor, Ml 48109; and Departments of “Obstetrics and Gynecology, “Medicine, and "Urology, Division of Oncology, University of
Washington, Seattle, Wa 98195
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Chevillet John R et al.Proc. Natl. Acad. Sci. U.S.A., 2014, 111(41): 14888-93.
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Pregnancy

+ Their increase inhibits the immune response
against the fetus

+ Biomarker

+ It promotes the utero-placental angiogenesis
+ it favors the maternal tolerance to the fetus

Infectious

- Spreading of infections
+ Immune stimulation (vaccine)
+ Biomarker

Brain
Tumor \

- Pre-metastatic niche

- Immune response inhibition

+ Biomarker

+ Immune response stimulation

- Dissease transmision

- Misfolding protein delivery
+ Diagnostic tool

+ Drug vector therapy + Stroke protective factors transmission

+ Biomarker +Tissue regeneration
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EVs
biomarkers <

DNA

RNA

Lipids
Proteins
Peptide
Metabolites

Glycan, ect.
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PTMs of proteins in EVs as biomarkers

Phosphoproteins in extracellular vesicles as candidate
markers for breast cancer

I-Hsuan Chen?®, Liang Xue®, Chuan-Chih Hsu?, Juan Sebastian Paez Paez?, Li Pan®, Hillary Andaluz®, Michael K. Wendt®,
Anton B. lliuk?, Jian-Kang Zhu®™®%', and W. Andy Tao™b?<9.1

Healthy Control Breast Cancer
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Proc Natl Acad Sci U S A. 2017 Mar 21;114(12):3175-3180
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Exosomal miR-1290 and miR-375 as Prognostic Markers in ﬂ
Castration-resistant Prostate Cancer ROPEAN
Xiaoyi Huang“", Tiezheng Yuan®, Meihua Liang ©, Meijun Du*, Shu Xia““, Rachel Dittmar*, e

Dian Wang ¥, William See’, Brian A. Costello®, Fernando Quevedo®, Winston Tan h T =
Debashis Nandy®, Graham H. Bevan', Sherri Longenbach?®, Zhifu Sun’, Yan Lu*, s
Tao Wang', Stephen N. Thibodeau™, Lisa Boardman ¥, Manish Kohli®", Liang Wang “*
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Log-Rank p = 0.0028 Log-Rank p = 0.1254
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'g 40%- g 40%-
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Log-Rank p = 0.0057 Log-Rank p = 9.442E-5
0%~ 0%- . 3
8/1/2019 48 145 242 339 435 48 145 242 339 435 ' X 1a0y1 Huang et al 2 European UI‘O 1 o8y

Follow-up time, mo Follow-up time, mo (2 01 5)
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Skotland T et al, European Journal of Cancer (2017)
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Metabolomic Profiling of Extracellular Vesicles and
Alternative Normalization Methods Reveal Enriched
Metabolites and Strategies to Study Prostate

Cancer-Related Changes . 3 . s
R :
2 ° oHUB1 & 3
(#] X o 4
2 5 E e
Metabolomics g f : : g
2
Extracellular Vesicles oY . : Coel—y °
. ' £ 8 £ & ¢
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%
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Theranostics. 2017 Aug 23;7(16):3824-3841.
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Table 1. Current or Recently Completed Registered National Institutes of Health (NIH) Clinical Trials
Involving Exosomes as Diagnostic Agents®

Circulating Exosome as Potential Gastric cancer Prospective trial Jan 2013 NCTO1779583
Prognostic and Predictive observational

Biomarkers in Advanced Gastric phase not provided

Cancer Patients: A Prospective (currently recruiting)

Observational Study (‘EXO-PPP

Study’)

An Observational, Single- Oropharyngeal Prospective trial Feb 2015 NCT02147418
Institution Pilot/Feasibility Study of cancer observational

Exosome Testing as a Screening phase not provided

Modality for Human (currently recruiting)

Papillomavirus-Positive
Oropharyngeal Squamous Cell
Carcinoma

L RRK2 and Other Novel Exosome Parkinson’s Prospective trial Jan 2013 NCT01860118

Continue e o o o o
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Original Investigation
Exo D X A Novel Urine Exosome Gene Expression Assay
. to Predict High-grade Prostate Cancer at Initial Biops
Prostate(IntelliScore) e Psy

JAMA Oncol. doi:10.1001/jamaoncol.2016.0097
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www.impactjournals.com/oncotarget/ Oncotarget;, Advance Publications 2016 Test sat Validation set
(n=270) (n=215)

Fibronectin on circulating extracellular vesicles as a liquid biopsy Kyungpook nation University Hospital Mutti-canter
to detect breast cancer | ‘
Pyong-Gon Moon?, Jeong-Eun Lee!, Young-Eun Cho’, Soo Jung Lee?, Yee Soo Chae?, Sl L Hoslly volmioar Uoond)
Jin Hyang Jung’, In-San Kim*, Ho Yong Park®, Moon-Chang Baek* Benign breast tumor (n=20) Benign breast tumor (n=35)
1 . ) ) o i ) ) After surgery (n=40) Mon-cancerous diseases (n=50)
Department of Molecular Medicine, Cell and Matrix Research Institute, School of Medicine, Kyungpook National University, MNon-cancerous diseases (n=30)
Daegu 700-422, Republic of Korea
2Depar‘tment of Oncology/Hematology, Kyungpook National University Hospital, Daegu 700-721, Republic of Korea |

SDepar‘tment of Breast & Thyroid Surgery, Kyungpook Mational University Hospital, Daegu 700-721, Republic of Korea Discriminative Power To validate Discriminative Power
with BC Detection Rate with BC Detection Rate

4center for Theragnosis, Biomedical Research Institute, Korea Institute of Science and Technology, KU-KIST School, Korea
University, Seoul 02841, Republic of Korea

Logistic Regression
and ROC anaysis

Comrespondence to: Moon-Chang Baek, email: mebaeki@knu.ac.kr
Keywords: breast cancer, diagnosis, exfracelular vesicle, ELISA Related parameters to apply
Received: Sepfember 15, 2015 Accepted: May 02, 2016 Published: Mayy 23, 2016 Diag Per Diagnostic Performance

A B

Frotein Description

.
MOCF-7 MDA-MB-231 N PIDO0224 18 Fibronectin )
IPI ke locus

IPID0Z20834 | ATP-dependent OMA helicase 2 subunit 2
IPIDDB44T1Z | ATP-dependent DMA helicase Z subunit 1
IPIODD13468 | Isoform 1 of Mitotic checkpoint protein BUBS
IPIDD304925 | Heat shock 70 kDa protein 1418
188 IPI00B11038 | Heat shock 70 kDa protein 1

IPIOD0O3365 | lsofo
IPI0013744 Imilesgy
IPIDD215995 [EFLC Method 1
IFIDOZI1B342 | C-1-b By HC+BBANC
IFIO01E9383 | Phos
IPIO0DO2ES4 | DNA
IPIDD296G33T  [lsofor  Early-BCows

BBANC
IFIDDO224982 Tran: HOHbBANG

AUC (95%CI) Sensitivity (%)  Specificity (%) LR + NR -

0.748 (0.683-0.812)
0.736 (0.666-0.806)

68.9% 72.0% 243 0.44

BC v bBHNC 06.1% T4.2% 2.56 0.46

0.737 (0.657-0.812) 67. % T2.0% 242 0.45

IPIDD01 3883 Tubu Early- BC vs bB+NC 0,722 (0.637-0.807 67. 7% T4.3% 263 043
IPIODE45452 Tubu Method 2
BC vy HC+bBANC 0.684 (0.614-0,753) 54.4% 75.2% 2,19 0.61
BC vs bB+NC 0.665 (0.589-0.741) 56.0% 73.7% 2.30 0.58
Early-BC vy - a1 . ot & ~oy c
HCABBANG 0.672 (0.591-0.753) 49.2% 75.2% 1.9% 0.68

Early- BC vs bBB+NC 0.654 (0.566-0,743) 49.2% 76.7% 211 0.66
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Biology of Human Tumaors

Identification of Developmental Endothelial

R IREA

Clinical
Cancer
Research

Locus-1 on Circulating Extracellular Vesicles as a
Novel Biomarker for Early Breast Cancer

Detection

Pyong-Gon Maon', Jeong-Eun Lee', Young-Eun Che', Soo Jung Lee?, Jin Hyang Jung®,
Yee Soo Chae?, Han-lk Bae®, Young-Bum Kim®, In-San Kim®, Ho Yong Park®, and

Moon-Chang Baek'

A

100 |

TS|

50

Sensitivity

25

B W W 1N IRy O T TR

o

' AUC.0.961

= Del-1 (Method 1)
Del-1 (Method 2)

[

Sensilivity
—
(7] -4 [=]
[=] (1] [=]

[+
h

o 25 S50 75 100
100-Specificity

Early-BC vs. bB, Non-C, and HC

s

AUC,0.968

Del-1 (Method 1)
Del1 (Methad 2)

f

o 25 s0 75 100
100-Specificity

Sensitivity

75

B W3, W O

= Del-1 (Method 1)
—— Del1 (Method 2)

0 25 50 75 100
100-Specificity

Early-BC vs. bB and Non-C

—— Del1 (Method 1)
—— Del1 (Method 2)

0 25 50 75 100
100-Specificity

Anti-CD63 Al

Group 2 : Test et {7 = 320)
Healthy volunteers (n = 35)
Breast cancer (m= 168)

Benlgn breast tumaor (i = 26)

Identification of biomarker candidates

Group 1:Discovery set (n=15)"
HC (n = 5), stage | BC {n=5), stage || TBC (= 5]
\

Circulating EV's izolated from plasma of patients

¥
LC/MS-MS

.

Establishment of ELISA methods

N
Anti-Del-1Ab Anti-Del-1Ab

Anti-Del-1Ab

ELISA
Method 2

ELISA
Mathod 1

.

Diagnostic performances

Group 3 : Validation sel (n = 242)
Healthy voluntesrs (n = 46)
Breast cancar (n = 100)

Benign breast lumar (7 = 38)

Honcancerous diseases (n = 58)

validation set

After surgery (n = 50)

Honcancerous diseases [0 = 40)
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Extracellular vesicles isolated from human renal cell carcinoma

Cancerous region Normal region Tissue-exudative EVs (Te-EVs) characterization
C Normal Te-EV Tumour Te-EV £
i) £ 2507 —2H
s o
& 2001
E .
(n=20) c 1504 <o
2 % Ah-
S 1004
Serum-free medium = 060
Incubation g 504 .
/ Tissue-exudative E 0 (51) (2'8) T
extracellular vesicles s & &
(Te-EVs) & ,\\,6‘ oq}\
ci& 2,000x%g, 30 min TEM: Labeled with CD9
16,000%g, 30 min Differentially expressed
100,000xg, 90 min (x2) proteins T<N T>N
1.E-10 - . v
1600 1291 proteins §106 proteins
l Trypsin digestion ] P s e
= —Total proteinIDs 1607 e
‘ 3871 \ g 1.E-06
" e S = 1E05
I LC/MS analysis | J JJ JJ Nor! ! T AZU].
C'Q|V|A I G|W|G 8 |Q|R] 1.E-03
! el o (P<0.01,
g S 1.E-01 fold-change=31. d
| Protein identification & quantification (MaxQuant) | 16400 <R S 59)
8
. B ~eveenzy
3,871 Protein IDs Fold change %

| Statistical analysis |

T: tumor, N: Normal

(Jingushi, Uemura et al. Int J Cancer 2018)
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Article | Published: 28 October 2015
Tumour exosome integrins determine
organotropic metastasis
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L 3?'-21’3 ﬁEXQSQme “h L R f*pﬁi—% 2k, B
LAFRA L [T S RRFEETEVSH L

Blood
coagulationat 4°C 4h

300g,10min ~.- | 5000rpm,10min

2000g, 10min Ve 3000rpm,10min
\ 10000g,30min

serum

supernatant // \
/ \ \
Exosomes ExoQuick-TC  TEI-A ExoQuick TEI-B
isolation
SXORNA  Trzol-LS  SeraMir TER Trzol-LS SeraMir HLR miRNeasy exoRNeasy TER

INT J MOL MED 2017, 40(3):834-844.
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i3
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Trizol/Serami =L e S FRi® ) 0 Rv 2EFAY
r

exosomes# B~ 3 ;

ESXeorann1 ikr+ H L i L 3 &v 3%, % exoRNA 4 4%
exoRNA 7 < &5RNA & £
> x .
soquikdR oy g d R jugmasdvRae
TEI+TER F E (Y TR *q_p ;:

RNAG £ % » A XA

H: A i@ LM ik 2t

INT J MOL MED 2017, 40(3):834-844.
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fp
Sybsfrate | [ * ) ‘ 1. Magnetic beads Y 2. Capture antibody
- il (S ’ S 4. Detection antibody with
[ j . S Hpsore }-r biotin tag

. 5. Streptavidin-p-galactosidase

Shuhuai Yao, Lei Zheng, Xiaonan Xu, Chunchen Liu, Yu Hu, Quantification,
Isolation, and Characterization of Exosomes using Droplet-based and Well-
based Microfluidic Systems, 2017/10/05, USA, (62/606,687)

Nano Letters, 2018



GPC-1(+) exosomes (exosomes/ul.)
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Specificity assays

two negative controls:
a sample using magnetic beads without CD63 Ab,
a sample using CD63-functionalised magnetic beads with no exosomes;

three kinds of non-cancerous exosomes:

human normal liver exosomes (HL-7702 exo),

mouse normal macrophage exosomes (RAW264.7 exo),
human embryonic stem exosomes (hES exo).
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Volunteers Early NSCLC Advanced NSCLC
n=12 n=8 Ab549 16HBE

FoekE e @ e

Differential @ Differential
centrifugation centrifugation

LC cell line Normal cell line

sucrose
cushion

V

Characterization of exosomes
electron microscope,
nanosight, WB

V

Extraction, quantification,
220

and digestion of
q exosome proteins

V

Lable-free LC MS/MS
and bioinformation analysis

S N

Clinical reserch

]

In vitro study

t

Human Protein Atlas PRM

[ s a]s]
@6 o

t
¢- B ik

Network analysis Pathway enrichment  Gene ontology

Bicinformatics Analysis

t

Differentially expressed prteins Expression analysis

Proteomics, 2019
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Dilfercntially expressed proteing of
A COM exosomes

DilTerentially expressed proteing of

SETIM CXO50mes

B I BP:respnse to wounding
P MF: protein bingding
B CC: membrane-bounded vesicle

Cs

)
C 3
= 400+ P<0.001 1.07 4
]
% 3504 P<0.001  P=0.063 0.8-
S 2
Z 300 S 0.6
E =
(7]
2 250 T S 0.4
5 - @
s 2004 —3— 0.24 AUC=0.833
5 T P<0.001
g 150 — : . 0.0 T T T T |
5 &@ & & 00 02 04 06 08 10
o & ¥ & I
) @ 1-specificity
& v

Proliferation

A549+ PBS exof™ xoctr

Invasion

»
o

1.5

Relative ratio of edu positive cells

Invaded cells per field

Proteomics,

p=0.195

p=0.024

9<0.001

p<0.001

p<0.001
=0019
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" 3009 5min

\l} 2000g 10min

)

carcinoma

tssue  map ' 10,000 30min
*— 0.22pm filter membrane
’ 3 Fresh fz"ze" 2-3 mm tissue dissociation 10,0000g 2h
L Ad (-196C%) wide with collagenase i
2| :’.”’"a” lung sections (37C°) \l} 10,0000g 2h (add sucrose cushions)
para-carcinoma issue
tissue V' 1000009 2h (remove sucrose)

Significantly changing
in abundance

Increased Decreased

CA_wvs_H 86 95

Differentially expressed EVs proteins between lung carcinoma
tissue and para—carcinoma tissue and their bioinformatics

analysis
Unpublished data
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P=0.0004
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AUC=0.957
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0.0+
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AUC=0.856

] AUC=0.921
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Unpublished data
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2018 ISEV Guangzhou Workshop

EV-based Clinical Theronositics
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2018 2"d CSEV Annual Meeting

Venue: Guangzhou, Guangdong Province

Time: 2018.11.16-18
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ISEV 2020 Annual Meeting

ANNUAL Whiked olphrice
—ETING ‘ cddoh

|SE 2020 g U NS

Philadelphia Marriott Downtown %El T | 4 A E : ;.:;,_; EEEEE
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The ISEV2020 Annual Meeting will be held 20-24 May
at the Marriott Philadelphia Downtown Hotel.

Export to Your Calendar  5/20/2020 to 5/24/2020

When: Wednesday, May 20, 2020

Where: Philadelphia Marriott Downtown

1201 Market St Philadelphia, Pennsylvania 19107, United States
Contact: contact@isev.org
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