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Challenges in EVs analysis :

- CRUDE sample (with « contaminating » biological objects)
- NO labelling
- COMPLETE & GLOBAL EVs subpopulations

I Need to combine technologies !!

- In PHYSIOLOGICAL conditions,

11 to keep them functional !!




Our technological combination : the NBA platform
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The gold biochip: the corner stone of NBA
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Calibration of NBA: nanoparticles covering 50 nm to 1um
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Specific & stable CP50 capture
Dynamic range for CP50 :
2,5x10° — 2x10% CP50/mL

- VP1 capsid protein of norovirus
- 50 nm
- Anti-CP50
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roparticles

- 920 nm
- Anti-CP920

- Biofunctionnalized bead
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Specific & stable CP920 capture
Dynamic range for CP920 :
3,25x107 — 3,25x108 CP920/mL



AFM to achieve EVs size subsets and morphology s
Platelet-derived EVs

EVs imaging after (
fixation, in air ... ..

Determination of effective diameter
in solution:
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Gold biochip after EVs immunocapture.
AFM image (contact mode) in air after EVs
glutaraldehyde fixation.

(Kanno et al. 2002; Oropesa et al. 2013; Sebaihi et al. 2017).

-Several area imaged on each spot

At least 1000 EVs counted/spot > EVs = Individual « flatten » objects

— Recalculation of effective diameter




Correlation between EVs SPRI biodetection and AFM counting
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» SPRI/AFM correlation in EVs analysis, from nm to pum



AFM : size, but also morphology

Platelet-derived EVs

Discrimination between aggregates & individual big EVs



NBA for EVs biodetection, sizing and morphology
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Size distribution of immunocaptured EVs by AFM on gold biochip (black circles) or in
solution by FC (red squares) on the same sample.

» NBA efficient to dose, select, spatialize, evaluate size and morphology of EVs subsets

Obeid S., Ceroi A., Mourey G., Saas P, Elie-Caille C. Boireau W.,
Biosensors & Bioelectronics, 2017, 93, 250-259



. Impact of AFM imaging mode?
EVs : soft and deformable vesicles...

How to keep them spherical while captured on substrate ? | ‘

-

c Impact of the biointerface ?

Quantitative Imaging mode
w/o EVs fixation, in liquid...
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- Dilution of the specific Ab and soft afm imaging mode = spherical EVs

Poster 09.01 of Ksenia Maximova — Saturday



Application of NBA to a biological model:
platelet derived EVs effect on monocytes

Objective : understand the pro-inflammatory and pro-thrombotic « role » of EVs from plasma or platelet

concentrates in transfused patients

Collaboration : T. Burnouf, Taiwan
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EVs preparation

T-PEVs | Tyrode’s buffer wash
(precipitate) and re-suspension

N-PEVs

Platelet-poor (preC|p|tate)
Plasma

Platelet
Pellet
(in Tyrode’s buffer)
0.11U/mL 20 mM @
== thrombin EDTA .:. [:. |:|
3,000xg 60 min > 3,200 3,200 20 000xg \
15 min 37°C 15min  15min 90 min
18 C Agitation 18°C 18°C  18°C

|
*> Supernatant (discarded)
I> Residual of activated platelets
L > Activated platelets

EVs function on monocytes
Aggregation test
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THP1 + T-PEVs

Monocytes (THP1)

Lin et al. Transfus Apher Sci. 2015

T-PEVs induce aggregation of THP1...


https://www.ncbi.nlm.nih.gov/pubmed/26597313

Neutrophil aggregation and extracellular traps (NETS)

stimuli

I Pathogen trapping & killing

neutrophils release granule
— proteins and chromatin to form wp
an extracellular fibril matrix
known as NETs

Neutrophils

NETs: paradoxical physiological impact ?

Hypothesis:

through:
- direct thrombin generation
- and neutrophil activation




Neutrophil aggregation and extracellular traps (NETS)

N-PEVs on neutrophils T-PEVs on neutrophils

DNA (blue), histone H1 (green), and MPO (red)

- T-PEVs induce aggregation of neutrophil aggregation and NETs formation...

T-PEVs effect on monocytes : concentration ?? size ?? composition???
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EVs subsets biodetection on the chip

Multiplexed biochip Collaboration :
T. Burnouf,
weo Taiwan
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» T-PMP : capture +++ on aCD41 and aCD62P
EVs concentration, size, protein expression level ??




Concentration, in solution ? no
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- N-PEV sample : higher concentration !! / no apparent difference in size



Size ? ... partially

N-PEVs

T-PEV!

A

Log (Effective diameter) (nm)
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Gwiddion image data processing

EV effective diameter

(more than 1000 EV counted/spot)
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-> T-PEV CD41+ and PS+ : slightly smaller than N-PEVs

- T-PEV CD9 and CD62P : slightly bigger than N-PEVs




Protein expression level ? ...

MS workflow in detail for NBA
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http://www.advion.com/products/triversa-nanomate/mode-3-liquid-extraction-surface-analysis-lesa/

Protein expression level ? ...

Identified proteins
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EVs proteomics « on arrays »
T-PEVs

N-PEVs

Protein Set Description Score T-PMP | Peptides T-PMP | l5core N-PMP  [Peptides N-PMP
Q8Y490 Talin-1 323274 45 3943 33 61
P21333 Filamin-A 280599 47 3778,84 62
ADADZA0ZN4 |Vinculin, isoform CRA_C 127597 23 1157,94 24
POB514 Integrin alpha-llb 123354 17 1653,09 25
P&0709 Actin, cytoplasmic 1 1076,79 19 1345,02 25
ADADAOMPIT |Coagulation factor W 25997 5 945,11 17
FEKPGS Albumin (Fragment) 1031,38 17 608,76 10
ADADZARBB2 |Stomatin, isoform CRA_a 208,04 10 921,68 12
E7EPG1 Multimerin-1 45 33 1 590,01 13
L7UUZ7 Integrin beta 511,35 = 504,56 9
P11142 Heat shock cognate 71 kDa protein 609 84 ] 666,08 12
ADADZARINI |Myosin, heavy polypeptide 9, non-muscle 576,45 10 550,12 a
POZ671 Fibrinogen alpha chain 493 98 11 133 44 3
ADADADMSS] |Gelsolin 489 27 ] 823,74 13
ADADZ24R3IES |Apolipoprotein A-l, isoform CRA_a 463,22 o 300,02 5
ABK4B6 Peptidyl-prolyl cis-trans isomerase 457,41 a3 355,44 G
ADADZ4REBI4 |Actinin, alpha 1, isoform CRA_a 428,23 3 327,95 7
ADADZ4RBEBT |RAPLB, member of RAS oncogene family 3909 5 527,1 7
P11021 78 kDa glucose-regulated protein 390,21 7 230,05 4
PO4406 Glyceraldehyde-3-phosphate dehydrogenase 367,78 =] 542 4 10
P13224 Platelet glycoprotein |b beta chain 350,35 5] 3677 7
BADETR cONA FLIS2141, highly similar to 14-3-3 protein gamma 344 31 7 332,17 B
QE6UXT Fermitin family homolog 3 341 67 5 409,09 &
ADADZARS5ZS  |Pyruvate kinase 340,44 =] 353,76 =]
DOPNIL Epididymis luminal protein 4 339 64 5 463,93 7

Clipp

and several differential proteins ...

~ 200 proteins identified from ~ 500 ng of captured EV
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Collaboration :
T. Burnouf,

Taiwan



Protein expression level ? Yes ...

IgG

Digestion nanoLC/ESI—Trap

Control

nanolC/ESI-Trap

B N-PEVs T
A2M

J T-PEVs SERPINC

Cell

adhesion :
Coagulation

Cells
activation

,;»""
Agreation of THP1

Platelets

\ agregation ITGA6
MYL9 ‘ [ ITGB3
N-PESs
219 prot.
(219 prot.) FANE) Integrins
37 CD41
/ CD61

Differencial MS profiles

182

46

T-PEV
(228 prost.) Obeid S. et al, unpublished data



Neutrophil aggregation and extracellular traps (NETS)

N-PEVs on neutrophils T-PEVs on neutrophils

- T-PEVs induce aggregation of neutrophil aggregation and NETs formation...

T-PEVs effect on monocytes :[concentration ??| |size ?? ||[Protein expression ???
NO partially YES




Conclusions and perspectives

Molecular mapping
& elasticity

Sandwich assays...
EVs subsets inside
each spot

x - Whole protein...

- Multiomics...

Additional modules for

- EVs production
- Sorting
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* Selective detection and quantification of the different EV subsets.
* Discrimination between EVs and exosomes
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