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Mechanical phenotype for diagnostic applications ’

Asthma Cancer ARDS

Normal Alveolus 5 Injured Alveolus during the Acute Phase |

Squamous epithelium

Wadsworth et al. Asthma and Glycosylation in
Airway Epithelial Repair, (2012)

www.proteinatlas.org |

WWW. cllnlcaladwsor com

Malaria Sickle Cell Disease Hereditary Spherocytosis
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Sphero

Hered Spheroﬁog
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Mechanical signature of cells appears to be a relevant physical biomarker
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Mechanical phenotyping techniques

[

Collective techniques ]

[ Single cell techniques ]

Rheometer Laser/optical
tweezers

Micropipette
aspiration

Ektacytometer

2

Kim et al., Blood Cell - An Overview of
Studies in Hematology - Chap10 (2012)

Suresh, Acta Biomaterial (2007)

Collodal probe
afm setup

substrate supported

mirocapals e ::

AFM
sonde colloidale

Dulinska et al., J. Biochem. Biophys.
Meth. (2006)

Not adapted for low

) High sensitivity
number of pathological

(single cell detection)

[ High throughput } L

} Low throughput
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A passives

E=5kV/m

20kV/m

OkV/m
Engelhardt et al., Biophys. J.(1988)
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Outline of my presentation 4

Cell dynamical behaviour at the exit of a restriction
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Outline of my presentation 4

Cell dynamical behaviour at the exit of a restriction

Pressure Drop measurement
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Detection of malaria 2

“247 million cases of malaria in 2021, and
the estimated number of malaria deaths
stood at 619 000. The WHO African
Region carries a disproportionately high
share of the global malaria burden.”

www.who.int/
RBCs
Merozoites « /7 j Ring stage
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2000 km @ ‘f’ i =
A 7'\ Blood
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o R Rt L 8 A 8 Rosace stage @ 3 Trophozoite stage
ction methods:
| Schizonte stage @
3 :% o v e -
. G g Gametocytes
. = > www.pasteur.fr

.
o

=N . .
Blood smear . = Rapid Diagnostic Tests/

Not suitable for the field False-positive leading to unnecessary drug use which contributes
to the emergence of treatment-resistant strains

Direct detection of the presence of parasites within the host cell — mechanical phenotyping
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The RBC : from structure to mechanical properties °

Viscoelastic membrane Excess surface area

Lipid bilayer
+ cytoskeleton N

hemoglobin
www.altitude.org Viscous medium

Malaria Sickle Cell Disease Hereditary Spherocytosis
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Cell dynamical behaviour at the exit of a restriction !

Our approach multi-constricted channels:
' Flow direction

,, Mout= 31.5 mPa.s

RBCs undergo a series of compressions %:* and extensions

— periodic sollicitation

Typlcal flow behavior for a healthy RBC:
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Identification of mechanically impaired RBCs

Experiments performed with temperature rigidified RBCs:
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Discrimination at the exit

Mout = 31.5mPas

: Tlpse sequence ' 1.0
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What about specificity ? 10

Do you have malaria ? Do you have SCD ?

Do you have HS ?

Differentiation between several diseases which all impact overall cell deformability ?
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Discrimination between several pathologies ?

11
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Discrimination between several pathologies ?

12
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Is there more information ? 13
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Conclusions and outlooks 14
o Conclusions:

v" Possibility to identify healthy and mechanically impaired RBCs using
dynamical behaviour at the exit of a constriction (D, and t,).

v" Allows differenciating 3 different diseases which impact different
structural component of the RBCs while decreasing the overall cell
deformability.

— Great potential as a new diagnostic tool !

o OQOutlooks:

» Evaluate the possibility to quantify sub-populations of RBCs

» Evaluate variability inter patients (on healthy, then on pathological
samples)

— Could bring new insights in the diagnostic, prognostic and therapeutic follow-up
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Outline of my presentation

15

Cell dynamical behaviour at the exit of a restriction
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Pressure Drop measurement
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From mechanical properties to treatment outcome 10

Acute Mieloid Leukemia (AML)  5-year survival rates of 30-35%
Kantarjian et al., Blaood Cancer J. (2021)
A Blasts

7 Bone marrow pressure
7 Compressive stress

Hematopoietic stem cells

b Y al Compression
Microenvironment [E= ==
(Stromal cells + ECM) g
C RC L . — Cell deformability can be influenced by environment
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7 Mechanosensitive pathways in cells from AML patients with
relapse and commercial cell lines resistant to chemotherapy.

Lefort., Unpublished results (2022)
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Pressure Drop Measurement L

Object in capillary induces change in hydrodynamic
resistance into the channel

Calibration

Without cell 1H
Position in the channel g 05 F
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characterize

Object in capillary induces a change in
flow rate downstream which can be
translated into a change in pressure.

Contrast agent

Abkarian et al., PNAS (2006)
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Typical behaviour of ALM cells 18
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AP, Varies with both cell volume and deformability

AP, traduces the occupation rate 2a,/W, of the cells in the constriction
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Mechanical signature of the resistance to treatment 1

Comparaison of sensitive and resistant cell lines:
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At a given occupation rate, ML2-S are less

deformable than ML2-R.

Discrimination possible between sensitive

and resistant cells to chemotherapy

Results confirmed by AFM measurements
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200-1400 Pa M.J. Rosenbluth et al. Biophys. J., 90(8):2994-3003, 2006
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Effect of treatment ?

20

Mechanical signature upon chemotherapy expose for 24H00:

2a,/Wc

[0.5.1] 225 [253]
TO T =T ] | = T T T T T
'—_F'TT |? %
7
&
=~ 5|
(3°)
m \
E
e *kkk
a- [ mL2-s —
4 -10 | *
[] ML2-S + araC
|~ < ©
o < o Qs S3S 8 o
T AT N T
-15 1 ] ] ] ] 1 ]

Upon chemotherapy exposure, stiffness of most cells

1
2a,/Wc =[1.5,2]

AP, (MmBar)

i

%
XXXXXXxxx

KX

b

KERXF i
4 WK
KXy XX
et -
X}(XX
X —
Hx
y i
X
b4
_____________________________ |
1
ML2-R ? !
1
1
Xy xX 1
5 1
®
X %
Xox 1
G 53 !
O 1
0opo0 Kne X se X
02000008 o 1
o
0030000000 !
oog, 200090000 K 1
9000009860000 XX |
goggooaaoaaoﬂggao X 1
o0 Rog o X
oooaogggoggaaoaoﬂo HKygx 1
©%000054,0006000009 KogoeX,,
89004565880050° R !
3‘300 005000 o=l ° I
Ogaaoo‘mooogaa Xx 1
0054500 ®
00520009975 Mo 1
o o
0000 " \
ML2-S ML2-S +araC |
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Conclusions and outlooks -
o Conclusions:

v" Pressure drop measurement is sensitive to both volume and
deformability

v" Possibility to discriminate between sensitive and resistant AML
commercial cell lines.

— Great potential as a new prognostic tool !

o OQOutlooks:

» Test on primary cells issued from patients whose treatment outcome is

known (relapse or not). et
eformability

» Evaluate the other sides of the tryptic
?

MeChaniCal " qu—) Resistance to
stress treatment
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