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q o Miniaturized sensors for liguid biopsy

Infiltrating
tumour cell

Circulating tumour cells

.oo Extracellular vesicles—contain soluble molecules
o Soluble molecules—proteins, cell-free nucleic acids and metabolites

Device equirements:

High sensitivity ---binders!

Reproducibility ---surface functionalization
Low noise --- no aspecific binding

Low cost

Fast

M. Westpahl, Nature Review Neurology, 2015
C. Dincer et al, CellPress 2017

Liquid Biopsy

Both healthy and tumor (diseased) cells transmit information on their
state to the bloodstream, either directly (proteins) or as cell signaling
intermediate (exosomes, metabolites).

Such information are possible  biomarkers for early non-invasive
population screening, cancer diagnosis and prognosis and for
monitoring the response to therapeutic

Emerging application in resource-limited
settings: early and accurate diagnosis

Key Figure
Multiplexed Point-of-Care Testing (xPOCT)

Multiplexed point-of-care testing
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Trends in Biotechnology
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q o Atomic Force Microscopy Lithography

| Nanografting for DNA/Protein
Imaging Nanoarrays
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Sincrotrone

Nanoarrays

Detection of ECD-Her2 with nanobodies in serum
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—— ssDNA (522 nm)
T SeONATOES (328 )
2.0 _ gsDNA-TOEGS-NB (526 nm)
cit@eAulNP 23.6 0.5 24 3 15
ssDNA@AuNPs 24.3 0.5 2.0 g
ssTOEG6@AuNPs 30.1 0.8 2.6 210
dsDNA@TOEG6@AuNPs 32.3 1.2 3.6
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) o= T T — 1
random conformation TOEG6 forces ssDNA to DNA exhibits more “ 50 Wasisogt () " o0
due to non-specific have more upright streatching outward
adsorption of ssDNA on

comformation owing to dsDNA regidity
AuNP surface 3

‘/')L,

TOEGS6: Produces stable DNA
coated AuNPs by removing
loosly bound ssDNA

Anti-HER2 nanobody: actively
targets HER-2 expressing cancer
cells.
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SH-ssDNA (F9): complementry

SH-ssDNA (cF9): promissing
part which is attached to A10.

F~——_ surface modification agent for
biomedical application
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q = Novel biomarkers: extracelular vescles
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Wiklander et al., Suence Trans. Medicine. (2019)

Extracellular vescles (EV) are smdl vedcles ensuring trangport of molecules
between cells throughout the body; contain specific Sgnatures and have been
shown to srongy impact on the fate of recipient cells

& .

Useful for diagnostics and therapy.




S EV's characterization
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Cell lines o EVs WB analysis
° =

Nanoparticle Tracking Analysis

----» Ultracentrifugation----»

+

Tangential Flow Filtration

Atomic Force Microscopy

Vibrational spectroscopies

Isolation and
characterization of EVs
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Offset (um)

BEVsinteraction with model membranes,
PC lipid bilayer
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q e | EVsinteraction with model membranes:
raft-like lipid bilayer
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EVs interaction with raft-like bilayer:
q we" | Comparison with singe lipid
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e Mlechanical response of cells treated with EVs
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BREAST CANCER CELL LINE SUBTYPE AGGRESSIVENESS
MDA-MB-231 TNBC (ER-; PR-; HER2-) +
BREAST CANCER CELL LINE SUBTYPE AGGRESSIVENESS
MCF7 Luminal A (ER+; PR+; HER2-) -

MDA-MB-231

3

1. Cell aggressiveness Li

o l . .
TNBC = Triple Negative Breast Cancer 2. Biomechanical propertles?
sEVs = Small-Extracellular Vesicles
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NT-MDT Smena

Tip: CSGO1 (k = 0.006N/m)
Silica sphere D =20um
Fitting: Hertzian Model

Sample manteined in PBS1x buffer (30 cells and 2 sample analyzed for each cell line)

*#4%=P_value < 0.0001 (Wilkcoxon test)

Sincrotrone

Mechanical response of cells treated with EVs

Young's modulus (kPa)
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e Mlechanical response of cells treated with EVs

Trieste

231 sEVs MCF7

24h 48h
kk ] seksksk
k)
¢ ]
2 S 2 4
© ©
o o
=3 =3
%) [0)
= =
> >
° o
] o
£, € 4.
0 w
o (=)}
c c
> >
o O
> >
0 T T T T 0 T T T T
CTRL 0.05ug/uL 0.1ug/uL 0.2ug/uL CTRL 0.05ug/uL 0.1ug/uL 0.2ug/uL

NT-MDT Smena

Tip: CSGO1 (k= 0.012N/m)
Silica sphere D = 20um 13
Fitting: Hertzian Model Huang et al. 2019, Am J Trasl Res.

**=P-value <0.01 ****=P-value < 0.0001 (Wilkcoxon test) Wang et al. 2019, Stem Cell Res Ther.
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Nanoarrays
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Tosie Detection of ECD-Her2 with nanobodies
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q Laee Mechanical response of cells treated with EVs
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= immobilization of DNA-barcoded protein
binders
Immobilized ssDNA Ab-cDNA immobilization Ag recognition
s #
Epa® :
w. T Li‘;u'“=/v\
® Ty " 4FB-oligo
HyNic-protein l DNA-antibodies Conjugation: “click chemistry”
l.&f{%nﬁ\ﬁ‘
| ;_-;%l[,/\ [/A])‘Ll)[/\/\
- 7\'{;\(&7/\/ = bis-arylhydrazone

PROs - different Abs on the same surface = Multiplexing protein nanoarray
- small volume detection system
- label-free detection system
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Nanoarrays

Detection of ECD-Her2 with mouse Ab

MGR?2, MGR3 monoclonal antibodies,

NonN Cross reactive
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ECD-HER?2 detection in human serum
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Miniaturized capacitive immunosensors

H

RChanneI

Fit R,C,C
R = 168,000 +/- 1,800 Ohm
C1=1.65 +/-0.76 nF
CS =5.03 +/-0.04 nF
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Miniaturized capacitive immunosensors
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ECD-HER?2 detection in human serum
| 1 1 1 1 1 1 L
il - ssgﬁﬁ Cchh"SH' in (F9 + VHH-A10) @ 110 nM [ ﬂ. K
| ss + |mer|_c prple:n - 2 n p 1 ) 3
L= . e it TR o o i AL X5
X 3 - ::DNA:VHH g:j:g:t:gz : [HERZ]: 1 :m ECD-HER2 ,“_ s p.° BN
09 g & : ssg:ﬁx:: con}uga:ion + {nggg{ = 1(1Jg nM [~ NG ) 5nm
0.8 1 % -
07 o B M
0.6- — 5, AR LN ' i
0.5- B A NANOBODY CONJUGATE
0.4+ h- L— ; a -
GOLD SURFACE
0.3 T T T T T T T
0 100 200 300 400 500 600 700
time (min)
1 1 1 L 1 PR T T A | 1
24 - | @ VHH/Her2 LOD in std HS| B
20 I --------------------- -
-~ (7, 8| NSO NN ORI 3 9 2 ' SROUPUS SO . % .. u
g | e
P I [ Ko= (215%0.97) nM
B Ko(SPR)= 1.7 nM -
4 L
A > 3 4 se6718 " > 3 . G 56718 " 3 3 d 5678 )
0.1 10 100

[HER2] (nM)



