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Some data about cancer

Estimated number of new cases in 2020, World, both sexes, all ages

Breast
2 261 419 (11.7%)

Lung
2206 771 (11.4%)

Estimated number of deaths in 2020, World, both sexes, all ages

Other cancers
3 932 768 (39.5%)

Other cancers
8879 843 (46%)
Colorectum
1931 590 (10%)
Prostate
1 414 259 (7.3%)
Stomach Pancreas
1 089 103 (5.6%) 466 003 (4.7%)
Cervix uteri Liver Oesophagus Breast
604 127 (3.1%) 905 677 (4.7%) 544 076 (5.5%) 684 995 (6.9%6)
Data source Globocan 2020
Total : 19 292 789 Graph production: Global Cancer Total : 9 958 133
Osenatory (httpotigoo.darg

= 3rd cause of death in world (1st: cardio-vascular diseases; 2d: bacteria infection)

= 1st cause of death in France
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Lung
1 796 144 (18%)

Colorectum
935 173 (9.4%)

Liver
B30 180 (8.3%)

i

Stomach
768 793 (7.7%)
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= Challenges in cancer management:

screening and early diagnosis
metastasis (responsible for 90% of cancer death)
novel therapies and personalized treatment

= |nterest in circulating tumor cells (CTC)
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Chemi et al., Front. Oncol. 2021
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Role of CTCs in early dissemination
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= The liquid biopsy: non invasive collection of tumor cells and tumor markers

Liﬂuid biogsy

+ ~Hmy Early diagnosis
Prognosis

Treatment monitoring

1 uL of blood contains: Plasma . . e T platelers
- 4 to 6.10° red blood cells - |
- 5to 7.103 white blood cells

- 2 to 3.10° platelets Red blood *’,u\ ... White blood
St~ 4 "RE

1 to 10 CTC / mL of blood

= A major issue: "find a needle in a haystack" and identify it
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Characteristics of CTC

= Size
17um < CTC< 50um
6um < RBC < 8uM
7um < WBC < 15um-20pum

= Heterogenous cell population
= Lack CD45 and CD15 cell surface markers compare to WBC
= Specific epithelial type markers

[X] EpCAM, Cadherin gg@

[x] Cytokeratin (CK8, CK18, CK19) @

= Specific mesenchymal type markers
TGF-f3, Fibronectin @
c-Met, Integrin, N-Cadherin
Vimentin, TWIST, SNAIL

Epithelial- Remote Metastasis
mesenchymal

transition
(EMT) @ @

Secondary Tissue

Kholbl et al., Int. J. Mol. Sci. 2016
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Classical CTC detection methods

1- Enrichment

Physical-based

biologcal-based

2- Detection and profiling

Phenotyping

Genomics

Transcriptomics
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CTC enrichment based on physical properties

= size-based: ISET®, ScreenCell®, ClearCell®

Channel
I Biood band

e CTC stream

=P Mainflow =P Dean flow

e WTELE TV - Hou et al., Sci. Rep. 2013
@@ Captured tumor cells " Leukocytes
s Redblood cells Parylene C-membrane L4 8 5 % recove ry
Zhou et al., Sci. Rep. 2014 ® 90% via bil |ty

® 75 % - 85% recovery
® 70% viability

= density (Ficoll): AccuCyte )

oy F e

v
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<= electric field (DEP): ApoStream™
® 70% recovery

) ApoStream™ ® 97% viability
Negative DEP
Elute buffer flow o é
> %000t 200 T o %% %°

Waste

Positive DEP

\ 4

® C'C @ Viable WBC @ Compromised WBC

CTC

Sample |
Collection

Injection

Gupta et al., Biomicrofluidics 2012
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CTC enrichment based on biological properties

= Positive immuno-selection based on EpCAM targeting

CellSearch® (FDA approuved) : « Gold standard »

[\ The CellSearch system technology

T5mL PB
[ - )

Antl-EpCAM
Fervofluid

® 85% recovery

® Only epithelial CTC
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CTC identification:
Magnetic Cartridge * EpCAMY

" DAPI+

* CKt+{8.18.19)
EsCAM pm— Y
“
1

An-EpCAM

Anti-C K-PE
- o
Leukocvtes « % <
ts “a
. Anti-CDISAPC

Cristofanilli et al., J. Clin. Oncol. 2005
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CTC-Chip

Nagrath et al., Nature 2007

® 78000 coated anti-EpCAM micropillar (100um dia, 50um spacing)
® 80% recovery
® No release of CTC for subsequent analysis
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= Negative immuno-selection

RosetteSep™

Add density ;
4 ¥ gradient Desired cell
| [ medium
é j l i
A
(4] _— AN
: &
S Le.w RosetteSep ~
9 antibody Centrifugation
) : °
@ cocktail \ / A 4 {"3
Anti-CD45 R:ﬁf_gggep
Anti-glycophorine A e Unwanted
cells
® 36% recovery Naume et al., Cytotherapy 2004

® L oss and morphological damages to CTC
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Dynabeads®, EasySep® : immuno-magnetic depletion

‘l.\l\s (CDAS)

"<

- >
“ . ‘: .
s :‘ =, | Pretreatment %G Leukocyte HCC CTC &
'. - e i - O ——— = kX
‘. - ‘ . O6 depletion analyses
..‘\ & .
-\
NG ~ =
HCC CTC

# Erythrocyte * Leukocyte

Chen et al., Biosens. Bioelectron. 2016

® 24-44% recovery

http://inl.cnrs.fr
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CTC detection and profiling

= Molecular analysis by sequencing technologies and FISH

genomic and transciptomic informations

= Phenotyping analysis and counting by immunohistochemical methods

fluorescent microscopy, flow cytometry

- ~ 7 Day 1: Coatting of membranes with antibodies (Abs) agianst a CTC
‘ — 4 specific marker protein

G vvvvvvvv .

= Fonctional assay: EPISPOT

e oy, Day 2-3 : Immunocapture of the marker protein
& ) | secreted/released/shed by viable CTC during a 48h cell culture
68 66 ——

|-"' vvv@v@@v >

CK19 and MUCL1 secretion
only alive CTC ‘

Removal of cells and detection of the marker
protein by fluorochrome or enzyme-labled

.
('"-_»;Y\?q/ e \?/ \ —- !;" ,.\;;—3 .:gg % \x\l
Day 4 : Enumeration of e Sy
fluorescent o p4BC ———
immunospot by an automated S = T

reader (1 spot = 1 viable CTC)

i Enzyme of fluorochrome-labeled anti-marker protein Ab
o Secreted/released/shed marker protein
Y Anti-marker protein Ab

Alix-Panabiéres., Recent Results Cancer Res. 2012
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Summary for CTC analysis workflow

a I

Chromosome
aberrations

Translocations

Y Real-time
liquid biopsy

Deletions
or insertions

V" N/ \W2
| QAOVGT Epigenetic
marks

NOTORN

Point mutations

_Patient Amplifications
with cancer \\
-
N
Biology Physics Immunocytology Molecular biology Genome
ﬂntibody to § Size \ @ithelial or \ /
mesenchymal 3 & mesenchymal marker Epithelial cell- m
marker \_ : specific mRNA
y l S TISSU%‘ « FISH
epithelial marker deformability marker % « NGS for detection | ® Immunostaining
_—;Q]—\g /i of individual * Proteomics
ol . W Tumour-
Positive selection associated qRT-PCR mutations
in vitro or in vivo ; (single or
Density | —— marker gl
i Protein multiple genes)

Negative selection
invitro

expression

Electrical '\M
charges I:I
! * Multiplex gRT-PCR

+
i * RNA sequencing
b2 « In situ RNA
hybridizati
DEP movement Q0 a6 ybridization

Anti-CD45 :
o
and capture / \\ EPISPOT assay EPIDROP / \_

antibody @
Functional assays Transcriptome Xenograft

CTC enrichment CTC detection CTC characterization

Pentel et al., Nature Rev. Clin. Oncol. 2019

Tumour growth

o
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Clinical applications of CTC detection and challenges

= CTC as prognostic markers in cancer
low cut-off value of CTC enumeration
improvement of recovery rate after enrichment/purification
development of standardized detection techniques
= CTC as chemotherapy indicators in cancer
markers of targeted chemotherapy selection
markers of treatment resistance
markers of treatment sensitivity
= Discovery of novel biomarkers and drug development
rarity, heterogeneity, fragility, cluster formation

single-cell analysis
recovery rate of alive CTC
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Some data about bacteria infection

= 2d cause of death in the world (7,7 millions)

= Growing of antimicrobial resistance

= Major issue in health, environment, agri-food and security
® Public health: precise diagnosis and rapid screening, treatment efficacy
® Environment / security: protection and monitoring
® Agri-food: food quality and monitoring of production

= Nosocomial infection (5% of patients): E. coli, Staph aureus, Pseudomonas
aeruginosa, Streptococcus, Enterococcus, Clostridium difficile

= Food and waterborne infections (10% of people): E. coli, Campylobacter, Legionella,
Salmonella, Shigella
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Bacteria characteristics

= Bacteria are procaryotic cells: 2 major groups

cytoplasm
ribosome

nucleoid

inclusion

flagellum

1-10pm
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Gram positive (G+)

coque, bacille
Listeria, Staph aureus,
pneumococcus,
streptococcus

Gram negative (G-)

coque, bacille, spirochete
Legionella, Pseudomonas,
Salmonella, E. coli

teichoic acid

lipoteichoic acid lipopolysaccharides

outer membrane
layer

.

e SRS
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= Specific metabolism of bacteria and enzymatic activities

nitroreductase (NTR) widely expressed in G+ and G-

alcalin phosphatase (ALP) highly expressed in E. coli

B-lactamase highly expressed in antibiotic resistant bacteria
capsase-| activated in infected human cells

catalase-positive Staphylococcus/catalase-negative Streptococcus
Coagulase test for pathogenic bacteria
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How to detect bacterial infection?

l Conventional methods of bacterial detection I

1

. =

l Culture-dependent | l Culture-independent |

f ey .
Microbiological Microscopic e
l plating \ l visualization | Biochemical tests Immunoassays m:t.h:d:r

i 2 SO
» A&
>48h growth Antibiotic sensitivity

Gram staining C-reactive protein test

Ziehl-Neelsen staining Enzymatic test

Metabolic assay
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Culture-dependant detection methods: « the gold standard »

ARTICULAIRE

= Macroscopic observation
presence of RBC, WBC
smell
consistance, cloudy solution

= Microscopic observation
shape, mobility, association
Staining
enumeration

= Microbiological culture on specific conditions
liquid or solid medium
selectif medium
t°, aerobic or anaerobic

@I Institut des Nanotechnologies de Lyon UMR CNRS 5270 Evénement et date http://inl.cnrs.fr




= API 20E (Analytical Profil Index) biochemical tests: bacteria identification

[x] 20 biochemical assays for culturing bacteria
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Enter the numerical profile in the apiweb to obtain the identity
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= Antibiotic sensitivity

resistant

sensitive

= Culture-dependant methods are:

Cost-effective methods with good specificity (>80%)
Time consuming (>48h) and low sensitivity (103 CFU/mL)
Not possible for non-cultivable pathogens
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Culture-independant detection methods

= Immunoassay-based methods (Numerous commercially available kits)
ELISA: Enzyme-Linked Immuno Sorbent Assay
FLISA: Fluorescent-Linked Immuno Sorbent Assay
LFIA: Lateral Flow ImmunoAssay

Lateral Flow Assay Architecture

Antibodies conjugated to Test Line Control Line
Analyte Gold Nanoparticles (Antibody) (e.g. anti-lgG Antibody
*l * W v
‘_“,u'_‘/

fJ’,

A5
ity

1’1 f'."} /‘/ gea===W. ‘ﬁ.,t—;
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mple
Sapag Cong:gate Membrane
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Specific and sensitive (10 CFU/mL) ' TetTile ComdrorTans
) (Positive) (Valid Test)

Easy to operate and cost-effective

Allow detection of bacterial toxins

Rapid method compare to cell culture
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= Mass spectrometry-based methods
LC-MS
MALDI-TOF

~ Antibiotic ‘
1 Susceptibility
s _ Testing
Bacteria Culture l'» |I- Microorganism |
| Identification
- | MALDI TOF MS
@

' Hou et al.; J. Food Drug Ana(. 2019
Clinical

= Subtyping
Specimen ﬁ&l

® Rapid (few hours) and accurate analysis (70% sensitivity, 90% specificity)
® First need bacteria culture and sample preparation
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= Nucleic acid-based methods
PCR, multiplex PCR, quantitative PCR: 10%-103 CFU/mL

NASBA (Nucleic Acid Sequence-Based Amplification): <1 CFU/mL
LAMP (Loop-Mediated isothermal Amplification): <10 CFU/mL
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/) R RNasa H Re < Forward internal
- everse ase verse . i FIP!
. Sensz RNA Okge P1 Transcriptase Primer P2 Transcriptase 2 primer (FIP)
Flucrophore Quencher — . 5 v iakila ) i ‘Bl ﬁ m 3
L . 1 \ v Ty I N
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? T7 RNA Polvmerase primer (BIP) s
Eesal Pl el Bl el 5
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0Cess —
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Reverse Transcriptase ¥ | Gl 3 5 h\/
— - % ///, \\\
‘P)IIIIIIIII\:_ ﬂ Primed “r“P“z o >, > ~
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NSNS il _B | Fi s 3
il ol finfkesnse BRE 4 Fly 3 5 \Bis 4 ; &7 5 3 il E#
AANS Nd -7 1
) /
FIP 7. A BIP 5
NASBA prin Ciple Exponential Amplification
LAMP principle

® Only NASBA allows detection of alive bacteria
® Highly sensitive and specific methods
® NASBA and LAMP are low-cost and fast (<2h)
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Challenges of bacteria detection

= Bacteria infection is a major public health issue due to growing
antibiotic resistance

= Several bacteria detection and identification methods are available
specificity and sensitivity
cost
material requirement
time to result

= Challenges still to be resolved
pre-treatment of samples
integrated biosensing approaches for POC detection
microfluidic sensors for rapid detection
label-free detection
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