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Medium/Low cost

Pulmonary models

Medium/High throughput

AIR LIQUID INTERFACE * Physiologically relevant
» Disease relevant
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Mouse versus Human Airways

HUMAN
~12 mm diameter Larger
lumen intrapulmonary

Small airways and
TEFI‘I‘III'IEJ bronchioles

MOUSE
Trachaa ~1.5 mm diameter
. : . lumen
2— Submucosal glands
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‘ Systemic circulation
Main bronchus
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Respiratory bronchioles
alveolar duct

Rock et al.,

2010



Lung anatomy

Extrapulmonary
bronchus

Intrapulmonary
bronchus

Respiratory

bronchiole Primary, secondary,
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Current organisation of the in  In vivo anatomy of the

Vitro system alveoli
Alveolus
Surfactant
@ . Epithelial cells (A549) u: Cultivation well
_ Typ-I Typ-II '
%: Macrophages (THP-1) + Medium Epithelial cell  Epithelial cell Capillary
Mast cells (HMC-1) ]ll.r:TranswellTM—lnsert
@: Endothelial cells (EA.hy 926) : Surfactant
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Klein et al., 2011, 2013, 2017



Why Air - Liquid Interphase

? In vitro —in vivo ?

LIST.lu Lacroix et al., 2018 AIVT
http://socratic.org/questions/how-does-the-structure-of-the-alveoli-relate-to-its-function-in-the-lungs



Characterization of the 3D in vitro model: structure and functionality

Il Cell membranes I Cell membranes
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SURFACTANT PRODUCTION IN A549 CELLS

Surfactant protein A Surfactant protein B Surfactant protein C
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SURFACTANT ON
ALVEOLAR TYPE Il CELLS

Pipetting
DMP/O

droplet Surfactant

Pipetting
DMP/O

droplet
No surfactant
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Characterization of the 3D in vitro model: structure and functionality
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Current standard of testing?

in vivo model in vitro model

Regulation
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Current standard of testing

Models for skin sensitization
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Model for chemical irritants/sensitizers st AR

LIST

AIM: Develop an in vitro model which mimic at best the alveolar barrier to assess
the respiratory sensitization potential of different compounds

Alveolar physiology

Direct
DC activation

In vitro model for sensitization

Alveolar macrophages

THIENT / + Engulf and remove foreign materials by
A phagocytosis (Sibille and Reynolds, 1990)

Alveoli

* Regulate modulation/suppression DCs

activation by IL-10 and/or IL-12 release
(Bedoret et al., 2009; Lauzon-Joset et al., 2014;

Toussaint et al., 2013).

Indirect DC

4yt Dendritic-like cells (THP-1) N
— : Endothelial cells (EA.hy 926) N cle e
@ : Alveolar type Il epithelial cells (A549) Lunq dendrltlc Ce”S (DCS)
@ Macroph_ages _ _ . S l ... d . f .

(THP-1 differentiated with PMA) ampling, recognition and processing of antigens

: Coculture medium by dendrites extension through the epithelial barrier

 Surfactant (Holt et al., 1994; Gills al., 2012)

1T : Transwell insert
« Upon activation up-regulate adhesion and co-stimulatory

molecules such as CD54 CD40, CD 80, CD 86, OX40L involved in different phases
of Immune response (Cumberbatch et al., 1997, Ito 2012, Besnard 2011)
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the BARD platform - biological system

Respiratory sensitization
T-cells: CD4+ ThZ & o
Humoral Immunity

naive T-cells

Dendritic cells (DCs)

Skin sensitization
T-cells: CD4+Th! & CD8* Tc

Cellular Immunity




AR Dair - 1dentification of chemical
respiratory sensitizers

EL Commission - Flagship Product Health :

GARDair - The first predictive in vitro assay for the identification of respiratory sensitizers. ™

£2.4 M in funding

This project has recieved funding from the European Union’s Horizon
2020 Research and Innovation Programme under grant agreement No
756014.




BARDair - |dentification of EhEITIiEEl

respiratory sensitizers

Training Data set GARD respiratory prediction signature

e

|0 respiratory sensitizers
20 Non-respiratory sensitizers
(incl. skin sensitizers)

3\b e

°°°°u

Biological system

B Non-Respiratory sensitizers
O Respiratory sensitizers

@PLOS | ONE Forreryd A, Johansson H, Albrekt A-S,

Bomebaeck CAK, Lindstedt M (2015)



GARDair - coverage of mechanistically

Key Event |

Hapten formation > covalent
hinding to proteins

Keratinocytes

Key Event 2

Inflammatory mediators

relevant pathways

Dendritic cells T-cells

Key Event 3

Adverse Jutcome

>DC activation (ccupational Asthma
>DC maturation

>DC migration

Activation/
proliferation of
T-cells

v

T-cell polarization to Th,
- ISLP receptor signaling

Innate Immune activation

Occupational
Asthma



s Performance

BARDair - in-house validation

Prediction
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Air-Liquid interface

Alveolus

Surfactant

_Typ-| Typ-Il Capillary
Epithelial cell Epithelial cell

LIST.lu Chary et al., 2019



Case study: chemical irritants / sensitizers wmtssint || |§T &

AND TECHNOLOBY

Selected working concentrations to have around 90% of cell viability

<> FACS measurements < Cytokines pattern Comparative pattern of effects
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" " IHSTITIITI%L:]}I[:EE'[?IEHEE LI ET {
Unique set of 11 endpoints
Chemical Chemical Protein
sensitizer irritant sensitizers
Cell surface markers
CD54 7 = =
TSLPr 7/ = =
OX40L = AV 7
Cytokines release
IL6 7 = =
IL7 = 7/
IL10 7 = =
MCP-1 7/ A\ =
GM-CSF 7 AV =
Gene expression
IL1R1-1 7 N A
CIITA AV 7 =
HLA-DRA = 7 =
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AND TECHNOLOBY

The evolution of the 3D tetra-culture model at “LIST”  wprearseewe | | |§T

Alfaro Moreno et al., 2008 Klein et al., 2011 (LIST) Klein et al., 2013 (LIST)

o[ e| o S

2008: Tetraculture 6-w format 2011: Tetraculture 6-w format 2013: Tetraculture 6-w format 2017: Tetraculture 6-w format
Epithelial cells, mast cells and immuno cells Epithelial cells, mast cells and immuno cells Epithelial cells, mast cells and immuno cells Epithelial cells and immune cells located on the
located on the bottom of the well, endothelial located on the apical side of a Transwel™ located on the apical side of a Transwell™ apical side of a Transwel™ insert; endothelial cells
cells on the apical side of a Transwel™ insert. insert; endothelial cells seeded on the insert; endothelial cells seeded on the seeded on the basclateral side of the Transwell™
Apical cells cultured in SUBMERGED conditions.  bottom of the well. basolateral side of the Transwell™ insert. Insert. DC cells on the basolateral side.
Apical cells cultured at ALl conditions. Apical cells cultured at ALl conditions. Apical cells cultured at ALl conditions.
AL-Cloud 2
g — -
a s " 2017: Downscaled triculture (24-w format)
g ® Epithelial cells and immuno cells located on the
- apical side of a Transwell™ insert; endothelial
o cells seeded on the basolateral side of the
Transwel™ insert.
Reduced number of immune cells
Improved shelf life
Fonds National de la Shippability
Luxatibou Apical cells cultured at ALl conditions.
g

Moschini et al., 2017 (LIST)



VITROCELL™ CLOUD CHAMBER

https://www.vitrocell.com/Portals/0/videos/vitrocell-cloud.mp4



Current standard of testing?
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in vivo model in vitro models

LLNA assay

\ Ethics

Costs
Regulation

Models
" Chemical sensitizers
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The way ahead is still «lung»
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