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 Exposure to chemicals such as acid anhydrides or fragrances can induce respiratory
allergies.

 Complex in vitro co-culture systems represent valuable tools to understand the mechanisms
involved in lung sensitization.

 At present, no in vitro model is validated to reliably detect chemical respiratory sensitizers.

AIM: Adaptation of a 3D-co-culture system previously developed by us (Klein et al.
2013).

Inclusion of dendritic cells to study respiratory sensitization processes.

Identification and evaluation of markers to assess the respiratory sensitizing
potential of inhaled compounds.

: Mast cells (HMC-1)

: Endothelial cells (EA.hy926): Macrophages 
(THP-1 differentiated with PMA)

: Dendritic-like cells (THP-1)

: Coculture medium : Transwell insert : Surfactant

: Alveolar epithelial cells (A549)
a b

a) Co-culture system mimicking the alveolar barrier to study cell-to-cell communication and inflammatory effects of NPs at the ALI (Klein et al. 2013, 2017).
b) Variant of the system to study the sensitizing potential of chemicals at the ALI (Chary et al. 2017, 2019, Patent WO2018/122219 A1).

Tetraculture

Day 1 

Remove PMA 
stimulation 

Day 2 

Seed A549 and 
Ea.hy926 

Day 0 

PMA stimulation 
of THP-1

Day 5 

Medium change 

Day 6 

Add differentiated 
THP-1 into insert;

Add THP-1 into well;
Switch to ALI 

Day 7 

Vitrocell cloud system 
exposure 

THP-1 cell monoculture

Exposure in submerged 
conditions

1) Viability assessment

2) Exposure to CV75%

surface marker 
expression;

gene expression

cytokines 
release

Chemical Monoculture
(µg/mL)

Tetraculture
(µg/cm2)

Acr 1,7 8

MeSa 353* 56*

TMA 240* 90

PA 193* 148

Tissue Viability

Cytokines Release

Gene Expression

 Better prediction of respiratory sensitizing potential of compounds using THP-1 cells in the tetraculture system compared to monoculture in
submerged condition.

 Increased expression of CD54 and CD86 after exposure to the chemical respiratory sensitizers TMA and PA and decreased CD54 expression
after exposure to the irritant acrolein:

 CD54 and CD86 could be used as a marker to discriminate irritants from chemical respiratory sensitizers!

 Increase of TSLPr expression after exposure to the chemical respiratory sensitizers TMA and PA:

 TSLPr could be used as a marker to identify chemical respiratory sensitizers!

 Increased secretion of specific cytokines after exposure to the chemical respiratory sensitizers TMA and PA:

 Panel of cytokines is able to identify chemical respiratory sensitizers!

 Increase of OX40L expression after exposure to the protein allergen HDM and Bet v1:

 OX40L could be used as a marker to identify protein allergens!

Surface Marker Expression

TSLPr

IL7ra

CD86CD54

OX40L

Chemical CCL20 GM-CSF IL-10 IL-7 MCP-1 RANTES

Acr 0,1 0,2 0,2 1,3 0,1 1

MeSa 1,6 1 1 1 1,1 1,1

TMA 2,6 3,4 1,5 1,3 1,1 1,5

PA 2,5 2,4 2 1,2 1,1 1,3

Chemical CD80 CIITA G-CFS-R HLA-DMA HLA-DRA IL1R1-1 MAP2K1 MyDD88

Acr 1 -0,4 -0,3 0 0,9 -4,3 -0,3 -0,3

MeSa 2,4 0,6 1,1 1 3,6 -0,3 0,6 0,5

TMA 1,2 -1,8 -0,2 -0,4 0 1,2 0,1 -0,2

PA 0,7 -1,3 0 -0,6 -0,1 1,4 0,1 -0,5
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Intra-laboratory Validation of Surface Marker Expression
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