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How far has the community come ?

©LIST
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©LIST

https://data.jrc.ec.europa.eu/dataset/176d71e6-5082-4b29-8472-b719f6bda323

284 models have been identified
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Why Air - Liquid Interphase (ALI)

http://socratic.org/questions/how-does-the-structure-of-the-alveoli-relate-to-its-function-in-the-lungs

• ? in vitro – in vivo ? 20
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Aerosol chamber

: Medium

:   Epithelial cells (A549) : Cultivation well

: Transwell-Insert:  Mast cells (HMC-1)

: Macrophages (THP-1)

: Endothelial cells (EA.hy 926) : Surfactant

Current organisation of

in vitro alveolar systems

!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!

!! !!

Trachea/Bronchus Bronchiolus Alveolus 

Capillary 

Cartilage 

Type-I  
Epithelial Cell 

Surfactant 

!!!!!!!!!!!!!!!!!

!!

Ciliated 
Epithelial Cell 

Goblet Cell 
(Discharging Mucus) Basal Cell 

Ciliated 
epithelial cell Clara Cell 

Type-II  
Epithelial Cell 

Typ-I 
Epithelial cell

Typ-II 
Epithelial cell Capillary

in vivo anatomy of the 

alveoli

Klein et al., 2011, 2013, 2017
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Gutleb, 2011

Model for Respiratory Irritation
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DEPM

Exposure to 

80 or 240 ng/cm2

Klein et al., 2017, Fizesan et al., 2019

Case study: diesel exaust particulate matter

❖ Exposure concentrations selected 

       on a realistic worst case scenario

❖ No effects on cell viability

❖ No significant expression of oxidative 

       stress related genes

❖ Significant translocation of NRF2 as 

       marker for early stress response (TIER1)

Up to 48 h incubation

(depending on the marker)

DEPM exposure induces

detectable secondary effects

on the endothelial side of the 

system

Cell viability

Oxidative stress related genes

Tetraculture 240 ng/cm² DEPM

Tetraculture 0 ng/cm² DEPM

NRF2

Oxidative stress markers
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Nuclear translocation of NRF2 in the endothelial part of the tetraculture (4h)

Tetraculture 240 ng/cm² DEPMTetraculture 0 ng/cm² DEPM

RCA-I-Rhodamine Hoechst33342

NRF-2 Overlay

RCA-I-Rhodamine Hoechst33342

NRF-2 Overlay

Klein et al., 2017, Fizesan et al., 2019
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Marescotti et al., 2019

Complexity matters

20
23

_T
S

R
C

12
5_

G
ut

le
b.

pd
f

T
S

R
C

20
23

(7
6)

 -
 D

oc
um

en
t n

ot
 p

ee
r-

re
vi

ew
ed

 b
y 

C
O

R
E

S
T

A



Complexity matters
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n.
One solution: the ALIsens® model.

Alveolus representation
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O
ne

 s
ol

ut
io

n.
Identification is based on three groups of endpoints.

Exposure

CD54, CD86, TSLPr, OX40L 
and IL-7rα measurements 

Measurement of cytokine 
release by Luminex

Gene expression by qPCR
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O
ur

 s
ol

ut
io

n.
ALIsens® vs human in vivo data.

~ 20 known LMW respiratory sensitizers
6 known skin sensitizers
4 known HMW (= protein) sensitizers

~ 10 «innocent» chemicals

All correct identified

Client samples of unknown expected status
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Commercial Primary Cell-based Systems

MucilAir™: Long shelf-life in vitro Airway Tissues

Isolation, amplification & seeding

Air-Liquid interface, differentiation

Basal Cells

Goblet Cells

Ciliated Cells

Mucus

Primary Human Cells Ready-to-use
Fully differentiated
Airway Epithelium

Nose

Trachea

Bronchi

MucilAir™

Shelf-life of 1 year

https://epithelix.com https://mattek.com
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MucilAir™-HF

Several versions are available:

✓ MucilAir™-HF-Normal 

✓ MucilAir™-HF-Asthma

✓ MucilAir™-HF-COPD (Chronic Obstructive Pulmonary Disease)

✓ MucilAir™-HF-CF (Cystic Fibrosis)

✓ MucilAir™-HF-Allergic Rhinitis 

MucilAir™-HF: Long shelf-life co-culture model

MucilAir™

Human Fibroblasts (HF)
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Respiratory sensitization
T-cells: CD4+ Th2

Humoral Immunity

Skin sensitization
T-cells: CD4+ Th1 & CD8+ 

Tc
Cellular Immunity

Dendritic cells (DCs)

naive T-cells

The GARD platform – biological system

GARD = Genomic Allergen Rapid Detection™
Human dendritic-like cell line (SenzaCells ™) able to recognize allergens
Genomics-based approach with machine-learning technology 

https://senzagen.com

20
23

_T
S

R
C

12
5_

G
ut

le
b.

pd
f

T
S

R
C

20
23

(7
6)

 -
 D

oc
um

en
t n

ot
 p

ee
r-

re
vi

ew
ed

 b
y 

C
O

R
E

S
T

A



Alternative type I cell line

https://www.inscreenex.de/

CI-hAELVi = alveolar type I cell line
CI-huAEC = Lung epithelial cell line
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Immortalized human cells

https://immuone.com/

Immortalized alveolar cell line
Immortalized alveolar macrophage-like cells

ALI - and liquid-liquid  versions (24 well format) 
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iPS based model

https://www.hilung.com

Stem cell differentiation induction technology 20
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https://www.emulatebio.com

Lung-on-a-chip

Advantages
Air-liquid-interphase culture
Primary human cells (alveolar and endothelial)
Relevant physiological stress (stretching)

20
23

_T
S

R
C

12
5_

G
ut

le
b.

pd
f

T
S

R
C

20
23

(7
6)

 -
 D

oc
um

en
t n

ot
 p

ee
r-

re
vi

ew
ed

 b
y 

C
O

R
E

S
T

A



https://www.mimetas.com

Lung-on-a-chip

Advantages
Air-liquid-interphase culture
Primary human cells (alveolar and endothelial)
Relevant physiological stress (stretching)
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https://www.tissuse.com

Lung-on-a-chip

Advantages
Air-liquid-interphase culture
Used for many cell types
(Relevant physiological stress stretching)?
Combination with inHALES possible
Combination with other tissues possibles
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What is missing??

https://breathing.com/pages/free-breathing-test
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Pressure in the lung

http://www.alveolix.com/technology/
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Summary and Conclusion

• Complexity adds to relevance but needs to be benchmarked

• Cell-culture models for any region of the lung available

• Such models need to be cultured at the ALI

• Dosimetry can be difficult especially in OoC systems

• Pressurized systems start to become available

• All systems have advantages and limitations

Your research question will guide your choices
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https://www.epithelix.com/events/live2024

Nice, France
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Merci villmols

For all questions contact me at: arno.gutleb@invitrolize.com
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