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3 D  A L I  a i r w a y  e p i t h e l i a  p r o d u c t s  |  M u c i l A i r &  S m a l l A i r
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R e c o n s t i t u t i o n  p r o c e s s  |  M u c i l A i r

Nasal cells

Bronchial
cells

Tracheal
cells

Isolation Cryopreservation Seeding ALI & differentiation

MucilAir Nasal (pooled version available)

MucilAir Bronchial

MucilAir Tracheal

6 weeks

6 weeks

6 weeks
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R e c o n s t i t u t i o n  p r o c e s s  S m a l l A i r |  A l v e o l A i r
M a c r o p h a g e s

Isolation Cryopreservation Seeding ALI & differentiation

Bronchiolar cells

SmallAir

AlveolAir
Pneumocytes &
endothelial cells

Alveolar Macrophages

Isolation Cryopreservation

2 weeks

7 weeks
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E v a l u a t i o n  o f  i n h a l a t i o n  t o x i c i t y  o f  i n h a l e d  x e n o b i o t i c s / d r u g s
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P r e d i c t i o n  o f  r e s p i r a t o r y  T o x i c i t y

Toxicol Sci. 2018 Mar 1;162(1):301-308. 

15 compounds tested
88% sensitivity

100% specificity
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P r e d i c t i o n  o f  r e s p i r a t o r y  T o x i c i t y  u s i n g  M u c i l A i r

Replacement of a 90 Days rat 
inhalation study (OECD TG413) 
using MucilAir



R e s p i r a t o r y  A b s o r p t i o n  o f  D r u g s / F o r m u l a t i o n s  o r  X e n o b i o t i c s
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R e s p i r a t o r y  A b s o r p t i o n  o f  D r u g s / F o r m u l a t i o n s

Time course of the rate of permeation of
Tripolidine.HCl from the apical to basal lateral side
(triplicate)

✓ LC-MS or ICP-MS detection ✓ High reproducibility

Molecules Papp (cm/s) 

A→B

Papp (cm/s) 

B→A

Asymmetry

Ratio

Salicilic Acid 7.7 x 10-5 1.7 x 10-5 0.2

Nicotine 2.1 x 10-5 3.3 x 10-5 1.6

Propranolol.HCl 1.2 x 10-5 1.6 x 10-5 1.3

Ibuprofen 1.1 x 10-5 1.9 x 10-5 1.7

Tripolidine.HCl 9.7 x 10-6 1.2 x 10-5 1.2

Tetracaïne.HCl 8.0 x 10-6 1.1 x 10-5 1.3

Dopamine.HCl 3.0 x 10-6 2.5 x 10-6 

0.8

Atenolol 2.2 x 10-6 6.7 x 10-6 3.0

Air (side A)

Liquid (side B)
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Permeability Constants Papp (A->B) of Reference compounds on MucilAir™

Hoffman et al. Establishment of a Human 3D Tissue-Based Assay for Upper Respiratory Tract Absorption, AIVT 2018

Apparent permeability coefficient (Papp) from A-B obtained from 33 reference compounds (n = 3). Data are

expressed as mean – SD. SD, standard deviation.

R e s p i r a t o r y  A b s o r p t i o n  o f  D r u g s / F o r m u l a t i o n s
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R e s p i r a t o r y  D i s e a s e  I n d u c t i o n
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G o b l e t  c e l l  m e t a p l a s i a  d e t e c t i o n

Figure 1: Control condition: 10% Goblet cells (staining with Muc5AC)

Figure 2: treatment with Il-13 (30 ng/ml) – 80% Goblet cells (staining with Muc5AC) 

D o s e  R e s p o n s e  C u rv e  o f  G o b le t C e ll  D e n s ity  In d u c e d  b y  IL -1 3

IL -1 3  c o n c e n tra t io n
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E v a l u a t i o n  o f  i n h a l a t i o n  t o x i c i t y  o f  i n h a l e d  x e n o b i o t i c s / d r u g s
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P r o - i n f l a m m a t o r y  m o n i t o r i n g

ACS Nano, 2017
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Cilia-X |  C i l i a  B e a t i n g  F r e q u e n c y  m e a s u r e m e n t

Epithelixdeveloped Cilia-X, a dedicated platform to 
measure cilia beating frequencies.

MucilAir healthy apical top view (phase contrast 5X, real time) 
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M u c o c i l i a r y  c l e a r a n c e  ( M C C )  |  a n a l y s i s  

MucilAir healthy apical top view (phase contrast 5X, real time) 
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C i l i o p a t h i c  e v a l u a t i o n  o f  S i C n a n o w i r e s

E ffe c t  o f  S iC  N a n o w ir e  o n  m u c o c il ia r y  c le a ra n c e
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E ffe c t o f  S iC  N a n o w ire  o n  c i lia  b e a tin g  fr e q u e n c y
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E ffe c t o f  S iC  N a n o w ire  o n  a c tiv e  c ilia  a re a
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P h a g o c y t o s i s  o f  M a n - M a d e  V i t r e o u s  F i b e r s  
( M M V F )  b y  p r i m a r y  h u m a n  r e s i d e n t  

a l v e o l a r  m a c r o p h a g e s                             
( A l v e o l A i r - M a c r o p h a g e s )
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F i l t e r e d  M a n - M a d e  V i t r e o u s  F i b e r s  ( M M V F )  | G l a s s  w o o l ,  R o c k  w o o l  &  C r o c i d o l i t e

CrocidoliteGlasswool Rockwool

Bivariate histogram of diameter against 
length in Glass wool samples

Bivariate histogram of diameter against 
length in crocidolite samples

Bivariate histogram of diameter against 
length in rock wool samples
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C h e m o t a x i s  o f  a l v e o l a r  m a c r o p h a g e s

Crocidolite
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G r a n u l o m a  i n  l u n g  p a r e n c h y m a

Granuloma: aggregate of macrophages in response to inflammation caused by unremoved foreign body. Activated 
macrophages can merge to form an “epithelioid” barrier1.

1. https://www.ncbi.nlm.nih.gov/books/NBK554586/

100 µm
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C r o c i d o l i t e  i n d u c e s G r a n u l o m a  i n  r a t  l u n g  p a r e n c h y m a

Granuloma: aggregate of macrophages in response to inflammation caused by unremoved foreign body. Activated 
macrophages can merge to form an “epithelioid” barrier1.

1. Bernstein et al., Tox. And App. Pharm., 2019 
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M a c r o p h a g e s  “ g r a n u l o m a ”  f o r m a t i o n  i n  A l v e o l A i r - M a c r o p h a g e s

Granuloma: aggregate of macrophages in response to inflammation caused by unremoved foreign body. Activated 
macrophages can merge to form an “epithelioid” barrier1.

1. https://www.ncbi.nlm.nih.gov/books/NBK554586/

Glass Wool Glass Wool
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S E M - E D X
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S E M - E D S  a n a l y s i s  o f  M a c r o p h a g e s  w i t h o u t  M M V F
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R o c k  w o o l  i n  A l v e o l A i r - M a c r o p h a g e s

Rock Wool
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R o c k w o o l  i s  d i s s o l v e d  b y  a l v e o l a r  m a c r o p h a g e s

o Alveolar macrophages dissolve rockwool fibers, consistent with in vivo results
Hesterberg et al., Fundamental and applied toxicology, 1995
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G l a s s  w o o l  i s  b r o k e n  b y  a l v e o l a r  m a c r o p h a g e s

Glass Wool Glass Wool



30

G l a s s  w o o l  i s  b r o k e n  b y  a l v e o l a r  m a c r o p h a g e s

o Alveolar macrophages break down glass wool, consistent with in vivo data.



31

C r o c i d o l i t e  – M a c r o p h a g e s  i n t e r a c t i o n s

Crocidolite Crocidolite



Conclusion

32

▪Nasal, Bronchial, Small-Airways and Alveolar 3D human Models are useful tools to evaluate 
effect of inhaled xenobiotics on:
✓Local tolerance
✓Respiratory absorption
✓Mucociliary clearance
✓Mucosal inflammation
✓Respiratory disease induction (lung fibrosis, metaplasia)

▪Assays need to be developed on emergent immunocompetent models integrating alveolar 
macrophages, dendritic cells and neutrophils.

▪Alveolar macrophages replicate in vivo results of MMVF dissolution, breakage and 
phagocytosis when co-cultured with AlveolAir
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