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3D in vitro  respiratory models available from MatTek 

EpiAirway 

-Primary tracheobronchial epithelial cells 

EpiAirway Full Thickness 

-Primary tracheobronchial epithelial cells 
& fibroblasts in an extracellular matrix 

EpiAlveolar 

-Primary alveolar epithelial cells, 
fibroblasts, endothelial cells and +/- 
macrophages 
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Production of human 3D in vitro  respiratory tissue models 

Normal Human Bronchial 

Epithelial cells (NHBE) 

Isolation of lung cells from tissue Expansion in monolayer 

Cryopreservation of 

cell bank 

Submerged culture on a 

microporous insert 

Differentiation at the air-liquid 

interface 

Pseudostratified epithelial 

tissue cross section  
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EpiAirway model 
EpiAirway is an in vitro 3D organotypic model of human tracheal/bronchial epithelial tissue. 

 
- Primary tracheobronchial epithelial cells grown at the air-liquid interface 

- >35 donors available from various backgrounds 

- Healthy 

- COPD 

- Asthma 

- Smoker 

- Variety of insert formats, including high throughput plates 

- Highly reproducible, stable for long term culture, serum-free media 

- Available worldwide 

- >100 technical references 

 

Tracheal/Bronchial 
Epithelial Cells  

EpiAirwayTM 

Cilia 

Differentiated epithelium 

Microporous 

membrane 

Air 

Media 

100 μM 
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EpiAirway model recapitulates in vivo  microenvironment 

Pseudostratified epithelium 

Keratin 5  DAPI 

H&E 

Goblet cells & mucus production 

MUC5AC  DAPI 

H&E  Alcian Blue 

Barrier function 
TEER ≥ 300 Ω*cm2 

E-Cadherin 

(Top view) 

Beating cilia 

SEM image (pseudocolored) β-Tubulin  DAPI  (Top view) Beating cilia (Top view) 
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EpiAirway full thickness (EpiAirwayFT) model 
- Primary tracheobronchial epithelial cells and fibroblasts within an extracellular matrix grown at the air-

liquid interface 

- >25 donors with matched fibroblasts available from various backgrounds 

Epithelial Cells  

Fibroblasts 

EpiAirwayTM Full Thickness 

Pseudostratified 

epithelium 

Fibroblasts in stromal 

extracellular matrix 

EpiAlveolar model 
- Primary alveolar epithelial cells, fibroblasts and endothelial cells grown at the air-liquid interface 

- Able to include macrophages 

- 3 donors available from various backgrounds 

Fibroblasts 

Macrophages 
Alveolar Epithelial Cells 

Endothelial Cells 
EpiAlveolarTM 

Cytokeratin 19  Vimentin  DAPI 
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EpiAirway applications & assays 

Applications 

- Toxicity 

- Viral or bacterial infection 

- Drug delivery/permeation 

- Goblet cell hyperplasia 

- Inflammation 

- Wound healing 

- Fibrosis 

- Disease modeling (asthma, COPD) 

 

Assays 

- Barrier function (TEER, permeation)  

- Viability (MTT, LDH) 

- Genotoxicity (Comet, micronucleus assays) 

- Gene expression (qRT-PCR) 

- Protein expression (staining, Western blot) 

- Cytokine secretion (ELISA, multiplex) 

- Cilia function (beat frequency, active area) 

- Oxidative stress (NRF2 activity, glutathione assay)  

- Mucus production (Alcian blue, PAS) 

- Tissue architecture (histology) 

www.mattek.com/references/ 

Exposure methods 

Apical exposure “Inhaled”/“Topical” 

Submerged:  Liquid,  cream, powder 

ALI:  gas, vapor, aerosol 

Basal exposure “Systemic” 
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Application:   
 

EpiAirway test for  
acute inhalation toxicity 
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Inhalation is a major route of exposure  
to potentially toxic chemicals 
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Regulatory agencies rely on animal tests to classify acute 
inhalation toxicity of chemicals 

OECD Test Guideline 403/436: 

Acute Inhalation Toxicity Test:  Rat LD50 test 

4 hour exposure  

(whole body or 

head/nose only) 

14 day wait  

Assess lethality 

& any signs of 

toxicity  

Repeat with additional 

concentrations as 

necessary 
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Drawbacks to current animal inhalation toxicity testing 

Significant drawbacks to animal testing method: 

 

1. Not always predictive of human response 

- Primarily endpoint is lethality; miss non-lethal effects – not ideal for safety 

assessment 

- No mechanistic information 

- Species-specific differences in response, breathing, deposition 

 

2. Ethical concerns 

- Increasing regulatory pressures to avoid animal use (Tox21, 3Rs, EU Cosmetics 

Directive) 

 

3. Inefficient 

- Costly, time consuming, low throughput 

- Variability between test 

- Poor control over delivery & ability to measure effective dosing 

Alternative, non-animal testing strategies are greatly needed. 
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EpiAirwayTM acute inhalation toxicity test method. 

-Tested 59 chemicals with a range of inhalation toxicities  

 

-Determined IC75 (dose at which tissues are 75% viable) 

 

-Correlated in vitro data to in vivo rat LD50 data (GHS category) to develop a prediction model 

 (also compared against EPA category, not shown)  

 

Apply chemical to 

the apical surface 

Examination: 

- Tissue viability (MTT) 

Prepare 4-point dose 

curve of chemical in 

dH2O or corn oil 

Incubate for 3 hours 
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EpiAirway test is highly sensitive for identifying potential 
toxicants.  

 Compared to GHS Rat Data 

Sensitivity 8/8 = 100% 

Specificity 22/51 = 43% 

Overall 

Accuracy 
30/59 = 51% 

What chemicals is the rat LD50 test missing? 
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Acetic Acid 

Rat LD50 test fails to identify many respiratory corrosives 
based on GHS STOT-SE classification. 
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Diethylamine 

Category 4 

 

 

 

Warning 

332 

Harmful if 

inhaled 

Rat LD50 test fails to identify many respiratory irritants 
based on SDS data. 
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1. More predictive than rat LD50 test 

 

- Correctly identified 100% of the 

highly toxic chemicals (Categories 

1 & 2) 

- Successfully identified respiratory 

corrosives & irritants based on 

GHS STOT-SE and SDS data that 

were missed by the rat test 

- Eliminates interspecies 

differences; potential for better 

human translation 

 

2. Simple test & classification scheme 

 

- Fast & easy dosing strategy 

- Cost-effective 

- Higher throughput 

- No animal-associated ethical 

concerns 

Advantages of EpiAirway test over rat LD50 test 
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Ongoing Work 

1. How does the EpiAirway test distinguish between systemic toxicity (Category 1/2 

chemicals) and respiratory corrosives & irritants? 

 

- Tiered testing with skin corrosion test (OECD TG 431) 

- Read across, chemical properties 

- Additional endpoints, including mechanistic experiments 

 

2. Refine and finalize prediction model with additional chemicals 

 

- Inter-laboratory testing of chemical subset 

- Submission to OECD 

 

3. Extended to sub-chronic and chronic inhalation toxicity tests? 

 

- Repeat dosing strategy 
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