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DISCLAIMER
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The opinions expressed in this presentation 
are those of the author, and do not 

represent the opinions, official policy or 
position of Charles River Laboratories, Inc.
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Biosketch: Clive graduated with a toxicology PhD in in vitro dermal absorption
and metabolism from Newcastle University. He joined Charles River in 1996
as a Research Officer to develop the in vitro skin penetration service. After
serving in study director and scientific manager roles, he became Head, In
Vitro Sciences in 2010 and Director, In Vitro Toxicology in 2020. His
department currently performs in vitro skin absorption, in vitro safety
pharmacology, investigational and mechanistic toxicology using advanced
tissue models and in vitro respiratory toxicology. He has presented at many
meetings and organized small meetings (Skin Metabolism) and large
conferences (WC9). Clive has authored and co-authored many posters and
abstracts as well as peer review papers. He is a peer reviewer for journals
including TIV, Regulatory Pharmacology & Toxicology, Annals of Work
Exposures, and Health and Skin Pharmacology and Physiology. He has been
actively involved in advising regulatory agencies including NIH, SCCS, PMRA
and EPA as well as industry bodies and has presented a webinar on in
vitro toxicology with the FDA. He is also a member of the global Charles River
3Rs Working Group as well as being a founding member of the North
American 3Rs Collaborative. In January 2021, Clive became a Member of the
Board of the UK NC3Rs.
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Abstract: 3D human tissue models have been used in regulatory toxicology for many
years with test guidelines for many of the acute tests (e.g. skin irritation and
corrosion and ocular irritation and severe damage). The availability of models has
increased to include oral, gingival, vaginal and the lung. The airway is a particularly
important route of administration of drugs as well as environmental pollutants,
cosmetic (e.g. deodorant) ingredients, agrochemical sprays and pathogens. One of
the fundamental questions is how relevant these models are in predicting toxicity or
efficacy when our benchmark tests are using animals, rather than the patient/
consumer. Are the differences observed between the animal in vivo data and the
human in vitro data to do with the species or the cellular model and if it is the former,
is the latter a better model? How also can we protect animals, which are still required
for regulatory testing? Therefore, a rat upper airway model has been created using
the Charles River rat by MatTek. This presentation evaluates the different human
upper and lower airway models and the rat upper airway model for predicting
toxicity and also in evaluating efficacy in human disease derived tissue – the most
important translation that we can assess is the human patient derived model. This
presentation will also examine where the tests may be able to be further developed.



USES IN SAFETY ASSESSMENT
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1. Regulatory:  OECD Test Guideline Tests
• Skin Irritation (OECD 439) – EpiDerm™ or EpiSkin ™ 
• Skin Corrosion (OECD 431) – EpiDerm™ or EpiSkin™ 
• Ocular Irritation (OECD 492) – EpiOcular™ or HCE ™ 

2. Regulatory: Non Guideline Tests
• Respiratory Toxicology

• Upper Airway – MucilAir™ or EpiAirway™ or SmallAir™
• Lower Airway – EpiAlveolar™

• Oral
• Gingival – EpiGingival™
• Buccal – EpiOral™

• Vaginal – EpiVaginal™
3. Investigational
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REGULATORY
TOXICOLOGY
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REGULATORY
TOXICOLOGY



COMMERCIALLY AVAILABLE 3D MODELS: RESPIRATORY TRACT
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Nasal/Laryngeal
• MucilAir (Epithelix)
• EpiAirway (MatTek)
• Human derived tissue
• Healthy/ smoker/ diseased

Alveolar
• EpiAlveolar (MatTek)

Small Airway / Bronchiole
• SmallAir (Epithelix)



CAN THE 3D MODELS 
EFFECTIVELY IDENTIFY 

RESPIRATORY TOXICANTS?



EFFECT OF SDS ON MUCILAIR™: HISTOLOGY AND MORPHOLOGY
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EFFECT OF SDS ON MUCILAIR™: BIOMARKERS
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NOAEL = 0.63 mM



HOW CAN WE PROTECT ANIMALS 
WHICH ARE STILL REQUIRED FOR 

REGULATORY TESTING?



14 EVERY STEP OF THE WAY
https://www.epa.gov/sap/meeting-materials-december-4-7-2018-scientific-advisory-panel-0
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OCCUPATIONAL TOXICOLOGY USING MUCILAIR™
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HOW DOES THE RAT 3D MODEL 
COMPARE WITH THE HUMAN

3D MODEL AND THE IN VIVO DATA?



TEST PANEL OF 14 CATEGORISED RESPIRATORY IRRITANT/
NON IRRITANTS WITH HUMAN AND RAT EPIAIRWAY™
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Human and rat EpiAirway™ units were treated with 14 test chemicals 
formulated in either corn oil or ultrapure water at each of 4 different 
concentrations with vehicle and positive (formaldehyde) controls.
Experimental conditions and study design were similar except the tissues 
were rinsed with PBS at 3 h post dose and allowed to recover for 21 h.
TEER, MTT and histopathology were the endpoints.

2 Laboratories
• MatTek Corp., Ashland, MA, USA
• Charles River, Edinburgh, UK



ADVERSE OUTCOME PATHWAY
EFFECT OF TOXIC INSULT ON EPIAIRWAY™
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TEST PANEL OF 14 CATEGORISED RESPIRATORY IRRITANT/
NON IRRITANTS WITH HUMAN AND RAT EPIAIRWAY™ (IC75)
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TEST PANEL OF 14 CATEGORISED RESPIRATORY IRRITANT/
NON IRRITANTS WITH HUMAN AND RAT EPIAIRWAY™ (IC75)
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TEST PANEL OF 14 CATEGORISED RESPIRATORY IRRITANT/
NON IRRITANTS WITH HUMAN AND RAT EPIAIRWAY™ (IC75)
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HOW CAN WE USE THE 
ALVEOLAR MODELS?



ALVEOLAR TOXICITY AND FIBROTIC POTENTIAL
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• TGF-β1 dosed at the liquid interface at 1, 5 and 10 ng/mL
• Media containing  TGF-β1 was changed every 2 days, exposure to 14 days
• TEER measured every 2 days prior to media change
• On Days 2, 6, 10 and 14, tissues were processed for histopathology
• The spent media analyzed by ELISA for fibronectin, IL-6 and Pro-Collagen I α1 

(biomarkers of fibrosis)

MODEL RESPIRATORY FIBROTIC AGENT: TGF-β1



ALVEOLAR TOXICITY AND FIBROTIC POTENTIAL
MODEL RESPIRATORY FIBROTIC AGENT: TGF-β1

TEER Pro-Collagen I α1

IL-6 Fibronectin



ALVEOLAR TOXICITY AND FIBROTIC POTENTIAL

Representative Images of Untreated and TGF-β1 Treated Samples on Day 6

MODEL RESPIRATORY FIBROTIC AGENT: TGF-β1



ALVEOLAR TOXICITY AND FIBROTIC POTENTIAL

Representative Images of Untreated and TGF-β1 Treated Samples on Day 10

MODEL RESPIRATORY FIBROTIC AGENT: TGF-β1



29 EVERY STEP OF THE WAY



NEXT STEPS
BUILD AND EVALUATE AN EFFICACY MODEL FOR LUNG FIBROSIS
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We are looking for partners for these and any 
innovations you may need

clive.roper@crl.com
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TRANSLATION 
AND 

EFFICACY



MUCOCILIARY CLEARANCE FROM CYSTIC FIBROSIS DERIVED MUCILAIR™ 
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TRANSLATION – STUDY DESIGN
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Rat EpiAirway™ Healthy human MucilAir™ Diseased human OncocilAir™

RAT VERSUS HEALTHY HUMAN VERSUS DISEASED HUMAN



IS THIS EASY 
TO DESIGN 
AND RUN?



KEY POINTS FOR STUDY DESIGN
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Tissue Receipt
& Recovery

Dose Applied Apically
Liquid or Aerosol

Exposure 
Duration

Rinse 

Single or 
Repeat 
Dosing

Recovery Measurements? 

WHAT SHOULD AN IN VITRO RESPIRATORY STUDY LOOK LIKE?

• Tissues arrive
• Returned to culture
• Recovery overnight or 

longer, model dependant

• Dose response curve
• Typically 4-6 replicates at 

each of 4-6 concentrations
• Half log dilutions?

• Rinse with saline or PBS
• Very gently to avoid perturbing system

• Numerous possible measures
• Cell viability (LDH, MTT, resazurin)
• Pathology, ELISA, PCR……
• Replicate virtually anything possible in vivo
• Others: TEER, MCC, CBF

ALI and/or
Untreated 
Control?

Vehicle 
Controls?

Positive Control? 
What Effect are 
we Assessing?

Measurements? 



CONCLUSIONS



CONCLUSIONS
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• In vitro models can be used to effectively screen out toxicants prior to in 
vivo toxicology assessment or identify potential candidates for drug 
development following efficacy testing

• In vitro models can be used to generate human equivalent 
concentrations in occupational toxicology as well as identify no effect 
levels in toxicology.  From these data, formulations or active ingredients 
can be screened out.  For test articles chosen for in vivo testing, this 
data can be used in support of identifying DRF starting doses

• Using the rat, healthy human and diseased human models in parallel 
provides translational information that often could not be considered 
until after first in man or later.  Therefore, these data can be used in 
support of clinical decision making



CONCLUSIONS
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• As new microfluidic/ on-a-chip technologies and tissue models 
become available, so this science will rapidly expand to answer more 
complex questions such as chronic diseases as the current research 
has focussed on the acute effects

• These tests will have tangible 3Rs and animal welfare benefits
• Integration of these tests into testing strategies should reduce the 

costs of bringing products to market

• And we didn’t even discuss applications of these 
technologies for COVID-19 research!!!



ORGANOTYPIC 3D TISSUE MODELS FOR RESPIRATORY 
SAFETY AND EFFICACY TESTING
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MucilAir™ Upper Airway Cross Section and SEM.

Mucociliary Clearance from CF MucilAir™ Fibrotic Protuberant Foci from EpiAlveolar™ Histopathology of EpiAirway™
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