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Available and emerging non-animal models for
human respiratory tract diseases

Lindsay Marshall, PhD



Today’s talk

" The human respiratory tract and the need for
relevant models

® Our knowledge source on human respiratory tract
diseases

® Qur results
® Conclusions and Observations
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Human airways are complicated!

Inspired air ® They are not only for beathing...
Nasal cavity ® . they form a functional barrier,
b MLl effective defences, efficient gas
L‘Tmcmw exchange

® The airways are a complex,
complicated system of cells, cell

Bronchiole secretions and products, with many

different cell types working together

Bronchus

Alveoli
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Breathing pattern Nose (always) Nose or mouth

Y,
/ I‘/ / . .
/_—/_—_—/r_%% Airways branching Monopodial Irregular dichotomous
A’X\\’\K\Q’\\
N )
\ Airways cells Differences in type and number throughout the
airways
Immune response Numerous differences

BEEOMED



o, S
H'Hm’m

" Thousands of animals are used for respiratory disease research every year...

.. despite the failure of animal data to give us
relevant answers for human respiratory diseases —
*Asthma
*Cystic fibrosis
*COPD
*Pulmonary fibrosis
*Covid19?
* Mice are not naturally susceptible to any of these
conditions
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Different species/animal models might recreate different individual
features of a human disease, but no single animal ‘model’ recreates the
human condition
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Our project:
Non-animal models for respiratory tract diseases

Note that our research was all carried out PC (pre-
covid19!) Advanced Non-animal Models
in Biomedical Research

Respiratory Tract Diseases

Methods: Literature searches, plus outreach to
researchers in the field. Publication years - 2008- 2019

Exclusion criteria: live animals, drug effects, novel
formulations

Separate searches for non-cancer (asthma, COPD,
cystic fibrosis) and cancer

More info:

Report - https://ec.europa.eu/jrc/en/page/respiratory-tract-diseases-
183208

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

BEOMED



Results

Non-cancer Cancer

11,636 | 9421 |
\abstracts) \abstracts)

464 | 315
| papers | | papers |

284
\ models )
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Results — model categories
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2D or 3D culture

2D or 3D co-culture

Human/patient primary or stem cells
Human/patient ex-vivo tissue or body fluids
Chip or microfluidic system
Computational/in silico

Spheroid

3D Spheroid co-culture

Organoid model

Other

Bioreactor

Human-derived cell lines

Biochemical/cell-free assay
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Results —Cell/tissue types
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Cell types/lines

A549 cell line

HBEC

Other

Primary human bronchial fibroblasts

Primary human NHBE cells

16HBE140- human bronchial epithelial cell line
Human nasal epithelial cells (hNNECs)

Primary human tracheobronchial epithelial cells
Human lung tumour tissue

in silico/mathemathical model

Calu-3

Human precision cut lung slices (PCLS)

MCRS5 fibroblasts

Bronchial epithelial biopsy tissue

H1299 human lung carcinoma

Human airway smooth muscle cells (HASMCs)
Human bronchial smooth muscle cells (HBSMC)
Human lung microvascular endothelial cells HMVEC
Human pulmonary vascular smooth muscle cells
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Results — Endpoints
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Protein expression
Cytokine release

Gene expression

Other

Tissue/cell viability
mRNA expression
Immunohistochemistry/immunofluorescence
Imaging

Trans epithelial electrical resistance (TEER)
Inflammatory mediators
Metabolism

Migration and invasion
Cillia beating frequency
Cellular crosstalk
CTFR activity
Morphology
Vascularisation
Apoptosis

Cell/tissue morphology
Cell proliferation
Mucous production
Bioelectric properties
Cell/tissue contraction
Chemotaxis
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Results — Applications

Model development - experim

Disease mechanism (exp/theor)
Drug development/testing

Disease therapy development

Mimics tumour microenvironment

Model development - theoret

Mimics lung microenvironment

Toxicity

Model of human airway mucosa
Comparison of barrier integrity
Diagnosis of disease
Identification of biomarkers
Inhalation toxicity

Disease treament

Lung injury

Model validation

Study of lung surfactant
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Conclusions

® Baseline —healthy airways models needed/important
® 69 publications describe “general” models
" Disease models
® Recapitulate discrete, specific disease features
" Utility in drug development
® Disconnect between lung models and lung cancer models
® |ssues with retrieving valid lung cancer models

® Continued reliance on patient-derived xenografts
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Conclusions

What else is needed?

" Lunginjury (severity of animal models)

" Disease diagnosis — biomarker identification?

" Mucosal models —learn from other fields (ongoing?)
Funding — prioritise the advanced non-animal approaches
Training (at every level)

Promote/enable more commercial model use eg MucilAir (EPA)
and OncocilAir

Incentives?



Thank you

Project collaborators — Jarlath Hynes,

Prof lan Adcock
EcoMole
Joint Research Centre

Imarshall@hsi.org

https://www.linkedin.com/in/lindsay-
marshall-hsi/

@BioMed 21



Create a more
fuoman socic

Bl Y & FW

g‘\;i% Hum aaaaa



