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Role of the respiratory tract

Cells in the upper and lower respiratory tract, and particle deposition

Respiratory tract region

extrathoracic

Cell types

e
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Deposition
(particle size)

bronchial
bronchiolar

alveolar

Ciliated cells - sweep debris

= Goblet cells - secrete mucus

Clara cells - divide and differentiate

>3um.

PM10s p'enet'rate the
bronchiolar and alveolar
regions of the lung

Alveolar - AT1, AT2 and macrophages

<3 um

PM2.5s can enter the bloodstream




In vitro toolbox

ESC/ iPSC

Tumour derived cell lines (e.g. H292)
Easy to culture and consistent results

Immortalised cell lines (e.g. BEAS-2B)
Genetically more ‘normal’ than tumour-derived cells

Primary cells (e.g. NHBE)
Retain metabolic capability and physiological characteristics

Donor variation
Limited lifespan in culture

3D organotypic tissue systems
Retain metabolic capability and physiological characteristics

Donor variation

Lung slices _ _ _ _ _ _
Cells retain spatial orientation and intercellular interactions

Donor variation
Short lifespan after slice preparation

Lung-on-a-chip, microtissues

physiological relevance
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Chronic Obstructive Pulmonary Disease (COPD)
Adverse Outcome Pathway (AOP)
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Initiating event:

Tobacco exposure or
other toxic insult to lung
epithelium

1. Ligand-receptor
interactions

2. Intracellular response

Tissue Response:

Tissue Effects:

1. Cytokines/chemokines

1. Ciliary dysfunction

I 3. Oxidative stress

4. Initiation of autocrine,
paracrine, and endocrine
signaling

I 5. Cellular damage

2. Increased integrin and
adhesion molecule
expression

3. Monocyte recruitment
(persistent influx of
neutrophils)

4_Protease/fantiprotease
imbalance

5. Adverse cellular ion
homeostasis-dehydration

2. Increased mucous
secretion

3. Fibroblast activation

4. Goblet cell hyperplasia

HP Behrsing, Institute for In Vitro Sciences=COPD Workshop December 2014

6. Oxidative stress

7. Inflammation

5. Bronchial epithelial
squamous metaplasia

6. Narrowing of airways
7. Collagen deposition

8. Parenchyma/tissue
destruction

9. Injury/repair cycling

Fulmonary Effects:

1. Reduced lung elasticity
2. Reduced airflow
3. Airspace enlargement

4, small airway
remodeling

5. Vascular remodeling
6. Hyperinflation

7. Chronic inflammation

8. Fibrosis

http://dwww.iivs.org/workspace/assets/publications/6- behrsing-etiology-of-copd-and-in-vitro-models.pdf

Clinical

manifestations:

1. Chronic bronchitis
2. Emphysema
3. Small Airways Disease

4. Increased susceptibility to
infection and air pollutants

COPD:

Progressive (usually)
airflow limitation in
airways/lungs due to
noxious particles or gases
and associated with
inflammatory response
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How we expose cells for biological testing
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Modes of biological exposure to the test article W
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ALI e-liquid
Submerged exposure Submerged exposure Whole aerosol or VP only Submerged exposure
to filter trapped particles to aerosol bubbled exposure at the air-liquid to unaltered e-liquid
washed in solvent media or buffer (air-agar) interface or its ingredients

What are the associated challenges and dose implications with each mode of exposure?



In vitro air-liquid interface (ALI

BAT’s approach
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TPM increases mucous secreting cell numbers in vitro
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A potential model of goblet cell hyperplasia Tosacco

Transmission (A and B) and scanning (C) electron micrographs of HBEC ALl cultures at day 1 (A) and day 28 (B and C)
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L.E. Haswell, K. Hewitt, D. Thorne, A. Richter, M.D. Gaca
Toxicology in Vitro 24 (2010)981-987



___ Continuous cell lines exposed to whole aerosol
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Key events modelled in vitro Tosacco
Untreated cell Treated cell
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3007
1004
z I .
2 7 £ 2004
100 7 'S o ]
90 1 Whole smoke induces 3 =
@ 80 1
g 70 DNA damage ® 259 :f 1004
£ 60 1 >
© 0- <
Q 5 A
Z 01
(=) 30 1 T T T T T 0+ T T T T 1
R 50 10000 1000 100 10 1 0 10 20 30 40 50
10 1 ﬁ i Aerosol dilution (aerosol:air, 1:x) Mass (pg/cm?)
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Whole smoke dilution factor Cytotoxicity and DNA damage observed with 3R4F
Increasing smoke concentration reference cigarette exposures compared to Vype ePen

>

D Thorne, J Wilson, T:S Kumaravel, ED Massey, M McEwan
Mutation Research 2008, 673(1):3-8
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Commercially available 3D organotypic models for inhalation
. BRITISH AMERICAN
toxicology Tosacco
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Functional endpoint analysis
Ciliary beat frequency (CBF)

microscope with
digital high speed
image recording

09Dec2015-MucilAit MDOOS501 acule 1 h 24 I post exp |04/19/16 11:42.40AM
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__ EpiAirway™ and e-cigarette testing

Toxicology in Vitro 29 (2015) 1952-1962

Contents lists available at ScienceDirect %
Toxicology in Vitro %
ELSEVIER journal homepage: www.elsevier.com/locate/toxinvit E—

Development of an in vitro cytotoxicity model for aerosol exposure using
3D reconstructed human airway tissue; application for assessment of
e-cigarette aerosol

-

CrossMark

Louise Neilson®*, Courtney Mankus ®, David Thorne?, George Jackson ”, Jason DeBay ®, Clive Meredith *

*British American Tobacco, Group Research and Development, Regents Park Road, Southampton, Hampshire 5015 8TL, United Kinglom
®MatTek Corporation, 200 Homer Avenue, Ashland, MA 01721, United States
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L Neilson , C Mankus, D Thorne, G Jackson, J DeBay and C Meredith
Toxicol. In Vitro 2015;29(7):1952-1962.
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Fig 1. Shematic representation of the VITROCELL® VC 01 Smoking Robot, mammalian 12/6 (F stanless-stee] exposure module, and EpiAirway™ tissue model (A) VC 01
single port smo king robot, enckssed in 2 ventilation hood with a piston syringe that draws and delivers smoke or aerasol to thedilution bar. (8) Diluton har, where smake or
aerasal is diluted, mixed, and delivered to the exposure module. Diluted smokefaerasal within the dilution bar transits to exhaust. (C) 126 (F stainless. sted expasure
module, where EpiAirway™ inserts are housed during expasure. (D) Culture msert on which EpiArway™ tissue culture is supparted at the air-liquid interface wath smake/
aerasol distributing *trumpet” sitting 2 mm abaove the surface of the tissue. (D11) EpiAirway™ human airway epithelium. (DUll) Fresh culture media (AIR-100 mainterance
media) basally feeding human airway epithelium. Transmassion electron micrograph (magnificatson « 20 000) showing (£ )ciliaand (ENl)tight junctions. Haematoxylin and
eosin stained crass-sections (magnification x 360) of (EJN) pseudostr 2ified mucocilizy marphology of EpiAirway™ tissue and (F) exased human branchial epithelium for
comparisan
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Interleukin-1 receptor binding
Oxidoreductase activity

Oxidation-reduction process
Cofactor metabolic process

Small molecule biosynthetic process

Peptidyl-cysteine S-nitrosylation
Protein nitrosylation

Positive regulation of cartilage
development

Iron jon binding

Metal ion binding

3R4F exposure gene ontology enrichment identified perturbations in oxidative
stress response, inflammation and xenobiotics metabolism response pathways



In vitro airway surface liquid (ASL) provides a rich source of W
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information to study tissue homeostasis TOBACCO

Good similarity between protein profiles from clinical samples and 3-D in vitro lung models

Characterisation of proteins in

LC-MS/MS Comparison of in vitro ASL samples with healthy sputum
in vitro airway surface liquid
In vitro Sputum
ASL

A strong overlap of 112
common proteins

+ Database search

Haswell et al. Society of Toxicology meeting 2014 (Abstract # 1530)

i Haswell et al Society of Toxicology meeting 2016 (Abstract # 3041)



Precison cut lung slices (PCLS) W
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Tissue is stabilised by perfusion of agarose Cores are taken
through the airways, prior to slicing through the tissue

28/04/2009

Slices are placed on a Precision-cut slices generated using a
mesh in culture medium Krumdieck tissue slicer

human tissue experts

http://www.biopta»._com/u
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An ex vivo approach to the differential parenchymal responses
induced by cigarette whole smoke and its vapour phase

120
L ove

+ WS

Relative Survival (%)

] 5 10 15 20
Concentration (% )

Toxicity of cigarette smoke to the lung slices. Rat lung
slices were subjected to a 30 min/day exposure of diluted
cigarette whole smoke, (WS) or vapor phase, (VP) for 3
consecutive days. Lung slices were harvested for MTT
assay 24 h post last exposure. Relative survival rates of
smoke-exposed groups were obtained by comparing to
the air-exposed group.

J. Lin, J. Roy, J. Verreault, S.Talbot,
F .Coté, R.Couture, A.Morin.
Toxicology 293 (2012) 125- 131
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Fig. 2. Alveolar
structure of cultured
rat lung slices exposed
to cigarette smoke.
Lung slice left
untreated (A),
exposed to air (B), 4,
10, 20% whole smoke,
WS (C, E, and F) or to
4% vapor phase, VP
(D) were harvested for
histology processing
24 h post last
exposure. Three
consecutive days of
exposure were
performed as
described earlier. Bar
represents 20 nm and
circles indicate
alveolar septum
damage.



Acute inhalation toxicity:
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in vitro and ex vivo systems- considerations Tosacco

Different complexity - model specific aspects of disease processes
Dosimetry - what are the cells exposed to?

EXxposure systems - acute/short term exposure - longer term
Validation and qualification - fit for purpose?

Support biomarker discovery in vitro and in the clinic-AOPs
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