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TALK OUTLINE:

What is whole smoke?

The use of whole smoke/aerosol in regulatory assays (Examples VM and NRU)

The use of a 3D human Bronchial model (NAM) to assess HTP and EVP vs cigarette
How data collected in the 3D model can be used to populate data in an Adverse Outcome Pathway

(AOP)

An adverse outcome pathway (AOP) is a model identifying the sequence of molecular and cellular events required to produce a toxic effect

when an organism is exposed to a substance *

2|

\N

Molecular

Initiating Event

- Receptor/ligand
interaction

- DNA binding
- Protein oxidation

"y

- Gene activation

- Protein production

- Altered signaling

- Cell-cell interactions

+ Altered tissue
development

= Altered tissue
function

*https://ntp.niehs.nih.gov/whatwestudy/niceatm/comptox/ct-aop/aop

IVM; in vitro micronucleus; NRU neutral red uptake; HTP heated tobacco product; EVP electronic vapour product; NAM new approach

methods

Adverse

Outcome

* Disease
- Impaired development
- Impaired reproduction
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Whole smoke and aerosol collection — available methods

Cambridge Filter

Cigarette

BT pe
HTP
EVP

Whole cigarette smoke/
whole HTP/ EVP aerosol

Cigarette smoke/ aerosol is a
complex mixture consisting of
many individual chemical
constituents.

Pad-collected material

Total Particulate Matter (TPM/ HTP-
TPM) and Aerosol Collected Mass
(ACM) is the fraction of mainstream

smoke / aerosol which is trapped on a

Cambridge filter pad

Gas vapour phase

Gas Vapor Phase (GVP) .is a

mixture of chemicals which are

not trapped on the Cambridge
filter pad

All components of whole smoke/ aerosol, TPM/ ACM and GVP are relevant for

toxicological evaluation

Moore MM et al., (2023) Key Challenges and Recommendations for In Vitro testing of Tobacco Products for Regulatory Applications: Nk IMPERIAL
Considerations of test Materials and Exposure Parameters. Alternatives to Laboratory Animals, 51(1), pp.55-79.
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Toxicity testing of whole smoke and aerosol — techniques

e smoke/ aerosol
trapping

Whol

Whole

smoke/
aerosol in
solvent

Direct cell
exposure

Air Apical side of cells

. . exposed directly to
Liquid P Y
fresh generated
Interface smoke/ aerosols

Air
Liquid
Transfer

) Agar

Cells in Interface
suspension Cells on surface

Particulates captured

and eluted in solvent

All components of whole smoke/ aerosol, TPM/ ACM and GVP are relevant for

toxicological evaluation



Direct exposure of cells - techniques

Apical side of cells exposed directly to fresh generated smoke/

Liquid aerosols. Cells can be maintained on various surfaces
Interface

Air —liquid interface

IVM test NRU test with human 3D tissue models in transwells
with V79 cells bronchial cells (BEAS-2B) or inserts

Cells in transwells in a 24 MWP

Basal medium supply Cells on a Collagen

| matrix in a 96
MWP with rounded
surface

Transwell Insert

3D cell reconstructed mucociliary epithelial
model on a membrane stained with Alcian blue

V79 cells on a membrane. -



Exposure chamber 1 with 24MWP

Direct exposure of cells at the ALI — SAEIVS Sy,

~_ Blanking
| plate

\ )
SC3 \ ( | Diluting pump for chamber 1
»E M = _

<+—— Mixing and diluting pump

. T - g — | Diluting pump for chamber 2
* Exposure at ALI requires specialised 74 g
equipment | ERRERE

Smoke and Aerosol Exposure in vitro System

 Delivers smoke/ aerosol to cells in under 10
sec

* Only 20% loss of particles

 Blanking plate to cover rows of wells allows
exposure in a puff-dependent manner

Wieczorek, R., et al., (2023). Characterisation of a smoke/aerosol exposure in vitro system (SAEIVS) for delivery of E : .

6
| complex mixtures directly to cells at the air-liquid interface. Journal of Applied Toxicology, 43(7), pp.1050-1063.



Reduced cytotoxicity and mutagenicity for HTP and EVP—- NRU & IVM

example results
Methods:

MWP with round bottom

Air
Liquid
~+ Interface
NRU IVM
BEAS-2B cells on a V79 Cells in transwells
Collagen | matrix in a 96 in a 24 MWP

Results:

100+

NRU

—— 1R6F
—— HTP Tobacco

% cytotoxicity

1.0+

0.8

0.6

% MN

0.4+
MN3

0.2+

log puffs

IVM

—— 1R6F
—— HTP Tobacco
—— EVP Tobacco 2.4%

0.0

log puffs

NRU: EC 50 values [puffs]:
EVP Tobacco 2.4% 53.60
HTP Tobacco 6.88
1R6F 0.242

—— EVP Tobacco 2.4%

IVM:  Genotoxicity:
EVP Tobacco 2.4% No

HTP Tobacco Yes

1R6F Yes
ECMN3 [puffs]:

HTP Tobacco 13.03

1R6F 0.782
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3D bronchial tissues can be used to elucidate early key events
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Air —liquid interface

Advantages of a 3D culture :

Cells grown and exposed at ALl

Contains multiple cell types

Physiologically relevant (beating cilia, mucus, tight junctions, metabolic
competence, inflammatory mediators)

Stable for up to 1 year

Repeated exposure to fresh smoke/ aerosol

Increased consumer relevance

Development of disease phenotypes occurs following a period of
time/ is likely the effect of more than a single exposure or
cellular/molecular event

Y F Y% % )
0 10 20 30 40 50um

In vitro 3D differentiated epithelium of the
human upper respiratory tract (MucilAir™ -
Epithelix, Switzerland, Alcian blue)
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Workflow — 28 days repeated exposure of cells (3 days/week)

r All exposure tests started on Wednesday when the %AA data was stable

Day Day Day Day Day
5 — 21 days 1 7 14 21 28
, | 15t week | 2" week | 3 week | 4th week X
| - | | | "),
Acclimatisation of .-~ of exposure L‘\Qf exposure of exposure of exposure
tissues for stable AA%"
‘Wed | Thu | Fri || Mon Mon @ Tue
ALl exposure J} |kk lekk JJ kk | JJ kk
& > ie SHE. o> § 31
CBF and o |
WAA . i
measurement
Sampling
Medium I\Ia—diuTn‘/ Medium Medium Medium/ Fixation
Mucus

e vperial RIS~
91 CBF = cilia beat frequency/ %AA = % of cell surface with beating cilia ZN BRANDS 4



Marked toxicity of 1R6F in 28-Day repeated exposure compared to HTP

Exposuretime

Puffs Dilution [min]
HTP with Tobacco stick
16/32/48 1/2 (50% aerosol + 50% air) 8/16/24
SCSIMNNNN - | 1R6F Reference Cigarette 16 /32 /48 1714 _c

Puffing regime ISO 20778 55ml puff; 2 seconds duration; 30s puff interval

Fig A
Average nicotine concentration Fig B 48 puffs
in basal medium
20— BN HTP Tobacco 150

BN 1R6F

13.3

100

LDH released into medium (pg)

50 —— 1R6F
—— HTP Tobacco
—=— Sham
0""""'I""""'I""""'I
0 10 20 30
puffs Day
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Marked reduction in cell active area for 1R6F compared to HTP in 28-Day repeated
exposure study

Fig A (diluted 1:2) Fig B (diluted 1:14)
HTP Tobacco 1R6F
1.5 —— 16 puffs 1.5— —— 16 puffs
—— 32 puffs —— 32 puffs
I —— 48 puffs —— 48 puffs

%k %k %k %

N
o
|

%k % %k %k

Fold difference %AA
compared to sham
o
T

Fold difference %AA
compared to sham

%k % %k Xk

\T\ ok ok k * %k

ol ——
o.o llllllllllllllllllllllllllllll I]]]]]]]]]IT]]]]]]]]I

0 10 20 30 10 20 30
Day Day

i
o
o -

Active Area (AA) and Cilia beating frequency (CBF, not shown) was assessed with Sisson-Ammons Video Analysis (SAVA; Ammons
Engineering, Clio, Ml, USA)

Chapman, F., et al., (2023). Twenty-eight day repeated exposure of human 3D bronchial epithelial model to heated tobacco aerosols indicates decreased toxicological responses

compared to cigarette smoke. Frontiers in Toxicology, 5, p.1076752.
Behrsmg |H P..etal., , (2022). Ciliary beat frequency: Proceedings and recommendations from a multi-laboratory ring trial using 3-D reconstituted human airway epitheliu E"rf Eﬁ'ég SCIENC
model mucociliary clearance Alternatives to Laboratory Animals, 50(4), pp.293-309.
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Marked histological effects for 1R6F seen vs HTP after repeated

exposures for 28 days

Alcian Blue H/E

Puffs

HTP Tobacco

1R6F

. 4

mmmmmmm

AN u-.-'._ " ‘-:“'?‘l:"-l‘ o !
: ‘\U?‘ DR

FoxJ1

Puffs Sham HTP Tobacco 1R6F
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Muc5AC
Puffs Sham HTP Tobacco 1R6F
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IL-13

Alcian Blue HE

MucbAC

FoxJ1

Muc5AC = is the main mucin
produced by the goblet cells in the
tracheobronchial surface epithelium

FoxJ1 = the regulator of motile
ciliogenesis

IL13 stimulates goblet cell
hyperplasia increasing Muc5AC
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EVP delivers higher nicotine and virtually non cytotoxic compared to combustible cigarettes

- E ti
@I  EVP with Tobacco flavour Puffs Dilution Xpo[snliif] me
and 2.4% nicotine
B _ 30/60/90 1/1 (undiluted) 15/30/45
T T e 3R4F Reference Cigarette
30/60/90 117 ~5
Puffing regime ISO 20778 (1R6F)/20768 (EVP) 55ml puff; 2/3 seconds duration; 30s puffinterval
FigA FigB
Average nicotine concentration
in basal medium 90 puffs
B EVP Tobacco 2.4% 100+
sy N W 3R4F 80- s
N~
> 60
S
S 40
)
& 20+ *k Kk **
X - T —— EVP Tobacco 2.4%
10 i
M ;_% e
5 _
0 T | T Tz/%_k 1
0 4 8 12 16 20 24 28
puffs Days
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Active area, 28-Day repeated exposure results for EVP and combustible cigarettes

Fig A EVP AA (undiluted) Fig B 3R4F AA (diluted 1:17)

15

15

1.0 1.0
& @
5 -+ 30 Puffs c ~*- 30 Puffs
g = 60 Puffs S = 60 Puffs
S ~ 90 Puffs E L
0.5 0.5
0.0 T T T T T T T T T T T T T 1 0.0 T I 1 ' 1 T I
0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Test Day Test Day
Czekala, L. et al., (2021) Multi-endpoint analysis of human 3D airway epithelium following repeated exposure to whole electronic ZN;% Eﬁﬁ'@é :

1 vapor product aerosol or cigarette smoke. Current Research in Toxicology, 2, pp.99-115.



Marked histological effects of 3R4F following repeated exposures to 3D tissues, compared to
EVP with minimal differences to the air control

Response level
IR4F ryblu
I I | | | | () (H)
(a) (8) () (o) (€) (F) Negative IL-13
90 puffs B0 puffs 30 puffs 90 puffs &0 puffs 30 puffs Controd [Air)

Alcian blue + H&E e .
“—w*ﬁh‘hﬁﬁmm s 4 e

; -h
2) FOX-11 ; o A, : | I R
1 . T N G oM ) Gyt '“i‘!'!'-'!'_'ﬂ!"_'ﬂ - } 3-!"
| | : ! .ll 1l ¥ I. .. ; e — — - - e — -
3) MUCSAC g '
. . . . - e i!&ﬁ F—ﬁ‘a:"!:. o Ay [y ¥ STy i * =.l'iil-1-| iills g
E = - - - [V
Test Article IRAF myblu Negative
Puffs o0 B0 0 [ a0 B0 30 Control; Air I-13
Alcian blue & (%) ! 0.08 0.06 4.0 5.1 ' 33 ' 3.7 a8
FOX-11 ¥ (%) ! ' 6.9 50 51 ' 55 ' 53 ' 53 a3
MUCSAC & (%] 0.21 0.49 0.49 0.66 0.51 0.46 0.36 65 le IMPERIAL
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How do NAMs support the standard battery?

Moving towards addtional tests that are more predicitive of human health and based on human cells

allowing us to study selected Key Events of AOPs as outlined below in the repeated 3D studies (Luettich ef al., 2021)

KEB: Decreased KERD

1IE- KERJ £
::u:i.:ia::l-'lf F)tress Ciliary Beat
== Frequency
i KE1: il
VIE: KERA : KERB : KEG6: D
_I‘_.llE._l n Decreased CFTR KE2: Decreased __6 ecreased
Oxidative Stress > ASL Height ciliary beat freq.
4 Function y L
( KE1: ! 1
MIE: KERA . KERB KE2: Decreased KES: Increased | KERL
ek Decreased CFTR |——+ ; s ;
Oxidative Stress | Function ) 1 ASL Height Mucus Viscosity

MIE:

Oxidative Stress

KE3:
FOXJ1 protein

Decreased

KE4: Decreased

motile cilia
number/length

KEG6: Decreased
ciliary beat freq.

Organism
Mucus .
R = Observed with
(AOP#148) positive control only
i : Y I' b
KE7: Decreased| KERE  |AO: Decreased
MCC Lung Function
he F e ’
i N . ¥
KE7: Decreased| KERE | AQ: Decreased
MCC Lung Function
N r N .
F g " i b
KE7: Decreased| KERE rAD: Decreased
MCC Lung Function
e r . o
KE7: Decreased| *ERE | AO: Decreased
MCC Lung Function
N, r e F

Abbreviations

MIE= Molecular initiating event
FOXJ1 = protein marker of cilia
formation

KE = Key event

AO = Adverse outcome

“An adverse outcome
pathway (AOP) a model
identifying the sequence

of molecular and

cellular events required
to produce a toxic effect

when an organism is
exposed to a substance”

16 | Luettich, K., et al., 2021. An adverse outcome pathway for decreased lung function focusing on mechanisms of impaired mucociliary clearance
following inhalation exposure. Frontiers in Toxicology, 3, p.55.
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. All components of whole smoke/ aerosol are relevant for toxicological evaluation

. Direct exposure of cells with fresh smoke/ aerosol at the ALI has the highest
human relevance

. The relevance of the 3D models may be further increased using additional cells
such as (e.g. endothelial cells and macrophages) as a source of IL13

. The use of AOPs helps organise biological data, following a proposed causal
chain of events

. Further work could include the use of human pooled donor samples and co-
cultures lung-liver for example

J IMPERIAL
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