“ PMI SCIENCE
L PHILIP MCERIS INTERKAT KIMAL

rhalation




A Battery of Classical Assays

Ames Assay MLA Assay NRU Assay Micronucleus Assay Chromosomal Aberrations Assay
First Layer Assessment: A Broad Range of E-Liquids :
(Test System ) iua
2D Primary Airway Epithelial Cells A (Chemical Investigation )
2D Primary Endothelial Cells 158, ) im'nj Constituents
T : | ll y- - ) Toxicants
( ell Viability Assessmen ) 2 L2 HELED AT
XxCELLigence - Viability e a LC-MS/MS
HCS Platform: - Viability Sgnas GC-Ms
- Apoptosis/Necrosis L
Second Layer Assessment: Selected E-Liquids :
(Test System ) _ L
t: 2D Primary Airway Epithelial Cells gan (_Chemical Investigation )
2D Primary Endothelial Cells ) " - t: Con_stituents
(Toxi city Assessment ) sl & A Toxicanls
. HPLC/DAD
HCS Platform: - DNA Fragmentation LC-MS/MS
- Mitochondrial mass GC-MS
- Mitochondrial membrane potential

- Cell cycle distribution
- Oxydative stress

- Transcription factor activity

Third Layer Assessment: Whole Aerosols (Selected E-Liquids)

( Test System )

3D Respiratory Epithelial Cells

.................

¢~ Exposure System g Ew
. A

CAerosoI Characterization )

= t:ParticIe Size

Deposition of Compounds

. . Nicotine
> Glycerol
T / Propylene Glycol
(Tomc:lty Assessment : Aerosol 2.
Cytotoxicity Assay i
i . ' HPLC/DAD
Histology Analysis .
- . . H LC-MS/MS
Cilia Beating Analysis K Gcoms
Measurement of Secreted =~ “t-mmmTmmmmmsmemseees -
Mediators

Iskandar, AR., Gonzalez-Suares |, et al. “A Framework for in Vitro Systems Toxicology Assessment of E-Liquids.” Toxicology
Mechanisms and Methods 26.6 (2016):392-416.PMID: 27117495.

Three layers of the in vitro systems
toxicology assessment framework of
e-liquids and their aerosols

Systems Biology Approaches
and Omics Technologies

»

MICROARRAY

TECHNOLOGY GENE EXPRESSION CHANGES

Oxidative stress
Infiammation..* " [ -

_-. Xenobiotic

L = BIOLOGICAL
Y 1TF INTERPRETATION
Proliferation ~ - . . :
\ - s Pathways
Celiular stress A Annotations
NETWORK PERTURBATION BIOLOGICAL
NETWORK MODELS

PMISCIENCE



The First Layer of the Framework: General Toxicity Assessment

First Layer Assessment: A Broad Range of E-Liquids

(Test System ) 118
1“9 . : 5
2D Primary Airway Epithelial Cells A ((Chemical Investigation )
2D Primary Endothelial Cells LB ‘1‘ ) iwa§ Constituents
Cell Viability A t 5 L o . Toxicants
( ell Viability ssessmen) : 1: o e HPiC e

thELLigence - Viability 4: T r L LC-MS/MS
HCS Platform: - Viability gynin GC-MS
- Apoptosis/Necrosis é 99y

The first layer of the framework aims to screen the general toxicity (cell viability) of various formulations efficiently, independent of the aerosol
generation devices, using relevant in vitro test systems (i.e., primary cell cultures).

For a relatively inexpensive rapid screening, two-dimensional monolayer cell culture systems are appropriate for assessing the potential toxicity of
liquid formulations. Monolayer two-dimensional culture systems are easy to handle, inexpensive, and suitable for large-scale studies.

Iskandar, AR., Gonzalez-Suares |., et al. “A Framework for in Vitro Systems Toxicology Assessment of E- P MORRIS INTERNATIONA
Liquids.” Toxicology Mechanisms and Methods 26.6 (2016):392-416.PMID: 27117495.




Use Case: Fraction Impact Assessment — Cell Viability/Cytotoxicity in Normal Human Bronchial
Epithelial Monocultures
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Gonzalez-Suarez, Ignacio, et al. "In vitro systems toxicology assessment of a candidate modified risk tobacco product shows reduced toxicity compared to that of a

conventional cigarette." Chemical research in toxicology 29.1 (2015):3-18.
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The Second Layer of the Framework: Identification of Mechanisms of Toxicity

Second Layer Assessment: Selected E-Liquids
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Use Case: Fraction Impact Assessment - HCS Assay using Normal Human Bronchial Epithelial Cells
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Oxidative stress as evidenced by reactive oxygen species (ROS) formation and glutathione (GSH) content

DNA double-strand breaks as evidenced by yH2AX formation were assessed in normal human bronchial epithelial
cells following four- and 24-hour exposures to aqueous extract of 3R4F cigarette smoke or THS 2.2 aerosol

CMIESCIENCE

Gonzalez-Suarez, Ignacio, et al. "In vitro systems toxicology assessment of a candidate modified risk tobacco product shows reduced toxicity compared to that of a
conventional cigarette." Chemical research in toxicology 29.1 (2015):3-18.




The Third Layer of the Framework: Whole Aerosol Assessment

Third Layer Assessment: Whole Aerosols (Selected E-Liquids)
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Adapted from: Iskandar, AR., Gonzalez-Suares |., et al. “A Framework for in Vitro Systems Toxicology Assessment of
E-Liquids.” Toxicology Mechanisms and Methods 26.6 (2016):392-416. PMID: 27117495.
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Relevant In Vitro Test Systems for Inhalation Toxicology
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Endpoints can be measured using the culture medium, including

» Cytotoxicity assays — measuring enzymatic release of adenylate kinase
or lactate dehydrogenase (Cho, et al. 2008)

» Protein quantification (ELISA, multiplexed assay) — measuring the

Organotypic air-liquid
interface cultures, which
can be derived from
human cells, are an
alternative to study

SfmaIIAi:\ljl.iy | inhalation toxicity in - cprnce;\tra;tlons ofi..ecre:)ed r.nedflators (Klngsmc;re, 200.2?[) s
L8R oo By A___bgg hurman tissues. or ciliated cultures, ciliary beating frequency can be monitored using

T intact cultures at various time points before and following exposure.
Unlike submerged monolayer cultures, organotypic epithelium cultures are
grown at the air-liquid interface and can therefore be directly exposed to )
inhaled compounds, aerosols, or nanoparticles on the apical side. PMI SCIENCE




Use Case Example: Systems Toxicology Assessment of Heated Tobacco Aerosol
A Series of Studies Using Human Organotypic Epithelial Cultures
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fed into the exposure systems were adjusted to reach

Human organotypic cultures were exposed to 3R4F cigarette smoke or THS 2.2 aerosol target nicotine concentrations.

for 28 minutes. A series of experimental repetitions was conducted to increase the
confidence in measuring accurate exposure effects.

Iskandar, A. R., et al. (2017)."Systems toxicology meta-analysis of in vitro assessment studies: biological impact of a candidate modified-risk tobacco product aerosol compared P M | SC | E N C E
with cigarette smoke on human organotypic cultures of the aerodigestive tract." Toxicology Research 6(5): 631-653. HILIP MORRIS INTERNATICNA




Use Case Example: Biological Impact of Aerosol Exposure
Culture Morphology Following Exposure to Cigarette Smoke and Heated Tobacco Aerosols
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Use Case Example: Biological Impact of Aerosol Exposure
Secretion of Inflammatory Mediators Followin

Alterations in the Secreted Pro-Inflammatory

Mediators in the Basoleteral Media
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Secreted mediators in the medium were measured following exposure.
Greater changes in the mediator concentrations were observed following
exposure to 3R4F cigarette smoke than exposure to THS 2.2 aerosol.
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Linear correlations were observed between the protein expression in the
media and gene expression in the epithelial cells.

Iskandar, A. R., et al. (2017)."Systems toxicology meta-analysis of in vitro assessment studies: biological impact of a candidate modified-risk tobacco product aerosol compared
with cigarette smoke on human organotypic cultures of the aerodigestive tract.” Toxicology Research 6(5): 631-653.
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Use Case Example: Biological Impact of Aerosol Exposure
Transcriptome Profiles of Human Organotypic Epithelial Cells Following Exposure

e — R —
Buccal Bronchial Nasal
10000 ! ! !
| | |
N [ [ [

g mber 9f 7500 7 | I |
Differentially : : :
Expressed Genes .. _ | 1 1
(FDR < 0.05) I I I

| | |
2500 A | | |
| | |
0 I— o -
Post-Exposure (h) 4 24 48 721 4 24 48 72 4 24 48 7214 24 48 72 4 24 48 7214 24 48 72
3R4F | THS2.2 3R4F | THS2.2 3R4F | THS2.2
mg nicotine/L (0.51) | (0.46) (0.13) ; (0.14) (0.15) ; (0.15)

At similar nicotine concentrations, THS 2.2 aerosol elicited less pronounced changes in the differentially expressed genes (DEG) compared with 3R4F
cigarette smoke. In all three cultures, the THS 2.2 aerosol-induced DEGs were mostly limited to the earliest post-exposure time point (four hours),
suggesting a lower, more transient response to THS 2.2 aerosol exposure than 3R4F cigarette smoke exposure.

PMISCIENCE
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Iskandar, A. R., et al. (2017)."Systems toxicology meta-analysis of in vitro assessment studies: biological impact of a candidate modified-risk tobacco product aerosol compared
with cigarette smoke on human organotypic cultures of the aerodigestive tract." Toxicology Research 6(5): 631-653.




Use Case Example: Biological Impact of Aerosol Exposure
Network-Enrichment Analysis of Transcriptome Data for the Identification of Mechanistic Insights
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The BELIEF platform is available for a semi-automated generation of BEL statements and creation of networks.
http://belief.scai.fraunhofer.de/BeliefDashboard/
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literature. http://causalbionet.com/
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Use Case Example: Biological Impact of Aerosol Exposure

Mechanistic Investigation of the Exposure Impact
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At similar concentrations of nicotine, THS 2.2 aerosol exposure resulted in lower network perturbation scores than 3R4F cigarette smoke exposure in all

three culture types.

Iskandar, A. R., et al. (2017). Systems toxicology meta-analysis of in vitro assessment studies: biological impact of a candidate modified-risk tobacco product aerosol compared with

cigarette smoke on human organotypic cultures of the aerodigestive tract. Toxicology Research 6(5): 631-653.
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Summary

* Multiparametric indicators of general toxicity can benefit from real-time cellular analysis and HCS assays.

* Aerosols are complex. Their characteristics vary depending on the aerosol generation device. Therefore, a
characterization of the test aerosol should also be done as part of the assessment.

» Testing the potential toxic effects of exposure to aerosols requires the use of relevant biological test systems and
exposure modes as well as appropriate (physiologically relevant) doses.

» Systems biology approaches (omics) will uncover changes at the cellular and molecular levels otherwise undetected
in standard toxicity assays.

* Collaborative efforts among the scientific community, industry, and regulatory stakeholders are needed to facilitate
the adoption of 215t Century Toxicology approaches in the context of inhaled aerosol testing.
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