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Bf‘bmedical Research at PMI

« Smoking causes serious diseases such as
cardiovascular diseases, lung cancer, and
chronic obstructive pulmonary disease.

» Philip Morris International is developing
smoke-free products with the potential to
reduce individual risk and population harm in
comparison with smoking cigarettes.

» To determine whether such products have the
potential to reduce individual risk, we are
conducting extensive and rigorous scientific
studies comparing their biological impact
with that of a reference cigarette (3R4F) on a
mechanism-by-mechanism basis.
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What Is the Objective of Harm Reduction?

«  Smoking is addictive and causes a number of serious diseases I X R XX R X XRRXERXRRXIINIL,

« Worldwide, it is estimated that more than 1 billion people will continue to smokeinthe §fffeedeeeddddoddddddiee
foreseeable future*

« Offering smoke-free alternatives to adult smokers is a sensible, complementary 1 / O O O ’ O O O / O O O
addition to existing tobacco control strategies PRRRRRRRRRRRRRRRRRRRROIRES
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Successful harm reduction requires that current adult smokers be offered a range of Reduced-Risk Products
(RRP) they can fully switch to, should they decide not to quit.

* http://Iwww.who.int/tobacco/publications/surveillance/reportontrendstobaccosmoking/en/index4.html
Figure adapted from Clive Bates presentation to E-Cigarette Summit (19 Nov 2013)

Page 3 Note: Reduced Risk Products ("RRP") is the term PMI uses to refer to products that present, are likely to present, or have the potential to present less risk of harm to smokers who switched to
these products versus continued smoking.



Elimination of Combustion Is Key

Scientific studies have shown that, as the temperature of tobacco increases, the
levels of harmful chemicals formed increase
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PMV’s Scientific Assessment Approach

Assessment Framework

Assessment steps

7.Post-Market Studies
. A9 & Surveillance
Point o.f S‘“O* :
Intervention 6.Consumer Perception

and Behavior Assessment

From
Epidemiology

5.Clinical Trials

Disease Risk

1.Product Design and
Control Principles
These assessment steps are
designed to provide five levels of

evidence as the assessment
program is completed.

Time

The assessment framework integrates what is known
about cigarette (CC) smoking and incorporates both
epidemiological and mechanistic evidence to define

the assessment approach.
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Source: Smith, M.R., et al., Evaluation of the Tobacco Heating System 2.2. Part 1: Description of the system and the scientific assessment program. Regulatory Toxicology and Pharmacology (2016).
http://dx.doi.org/10.1016/).yrtph.2016.07.006

Levels of evidence

5.Reduced Population Harm

4.Reduced Exposure & Risk

3.Reduced Risk in Laboratory
Models

2.Reduced Toxicity in Laboratory
Models

1.Reduced Formation of HPHCs

g PMI SCIENCE




From thronic Exposure to Population Harm: A Causal Chain of Events

Epidemiology

Sequence of events leading to smoking-related diseases

Disruption of
Biological
Mechanism

Molecular
Changes

Cell/Tissue Physiological Population
Changes Changes Harm

Biological Networks — Systems Biology/Toxicology Public Health

ﬁ_

Post-Market

Clinical Studies
Standard/Systems Toxicology Assessment Trials &

Surveillance

Aerosol
Chemistry
and Physics

Page 6
g Smith, M. R., et al. (2016). "Evaluation of the Tobacco Heating System 2.2. Part 1: description of the system and the scientific assessment program." Regulatory Toxicology and Pharmacology 81: S17-S26.



In Vitro Toxicology: Relevant Test Systems

An EU directive "on the protection of animals used for scientific purposes” (EU Directive 2010/63/EU) strongly promotes the use of
alternative animal test methods.

3R (Replace, Reduce, and Refine), a strategy for alternative methods to animal testing, was described in 1959 by Russell and Burch. One

significant strategy to avoid animal testing is the use of cell systems where cells from different animals and tissues are grown and tested
in plates or wells (in vitro).

Both cell lines and primary cell cultures have limitations, and the results might be difficult to interpret or cannot be extrapolated to help
elucidate possible in vivo effects. Relevant biological test systems facilitate identification of biomarkers of exposure response and disease.
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Sridhar S, et al. (2008) Smoking-induced gene expression changes in the bronchial airway are reflected in nasal and buccal epithelium. BMC genomics 9: 259



“*~-~--~‘_\Beleva"t Exposure Modes for Assessment of Aerosols

Whole Smoke/Aerosol Exposure

Vitrocell® Smoking Robot VC10 Dilution Chamber Exposure Chamber

37°C
24-well
plate

Post-Exposure Time (h) Exposure at the Air-Liquid Interface
Endpoint Pre 0 4 24 48 72 Smoke
Trumpet Inlet

Cytotoxici
..... Y.t.o..g.x.l.c..l.t.y......................................%.......x........x.......x.., Tissue(ultureWe“
<JTORNA MICromTay . cecscasossssas: T T e - Culture Insert

Pro-Inflammatory Mediators X X X Ticiis iltie
e e s ey raseence i
R e e emsasemsas Mediim

Upper panel: Organotypic cultures of human primary respiratory epithelial cells can be exposed directly to 3R4F smoke or
Experimental electronic nicotine delivery system (ENDS) aerosols by using the Vitrocell® system.

Data Workflow Lower panel: The cells were exposed to smoke/aerosols during different exposure times. Then, various endpoints were
captured after different post-exposure times.

Page 8 Majeed, S., et al. (2014). "Characterization of the Vitrocell(R) 24/48 in vitro aerosol exposure system using mainstream cigarette smoke." Chemistry Central Journal 8(1): 62.
Thorne, D., et al. (2013). "Characterisation of a Vitrocell(R) VC 10 in vitro smoke exposure system using dose tools and biological analysis." Chemistry Central Journal 7(1): 146



Scheﬁ\‘atic Representation of the Vitrocell® 24/48 Exposure System Facilitating Aerosol
Delivery to Air-Liquid Interface Cultures

VITROCELL™ 24/48 climatic chamber

g A climatic chamber with an exposure module

Up to 48 wells can be exposed simultaneously.
The base module has a format of 8 rows x B columns.

| | | | i
Particles depositing on the quartz crystal microbalance are detected by a ‘, | \
change in its resonance frequency, which is proportional to the deposited R I A i A
mass. L k
o (o, _-aerosol inlet

culture /

insert Test atmosphere

mucus _ (air)

tissue
culture -~
well

e Cells are grown at the air-liquid interface on porous membranes and supplied with medium from their basal side.

membrane
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Majeed, S., et al. (2014). "Characterization of the Vitrocell(R) 24/48 in vitro aerosol exposure system using mainstream cigarette smoke." Chemistry Central Journal 8(1): 62.



Linear Correlation Between the Concentrations of Trapped Nicotine and Carbonyl
and the Concentration of cigarette smoke (CS) Inside the Vitrocell® 24/48 System
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Whole-smoke application (multi-dilution) and quantification of nicotine and 8 different carbonyls inside the VITROCELL® 24/48
exposure chamber over a concentration range of 7—-69% cigarette smoke.
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Majeed, S., et al. 2014. Characterization of the Vitrocell(R) 24/48 in vitro aerosol exposure system using mainstream cigarette smoke. Chemistry Central journal, 8, 62.




Aerosol Characterization in In Vitro Exposure Studies
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Modeling Transport and Evolution of Aerosols
for Computing Deposition in Air-Liquid Interface Experiments

« Computational fluid dynamics efforts concerning physical aerosol
characterization facilitate accurate computation of deposition rate

* Droplet size
* Droplet number density

* Mixing efficiency of the dilution system

* Investigation of the required residence time for the aerosol
to reach a uniform particle number concentration in the
exposure system

« Stability of aerosol in the dilution system

* Assessment of the physical characteristics of aerosol
undergoing dilution and transport in the exposure system

* Influence of operating conditions and physical mechanisms
on aerosol deposition

* Flow speed, temperature, relative humidity
* Inertia, gravitational settling
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CONSENSUS STUDY REPORT

Public Health
Consequences of
E-Cigarettes “There is substantial evidence that except for nicotine, under
typical conditions of use, exposure to potentially toxic substances
? . from e-cigarettes is significantly lower compared with

combustible tobacco cigarettes” NAS, 2018

vawok |OPEN.

Original Investigation | Public Health

Comparison of Nicotine and Toxicant Exposure in Users
of Electronic Cigarettes and Combustible Cigarettes

Maciej L. Goniewicz. PharmD, PhD; Danielle M. Smith, MPH; Kathryn C. Edwards, PhD: Benjamin C. Blount, PhD; Kathlean L. Caldwell, PhD: Jun Feng, PhD:
Langing Wang, PhD; Carol Christensen, PhD; Bridget Ambrose, PhD; Nicolette Borek, PhD; Dana van Bemmel, PhD; Karen Konkel, PhD; Gladys Erives, PhDy;
Cassandra A. Stanton, PhD; Elizabeth Lambert, MSc; Heather L. Kimmel, PhD; Dorothy Hatsukami, PhD; Stephen 5. Hecht, PhD; Raymond 5. Niaura, PhD;
Mark Travers, PhD: Charles Lawrence, PhD: Andrew J. Hyland, PhD

...“[The] Findings suggest exclusive e-cigarette use results in measurable exposure to
tobacco-related constituents; however, compared with cigarette smoking, biomarker
concentrations of nicotine and toxicants among e-cigarette-only users were much
lower”

Goniewicz et al., 2019




'\*"\*“*Challenges in Toxicity Assessment of Electronic Cigarettes

Lack of Standards for Selection of
Chemicals to Be Monitored

Lack of Standards for Analytical Methods

)

Lack of Standards for Testing Potential

Toxicity of Inhaled Flavors
3

~

Lack of Standards for Aerosol Generation

The list of HPHCs—established for cigarettes—is not applicable
to ENDS

Increase sensitivity and reproducibility
Allow comparison among studies

“Generally recognized as safe” as currently used for food ingredients
is informative but might not be applicable for inhalation

Puffing regimen and coil temperature impact chemical generation (i.e.,
carbonyls)

Vaping topography is heterogeneous

CORESTA recommendation (recently developed - Method No. 81)

https://www.coresta.org/sites /default/files/technical_documents/main/CRM_81.pdf

FARSALINGS, K. E. & LE HOUEZEC, J. 2015. Regulation in the face of uncertainty: the evidence on electronic nicotine delivery systems (e-cigarettes). Risk Manag Healthc Policy, 8, 157-
67.FLORA, J. W., MERUVA, N., HUANG, C. B., WILKINSON, C. T., BALLENTINE, R., SMITH, D. C., WERLEY, M. S. & MCKINNEY, W. J. 2016. Characterization of potential impurities and
degradation products in electronic cigarette formulations and aerosols. Regulatory Toxicology and Pharmacology, 74, 1-11.

Page 14 DAVIS, B., DANG, M., KIM, J. & TALBOT, P. 2015. Nicotine concentrations in electronic cigarette refill and do-it-yourself fluids. Nicotine Tob Res, 17, 134-41.
TIERNEY, P. A., KARPINSKI, C. D., BROWN, J. E., LUO, W. & PANKOW, J. F. 2015. Flavour chemicals in electronic cigarette fluids. Tob Control.


https://www.coresta.org/sites/default/files/technical_documents/main/CRM_81.pdf

Various Types of Electronic Cigarettes

There are 8000 flavors now available and around 242 new flavors added every

month.
‘/;(3 " ¥
-\'\5 N7 1
I v
Generic First- Second- Third-
Combustible Generation Generation Generation
Tobacco Electronic Electronic Electronic
Cigarette Cigarette Cigarette Cigarette

Electronic Cigarettes

Shown to demonstrate approximate scale (size).

Taken from the “Public Health Consequences of E-Cigarettes.” The National Academies Press. 2018.
The illustrations are intended to be generic representation of a device within each category. They are not meant to represent any specific

product.
BALS, R., BOYD, J., ESPOSITO, S., FORONJY, R. & HIEMSTRA, P. S. 2019. Electronic cigarettes: a task force report from the European Respiratory Society. 53.

TIERNEY, P. A., KARPINSKI, C. D., BROWN, J. E., LUO, W. & PANKOW, J. F. 2016. Flavour chemicals in electronic cigarette fluids. Tobacco Control, 25, e10-e15.
Page 15 NAS 2018. Public health consequences of e-cigarettes. Washington, DC: The National Academies Press. doi: https://doi.org/10.17226/24952.



A Novel Electronic Cigarette with MESH™ Technology

« The IQOS MESH uses closed-system e-liquid caps to prevent tampering and liquid leakage

« A new heating element and mouth piece are built into each replaceable cap to maintain
product hygiene

« The current-generating wick is eliminated, and the coil is replaced with a metal mesh

« The temperature of the heater is controlled and maintained between 200-220°C rather than
varying depending on the puff strength

« Alow-liquid detection system will cut off the power supplied to the mesh heater once the
level of the liquid has dropped below a certain level, eliminating dry puffs

Cap containing e-liquids
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In Vitro Multilayer Assessment with a Systems Toxicology
Approach by using 2D and 3D Airway Epithelial Cultures

First Layer Assessment

P 24h P
— - Incubation with MESH Classic Tobacco liquid (containing PG, G, nicotine and flavors)
P s - Incubation with Base liquid (containing PG, G, and nicotine without flavors)

- Incubation with the total particulate matter (TPM) of 3R4F reference cigarette smoke

2D NHBE (Normal human bronchial epithelial) cells

Second Layer Assessment

4h
*—o
24h
| @ @

Prangl _ - Incubation with MESH Classic Tobacco liquid (containing PG, G, nicotine and flavors)
- Incubation with Base liquid (containing PG, G, and nicotine without flavors)
2D NHBE - Incubation with the TPM of 3R4F reference cigarette smoke

(NHBE: Normal human bronchial epithelial) cells

Third Layer Assessment

ENDPOINTS

Cytotoxicity measurement using real-time
cell analysis (RTCA)

ENDPOINTS

High content screening assays:
- Cell membrane permeability
- Cytochrome c release

- DNA damage (pH2AX)

- Glutathione content

- Oxidative stress (ROS)

- Stress kinase (c-Jun)

Test Aerosol ENDPOINTS ENDPOINTS ENDPOINTS
. Ve Dl . 4 h Post-exposure 24 h Post-exposure 48 h Post-exposure
‘ : - Exposure to MESH Classic Tobacco aerosol ; . T
“ g ) - Exposure to Base aerosol - mRNA microarray - mRNA microarray - Adenylate kinase measurement
- Exposure to cigarette smoke miRNA microarray miRNA microarray - Histology analysis
- Exposure to air - mRNA microarray analysis
3D Human - miRNA microarray analysis
Organotypic - Targeted proteomics analysis (PRM)*

- Multi-analyte profiling (MAP) of secreted

Epithelial Cultures
inflammatory mediators

(Buccal and Small
Airway)

ISKANDAR, A. R., ZANETTI, F., MARESCOTTI, D., TITZ, B., SEWER, A., KONDYLIS, A., LEROY, P., BELCASTRO, V., TORRES, L. O., ACALI, S., MAJEED, S., STEINER, S., TRIVEDI, K., GUEDJ, E., MERG, C., SCHNEIDER, T., FRENTZEL, S., MARTIN,
F.,IVANOV, N. V., PEITSCH, M. C. & HOENG, J. 2019. Application of a multi-layer systems toxicology framework for in vitro assessment of the biological effects of Classic Tobacco e-liquid and its corresponding aerosol using an e-cigarette device with
MESH™ technology. Archives of Toxicology.
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Cell Viability Was Impacted to a Greater Degree in 2D NHBE Cells Treated with 3R4F Total Particulate
Matter (TPM) than in Cells Treated with MESH Classic Tobacco or Base E-Liquids

First Layer Assessment

. 24 h .
p—— - Incubation with MESH Classic Tobacco liquid (containing PG, G, nicotine and flavors)
Eocrmo ‘ - Incubation with Base liquid (containing PG, G, and nicotine without flavors)

4 - Incubation with the total particulate matter (TPM) of 3R4F reference cigarette smoke
2D NHBE
Cytotoxicity Measurement Using RTCA
PG VG Nic Flavors Other
(%) (%) (%) (e.g., E 423.6: E o 3R4F TPM
Water) — 1004 . .
= e MESH (lassic Tobacco e-Liquid
MESH Classic 39 39 1.8 v v v B Liquid
Tobacco Liquid* -I‘;I 80 ® Dbasee-Liqui
Base Liquid 39 39 18 Y v <
*The pH is around 8.5 9“‘?:
E\ 40*
Cigarette smoke TPM extract impacted cell viability % 20
. =
to a much greater degree than MESH Classic = ;
Tobacco and Base Liquids when compared relative = 01 i AIeT
to their nicotine concentrations. 4 8 16 32 64 128 25 512 1024
Concentration (pg nicotine/mL)
Page 18 ISKANDAR, A.R., ZANETTI, F., MARESCOTTI, D., TITZ, B., SEWER, A., KONDYLIS, A., LEROY, P., BELCASTRO, V., TORRES, L. O., ACALI, S., MAJEED, S., STEINER, S., TRIVEDI,

K., GUEDJ, E., MERG, C., SCHNEIDER, T., FRENTZEL, S., MARTIN, F., IVANOV, N. V., PEITSCH, M. C. & HOENG, J. 2019. Application of a multi-layer systems toxicology framework for
in vitro assessment of the biological effects of Classic Tobacco e-liquid and its corresponding aerosol using an e-cigarette device with MESH™ technology. Archives of Toxicology.



Cytotoxicity of MESH Classic Tobacco and Base Liquids Was Generally Attributed to the Increasing
Osmolarity of the Liquids

36
= 100-

v

+ 80- e 3R4FTPM

E o MESH Classic Tobacco e-Liquid
= 601 e Base e-Liquid

8

:-E.\ 40 1

= 20-

=

S 0- 4767

i
T T T T T

AN A @ mOsm/L of the Base e-Liquid
A5 S @ @ & mOsm/Lof the MESH Classic Tobacco e-Liquid

=

Isotonic fluids generally have an osmolarity of 270-310 mosm/L (Liu et al).

ISKANDAR, A. R., ZANETTI, F., MARESCOTTI, D., TITZ, B., SEWER, A., KONDYLIS, A., LEROY, P., BELCASTRO, V., TORRES, L. O., ACALI, S., MAJEED, S., STEINER, S., TRIVEDI, K., GUEDJ, E., MERG, C., SCHNEIDER, T.,
FRENTZEL, S., MARTIN, F., IVANOV, N. V., PEITSCH, M. C. & HOENG, J. 2019. Application of a multi-layer systems toxicology framework for in vitro assessment of the biological effects of Classic Tobacco e-liquid and its
corresponding aerosol using an e-cigarette device with MESH™ technology. Archives of Toxicology.

Page 19 LIU, D. T. & SILVERSTEIN, D. C. 2015. Chapter 58 - Crystalloids, Colloids, And Hemoglobin-Based Oxygen-Carrying Solutions. In: SILVERSTEIN, D. C. & HOPPER, K. (eds.)
Small Animal Critical Care Medicine (Second Edition). St. Louis: W.B. Saunders.



Changes in Cellular Markers Were Not Detected in 2D NHBE Cultures Treated with MESH Classic Tobacco
and Base E-Liquids Unlike in Cultures Treated with 3R4F Total Particulate Matter (TPM)

Page 20

Response (log2 FC)

Second Layer Assessment

4h
*o—o
24 h
o o

- Incubation with MESH Classic Tobacco liquid (containing PG, G, nicotine and flavors)

g - Incubation with Base liquid (containing PG, G, and nicotine without flavors)
2D NHBE - Incubation with the TPM of 3R4F reference cigarette smoke

Cell membrane permeability — 24h DNA damage (pH2AX) — 24h Oxidative stress (ROS) — 24h

o 3R4FTPM
o MESH (lassic Tobacco e-Liquid
o Base e-Liquid

: 1
4 8 16223245 90 180 360 720 4 8 16223245 90 180 360 720 4 8 16223245 90 180 360 720
Nicotine pg/mL Nicotine pg/mlL Nicotine pg/mL

ISKANDAR, A. R., ZANETTI, F., MARESCOTTI, D., TITZ, B., SEWER, A., KONDYLIS, A., LERQY, P., BELCASTRO, V., TORRES, L. O., ACALI, S., MAJEED, S.,
STEINER, S., TRIVEDI, K., GUEDJ, E., MERG, C., SCHNEIDER, T., FRENTZEL, S., MARTIN, F., IVANOV, N. V., PEITSCH, M. C. & HOENG, J. 2019. Application
of a multi-layer systems toxicology framework for in vitro assessment of the biological effects of Classic Tobacco e-liquid and its corresponding aerosol using an e-

cigarette device with MESH™ technology. Archives of Toxicology.



| Third Layer Assessment

Test Aerosol

Various Doses*
O @-----ooooes

- Exposure to MESH Classic Tobacco aerosol
- Exposure to Base aerosol

- Exposure to cigarette smoke

- Exposure to air

3D Hu;nan
Organotypic
Epithelial Cultures <

Buccal

In vitro exposure
Experiments

BUCCAL
Stratified Epithelium

In vitro exposure
) |:> experiments
SMALL AIRWAY

100 pm Pseudostratified Ciliated Epithelium

ISKANDAR, A. R., ZANETTI, F., MARESCOTTI, D., TITZ, B., SEWER, A., KONDYLIS, A., LERQY, P., BELCASTRO, V., TORRES, L. O., ACALI, S., MAJEED, S., STEINER, S., TRIVEDI, K., GUEDJ, E., MERG, C.,
Page 21 SCHNEIDER, T., FRENTZEL, S., MARTIN, F., IVANOV, N. V., PEITSCH, M. C. & HOENG, J. 2019. Application of a multi-layer systems toxicology framework for in vitro assessment of the biological effects of Classic Tobacco
e-liquid and its corresponding aerosol using an e-cigarette device with MESH™ technology. Archives of Toxicology.



Experimental Setup: In Vitro E-Cigarette Aerosol Exposure

In Vitro Exposure System

E-cig MESH

Programmable Dual

Syringe Pump

- a precise and *
aerosol pump

Vv
— : Organotypic Air-Liquid Interface
: 1] Epithelial Culture Systems
7: photonion
: o — An on-line real-time measuring system
for chemical gas analysis based on time-
= of-flight mass spectrometry



Untargeted Aerosol Monitoring By Single-Photon lonization Mass Spectrometry: 3R4F Cigarette Generates
a More Complex Aerosol than MESH Classic Tobacco and Base E-Liquids

MESH Classic Tobacco Aerosol
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Monitoring of Compound Deposition in the 120 -

. 2 . | Nicotine I
Exposure Chamber During an Exposure e
° B ; :
Experiment: The Use of a Surrogate Test s o B E
System (PBS) g 20 - __ |
In each exposure experiment, culture inserts were filled with 4000 - PG ‘
phosphate-buffered saline (PBS) as a surrogate epithelial Q - T
culture model. 2 30007
g 2000 _ I
§ 1000 - —
0~ ‘ ‘
g %7 Glycerol
£ 6000
g |
= 4000 |
g - =
= 2000 —— — |
Culture PBS v |
0 |
Concentration 100% 7%  13%  100%  100%  100%  100%
Concentrations of nicotine in PBS were determined by liquid Duration (min) 28 28 28 28 28 28 28
chromatography—tandem mass spectrometry (LC-MS/MS). Puffnumber 112 12 112 10 ;12 mom
= = 9 =
Concentrations of propylene glycol and glycerol in PBS were < 3R4F < -;‘g s §
determined by gas chromatography—mass spectrometry (GC- gg O
= v
MS). n..z Base: PG + Glycerol +
Page 24 o] Nicotine

Carrier: PG + Glycerol only



Deposition Efficiency Can Be Estimated Based on the Concentrations of Compounds
Deposited in the Exposure Chamber Relative to Those Present in the E-Liquids

PG
MESH Classic Tobacco Liquid Composition (%, v/v) 39
Puff Number 112
Volume of Liquid Used per Puff (uL) 6.7
Total Volume of Compound Used for 112 Puffs (uL) 293
*Calculated based on the density of PG, VG, and nicotine

PG

Deposition of Compound in the Exposure Chamber (ug/mL PBS) 1990

Deposition Efficiency** 0.07%

**Total Mass of Compound Deposited in 0.1 mL PBS (1 insert) X 100%
Total Mass of Compound Generated for the 112 Puffs

Page 25

Glycerol
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Glycerol
2840
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Nicotine
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Showed No Tissue Damage

3D Organotypic Cultures Exposed to e-cig MESH Classic Tobacco Aerosol

Hematoxylin and Eosin-stained Sections (Buccal Epithelial Cultures): Including Exposure to EC MESH Classic Tobacco Aerosol for 224 puffs

Air Exposure

3R4F (S 3R4F (S EC MESH Classic Tobacco Aerosol EC MESH Classic Tobacco Aerosol
Undiluted (100%) for 112puffs Diluted (24%) for 112puffs Diluted (69%) for 112puffs Undiluted (100%) for 112puffs Undiluted (100%) for 224puffs
14 pg nicotine/mL 92 pg nicotine/mL 52 g nicotine/mL 159 pg nicotine/mL
- = - = S = o e\ &
8 o o » -
: € = : - g !
Buccal 9 - S S o :

Small

100 pm

Hematoxylin, Eosin- and Alcian Blue-stained Sections (Small Airway Epithelial Cultures)
Air Exposure 3R4F (S 3R4F CS

MESH Classic Tobacco Aerosol
Undiluted (100%) for 112puffs Diluted (7%) for 112puffs

Diluted (13%) for 112puffs Undiluted (100%) for 112puffs
4 pg nicotine/mL 10 pg nicotine/mL 53 pg nicotine/mL
. & dhe
Airway | | s i oage
. S0 o“;,'f‘un“' . TeTo e j\:::::;.a_. ;:‘-: ogo-/.' ; . ' “.' 4 ‘L. & .. ‘. :: % 7-" s :.;.:‘ .;':Tﬁ:o.:i.:";of‘é‘.’i“

100 pm

ISKANDAR, A. R., ZANETTI, F., MARESCOTTI, D., TITZ, B., SEWER, A., KONDYLIS, A., LEROY, P., BELCASTRO, V., TORRES, L. O., ACALI, S., MAJEED, S.,
STEINER, S., TRIVEDI, K., GUEDJ, E., MERG, C., SCHNEIDER, T., FRENTZEL, S., MARTIN, F., IVANOV, N. V., PEITSCH, M. C. & HOENG, J. 2019. Application

of a multi-layer systems toxicology framework for in vitro assessment of the biological effects of Classic Tobacco e-liquid and its corresponding aerosol using an e-
cigarette device with MESH™ technology. Archives of Toxicology.



Muc5AC Expression Was Not Altered in Cultures Exposed to MESH Classic Tobacco

Aerosol
Air Exposure
Undiluted (100%) for 112 puffs
MucoAC mucin, a major mucin secreted by tracheobronchial goblet
' cells, is found in the airway secretions of healthy individuals.
L2 M el F gy oo o
"' W --\x"' s l’*ﬁ.;_-. N h..‘rd-
3R4F CS 3R4F CS
Diluted (7%) for 112 puffs Diluted (13%) for 112 puffs
4 pg nicotine/mL 10 pg nicotine/mL
,A—i N
i - ; N 9’ et
k':'&“ ~f & o e M - < ) “ b IR, A2 -
i . é\c P Wz : & T e ‘”‘l -, - ' e 83 L N - \"
& = ' & = &e_ ™ [ER X o ) " ’.&%l 4
L “ae _— s - - -~ . 3
B 0 v a ALY
MESH Classic Tobacco Aerosol

Undiluted (100%) for 112 puffs
53 ug nicotine/mL

Constant renewal of mucus by constitutive secretion from goblet
cells facilitates the clearance function. Increased levels of MucoAC
have been reported in the airways of patients with asthma.

50 um
Page 27 -



Quantitative Measurements

Systems Toxicology Maturity

Exposure

= |
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Dynamic adverse outcome pathway model

Electronic nicotine delivery systems evolve rapidly.

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

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

Collaborative efforts between the scientific community,
industry, and regulatory stakeholders are facilitating the
adoption of 21st Century Toxicology approaches.

The multilayer systems toxicology framework could be
useful for assessing in vitro the potentially reduced
impact of e-cigarettes relative to 3R4F cigarettes in a
comprehensive manner and is a very insightful strategy
for acquiring preliminary data that would be relevant
for supporting potential clinical outcomes.



The Utility of Omics Technology and In Vitro Human Organotypic
Cultures in Tobacco Research: A Chronic Study

ED

Integration of Omics-based Analysis with Pathophysiological Endpoints to Evaluate the
Mode of Action for Cigarette Smoke Toxicity in an in vitro Human Airway Tissue Model

Rui Xiong®, Qiangen Wu?, Priya Tripathi®, Levan Muskhelishvil®, Kelly Davis®, Matthew Bryant?, Hans Rosenfeldt?, Sheila M. Healy?, Xuefei Cao'

"Divigion of Genetic and Molecular Toxicology, *Divisien of Biochemical Toxicology, Mational Center for Toxicological Research, U.S. Food and Drug Administration, 3Toxicologic Pathology Assodates, Jefferson, AR 72079, “Division of

MNonclinical Science, Center for Tobacco Products, U.S. Food and Drug Administration, Sitver Spring, MD 20953

Proposed integrative approach for analyzing CS toxicity in a human air-liquid-interface (ALI) airway tissue model

CS exposure

Cigarette Smoke

24h recovery

20 days recovery

Tl

Eﬂ]];ﬂ]:ﬂ |
™ T3 T6 T9

I ]
T12 PT20 Mode of
IW'I‘TH'TJWL“ LR l 1 1 { 1 J Action
S twk  2Wwk 3wk 40wk 7 wk Analysis
l J Endpoints J

Figure 1. Schematic representation
of a 1-month cigarette smoke {CS)
exposure in the ALl airway tissue
model.

= Protein carbonylation
* GSHIGSSG redox balance
* Pro-inflammatory cytokine secretion

* Matrix metalloproteinase release
(MMPs)

= Transcriptome analysis (RNA-Seq)

* Mucins production
* Cilia beating frequency (CBF)
* Trans-epithelial electrical resistance

(TEER)

* Histology

Target $|te Ex!)osure Mqlgcylar h Cellular Key Tissue Key
(ALI airway tissue Initiating Events - Events
cultures) Events

* Protein « Cytokine release » Dysfunction in mucin

carbonylation + MMP protease production/secretion
— *» GSH/GSSG redox imbalance + Impaired cilia function

imbalance « Cytotoxicity * Changes in epithelial

« Induction of (apoptosis/necrosis) barrier function
HMOX-1

Identification of key genes
involved in MOA events

CS modulated genes involved in cell trans-differentiation

A Ti4h T1 Ti4h T3
KRTS
0
KRT14
Basal cell
TPE3

Ciliated cell CETN2
) MUCSAC
ol MUC5B
Secretory cell SCGB1A1
KRTGA
Page 29 e

Squamous cell

o B

wviral transcription
viral gene expression
slructural constiluent of ribosome |
SRP-dependent colranslational protein targeting ..
ribosome
ribosomal subunit
prolein targeting to membrane -
proiein targeting to ER
protein lpcalization 1o endoplasmic reticulim
nuclear-transeribed mRMA catabolic process, ...
nuclear-transcribed mANA catabolic process
microlubule-based movement

establishment of protein localization
cytosolic ribosome
cytosolic part
cytosolic large ribosomal subunit{ =
cotranzlational protein targeting to membrane
¢ cillum organization
- cilium assembly

- ciliary part

B GO enrichment analysis: Down-regulated genes (T3)
®
L ]
[ ]
°
® padj e
il B e
0.75
P 0,50
® 0.25
o - 0.00
L Count
. * 50
L ] ®
[ ] @ 100
o @ =
@ =
L]
o
@
L J
0.04 0.06 0.08

GeneRatio

Transcriptome analysis:

» Tissue remodeling (e.g.
squamous differentiation)

Aberrant Tissue
Responses

Pro-inflammatory
Responses

‘ Oxidative Stress

(A) The heatmap shows the changes in cell marker
genes after cigarette smoke exposure

(B) The dot plot from GO enrichment analysis
showing the biological networks and subnetworks
(p-adj < 0.05) altered by cigarette smoke
exposure

Poster was presented at the Society of Toxicology
Conference 2019 (Baltimore, MD, USA)



Microphysiological Systems for Toxicity Testing

static cell culture models * MPS rapidly developing systems

A

e N\ e Capture cellular microenvironment of an organ

* Mechanism-driven toxicity

0o

£

pd

(7] . o . g

@ | monolayer/suspension microfluidic MPS models

; (cell lines) A

o LR g

2 r )

o

e

o

p= monolayer/suspension v

o (primary cells) “\:a “

- |

S |

= | o

S -

U .

s ‘ ‘ single-organ - o .

o

) <

g’_o hd '

8 3D/artificial organoids multi-organ ,
(stem cell-differentiated or

assembled from primary cells)

body-on-a-chip

Degree of emulation of human physiology

Beilmann, Optimizing Drug Discovery by Investigative toxicology: Page 30 g EMJOEEE%E
Current and future trends, ALTEX, 2019



Lung—Liver on a chip

Pump controller

Pump main unit

User friendly
Reservoir plate

Flow range : 40 te 260 yimin

Non-absorbent
Reusable
Modular

24-well size

RN NN NN
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3D Iu g model

3D liver model

Biocompatible material

Liver Lung
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Bovard, D., et al. “A lung/liver-on-a-chip platform for acute and chronic toxicity studies.” Lab on a Chip 2018.

Cilia Beating Frequency

-

Advantages
Negligible binding to chip

Functionally active phase-1
liver metabolism

CBF stable in coculture

Challenges
Buildup of metabolites and
waste

Next iteration will address

clearance
O PMI SCIENCE



Strategy for Developing Hybrid CFD—PBPK Models

Aerosol
Physicochemical
Properties

AeroSolved
o

aerosol evolution and deposition

Identify key

* geometric changes LUNG

Computational Fluid Dynamics (CFD) based models to validate

’ ‘ Trachea

Bronchi

* number of generations

Bronchioles

o
T

Conducting airways

Terminal

-2,4,24 ‘

* Aerosol evolution

bronchioles
Transitional

Q Transitional
bronchioles

* Deposition

Alveolar
ducts

Acinar airways |

* Heterogeneity

Alveolar sacs

Weibel 1963, Raabe et al. 1976

Inhalation Topology

Concentration

Duration

"

Physicochemical
Properties

Physiological Parameters
=l

44 H  —
#I E—j

Protein Binding Metabolism and Transport

s

Mucus velocities in
airway generation

Human Respiratory
Tract Wall Thickness

Work in progress @ PMI R&D

—
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PBPK Model

LUNG
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Poorl PT
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Vision: Population Safety Assessment for Next-Gen Inhaled RRPs

Exposure Patterns Aerosol D05|metry & Scaled Clearance

o4 4 |
: N
c |
g irati Expirati i
= Inspirati xpirat] — [
o 15 a6 o 7 o0 1 3
Time (s) Time (s) Time (s)

Safety Assessment

LOAEL

E .

mm  Kidney R
R|cth PT
Poorly PT

Lung function

% Response

NOAEL

Dose

M S i — <h UM’ ﬁ A‘T” ' L

Smoker H
Diseased cmrT S
Small Airway Hepatocytes The Insurance Concept-WordPress.com
PMI SCIENCE
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QIVIVE Challenges — In Vitro

.

Further Advancements in In Vitro Systems (MPS and Beyond) Validation Regulation
for Testing Inhaled RRPs 5‘[3
’ . ’ 3} % | *Robustness
Re ulatlon \\ . ihili
Clearance Phagocytosis Spatial Differences in Lungs ) & O Mg >y REDFOd UCIbI|Ity
(Mucociliary and Kidney) (Trapping) (Thickness, cell types) |hm4l 0 \y ‘ ‘: *Relevance
Scope for Guidelines
In Vitro Systems

* Majority of In Vitro
assays are NOT in OECD
test guidelines

CAAT-Europe
211 (GD211) is not &

* @uidance document

other groups
are working to
towards

comprehensive

Center for Alternatives to Animal Testing (CAAT)

Standardization of Criteria and Protocols

Cell/tissue experimental systems

Cell source, culture system (2D,3D)
Population, batch effects

Media composition, functionality, relevance
Lipid & protein content, volume of cells

Free concentrations — parent and metabolite
End points — metabolism, transport, & response
Dynamic (in vivo-like) exposure testing

Transferability and ease of use

34

Improved Support
for Predictive
Modeling

0 PMI SCIENCE



Collaborative efforts

“Testing chemicals on cells in a way that mimics real-life exposure
) will lead to more human-relevant results and spare animals’ lives.”
gcs Innovation Platform - Amy Clippinger, president of the Science Consortium.

Exploiting 3Rs technologies

Replacing animal testing

speccomm | August 23, 2019

This month’s issue

The PETA Interational Science

CRACK IT challenge 27
Dosing for Controlled Exposure (DoCE) tobaccoreperter e e i T

American Tobacco (BAT), and Philip
L Morris International have joined
\ together to donate equipment that can

Aim: Develop methods to better account for in \ o A T
. . . ope . . relevant, non-animal test methods
vitro bioavailability that reflect in vivo exposures o

The equipment—worth $110,000 and

fo r e n a b I I n g ro b u St QI V I V E . \ manufactured by Germany-based

Vitrocell Systems—was donated to the

5

- Institute for In Vitro Sciences (IIVS), a
e e e non-profit laboratory in Gaithersburg,
atwra Suppdan

. L....:.:' :‘:—. »-...::—: Maryland, USA, that conducts animal-
. e "o comptes 3
Sl !Onsor_ Unllever and She” g st Pope i Pam AN free testing. it will be used in the IIVS

n vitro respiratory toxicology

laboratory, which helps companies
assess the effects of tobacco, nicotine and other aerosols on the human respiratory

tract. Results from these tests will also help to show requlatory agencies, such as the

P h a S e 1 : I n p rog ress Search Tobacco Reponer U.S. Food and Drug Administration, that non-animal methods are accurate and effective

Phase 2: Not Started .“ and can be ust .|nsea Of tests on animais . .
« 1IVS, a non-profit lab for assessing the effects of tobacco, nicotine,

and other aerosols on the human respiratory tract.

 PETA, Altria, BAT, and PMI encourage these studies.

PMI SCIENCE
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The Flavor Toolbox Approach

A Battery of Classical Assays [+ 4
The Flavor Toolbox: A three-step workflow for - g’ gyl i i
. .. . . Loyt the XCELLigance® RTCA Dose Reconss Cuvt | Tox Scere
Nt Rt Utome Assry ) dering @ 24 hour T 11} Ovee mnge Base Solution EC50
assessing the toxicity of f!avored solutions in NHBE - éi %‘m%mﬁ | | £ o
cells. The Flavor Toolbox is a complementary e BE  Fommnt on e con
approach to standard toxicity assays (e.g., Ames : ==
assay and mouse lymphoma assay). It is designed to | B e
f e-liquids f ial o AR List of phenctyple endpoints ==
screen a large number of e-liquids for potentia o o . e
toxicity prior to performing whole-aerosol ,r‘e 3 I ez ek s ) e - .
. . ’ 3 5 (Feactve cayen speoes contery) POAK . : O 5 mean Bate $oltion MECS) 22;1:'}'!"6
assessment on human organotypic tissue cultures. 3 8 2f  ctmmume e ) 2‘ i e e
The Flavor Toolbox workflow comprises the e § B o m-. X |
. . . .. « Cgamsone Condert -
following three steps: (i) STEP 1, which quantifies s ] ?, rosbeom gt oc 1 bour s acing ot
« . . . €t x Z compound 1o medium
the toxicity of the exposure by using a real-time ! ¥ <TEP 2
. Diffwrontialy nxressed QIS Nebwork
impedance-based measurement, expressed as Tox- g Ustotomed zwm we tanseled iolo. Network ool
.. . . . i Amplitede
Score; (ii) STEP 2, which measures and investigates ¥ < o e W,ggﬁ
the phenotypic impact of the exposure by HCS T e z > "%I‘ﬁ“ SCH D PRODCR ereN:
. . . . — g lological Impact Factor & Biclogical
image analysis; and (iii) STEP 3, which combines A 3 .........% G L T mpac
. . ) ) - Pocrsses __\ A ropresmat ¢
transcriptomic data and computable biological - : é NP€ns )  weemaite ded of W
. . bobgical processas pertubed
networks in a systems toxicology approach. dor e vous s atdeg e wat %, ooy
STEP 3

PMI SCIENCE
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Tox-Score Computation for E-Liquid Cytotoxicity Profile

100
—
=
&3]
[75]
+ 80
=
4]
s
= 60
X
2 40
K-
8
=
T 207 i
o Flavor mixture

0 Base solution
1 | 1 I | |
0.0625 0.125 0.25 0.5 1 2

Concentration [%)]

(A) RTCA-based cell viability dose—response curves for the28-flavor mixture (white dots)

and the corresponding base solution (black dots).
(B) Computation of Tox-Score based on cell viability data.

(C) Tox-Scores (y axis) are shown as a function of their corresponding p values computed . T . - .
for each flavoring substance present in the 28-flavor mixture. The vertical line indicates

— 1001

Cell viability (%

50 -

Base Solution (Flavorless)
Flavored e-liquid

EC5, Base Solution

Tox Score =
EC5, Flavored e-liquid

@O 4‘0 E-liquid dilution in
\5‘0@ cell culture media

v
| - 4 -
8 oCitronellol, D-L.
(9p)]
> 2 oAlpha-Pinene
)
I_ gSuaiacol « * P . .ﬂlgenﬂ acetate
Linaloole® )
. Eucalyptol
. . u aly o
[}
Butyric acid o
0.0001 0.001 0.01 0.1 1
P-value

a p value of 0.05. Each dot corresponds to one flavor solution, with those selected for

subsequent HCS-based investigation shown by white dots.

38
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High-Content Screening

A 28-Flavor C Mptars without Mixture withou Mixture without
ixtur: Ipha-pinene an d itronellol Ipha-pinene
e citronel lof Sl a P
" v L q g
" ' : @ 2w o oar
ar s o - A » A
~ Y B /'
24h M ag K v
B Citronellol Alpha-pinene Linalool !
- wy ol |
' i <
wh ®
T e N
Eugenyl
hater Eucalyptol Gualacol |
" -, -
\q ’ b 4 \ v‘
- -
24h

Caspase 377 nlensity Cytochrome C lo|emm Mitcchondrial membrane poterial Stress Kinase (o-Jun) 1 Glutathione content
Cal membrane permeability Mitochoncrial messs .DNA damage (pH2AX) MNF-KB nuclear content (20min)  Oxidative stress (ROS)

Circular bar plots of HCS-endpoint MEC ratios
for (A) the 28-flavor mixture, (B) various
individual flavoring substances with different
Tox-Scores, and (C) flavor mixture without
citronellol and/or alpha-pinene. Each MEC ratio
(reported next to each segment of the circular
chart for each HCS endpoint) was computed by
dividing the mean base solution MEC (from n =
3 replicates) by the mean flavor mix MEC. A
unilateral t-test was computed with null
hypothesis: The base solution MEC mean is
higher than the flavor mix MEC mean. The t-test
p values are reported as follows: ***<0.001,
**<0.01, *<0.05. The “-“ sign on top of an MEC
ratio denotes an imputed MEC value. Red circles
correspond to an MEC of 1. Abbreviations:
pH2AX, phosphorylated H2A histone famil
member X; NF-kB, nuclear factor kappa-light-
chain-enhancer of activated B cells; ROS,
reactive oxygen species.
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Biological Network Perturbation Amplitudes

Senescence

Response to DNA damage
Necroptosis

Autophagy

s KIOHIoHR
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Heatmap of the biological networks perturbed
by the base solution alone or by the flavor
mixture at two dilutions (0.25% and 0.50% v/v)
at the 4- and 24-h time points. A network is
considered perturbed if, in addition to the
significance of the NPA score with respect to the
experimental variation, the two companion
statistics (O and K) that report the specificity of
the NPA score with respect to the biology
described in the network are also significant (as
indicated by an asterisk). The darker the color
the stronger the perturbation. Abbreviation: IPN:
Inflammatory Processes Network.
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| Exposure Effects of E-Vapor Aerosols Compared with Cigarette Smoke

EXPERIMENTAL DESIGN

Months
\ = Female ApoE’ mice (12-14 weeks at initial dosing) were

Groups: ( ™ M 3M " - 6M \ exposed to air (sham), 3R4F cigarette smoke (CS), or e-
* * vapor aerosols generated from CARRIER (PG/VG/water),
Sham BASE (CARRIER plus 4% nicotine), and TEST (BASE plus
flavors) by using CAG (capillary aerosol generator) system.

3R4F

= ApoE’ mice were exposed via a whole-body inhalation

CARRIER (PG/VG) system for up to 3 h/day, 5 days/week for 6 months.

BASE (PG/VG/N) |

\\TEST (PG/VG/N/F)

» Fresh air breaks between 1-h exposure

Exposure:

1h 1h 1h 1h 1h
At AL A
* Cardiorespiratory tissue collected for 22 384For aeroso from e-igproduct 36 g icotine W"pﬁh.monmsm%m&ﬁ

. B Fresh air
analysis




A Six-Month Inhalation Study in ApoE” Mice to Investigate Cardiovascular and Respiratory

Exposure Effects of E-Vapor Aerosols Compared with Cigarette Smoke

SMOKE MACHINE FOR CAG (capillary aerosol generator)
GENERATING CS FROM 3R4F SYSTEM TO GENERATE E-VAPOR AEROSOLS

The CAG system was successfully set up to generate The CAG was used to generate e-vapor from various e-liquids:
and consistently deliver respirable e-vapor aerosols “CARRIER” containing PG/VG alone, “BASE” containing PG/VG and 4%
to the whole-body mouse exposure system. nicotine, and “TEST” containing PG/VG, 4% nicotine, and flavors.

FIRST DILUTION FLOW CAG Dilution

DIRECTION OF AEROSOL FLOW

s 1) !

W B = 4 | Q-Target TPM 600 pg/L, for the 3R4F group.
h i ocuphs Q-PG/VG/N and PG/VG/N/F at matching nicotine
l
The 3R4F cigarettes were ] :
smoked in accordance St Tempoer e concentrations to 3R4F 35 pg/L.
With the Health Canada chamber outlet 250 C

EXPOSURE ROOM CONTROL ROOM

intense smoking
protocol
(Health_Canada, 1999).

CARRIER (PG/VG) BASE (PG/VGIN) TEST (PG/VG/N/F)

CAGtomperawre oM °C 250,08 269.19 269.74

CARRIER BASE TEST
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COMBUSTION IS A KEY

Scientific studies have shown
that, as the temperature of
tobacco
increases, the levels of
harmful potentially harmful
chemicals formed increase
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Source: McGrath, T.E., Wooten, J.B., Chan W.G. and Hajaligol, M.R., 2007, Formation of
polycyclic Aromatic Hydrocarbons from Tobacco: the “Link” between Low Temperature
Residual Solid and PAH Formation, Food and Chemical Toxicology, 45,6,1039-1050
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E-Vapor Aerosols Compared with Cigarette Smoke

AEROSOL CONSTITUENTS IN TEST ATHMOSTHERE
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Compared with cigarette smoke exposure, e-vapor aerosol (CARRIER, BASE, and TEST)
exposure presents lower levels of harmful smoke constituents in the atmosphere.




A Six-Month Inhalation Study in ApoE” Mice to Investigate Cardiovascular and Respiratory Exposure Effects of

E-Vapor Aerosols Compared with Cigarette Smoke

BIOMARKER OF CS
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Compared with cigarette smoke exposure, e-vapor aerosol (CARRIER, BASE, and TEST) | SCIENCE
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A Six-Month Inhalation Study in ApoE” Mice to Investigate Cardiovascular and Respiratory

Exposure Effects of E-Vapor Aerosols Compared with Cigarette Smoke

Assessment of E-Vapor Aerosols in a 6-Month ApoE’- Mouse Study -- Lung Effects

LUNG INFLAMMATION LUNG STRUCTURAL DAMAGE
Emphysema
Score
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Sham 3R4F (PGIVG)  (PGIVGIN)  (PGIVGIN/F)
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Cell-free BALF supernatants were analyzed _ 40
using a multiplexed bead array Endpoint_Name £l 6M am 6M M 6M am oM . s
G-CSF Esz72| o4 050 082 052 078 1.09 g 30
GM-CSF 214 157 098 078 1.99 083 218 1.06 - +
IFN-g 0.84 1.26 0.79 2.89 0.95 167 054 191 ¥
IL-1a 054 053 122 147 093 132 0.89 124 g8 20
IL-1b 1.03 094 0.75 077 084 0388 111 095 = +
Total cells IL-2 0.49 0.68 1.05 1.29 0.92 111 0.79 0.98 15
IL-4 122 0.96 0.60 152 1.07 154 0.89 1.30 1.0 4 # # #
IL-5 168 087 130 201 093 098 124 083
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1 600 000 IL-17 058 1.55 049 0.65 056 211 Sham 3R4F (PGIVG)  (PGIVGIN)  (PGIVGIN/F)
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KC 0.66 1.09 |1 063 102|061 1.73
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L L Compared with cigarette smoke exposure, exposure
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number of inflammatory cells in lung BALF. e-vapor aerosols resulted in lower levels of histo %tholo ical segm’i Lantitative scoriny
‘ A inflammatory mediators. P 9 9 g




A Six-Month Inhalation Study in ApoE” Mice to Investigate Cardiovascular and Respiratory

Exposure Effects of E-Vapor Aerosols Compared with Cigarette Smoke

Assessment of E-Vapor Aerosols in 6-Month ApoE”- Mouse Study -- Lung Effects: Transcriptomics

LUNG MOLECULAR CHANGES

Differentially expressed genes in the lungs
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exposure to e-vapor aerosol resulted in
lower molecular changes in lung tissue.

Compared with cigarette smoke exposure, exposure to e-vapor aerosols induced
significantly less molecular changes related to stress responses, cell proliferation,
0 PMI SCIENCE and inflammation in lung tissue.
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A Six-Month Inhalation Study in ApoE” Mice to Investigate Cardiovascular and Respiratory

Exposure Effects of E-Vapor Aerosols Compared with Cigarette Smoke

Assessment of E-Vapor Aerosols in 6-Month ApoE”- Mouse Study — Lunqg Effects- Proteomics

LUNG MOLECULAR CHANGES

Proteomics in the lungs
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Compared with cigarette smoke exposure,
exposure to e-vapor aerosols resulted in fewer
differentially expressed proteins in lung tissue.
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(‘ s for 6 months and those treated with fresh air.

N Effects of 3R4F CS and e-vapor aerosols on atherosclerotic plague formation

STRUCTURAL DAMAGE
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Compared with cigarette smoke exposure, exposure to e-vapor aerosols (CARRIER, BASE, and TEST)
induced lower atherosclerotic plague formation.

. . . PMI SCIENCE
There was no difference in plaque area between animals exposed to CARRIER, BASE, or TEST aerosol | eiueworwis nrernarionat
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Effects of 3R4F CS and e-vapor aerosols on atherosclerotic plague formation

STRUCTURAL DAMAGE

Representative pictures of atherosclerotic lesions and thoracic aorta acquired by CT
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TEST
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Compared with cigarette smoke exposure, exposure to e-vapor aerosols
(CARRIER, BASE, and TEST) induced lower atherosclerotic plague formation.

There was no difference in plaque area between animals exposed to CARRIER,
BASE, or
TEST aerosol for 6 months and those exposed to fresh air.
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Compared with cigarette smoke, exposure to e-vapor aerosols resulted in:

LUNG INFLAMMATION CARDIOVASCULAR LUNG FUNCTION LUNG HISTOPATHOLOGY
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