\

Introduction

The smoking-related risk for lung cancer and other serious diseases is well established (US
DHHS, 2004). However, established laboratory animal models for these diseases are not readily
available (Schieef et . 2006; Coggins, 2007). Such models are needed to unravel mechanistc
and stiologic aspects of the disease, to investigate chemopreventive and carly diagnostic means,
and to evaluate risks from novel toba Haussmann, 2007). Some positive results in
rodent lung cancer models with cigarelte mainstream smoks (MS) inhalation were recently

{eponted. b have nol b reproduced 0 dats (Madery o al. 2004 Hul e ai 2005, Batansky
etal, 2007)

Increases in lung tumor response have_reproducibly been shown, using a model with
1o folowing charsctoristcs (0e Flora ot . 2003, Witschi, 2003; S ot a. 20088),

5 foG-month inhlaon exposure t an envionmenialtobacco smoke surogale (ETSS)
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However, the majority of lung cancer cases are associated with active smoking, i.e., exposure to
MS. Results of MS inhalation studies with this particular study design were not reproducible
(Finch et al. 1995; D'Agostini et al., 2001; Curlin et al., 2004; Hamm et al, 2007). This is
considered to be due mainly to the variable and sub-optimal study designs employed.

Goal

r goal is to establish a murine lung tumorigenesis model with
cmarene mainstream smoke inhalation.

This model should be biologically relevant, reproducible, and work
without the necd for a post-axposars poriod.

Approach

sty 1 Gompare resusforprevious ETSS innaaton studes (o S lation

coptble mouse sirains (male AL and SWRLY)
nih exposure + 4-month post-exposure periods
Wrete Smoke (WS, parculate ghace (°Py. o vpor phase (VP)
+ Dose dependence (0, 120, and 240 mg TPM/m? ;sham, low WS, and high WS, respectively)

Study 2 Extond the S exposuro periods (¢ pst xposure) o long-torm

Jp to 18 months of exposure/post-exposure combinations.

Eraationol e ncod o postexpomrs perod

+ Male Al mice (18 to 35 mice per group) exposed to 0, 150, and 300 mg TPM/m? (sham, MS-150,
and MS-300, respectively)

+ Inclusion of mechanistic endpoints.

Results, Study 1

Analytical characterization of test atmospheres:

- Efficient separation of PP and VP
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Body weight development:

+ Marked body weight effect during MS exposure (WS = PP > VP)
+ Recovery of body weight effects during the post-exposure period

Macroscopic evaluation of lungs (nodule multiplicity):
 No effect at end of exposure period

- Dose-dependent ncrease in mulipityat end of postexposure period

* Actiy of WS lagely associated with PP, no actvty n

* Sitr responees or both sraine
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SWRIJ Mice
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Microscopic evaluation of lungs (muliplicity of proliferative lesions)
(end of post-inhalation period)

 Increase in bronchioloaiveolar adenoma multplic

* i responess for bathsirains, good corlation o macroscoplc resuls

Results, Study 2
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Microscopic evaluation of lungs
(multiplicity of proliferative lesions):

+Increase in spontaneous and MS exposure-induced
multiplicity with time (age)
MS dose-dependent increase in bronchioloalveolar
adenomas and adenocarcinomas

+Transient effect on nodular hyperplasia, consistent
with being an intermedary step in tumorigenesis

+Tumorigenic potential of long-term MS exposure
apparent without the need for a post-exposure period

«Altenuating activity of MS exposue on tumor
response and progression stil apparent, although
fading with increasing exposure period + in parallel to
fading stress (corticosterone)

+Good correlation of macroscopic and microscopic
results
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Gene Expression (whole lung ):
+Two types ofreguiation
Up-reguiation during exposure, quick recovery during post-
*+ Xenobiotics metabolizing enzymes (Phase 1 and 2)
- Oxidaive siress-responsive enzymes.
Sustained up-regulation partl o no recovery during post-

exposure
 Inflmmatory markers (chemokines, proteases, acute phase

response)
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Inflammatory processes
(BAL analyss, only sham and MS-300 shown)
- Neutrophis: ncrease during exposre; recovery during post-exposure
“Lamptecyis incroaso g exposuro o postorgere
o MS raatod ofoct,
Sl anemokmes. nenss duing exposue an pos xposure (.. KC.
4

+ Specific cylokines: increase during exposure; recovery during post-exposure
(€., IL1a, IFN-g, TNF-a); only marginal MS effect (e.g., IL-1b, IL-13, GM-CSF)
MMP-9: increase during exposure; recovery during post-exposure

Exemplary Markers:

Bronchioalveclar Lavage Cels:
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Kras Mutation Pattern (in tumor nodules):

+ No significant change in mutation pattern with MS inhalation

Summary

provided a study design s being used with the appropriate statistical power (group size, st
histopathological examination of lungs).

+The lung tumor response was similar for whole smoke and the particulate phase fraction,
significant activity found in the vapor phase.

+This phase-spaiicy o i conirst o the resuts found it an envkonment) tbaco ok o
(Witschi, 2005b). A comparative analysis of the test atmospheres (MS, ETSS), which she
increase in tumorigenesis, phrpplio any smoke constituents that might explain the incs
this murine model,

*Mainstream cigarette smoke inhalation (whole-body, 5-month exposure + 4-month post-exposure) dose-
dependently and reproducibly enhanced lung tumorigenesis in susceptible mice (A/J and SWRIJ mice),  without a

‘adaptation of the

ep-serial  the tumorigenic process “eomed 1o b0 50

compared to shorter inhalation, which is followed by a post-exposure period (e.0

with no exposure + 8 months post-exposure).

+This combination of exposure and post-exposure periods was accompanied by distinct pattems in

sutogate - geno expression and flammalory respanses, such as ho ustined uyregulin o nfarmatory

wed ar markers. Their involvement in the tumorigenic response remains 1o be established. No shif in the
rease i mutation pattern in the Kras gene was detected.

+With prolonged nhaaton (18 montrs). 2 dose-dependent ncrease i umorigoness was found, ven

response. Sil,
mehow restrained with continuous smoke exposure
10 months

Overview of MS inhalation

studies with A/J mice:

-Statistically signiicant responses (green) with
adequate study design (statistcal power
andlor step-serial microscopic examination:
long duration)

Higher discriminatory power with long-term
exposure (18 months)
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processes. A

model for the human disease. However,
the etiology and pathogenesis of the human disease.

Dal TPM Doso (imaiy ()

period is not required with long-term exposure.

+Although mechanistic studies are already available, more information is needed to appreciate the relevance of this
, success against this objective is limited due to the limited understanding of

H TEmLE Conclusions
:
i, - A cigarette smoke inhalation model for pulmonary adenoma
H //}/ 2 Sl Sy 254 and adenocarcinoma seems to be feasible using AlJ mice—provided an adequate study design is used.
gt
H < omer +The final study design of this model needs to consider that smoke inhalation seems to affect both accelerating and
i

Hypothesis

tumorigent

Balance of
accelerating and decelerating

in the A/J mouse model for
pulmonary adenocarcinoma

fg-term smoke effect,
‘model for human disease (7)
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Materials and Methods

Maine, USA)
* Whole-body exposure
*Mainstream smoke (MIS) from the Reference Cigarette 2R4F generated under ISO conditions:

- Vapor phase (VP) generated by passing WS through an electrostati fiter
+The studies were conducted in accordance with the following:
- OECD princples of Good Laboralory Practice (1998)
- American Association for Laboratory Animal Science Policy on the Human Care and Use of L
Animals (1991)

“Male Al and Swiss SWR/J mice bred under specific-pathogen-free conditions (Jackson Laboratories,

- Vapor-phase-depleted particle phase (PP) generated by passing WS through an activated charcoa fiter

+Endpoints (with references for methods):
- Analyical test atmosphere characterization (Stinn et al, 2005b)
- Body weight
- Garboxyhemoglobin (HbCO) in biood (Stinn et al., 2005a)
- Gorcosterone i lasma (srss marker) (St ol . 20052)

aboratory mulipex ELISA (Endogen SearchLight Multplex Assay).

lavage (BAL) fluid (n = 6 to 10): 5
" subsequentlovage cyces with 1l PBS, 0.325% BSA. BAL loukocyies wore dlforentiated by fow

cytometry using antibodies against Ly6G and F4/80 (BD Biosciences) and propidium iodide counterstaining
of fixed, saponin-permeabilized cells (similrly to Friedrichs et al., 2006). Markers were determined using a

- Gene expression in whole lung homogenates was performed on RNA from non-tumor tissue samples
using the Agilent whole mouse genome oligo microarrays (4x44K) (pooled samples from 4 mice each).

- Kras mutational analyss (Stinn et al., 2005): DNA wa
formalin-fixed, paraffin-embedded tumor tissue using laser capture microdissection. Sequencing of the.
amplfied PCR ragments of sxons 1 and 2 was performed by Qiagen (Hiden, Germany)

~Statistics
- Biological data: mean + standard er
(nflmmalory mrkers modian with 25% and 75% auarties)
- Analytical data: mean + standard deviation
- In figures:

s prepared from fresh-frozen tumor tissue or from

nodules
ethanol (St et al. 20053
- Microscopy

of lung sections: step-serial sections per 100 (Study 1) and 300 ym (Study 2) after
hematoxyiin/eosin (HE) staining lung tumor classification according to WHO guidelines (2001).

in fxalive for 1 day followed by fixation in * statistically significant at p <0.05 compared to sham
- Lung tumor incidence: chi-square test
- Lung tumor multplicity: Kruskal-Walls followed by Dunnett
- BAL colls: one-way ANOVA followed by Tukey
(BAL markers: prior transformation by ranking
- All other continuous data: one-way ANOVA followed by Dunnett
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