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Quantitative Mechanism-Based Systems Impact Assessment
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Quantitative Mechanism-Based Systems Impact Assessment
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Quantitative Mechanism-Based Systems Impact Assessment
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Quantitative Mechanism-Based Systems Impact Assessment
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Quantitative Mechanism-Based Systems Impact Assessment
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Quantitative Mechanism-Based Systems Impact Assessment
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Translational Systems Toxicology

Translational Systems Toxicology

Rodent in vivo Human in vivo

- Acute inhalation - Clinical trials
- Life long inhalation - Patient samples

Recapitulate in vivo Use biomarkers to confirm
network responses using system responses of
in vitro systems target organism in vivo

Primary cell culture  Organotypic culture

Compare in vitro systems
responses based on shared
biological mechanisms
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Establishment of the rat counterpart
of the human organotypic bronchial tissue
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v'Differentiation in basal cells

v" Presence of mucus

v Presence of tight junctions (TEER)
v' Active ion channels (e.g. CFTR)
v'Air-Liquid Interface Model

v Made of primary rat cells

(epithelial cells and fibroblasts)
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Recapitulation of In Vivo Biology by Organotypic Systems
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Organotypic Cultures of Human Primary Bronchial
Epithelial Cells Exposed to Whole Cigarette Smoke (CS)

Primary Organotypic Culture of Human Bronchial Epithelial Cells Exposed to Whole CS

VitroCell® Smoking Exposure
Robot VC10 Chamber
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Upper panel: Organotypic cultures of human primary bronchial epithelial cells were directly exposed

Experimental

Data to mainstream CS using the Vitrocell® system. Lower panel: The cells were exposed to CS during

Production four different exposure times, then various endpoints were captured after different post-exposure

times.
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Whole cigarette smoke/aerosol exposure system (Vitrocell®)

VITROCELL® EXPOSURE SYSTEM VITROCELL® DEPOSITION SENSOR
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Human organotypic bronchial epithelial cells exposed
to CS resemble bronchial epithelium from human smokers
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P63 immunostaining

Unperturbed human organotypic bronchial epithelial cell culture
resembles closely to human lung epithelium both at the morphological
level (karp et al. 2002) and at the molecular level (Pezzulo et al. 2011).
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Human organotypic bronchial epithelial cells exposed
to CS resemble bronchial epithelium from human smokers

» For all four in vivo smoking gene signatures used in the GSEA, a similar pattern of
enrichment score was found in CS-exposed AIR-100 up-regulated gene regulation
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Human organotypic bronchial epithelial cells exposed
to CS resemble bronchial epithelium from human smokers

* Only one human in vivo miRNA from
bronchial epithelial cells published so far
(Schembri et al. 2009).

* Out of ~ 230 miRNAs detectable in this
tissue context, half of them are commonly
detected in both studies. Only
differentially expressed are common
between both in vivo and in vitro datasets

( ).

» CS down-regulates a large majority of
MIRNA expression (*: 91 miRNAs out of
110) in both in vivo and in vitro situation.

* The biological functions associated with
some of the highly “translatable” miRNAs
are related to inflammation (miR-146b and
miR-125b) and cell cycle processes (miR-
106a and miR-106b) that are also known to
be perturbed by CS in lung tissue context.
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Comparison between in vivo human smoker miRNA signature and
CS-exposed AIR-100 in vitro miRNA dataset.
The vertical axis of the bar plot represents the best t-statistics
(i.e. lowest negative or highest positive t-scores) obtained
for the coefficients bt or bi of the linear model

Strongest t-statistics of all 1210 commonly detected in both plateforms
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Human organotypic bronchial epithelial cells exposed
to CS resemble bronchial epithelium from human smokers

« MMP-1 is an interstitial collagenase involved in tissue remodeling and
repair during lung development and inflammation.

MMP-1 is known to be up-regulated upon CS exposure both in vivo and in
VItro (Mercer et al. 2004, Lahmann et al. 2001, Philips et al. 2005).

BACKGROUND

« Human MMP-1 promoter contains CS-regulatory elements (Mercer et al. 2009).

1.2- Human bronchial epithelial
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Detection of pro-MMP-1 protein in the AIR-100
culture medium via ELISA assay
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Human organotypic bronchial epithelial cells exposed
to CS resemble bronchial epithelium from human smokers

« Many of the biological functions known to be directly affected upon CS
exposure, both in vivo and in vitro, were identified based on the functional
analysis of the leading edges genes that participate to the highest
enrichment score observed at 4 hours post-exposure.

« A single exposure to CS induces a similar biological perturbation (at the
level of gene expression, miRNAs expression or MMP-1 secretion) in an in
vitro human organotypic bronchial epithelium-like tissue culture to the one
observed in vivo in the airway epithelium of human smokers.

"Human bronchial epithelial cells exposed in vitro to cigarette smoke at the
air-liquid interface resemble bronchial epithelium from human smokers."

Am J Physiol Lung Cell Mol Physiol. 2013 Apr;304(7):L489-503
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Mechanistic Investigation with NPA and BIF

Cell Stress — Oxidative Stress Cell Stress — Xenobiotic stress
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Xenobiotic Metabolism Network

The xenobiotic metabolism (XM) network model for rat, mouse, and human respectively
which is a sub-network of Cellular Stress Network model, was built by PMI scientists in

collaboration with Selventa, Cambridge, MA.
I Xenobiotic Metabolism

psEEENN
0“ : o .’0 R :
* esponse
Network o % : P :
pEy™, + Boundary Overview :
: ‘. Osmotic
+ ® Focus on cell types - Endoplasmic Reticulum
. ) . . Stress
: found in non-diseased =« Stress
n
- pulmonary and n
- . — — — —
- cardiovascular systems = / 1
L) ] |
. n - |
“ [} J
s ® Focus on acute - - 1
. . Oxidative stress: \I [
s response to . intracellular L |
- . . . : G
Ensure network =physiological stressors . radical management D |
met the research : “ | |
needs of PMI e Includes areas of . A——— )
biology known to be . Hypoxic o -
dul db k : o Endothelial Shear
moau a;ts Yy sSmoke - ress Stress
.---“" .'0. ‘0.
Yeunus*® 728 nodes &
1379 edges

Schlage, W., J. Westra, et al. (2011). "A computable cellular stress network model for non-diseased pulmonary and cardiovascular
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tissue." BMC Systems Biology 5(1): 168.
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Activation of Xenobiotic Metabolism in Human and
Organotypic Airway Culture Exposed to Whole Smoke
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Recapitulation of In Vivo Biology by Organotypic Systems
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Human Organotypic Cultures of Primary
Bronchial and Nasal Epithelial Cells

COMPARISON AT THE MORPHOLOGICAL LEVEL
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Whole Smoke Repeated Exposure of Organotypic Cultures
of Human Primary Bronchial and Nasal Epithelial Cells

Experimental Experimental Design
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Whole Smoke Repeated Exposure of Organotypic Cultures
of Human Primary Bronchial and Nasal Epithelial Cells

The two doses of CS applied on both nasal and bronchial tissue
cultures do not induce high toxicity or impair tissue integrity

Experimental

Data allowing the capture of systems biology endpoints.

Production
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Whole Smoke Repeated Exposure of Organotypic Cultures
of Human Primary Bronchial and Nasal Epithelial Cells

Volcano plot performed from the whole
gene expression array demonstrating the
global gene expression changes related to
16% CS which occurred during different
post-exposure times (Oh, 4h, 24h, 48h) in
nasal and bronchial tissue cultures.
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Data
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Whole Smoke Repeated Exposure of Organotypic Cultures
of Human Primary Bronchial and Nasal Epithelial Cells

Experimental Systems

Data
. nse
Production g&

Comparison of the gene fold-changes across the various post-exposure times between nasal and bronchial tissues.

The strong correlations for Oh and 4h are decreasing while the post-exposure time are increasing to 24h and 48h.
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Whole Smoke Repeated Exposure of Organotypic Cultures
of Human Primary Bronchial and Nasal Epithelial Cells

A NE.O.H
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NE.4.H
vs. BR.4.H

— x=y
o LS

BR.OH

Associated Fold—changes

BR.4H

10

0.8

08

04

02

an

— =y

T — ousd

Associated Fold—changes

A) Strong correlation of the genes differentially
regulated in the xenobiotic network between
both CS-exposed nasal and bronchial tissue
cultures at Oh and 4h post-exposure times.

B) A similar NPA scoring of the xenobiotic
network perturbations is observed at different
post-exposure times in both CS-exposed
nasal and bronchial tissue cultures.

C) Visualization of the xenobiotic network
perturbations at Oh and 4h post-exposure
times for both CS-exposed nasal and

bronchial tissue cultures.
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Whole Smoke Repeated Exposure of Organotypic Cultures
of Human Primary Bronchial and Nasal Epithelial Cells

GENE SET ENRICHMENT ANALYSIS
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