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Reliable system-wide measurements are key to a meaningful systems-toxicology approach by which impact of toxicants in cells are
evaluated (Hoeng et al., 2012). While still being challenging to setup, liquid-chromatography mass-spectrometry (LC-MS) based
quantitative proteomics may lead to a further understanding of systems response and complement the widely used transcriptomics data.
In the context of a life-long animal study aiming at characterizing the impact of cigarette smoke in mouse lung and the effect of cessation
and switching to a prototypic Modified Risk Tobacco Product (pMRTP), we established an isobaric tags for absolute and relative
quantification (iTRAQ®)-based pipeline aiming at capturing a wide variety of proteins. The arms of this animal study involving C57/Bl6 mice
were exposure to: (i) fresh-air only, (ii) conventional cigarette smoke (CS) from 3R4F cigarettes (from University of Kentucky), (iii) CS and
switch to a pMRTP, (iv) CS and switch to fresh air (cessation) and (v) pMRTP only.

The aim of the study was:
(i) To setup a robust iTRAQ-based proteomics approach for quantifying abundance changes in

mouse lung.
(ii) To evaluate the potential of an iTRAQ worflow in a systems-toxicology approach for product

assessment, in particular in the context of novel modified risk tobacco products (MRTPs)
assessment using in vivo model systems.

(iii) To identify regulated proteins and biological processes in mouse lungs in response to
cigarette-smoke, cessation , switching to an pMRTP and pMRTP only.

• An iTRAQ workflow involving in-house quality check and quantification pipelines was developed.

• Samples from mouse lungs led to a system response-profile involving more than two thousand identified proteins for each exposure duration (Table 1).

• Exposure to mainstream CS induced a system perturbation in a time dependent manner (Figure 5, 6 and 8) involving the regulation of biological functions 

such as xenobiotic metabolism, macrophage/neutrophil-related processes and surfactant homeostasis (Figure 7 and 8). 

• Cessation and switching to a pMRTP aerosol resulted in a decrease of the number of differentially regulated proteins (Figure 6) and the reversal of the 

majority of the identified processes over time (Figure 8).

• The iTRAQ approach is a valuable technology for a systems-toxicology assessment of smoke-exposure response using in vivo models.

Figure 2: Workflow for the extraction of proteins from mouse lungs Figure 3: iTRAQ workflow used for the identification of differentially expressed proteins.

Eight to 10 week old mice were exposed to aerosols for 5 days a week and 4 h per day. The
different exposure groups and durations are indicated in Figure 1. Protein from lung tissue
was extracted according to Figure 2. An LC-MS based quantitative proteomics approach
using iTRAQ® was performed in order to detect changes in protein expression levels between
the different groups (experiments were run in six biological replicates). Acquired data were
quality controlled and analyzed to identify differentially expressed proteins by in-house
developed pipelines (Figure 3 and 4).
.

Quality control:
• Bradford assay (>2.5 mg/ml 

protein.
• Capillary electrophoresis to 

check for sample integrity
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Figure 5: Differentially expressed proteins in mouse lung tissue exposed to cigarette smoke (3R4F), pMRTP,
cessation (cess) or switching to pMRTP (switch).
Volcano plots show the log2 fold-change and the -log10 FDR-adjusted p-value for each quantified protein and each
comparison. Each exposure condition is compared to the fresh-air exposed control. Differentially expressed proteins
with a false discovery rate (FDR)-adjusted p-value < 0.05 are marked (up-regulated = yellow, down-regulated = cyan).
Numbers in brackets indicate exposure duration. Mo, month.
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Figure 1: Study design with different exposure groups and durations. 3R4F cigarettes
were smoked according to the Health Canada Intense Puffing Regime. Nicotine
concentrations of 3R4F and pMRTP treatments were matched.
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Figure 7: Functional clusters impacted as a result of exposure to conventional cigarette
smoke. Functional protein networks of consistently up- (A) or down- (B) regulated proteins upon 5
and 7 months of 3R4F exposure highlight regulated biological functions. Each node in the network
corresponds to a regulated protein, each edge to a functional protein link reported in the String
database (Franceschini et al., 2013). Clusters of regulated protein functions were identified and
functionally annotated. Node colors show the significance of regulation upon 5/7 months of
cigarette smoke (3R4F) exposure (maximum signed -log10 adjusted p-value for both time points).

Figure 6: Number of differentially
expressed proteins in comparison to
fresh-air control for each exposure
treatment and exposure duration.
Cess, cessation; mo, month; switch,
switching to pMRTP . False discovery
rate < 0.05.

Table 1. Number of identified/quantified proteins for
the different exposure durations. Proteins were
assigned as quantified when quantitative information was
present in ≥ 2/3 of the biological replicates analyzed.

Exposure duration 
(Month)

Identified 
proteins

Quantified 
proteins

1 4883 2615

3 4526 1980

5 4453 2298

7 4844 2220

Figure 4: Quantification pipeline for isobaric tag
labeled samples. The pipeline is implemented in R. It
allows full control over processing steps and settings.
The workflow used allowed for sensitive and robust
detection of differentially regulated proteins based on
unique peptides only. DEP, differentially expressed
protein; VSN, Variance stabilizing normalization (Arntzen
et.al, 2011).
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Figure 8: Protein expression response for functional clusters impacted by cigarette smoke
for all exposure durations. Heatmaps show the protein expression compared to fresh-air control
for selected functional clusters from Fig. 7. The signed -log10 adjusted p-value is color-coded for
each protein (row) and exposure condition (column) (grey = no significant deregulation, white =
missing value). cess, cessation, switch, switching to pMRTP. Triangles below treatment groups
indicate increasing exposure duration.
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