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Introduction

Computational analysis of the profiling (DIA) protein set

Inhaled toxicants present in tobacco smoke accelerate and exacerbate inflammation and oxidative stress. Over
time, these processes increase the risk of developing respiratory and cardiovascular diseases (CVD). Developing
alternative tobacco or nicotine products that reduce health risks for smokers is one approach for addressing these
health concerns. The electronic (e)-vapor product (eCig) is proposed as a potential reduced-risk product; however,
its health impact requires in-depth investigation. The goal of this human research study is to examine the
molecular profiles and biological networks that are perturbed by smoking, reversible upon smoking cessation, and
largely unknown with respect to EVP usage for identification of new biomarkers.
Here, we present the plasma protein profiling data of this study. A total of 205 plasma samples were obtained
from smokers (CS), former smokers (FS), and eCig users and compared with those of never smokers (NS).
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Study overview
Figure 4. Volcano plots representing the system response profiles. For each protein, the protein expression change, calculated as the
log2 fold change, is plotted on the x-axis, and the statistical significance, proportional to the negative log10-adjusted p value, is plotted
on the y-axis. Yellow and cyan highlight proteins that are statistically significantly up- and downregulated, respectively.
CS: current smokers, FS: former smokers, NS: never smokers, and eCig: electronic-vapor product users.

In this study, 205 eligible subjects were enrolled, including 52 NS, 77 CS, 37 FS, and 39 eCig users.
Table 1. Demographics by study group
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Figure 5. Heatmap of the top differentially abundant proteins
based on comparisons where a protein is differentially
abundant. For each protein, the heatmap displays the log2 fold
change. Differentially abundant proteins are marked with * to
indicate a 0.01 FDR (false discovery rate) or x to indicate a 0.05
FDR. CS: current smokers, FS: former smokers, NS: never
smokers, and eCig: electronic-vapor product users.

Acrylonitrile is generated at temperatures ranging from 500◦C to 800◦C, which makes the 2-cyanoethylmercapturic
acid (CEMA) urinary metabolite, a biomarker of exposure to acrylonitrile, a good candidate as a biomarker of
verification for subject-reported product use for distinguishing cigarette (CC) smoking from non-combustible
tobacco product use.1 On the basis of CEMA measurements, a “compliant” set of 150 subjects were identified,
including 50 NS, 57 CS, 25 FS, and 18 eCig users.

• Enrichment in immune related proteins for the CS versus NS
• No significant differentially expressed protein detected for
the other comparisons

Acquired set (204 subjects)
Figure 1. CEMA as “compliance”
maker. A CEMA level of 40 ng/mg of
creatinine (red line) was selected to
identify the “compliant” set of
subjects.
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Figure 6. Venn diagram showing the number of protein
groups identified by using either PQ500 (blue) or profiling
DIA (red).
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Figure 7. Example of correlation
between the PQ500 and DIA
results.
Examples for poor (A), medium (B),
and high correlation (C) between
the DIA and PQ500 results. No clear
trend identified in the dataset.
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Figure 2. Schematic overview of the protocol used for the data-independent acquisition analysis.
Human plasma samples (10 µL) were processed with Sample Preparation Kit Pro from Biognosys in accordance with the manufacturer’s
protocol. The dried peptide pellets were resuspended in 18 μl LC Buffer and mixed with 6 μL of freshly prepared PQ500 reference
peptide stock solution. Peptides were separated on a 15-cm x 1-mm (1.7 µm) C18-CSH column by using a 37-min gradient on a Shimadzu
Nexera 2 UPLC connected to a Thermo Qexactive High Field (HF) in data-independent acquisition mode (23 windows). The DIA data were
analyzed by using the Direct DIA functionality in Spectronaut version 14.
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Figure 8. A. Predictability in elastic net model based on the analysis set. B Predicted CS probabilities across groups.
CS: current smokers, FS: former smokers, NS: never smokers and eCig: electronic-vapor product users.

Conclusions

Figure 3. Bar plot of the average concentrations (mg/L) of proteins in plasma on the basis of PQ500 heavy labelled peptides.

• Human plasma study on 204 plasma samples successfully performed:
• A total of 235 protein groups identified with DIA
• A total of 151 protein groups identified with PQ500
• 129 protein groups consistently identified across all samples with DIA
• Subject compliance was assessed by means of CEMA levels in urine. While the CS and NS groups demonstrated
the expected separation, CEMA analysis suggested persistent exposure to cigarette smoke in a substantial
fraction of the eCig (potentially dual use) and FS groups.
• A new prediction model for subject compliance has been developed.
• Multiomics approaches are planned (metabolomics and transcriptomics) to further complement these results.

On average, robust quantification of 125 protein groups in each of the 204 samples.
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