Long term exposure to cigarette smoke impacts genes involved in cardiac muscle structure and function in Apoe-/- mouse
while exposure to a candidate modified risk tobacco product, the Tobacco Heating System 2.2 (THS 2.2) aerosol does not
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Introduction

Heart failure is reported to affect over 15 million people in Europe (1) and over 5 million people in the United States (2), and is a major cause of hospitalization and morbidity (3). Smoking is a major cause of the high incidence of cardiovascular
disease (4-5) and is highly associated with endothelial dysfunction, atherosclerosis and heart failure. Although heart failure is a serious complication of atherosclerosis, other stressors such as diabetes, hypertension, and toxic compounds can
impact cardiac contraction and favor the development of cardiomyopathy, eventually causing heart failure. Candidate modified risk tobacco products have been developed to reduce the harm of smoking linked to cardiovascular and other
smoking-related diseases. One such product, the Tobacco Heating System 2.2 (THS2.2), which heats the tobacco instead of burning it, was developed to decrease significantly the levels of harmful and potentially harmful constituent levels,
such as aldehydes and polycyclic aromatic hydrocarbons (5). To investigate the relative impact of exposure to an aerosol from THS2.2 compared with smoke from the 3R4F reference cigarette, as well as the impact of cessation or switching
to THS2.2 after 2 months exposure to 3R4F smoke, we have conducted an inhalation study on Apoe-/- mice with a number of toxicological and disease-related endpoints (5).

Because there is substantial evidence that smoking is one of a risk factors of the development of cardiovascular pathologies, we also analyzed heart tissue of Apoe-/- mice from this study. A transcriptomics approach was chosen to identify at
least some of the molecular mechanisms underlying the biological effects of exposure to 3R4F smoke and THS2.2 aerosol on the heart.

Study design and methods

Transcriptomics analysis
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number of differentially expressed genes was considerably higher, and this number remained relatively stable at 8 months of smoke exposure. In the
heart tissues from mice exposed to THS2.2 aerosol or those switched to fresh air or THS2.2 after 2 months of 3R4F smoke exposure, no differentially
expressed genes were detected compared with the sham groups at all time points evaluated.

a control group. After two months of exposure to 3R4F smoke, subsets of mice were exposed to fresh air
to mimic smoking cessation or were switched to THS2.2 (5).

Results

Mapping of the differentially expressed genes onto KEGG “Focal adhesion” pathways (7)

IPA analysis was performed to identify the main biological processes and functions
impacted by the exposure (6 The top regulated KEGG pathway involving differentially expressed genes was “Focal adhesion”, followed by “Regulation of actin cy-
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Specifically, biological processes such as “Cell Morphology”, “Cellular Assembly and Organization”, “Em-
bryonic Development, Organ Development”, and “Nervous System Development and Function” were pre-
dicted to be downregulated. “Inflammatory response,” “Cellular movement”, and “Hematological system
development” functions were also predicted to be downregulated in response to 3R4F smoke exposure. The mapping of genes that were regulated in response to 3R4F after 8 months of exposure to the “Focal adhesion” pathway suggested that the
regulation of the actin cytoskeleton was disrupted in CS-exposed mouse heart. Genes involved in the regulation of cytoskeleton and signal trans-
duction, such as filamin (FInc), zyxin (Zyx), vasodilator-stimulated phosphoprotein (Vasp), and beta actin (Actb), were downregulated in response
to 3R4F exposure. Additionally, genes that encode proteins involved in the regulation of cytokine-cytokine receptor interaction and ECM-receptor
interaction, such as collagen (Col3a1, Col5a2), epidermal growth factor, FMS-like tyrosine kinase 1, and p21 protein (Cdc42/Rac-activated kinase
1), were also differentially regulated in response to 3R4F smoke exposure.

Red stars indicate the overlap of regulated genes and pathways. The heatmap represents the gene expression analysis of overlapping regulated genes in

the focal adhesion pathway. Blue and orange indicate downregulated and upregulated genes, respectively.

In contrast, “Skeletal and muscular disorder” and its associated sub-function “Congenital anomaly of mus-
culoskeletal system” were predicted to be significantly upregulated in response to 3R4F smoke exposure.
Together these data suggest that 3R4F significantly affected the expression of genes involved in heart
muscle function and structure, the inflammatory response, and cardiovascular disease.

Gene set enrichment analysis (GSEA) (8

The GSEA showed significant downregulation of genes sets involved in muscle structure and function, affecting the actin cytoskel-
eton, focal adhesion sites, gap junctions, and adherent junctions in the hearts of 3R4F smoke exposed mice. No such downregula-
tion was detected for the same gene sets in the THS2.2, cessation, and switching groups.
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“Chemokine signaling”, “TNF signaling”, “Leucocyte transendothelial migration”, “Toll-like receptors”, and “Cytokine-cytokine re-
ceptor interactions”. 3R4F smoke exposure additionally upregulated genes involved in “Drug metabolism-cytochrome P450” and

ECM-receptor interaction

“Metabolism of xenobiotics by cytochrome p450” and downregulated genes involved in ECM-receptor interaction. —— Motaboham of xenoblofien by cytocnrome P450
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up-regulated in the switching group at the 3-and 6-month time points compared with the 3R4F group at the same time points. Significance is indicated by an asterisk (*). In each rectangle, the first character symbol is for the overall adjusted Fisher p-value, the second

symbol indicates significance for GSEA Q2, and the third symbol indicates significance for the over-representation analysis.
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