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Results

Introduction

Toxicological assessment of tobacco products should provide relevant indication
of the health risk for humans. Advances in tissue engineering have allowed the de-
velopment of in vitro organotypic cultures with an air-liquid interface, thus permit-
ting a direct exposure to inhaled chemicals. Using human organotypic nasal and
small airway epithelial cultures, this study assessed the impact of an aerosol from
a carbon heated tobacco product (CHTP) 1.2—a candidate modified-risk tobacco
product (MRTP)*—compared with cigarette smoke (CS) at similar nicotine levels.
Various endpoints including cytotoxicity, histology, ciliary beating function, cy-
tochrome P450 1A1/1B1 activity, and secreted pro-inflammatory mediators, were
complemented by a systems biology analysis of the transcriptomes to assess the
exposure impact at different post-exposure time points. The overall data demon-
strate a substantially reduced biological impact of CHTP1.2 aerosol exposure com-
pared with CS in both nasal and small airway cultures.

Materials & Methods
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The impact of 28 min exposure to CS (from 3R4F reference cigarette, University of Kentucky)
and to aerosol (from CHTP1.2, Philip Morris International R&D) were assessed using human
organotypic nasal cultures (reconstituted from the nasal epithelial cells of a 41 year-old
female, nonsmoker donor) and small airway cultures (reconstituted from the small airway ep-
ithelial cells of a 55 year-old female, nonsmoker donor). A paired design was implemented so
that in parallel to the exposure to CS or to CHTP1.2 aerosol, the cultures were also exposed
in the same exposure module and during the same exposure run to air. For each of the cul-
ture models, a series of experimental repetitions was conducted to increase the assessment
robustness (N = 3 exposure runs/repetition).

Characterization of the 3R4F smoke and CHTP1.2 aerosol in the exposure system (Vitro-
cell 24/48®) includes the measurements of nicotine in the diluted 3R4F smoke and THS2.2
aerosol throughout the studies. The diluted smoke/aerosol was trapped in EXtrelut 3NT®
column and subjected to gas chromatography-flame ionization detection to determine the
nicotine concentrations at the specific dilutions within each experimental week.

Cytotoxicity was assessed by measuring the adenylate kinase activity in the basolateral
medium of the cultures using ToxiLight™ bioassay kit (Lonza, Rockland, MA, USA), according
to the manufacturer’s instructions.

For the histological analysis, the cross-sections of the organotypic epithelium cultures were
analysed after hematoxylin and eosin and alcian blue staining,.

Concentrations of pro-inflammatory mediators were measured from the basolateral
medium of the exposed cultures using Luminex® xMAP® technology and commercially avail-
able assay panels (EMD Millipore Corp) according to the manufacturer’s instructions. The cul-
ture media were collected at different post-exposure time points.

MRNA microarrays were done using 100 ng of total RNA (per sample) that were
reverse-transcribed and amplified to cRNA using the Affymetrix® HT 3’ IVT PLUS kit. Causal
network enrichment analysis was done using the Network Perturbation Amplitude (NPA)
methodology (Hoeng et al., 2014; Martin et al., 2012; Martin et al., 2014) was used to contex-
tualize high dimensional transcriptomics data by combining gene expression (log),.
fold-changes into fewer differential node values (one value for each node of a causal biologi-
cal network model). The collection of causal biological networks used in the study(s) was the
human network suite CBN v1.3 (Boué et al., 2015).
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Culture Histology 72 h After Exposure
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Air-Exposed Small Airway 3R4F Smoke (0.26 mg nicotine/L) CHTP1.2 Aerosol (0.30 mg nicotine/L)

Hematoxylin-Eosin/Alcian Blue staining was performed in cultures 72 h post-exposure to 3R4F smoke or CHTP1.2 aerosol. At comparable nicotine concentration (0.27 - 0.30 mg/L), damage to the
epithelial layer was observed in cultures exposed to 3R4F smoke but not in those exposed to CHTP1.2 aerosol.

Cytotoxicity 72 h Post-Exposure
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Cytotoxicity levels were determined based on the levels of adenylate kinase released into the basolateral media following exposure. Upon cellular damage, adenylate kinase is released from
the intracellular to the extracellular compartment. The level of cytotoxicity was reported relative to the Triton X-treated cultures (considered as 100% cytotoxicity). Greater cytotoxicity levels
were observed following exposure to the higher concentration of 3R4F smoke. Less cytotoxicity levels were observed following exposure to all concentrations of CHTP1.2 aerosol. % p-value <
0.05 vs. its corresponding air control. #p-values 0.05 between CHTP1.2 and 3R4F at comparable concentrations.

Secretion of Pro-inflammatory Mediators Following Exposure
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Various mediator concentrations secreted from the cells were measured to assess the inflammatory response of the cultures following 3R4F smoke and CHTP1.2 aerosol expo-
sure. Numbers indicate the mean concentrations of pro-inflammatory mediator secreted into the basolateral media following exposure to 3R4F smoke and CHTP1.2 aerosol (N =
9 per group for nasal; N = 6 for small airway). Only the cultures exposed to the smoke or aerosol at sub-toxic levels were included, i.e., the samples exposed to the higher dose of
3R4F smoke were excluded. Relative to the air-exposed samples, the concentrations of the secreted mediators were markedly increased following 3R4F smoke exposure. In gener-
al, smaller alterations in the mediator concentrations were observed following CHTP1.2 aerosol at all doses tested, even at a dose where the nicotine concentrations were more
than twice of the nicotine concentrations in 3R4F smoke.
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Perturbation of Biological Pathways and Processes Following Exposure:
Network-based Analysis of Transcriptome Profiles
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Network Perturbation Following Exposure
Nasal Small Airway
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A network-based systems biology approach was conducted using transcriptomics data from cultures exposed to the smoke or aerosol at
sub-toxic levels, i.e., the samples exposed to the higher dose of 3R4F smoke were excluded. This approach uses biological network models that
contain a series of cause-and-effect relationships (Boué et al., 2015). The network models can be grouped into network families, representing
more general biological processes (e.g., Cell Proliferation, Cell Fate, Cell Stress, or Inflammatory Process Networks network). CHTP1.2 aero-
sol-induced network perturbations were lower than those following 3R4F smoke (N = 9 per group in nasal; N = 6 per group in small airway stud-
ies). NPA, network perturbation amplitude.

MicroRNA Changes Following Exposure
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The heatmap lists only the MIRNAs that were differentially expressed following exposure in at least one contrast in both culture types. The
results show that 3R4F smoke exposure was linked to more substantial MIRNA changes as compared with CHTP1.2 aerosol at all concentrations
tested (N = 9 per group in nasal; N = 6 per group in small airway studies).

Conclusions

Collectively, the results show that the impact of CHTP1.2 aerosol on nasal epithelium was considerably lower than 3R4F smoke at similar nic-
otine concentrations, in regard to:
- Cytotoxicity levels (based on the levels of adenylate kinase released into the basolateral media) and culture morphology at
72 h post-exposure
- Inflammatory responses (based on the secreated pro-inflammatory mediator levels) following exposure
- Perturbation of biological processes (modeled in the causal network models) derived from the global gene expression and MIRNA
changes following exposure.
Using this systems toxicology approach, biological processes and/or signaling pathways could be identified from the global gene expression
changes that were not captured by the classical functional measures (culture morphology, cytotoxicity, and secretion of pro-inflammatory
mediators). As compared with the biological impact of 3R4F smoke, the aerosol from the candidate modified-risk tobacco product CHTP1.2
elicited much lower impact in all measured endpoints in the human nasal and small airway cultures, even when the nicotine concentrations

in the CHTP1.2 aerosols were 2-3 times higher than that in 3R4F smoke. - .
Competing Financial Interest

The research described in this poster was sponsored by Philip Morris Products SA



