
Tobacco heated products (THPs) offer a safer alternative to

conventional tobacco products. They are distinct from conventional

cigarettes in that they generate an aerosol directly by heating a

tobacco rod, rather than by burning, which generates a simpler

aerosol with lower levels of toxicants. There is currently a dearth of

epidemiological data to support the potential reduced risk associated

with the use of THPs, thus there is a requirement to assess and

understand how they compare to conventional tobacco smoking. One

way of assessing the relative safety of these products is to

investigate the toxicological profile of THP aerosols using in vitro

testing, as part of a weight-of-evidence approach.
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Figure 7. Volcano plots for a panel of 34 cytokines and MMPs

quantified in the supernatants from three donors comparing the

following treatments: 3R4F vs air (A), THS vs air (B), and THP1.0 vs

air (C). The dotted blue lines show the –log10(p-value=0.05) and

log2(FC=±) thresholds. Markers that were significant at these

thresholds are annotated on the plots and colored in red for increase

and green for decrease.

• Based on aerosol dilutions delivering higher nicotine than 3R4F,

both THS and THP1.0 had a reduced impact on transcriptional

regulation compared to 3R4F at the tested smoking regime.

• A distinctly different RNA response was observed between the

THS and THP1.0. Enrichment analysis for the THS identified

several significant GO terms related to COPD at pFDR<0.05,

[FC]>1.5. For the THP1.0, the threshold had to be lowered to

pFDR<0.3 with no fold change filter due to the lower number of

differentially expressed genes.

• Exposure to both THP aerosols induced a far smaller cytokine

response compared to air control than 3R4F at the doses tested.

• In perspective, repeated exposures to the different aerosols could

give us further insights into the differential response triggered by

3R4F and THPs.

.

We compared the transcriptional response of a primary 3D airway

model acutely exposed to two THP aerosols (THP1.0 and THS) and

smoke from a reference cigarette (3R4F).

Reconstituted primary airway epithelia (MucilAir™) obtained from one

donor were exposed to air, 3R4F reference cigarette smoke, and

aerosol from two commercially available THPs (THP1.0 and THS)

using a Borgwaldt RM20S smoke machine. The 3R4F cigarettes were

smoked at the HCI standard regimen (a 55 ml puff over 2 seconds,

every 30 seconds, with filter vents blocked and a bell-wave puff

profile) at a 1/30 dilution. The THPs were tested using a modified HCI

(mHCI) smoking regimen (55 ml puff volume, 3 s puff duration, 30 s

puff intervals and a bell-wave puff profile) at a 1/5 dilution with 30 sec

pre-heating for the THS and 40 seconds pre-heating for the THP1.0.

Exposures were conducted for 1 hr and puff numbers were matched

between the different products. Nicotine was quantified by mass

spectrometry in the exposure chambers media. Integrity of the tissue

after treatments was assessed using a series of functional respiratory

epithelia and protein markers. These included (i) Cilia Beat Frequency

(CBF), (ii) FOXJ1 and MUC5AC quantitative immunohistochemistry,

and (iii) LDH release (cytotoxicity). RNA was extracted at 24hrs and

48hrs post exposure for RNA-seq. The experiments were performed 3

times independently with 3 cell inserts for each condition. qRT-PCR

validation was performed with the fast PCR 7500 Applied Biosystems

platform using RNA from 3 donors and independent exposure runs.

Sets of 20 genes per treatment were selected from the RNA-seq data

for qPCR screening in MucilAir™. The experiments and chambers

design is summarized in Figure 1.

Figure 6. Gene expression validation in multiple donors. Volcano plots

for the qPCR validations of sets of 20 genes selected from the RNA-

Seq data performed with three donors showing 3R4F vs air (A), THS vs

air (B) and THP1.0 vs air (C). The dotted blue lines show the –log10(p-

value=0.05) and log2(FC=±1.5) thresholds. Genes that were significant

at these thresholds are annotated on the plots and colored in red for up-

regulation and green for down-regulation.

Figure 5. Cluster

plots for differentially

expressed RNAs

matching COPD GO

terms after treatment

with 3R4F smoke

(pFDR<0.05,

[FC]>2, adjusted for

time) (A), THS

aerosol (pFDR<0.05,

[FC]>1.5, adjusted

for time) (B), and

THP1.0 aerosol

(pFDR<0.3, adjusted

for time) (C). Genes

that mapped to the

GO terms are shown

on the periphery of

the plots. The inner

circle shows

log2(fold change) for

each gene (blue

indicating down

regulation, red

indicating up

regulation), the outer

circle represents the

GO term(s) assigned

to genes.

A. 3R4F 1/30 

pFDR<0.05 

[FC]≤2

B. THS 1/5 

pFDR<0.05 

[FC]≤2

C. THP1.0 1/5 

pFDR<0.05 [FC]≤2

Figure 4. Volcano plots for 9 RNA-seq contrasts. On top, air vs 3R4F

(1/30) differential expression at 24hrs (A) and 48hrs (B) post exposure,

and adjusted for post exposure time (C). In the middle, air vs THS (1/5) at

24hrs (D), 48hrs (E) post exposure, and adjusted for post exposure time

(F) . At the bottom, air vs THP1.0 (1/5) at 24hrs (G), 48hrs (H) post

exposure, and adjusted for post exposure time (I).

Figure 3. MucilAir™ functional markers after exposure to air,

3R4F smoke and THP aerosol. (A) CBF at 24hrs and 48hrs post

treatment. MUC5AC (B), p63 (C) and FOXJ1 (D) quantitative

immunohistochemistry at 24hrs and 48hrs post treatment with the

micrographies on the right and values plots on the left with the

mean indicated by the horizontal line. * denotes a significant

difference versus air control at p<0.05.

Figure 1. Scatter plot showing the nicotine concentration (ng/ml)

quantified for each experimental repeat and per treatment. The

values from independent run repeats are labelled in different colours.

Mean nicotine value for each treatment is shown by the black

horizontal line. * denotes a t-test significance at p<0.05 using 3R4F

nicotine as comparator.

Figure 2. Top panel: schematic representation for (A) THP1.0

and THS devices and (B) Exposure chambers. Bottom panel:

experimental design for (C)RNA-seq exposure runs and (D) q

PCR exposure runs.
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