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Materials and Methods

Abstract

A B 3D Tissue Model: EpiAirway™ tissues comprised of normal, human-
The nuclear factor erythroid 2-related factor 2 (Nrf2) signaling 19157 o 1R6F 300+ B derived tracheal/bronchial cells that have been cultured to form a highly
pathway, activated in human lung cells by cigarette smoke, 1265- T "I = Non Menthol CC 250 — differentiated model and transfected with a Nrf2 lentiviral luciferase reporter
regulates genes involved in the antioxidative stress response. 10157 5 !f 4 Menthol CC 2o 0] were obtained from MatTek, Inc. Tissues were maintained at the air-liquid
Here, we evaluated whole smoke/aerosol from two marketed o — 765—_ I II { i { Comparator HTP g é’ % - interface according to the manufacturer’s guidelines.
combustible cigarettes (CC), 1R6F reference cigarette, four HTP g - 515 E’L . # ¢ neo Smooth Tobacco é’ %, ‘% 1?2 — Test.ArticIes: Market_ combustibles, HTP, ar?d glo™ products Wgre
(glo™) styles, and a marketed HTP comparator on cell viability E o 265- gﬂ":i !. 3 K . v neo Smooth Menthol % g &) oo obtained by RAIl Serwces Compgpy. 1R§F cigarettes were obtained by
and Nrf2 response in a 3D human airway model (EpiAirway™) S O 451 A% A o 4B 4 neo Fresh Menthol w 2 ] La_bcorp. Test artlcl_es were conditioned in accordance with ISO 3402:1999
transfected with a luciferase Nrf2 promoter. 19 f * neo neoCLICK > prior to each experiment. _

o o S 6 if L% i olema o= | == | Whole Smoke/Aerosol Generation: Whole smoke and aerosol were
EpiAirway™ tissues were exposed at the air liquid interface to 4 ¢ 3 s+ o o o o generated using a Vitrocell ® VC10® Smoke Exposure System. The tissues
whole smoke or aerosol. Eighteen hours post-exposure, o] reamsh s e P oL ube S Ry 0‘@ \fb‘z‘ were exposed to whole smoke from market combustibles and 1R6F
luciferase activity and cell viability were measured. Relative 0 5 10 15 20 25 3030 60 90 120 150 \05’ S Q¢§\° QQ;'o\ » . generated under ISO 20778 (2018) regime (55 mL volume, 2 sec duration,
luciferase activity was expressed as fold change over the air Nicotine (ng) 06& Q! Qv ,‘9“ o 30 sec puff interval, 100% vent blocking) with 20 mL/min vacuum for 24 or
exposed control. Post-exposure, whole smoke/aerosol deposition ) ® 27 minutes (48 or 54 total puffs). Tissues exposed to whole aerosol from
was quantified using chemical analysis (e.g., glycerol, nicotine, Figure 2. Nicotine concentration to induce >2-fold Nrf2 activation >30x lower for combustible cigarettes than HTPs. (A) EpiAirway™ Nrf2 tissues glo™ and HTP products whole aerosol generated under an ISO or
carbonyls). were exposed to whole smoke or aerosol for 24-27 minutes, then allowed to recover for 18 hours. Following recovery cells were lysed for the determination of | modified ISO 20778 (2018) (55 mL volume, 3 sec duration, 30 sec puff

: : AT : Nrf2 linked luciferase activity. (B) EpiAirway ™ Nrf2 tissues were exposed to assay positive controls for each exposure: 0.5% triton X, water (CoCl, vehicle), interval, no vent blocking) for a total of 24.5 or 26 minutes (49 or 52 puffs),
glcf:ferentlal Nriz activation was obser\::d following exposure to CoCl,, 0.5% DMSO/PBS (t-BHQ vehicle), or tert-butylhydroquinone (t-BHQ) for 18 hours. Cells were then lysed for the determination of Nrf2 linked luciferase respectively. Three exposure wells in the module contained tissues and the
whole smoke compared to the glo™ and the marketed . . . ~ T . .
. activity. Data are presented as mean + SD, triplicate tissues, n=3 (A) or n=24 (B). ALI; air liquid interface fourth, a dosimetry trap, contained 0.9 mL PBS.
comparator HTP aerosols. Mor_eover, tr]e mlnlfnum exposure- B Chemical Controls: Airway irritants 0.05% CoCl,, tert-butylnydroquinone
f:orrelated nicotine concentratl_on requwe_d to_ induce a >2-fold A e 1RG6F 125 (t-BHQ; 250 or 500 pM), water (vehicle), or PBS/0.5% DMSO (t-BHQ
increase (threshold response) in Nrf2 activation was >30x lower 1257 ®  Non Menthol CC 7 vehicle) were added apically to EpiAirway™ tissues for 18 hours.
for CC than the HTPs. 100 ' . 4+  Menthol CC o 3 100- Luciferase Activity: The amount of luciferase activity was measured 18
These data show that the 3D Nrf2 EpiAirway™ in vitro model can o E ] § ¢ I Comparator HTP E’ P ‘g 25— hours post-exposure using the ONE Glo™ Luciferase Report Assay
serimi : = | Q = System according to the manufacturer’s instructions (Promega, UK).
be used to assess and discriminate responses for a biomarker =9 75 § . CLICK © s ‘:’ y g
(oxidative stress) from disease pathways associated with = o - : nee neo 2239 50- LDH Release: The lactate dehydrogenase (LDH) assay was performea
smoking (e.g., respiratory and cardiovascular disease). : S 50- } D v neo Smooth Tobacco ° vE, ’s accordl_ng to the manufacturer S |pstruct|oqs (Takara Bio). LDH activity was
=D - &  neo Smooth Menthol = determined by measuring the optllcal density of_ the sample at 490 nm.
— 25- Osmolality Determination: Duplicate osmolality measurements were
- ¢ neo Fresh Menthol 0 ! obtained by sampling from the PBS dosimetry trap following each exposure
0 — 77— i —— 5&’\ .\°°+ using a Fiske 2020 osmometer which was calibrated prior to each use.
0 25 50 75 100 125 150 ‘0° <& Nicotine Determination: Samples from the PBS dosimetry trap were
Nicotine (ug) $°&o analyzed using a LC-MS/MS. The linear range of the method was 0.08 to
& 50 pg/mL. The limit of detection and limit of quantification were 0.026 and
0.08 pg/mL, respectively.
Figure 3. Viability of HTPs tissues higher than combustible cigarette tissues at similar nicotine concentrations. (A) EpiAirway™ Nrf2 tissues were Statistical Analysis: Linear interpolation was used to determine the
exposed to whole smoke or aerosol for 24-27 minutes, then allowed to recover for 18 hours. Following recovery, LDH release into the basolateral media lowest nicotine concentration to induce a 2-fold increase (SAS).

was measured. (B) EpiAirway™ Nrf2 tissues were exposed to assay positive controls for each exposure: 0.5% triton X, water (CoCl, vehicle), CoCl,, 0.5%
DMSO/PBS (t-BHQ vehicle), or tert-butylnydroquinone (t-BHQ) for 18 hours. LDH release into the basolateral media was measured following the exposure. Summary and Conclu :

Data are represented as mean £ SD, triplicate tissues, n=3 (A) or n=24 (B). ALI; air liquid interface

« Apical application of chemicals known to induce Nrf2

A15_0__ . B 1.50- luciferase-linked expression in the lung (CoCl,, t-BHQ) elicited
o 1R6F D 1257 ¢ ° & B B . a 5 to 200-fold increase, with a dose dependent increase seen
20- = Non Menthol CC g 100 ';‘ Ty s, %—1'“'. . for t-BHQ (Figure 2B). No impact on cell viability was observed
_ 4 Menthol CC g 5] va ) . 3077 .}.A following any of the chemical exposures (Figure 3B).
< o7 Comparator HTP § ?“ s Non Menthol GC <" .y v, .  Whole smoke from the market CCs caused an increase in
E o < 25-(BS 0.25- H¥a «® & - - - .
g % 10- + neo Smooth Tobacco B e L Mentholce I Nrf2 luciferase-linked expression with a peak response of 1150
g %. ) . v neo Smooth Menthol 0 25 50 75 100 125 150 175 Comparator HTP 0 25 50 75 100 125 150 175 or 1030-fold at 0.55 or 1.36 ug nicotine, respectively (Figure
_ _ _ _ _ ° © 957 % . v A & neo Fresh Menthol Nicotine (1) ¢ neo Smooth Tobacco Nicotine (ug) 2A)'
Figure 1; SCh.emat'C of the Nrf2 pathway with luciferase linked Nrf2 = - @ la ‘ ® neo neoCLICK v neo Smooth Menthol D ,,_ A minimum of a 30x difference in nicotine concentration was
gene expression. Adapted from Mozaheb et al., 2019 0 Pymp'n  ° ¢ 2007 1 . o : : ) : : : oI
e —1rs] ol 4 neo Fresh Menthol 5357 required to induce a 2-fold increase in Nrf2 luciferase-linked
0 10 20 30 40 50 60 70 80 90 100110 S1s0] ® neo neoCLICK 3.1 & expression between the market CCs and the HTP products
Nicotine (1g) %:ﬁg . £20] o6 (Figure 3A).
§0.75{ ._‘.: g:;’ j * A « A statistically (p<0.02) higher nicotine concentration was
Refe rences Figure 4. Minimal changes in osmolglity following whole ggjg_: ..:'.‘ Tv, S ss . 2 osf | oI e . required from glc.)T"’I to lnd}Jce a 2-fold lncreas.e in Nrf2 when
smoke or aerosol exposure. Osmolality was measured from 0.00+——————————7——7—— L A compared to their respective market combustible.
. 1S0 3204:1999. Tobaceo and tobacco broducts — Atmosohere for basolateral media in the exposure well following whole smoke TP Y e " Nicotine (sg) + The results suggest that glo™ with less oxidative stress
conditioning and testing (4! edition) i i \c/);.ar?i::?)Sti?:ee)e(ggf):Lere(zcécl)-ri:?e?’tlrg)’t.ioierrszglSpeadni%edlgsci)rin;t?;aIIty F_igure >- Higher concentrations of carbonyls measured following combustible Icnodr:gtulgtr;b(:: l::ig::ftet: reducedlung disease compared fo
« 1SO 20778:2018. Cigarettes — Routine analytical cigarette smoking well was calculated. Data are represented as mean. ALI; air glg_arette exposure th_an HTP exposure. Levels of four carbonyls (ug) versus . The Tobacco Harm Rt.aduction aradiam for Next Generation
machine — Definitions and standard conditions with an intense liquid interface ellver_ed nicotine (ug) in whole smoke and aerosol exposures. Agetaldehyde (A), P _ g _
smoking regime (15t edition) Acrolg_n (B), Crot_onalde_hyde (C) and Formaldeh_yde (D) trapped in CMF-PBS_ were Tobacco Products place_s combustible mgarett_es as the_most
. Mozaheb et al., Scientific Reports, 9: 3248, 2019 quantified to confirm qellyery of gas pha_sg constituents at the ALI. Carbonyls in CMF- harmful. Results from this study add to the weight of evidence
PBS were DNPH-derivatized and quantified by HPLC/MS. that would place HTPs downstream of combustible cigarettes

along this spectrum of potential harm.
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