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Methods

Cell Culture: Primary normal human bronchial epithelial (NHBE) cells Figure 1. Differentiated NHBE cells exhibit Figure 2. Epi_thelial s_odium channel (ENaC) gnd CFTR function in the NHBE culture_s were

(without identifiers; exempt status from the Institutional Review Board) multilayered epithelium with the presence of measured using Ussing chambers. Differentiated NHBE cultur_es were exposed to cigarette

were provided by Nationwide Children’s Hospital Epithelial Cell Core columnar ciliated cells with goblet cells smoke (TPM) and (WS-CM), ENDS (eTPM) and (ACM)] and nicotine for 24 h at_the indicated S0 L SN NG a8 o o e e e L S e

(Columbus, OH). Passage 1 primary NHBE cells were seeded on interspersed (top panel, A). Immunofluorescent concentrations .[eqm-nlcotl_n_e units (Eg-Nic) for TPM, WS'C.M’ e'TPMZ and ACM_’ or nicotine units “2oum | e o e =]

collagen type IV coated Transwell and grown at the air-liquid interface staining reveals the presence of ciliated cells are pg/mL]. (A): ENaC activity was me_asured after th_e .add't'c.m of amllorlde_. (B) ' CI_:TF_Q_functlo_n . . . .

(ALI). These differentiated cultures display pseudostratified epithelium of identified with tubulin staining (green) and was measur_ed afte_r addition of fo*rskolm arlsl then mf:ﬁted with CFTR. Statlstl.cal_5|gnlflcance IS Figure 5. Fully differentiated prlmary !\IHBE C§IIS .(3 donors) were exposed to

basal, ciliated, and goblet cells and phenotypic endpoints of ion channel goblet cells stained for MUCS5B (red) (bottom compared with vehicle control; < *P 0.05, P 0.01, P 0.001 (three donors; n = 3 for each WS-CM and ACM (7 pg/mi Eq-Nic units), or nicotine (7 pg/ml). Top panels

function (CFTR protein and ENAC), which are key for the fluid panel, B). Nuclei were stained with DAPI (blue) donor) [2]. depict H&E representative Images for each exposure shown for a donor.

homeostasis of ion and fluid balance, and mucociliary clearance. Thus, [1]. Bottom panels show representative IHC staining of ki67 as a marker of cell

the ALI cultures replicate select structural and functional features of the proliteration [3].

Acute exposures to cigarette smoke, not ENDS preparations, markedly alter gene expression in lung cell cultures

human lung [1].
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media (WS-CM) and total particulate matter (TPM) from 3RA4F cigarettes 15, Phase 1 and 2 enzymes . Oxidative stress . .
were prepared by bubbling mainstream smoke through RPMI 1640 media N . o The ALI'_ cultured NHBE_ cells display morphomg'cal .features_
and stored at -80°C. ENDS preparations (Aerosol Conditioned Media % 10{ [l == o 20 and retain several functional features of lung epithelium. This
(ACM) and TPM from ENDS (e-TPM)) were prepared by bubbling aerosol £ [ g model is useful for toxicological investigations.
generated from commercially available e-liquid into RPMI 1640 medium. = . ] = 9 o Here we utilized this model to evaluate the effects of
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Exposure Design: Two different exposure conditions (acute and G 3 . vE # X 2 § 2 E s 2 o Acute exposure to cigarette smoke preparations inhibits
repeated dose) were employed. c s . ENAC and CFTR function and upregulates genes involved in
Acute dose: Differentiated cultures were treated with different TPPs for 2- . . L .
24h [2]. xenobiotic metabolism, oxidative stress, and mucociliary
Repeat Dose: Differentiated cultures were treated with TPPs for 1h /day Figure 3: Next Generation Sequence (NGS) analyses show acute exposure to WS-CM induces marked changes in gene expression in the lung 3D clearance, whereas ENDS preparations elicited minimal
eight times over 10 days [3] ’ cultures (4 donors) in a dose- (3.6-10ug/ml Eg-Nic units/ml) and time (Oh, 4h and 24h)-dependent fashion. Treatment with ACM resulted in minimal responses.

changes (7-28 ug/ml Eg-Nic Units) (data not shown). Shown here are differentially expressed genes with 10 ug/ml WS-CM treatment for 24h related

to phase 1 and phase 2 metabolism (A), oxidative stress (B) and mucociliary clearance (C). Additional details on the methodology, gene expression o Repeated exposure to cigarette smoke preparations inhibited

and pathway analyses are published [4]. the ion channel function and ASL height, and differentially
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Repeated exposures of Cigarette smoke, not ENDS, preparations decrease ASL other key biological pathways.
Donor NHBE cells o Repeated exposures to cigarette smoke preparations induced
were differentiated at air-liquid-culture A B C ASL height hyperplasia and promoted the proliferation of lung epithelium.
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@ = : : .
> =35 uimiisci °g’:3 g 2o/ cu S 28001 T o Thus, the ALI model described herein replicates some of the
Hg/m - - - . . .
; £ 104 < = O Ty o well-established effects observed in cigarette smokers that
| Tobacco product preparatilons (TPPS) ; T § 2 400 H I - are relevant to lung disease.
Cigarette (WS-CM and TPM), E-cigarette (ACM and S % 2- = 2
_ . . . o e = 0O
e-TPM) preparations and nicotine N 5- o~ ® _g Referen ces
I 5 1- 3 & 200
1 R S _E E 1 Rayner, R. E., Makena, P., et al. Optimization of Normal Human Bronchial Epithelial (NHBE) Cell 3D Cultures
< for in vitro Lung Model Studies. Sci Rep 9, 500 (2019). https://doi.org:10.1038/s41598-018-36735-2
Acute dose model REpeat dose model 0 0 ' 0 S 2  Rayner, R. E., Makena, P, et al. Cigarette and ENDS preparations differentially regulate ion channels and
. . a4 ~ NG 43 ] mucociliary clearance in primary normal human bronchial 3D cultures. Am J Physiol Lung Cell Mol Physiol
(2-24h followed by (Eight, 1h daily doses G,SZQ"‘ G‘S"‘:b S < ?9“2‘ WS-CM ACM Nic 317, L295-1302 (2019). https://doi.org:10.1152/ajplung.00096.2019
culture up to 24h) over 10 days) c;kQ 3  Rayner, R.E., Makena, P., et al. Cigare_tte sm(_)ke preparations, not electronic nicotine deliyery system
preparations, induce features of lung disease in a 3D lung repeat-dose model. Am J Physiol Lung Cell Mol
l Physiol 320, L276-1287 (2021). https://doi.org:10.1152/ajplung.00452.2020
Figure 4: Treatment of differentiated ALI cultures with WS-CM and ACM for 10 days induced several molecular, morphological, and functional changes, 4 Rayner, R. E,, Makena, P, et al. Differential gene expression of 3D primary human airway cultures exposed to
Assessed o : _ cigarette smoke and electronic nicotine delivery system (ENDS) preparations. BMC Med Genomics 15, 76
Cytotoxicity, ion channels, Airway surface liquid (ASL) but not cytotoxicity (data from 3 donors). Repeated exposures of WS-CM (3.5 ug/ml, gray bars and 7 ug/ml; black bars) sustain upregulation of genes (2022). https://doi.org:10.1186/512920-022-01215-X
\_/_ Y, ! y _ q ! to xenobiotic metabolism (A) and oxidative stress (B). Further, WS-CM, not ACM, exposure for 10 days decreased ASL height (C). Additional effects 5 anner, R. Ef' (I\:/!akentzt:l, P. Ztg:\l [T)glrg)scriptortnic Reépltl)rés_e (;]f PrirE]r;_arthur;:(z)mzui,r7ogggia|2 CC)ZZezlls to Repeated
cilia beat frequency, gene expression and biomarkers of WS-CM and ACM on ion channel function, NGS gene expression, and pathway analyses are published [3,5]. htfﬁ;’jfdffo?q:1'3_?2?079,;”2013_021_5552;?‘;"”3' ell Blochem Blophys 80, 217-228 (2022).

RAI SERVICES COMPANY

To see more of our scientific research
visit ReynoldsScience.com



https://doi.org:10.1038/s41598-018-36735-z
https://doi.org:10.1152/ajplung.00096.2019
https://doi.org:10.1152/ajplung.00452.2020
https://doi.org:10.1186/s12920-022-01215-x
https://doi.org:10.1007/s12013-021-01042-4

