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Introduction. Swedish snus is a smokeless tobacco product that contains
reduced levels of harmful compounds compared with cigarette smoke. In
Sweden, where snus use exceeds smoking among men, relatively low rates of
major smoking-related diseases have been recorded. To understand how snus standard Cambridge filter method, and diluted in PBS + 2% ethanol.
use could support current tobacco harm reduction strategies, the mechanisms
of toxicity must be investigated. Currently published studies lack a clear
consensus on the effects of snus use on oral health, mainly due to confounding
factors in epidemiological data [1-2]. In vitro studies,
administering snus extract to cell cultures, have demonstrated weak adverse
effects of snus at clinically relevant, and even higher, concentrations [3-5].

Objective. This study aimed to determine, using a systems toxicology approach, A
the biological impact of a repeated exposure of human gingival epithelial N TR ) | human 46-year-old
organotypic cultures to extracts from both a commercial and a reference snus T
and that of exposure to total particulate matter (TPM) from cigarette smoke

over a period of 72 hours.

performed by

Treatments. CORESTA Reference Product (CRP1.1; Tobacco Analytical Services Laboratory, North Carolina
State University, Raleigh, NC, USA) and General Classic White (GCW; Swedish Match, Stocholm, Sweden)
snus were extracted (1 h) and diluted in phosphate-buffered saline (PBS). TPM was generated from 3R4F
cigarettes (University of Kentucky, Lexington, KY, USA), extracted in 100% ethanol (ETOH) with the
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mg nicotine/L PBS

SHAM 0 (PBS) 0(PBS) O (PBS-ETOH)
LOW 14.8 13.5 12.7
MEDIUM  59.1 67.6 50.7
HIGH 738.6*

Inflammatory mediator analysis. The concentrations of released
inflammatory mediators were measured in the basolateral medium using
a Luminex®-based technology (Luminex, Austin, TX, USA).
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Study design. Three independent preparations of CRP1.1, GCW, and TPM were done in the week before
exposure. In the week of exposure, the organotypic cultures were covered with 100 pL of PBS on the apical
side £ snus/TPM. After the 72-hour exposure, the cultures were covered by PBS without snus extracts or TPM

Histology and immunohistochemistry. Morphology of the cultures was
evaluated in hematoxylin & eosin-stained tissue sections.

MmRNA/mIiRNA data processing and analysis. Transcriptomics data were
analyzed in the context of hierarchically structured network models describing
the molecular mechanisms underlying essential biological processes [6]. The
effects of exposure were quantified in terms of “network perturbation
amplitudes” (NPA) [7]. The NPA values were assigned to the various networks,
which were categorized into four categories: cell proliferation (CPR), cellular
stress (CST), cell fate (CFA), and inflammatory process network (IPN). An
aggregation of the NPA values is termed the "Biological Impact Factor" (BIF),
which provides a high-level quantification of the mechanistic impact of the
exposure [8]. Differentially expressed miRNAs were determined using standard
approaches (adjusted p-values < 0.05), and their potential target genes were
identified using an integrative approach based on a public miRNA-mRNA

USA). for 4 and 24 hours (post exposure). * Nicotine concentrations relevant for user’s exposure [9]. interaction knowledgebase [http://multimir.ucdenver.edu/].
CRP1.1 GCW TPM - : i — = 0 1 2 3 1 2 3 _ g - t
e A i wmaey T ames B O oy Coslomm Parskratoss A Sgresecagsgys gxf B N _
NNN  29.28+0.36 40.26 £0.50 459.67 +10.24 = Snus (Cntr-PBS)| O I O O O O O O 0O O 0O 0o O o L o o | Xenobiotic
o o o | - - o : = CRP1.1(14.8) oo oy gy Metabolism Response R M B
NNK 7.88 £0.08 11.99+0.11 343.52+7.12 SnUS (Cntr-PBS)" 100 um r e N == = ‘, = - = :- = 5 »' : o Vo) Vo) Vo) Vo) o) o) Vo) 10 Vo) o) Vo) Vo) o) Vo) g o) o) 10 . -
NAT  24.09%0.28 27.61+0.21 389.80 £ 7.01 e : e CRP1.1(59.1)| S Oxidative Stress * ok k| & | % * % Lk % *
NAB  0.99+0.03 1.45+0.06 33.16+0.48 - - ' CRP1.1(738.6)| T NPA
- - : ~ ’ . o _ Osmotic Stress * * | x % % | *
Table 1. Summary of chemical analyses - GCW(13'S) e - Gt gas gga E;i 2;: © l08
;9:rosan;?11::e (TS?\lr»lAd) 'r:o'i;(;co-tsopbeacc:zl; : - : =3 : GCW (811)| El-\o S NrE2L2 Signaiing . .
| | | - : - —
\ R _ e e s TPM (Cnir-PBS-2% EtOH)| e _ H ic St
product pre.parfatlons (190A> = e e S e N e e oM (12.7) x Q| 0.2 y;:):lcl r(::S O R T B * - *
concentrated). Nicotine c.oncentrafclor_]s ) TPM (50.7)] o Statistics Reticulu:)np gtsres:g x | % * | % *
were measured using liquid TPM (Cntr PBS-2% EtOH) ~ “TRM (12.7) - TPM (50.7) N [0k T
chromatography (LC) high-resolution ‘ ! == — = A higher TPM i Tissue Damage * * * * * * =
accurate-mass mass spectrometry (MS) = _ concentration was Snus (Cntr-PBS)| ﬁ Epithelial Innate Z
. . - s 2 AR A A & A A A Al AN .
(MicroTOF Qll, Bruker Daltonik GmbH, —= }._‘_‘«: . | = : not tested CRP1.1 (14.8)| BIF starplots @‘ o lp s piviy \‘ y CpCp \‘ \' Immune Activation * % % | ® | % x % N x| x| % * *
ngn”g"e[‘é /f/lesr”;i”?ﬁ RS were analyzec T e CRP1.1 <591): 4 24 4 24 4 24 424 4 24 424 4 24 4 24 4 24 424 424 424 424 424 424 424 424 424
- H H H H H CRP1.1 (738.6) I { | { | { | { | 1 | { | 1 | 1 | { I 1 | | I { | i I { | i I |
high performance LC system coupled to a Figure 1. Histopathological analysis 24 hours following exposure. oW (135 cofi (14.8) (59.1) (738.6) (13.5) (67.6) (811.0) (12.7) (50.7) (PBS- Nicotine(mg/L (14 8) (59.1) (738.6) (13.5) (67.6) (811 0) (12.7) (50.7) (PBS-
.. : : (13.5)| Nicotine(mg/L) g
Q-Exactive MS (Thermo Fisher Scientific, (A) TPM at 50.7 mg nicotine/mL induced marked atrophy, cell alteration, GoW (67.6)] | |} || | EtOH 2%) L) : | EtOH 2%)
Santa Cc'lara' C/A' USA). Ni/coti”e IS hypergranulation, and parakeratosis, while snus extracts induced only GCW (811)| CRP1.1 GCW TPV CRP1.1 GCW TPM
expressed in mg/L, TSNAs, ng/L + SEM. . . . . % . .
N e 2 e T minimal changes at the high concentrations (738.6 and 811.0 mg "™ PBSTZPKE(;?;: Figure 2. Analysis of the BIF and NPA of selected networks.
nitrosoanatabine; NAB: N’- nicotine/L). Images show a 40x magnification. Cntr, control; ETOH, TPM (50.7) The BIF score (A) was higher for TPM-exposed cultures than for the snus-exposed counterparts; NA, not applicable; starplot color legend: Red, CPR; Green, CFA; Violet, IPN;
?Afﬁi‘;fn”.friaf;'xno) G p'\i/':'i';;l) . 4- ethanol. (B) Relative frequencies of the histopathology scores. Color 0 20 40 60 8 100 0 20 40 60 80 100 yellow, CST. NPA scores of selected networks (B) evidenced similar effects between high snus extract concentrations and TPM low concentration (12.7 mg/L), except for the
-1-(3- -1- . T T lative f % lative f % . .
butanone: N=9. scaling is based on the score level indicated above each finding. relative frequency (%) relative frequency (%) Xenobiotic Metabolism Response network.
<C
Z 200 - . . 1050 123 45
A Up-regulated 185 Figure 3. Results of the inference of relevant 026c) | Wl significance + <005 A B | SELECTED mRNAs | 2o
155 i i . . . : . :
E: miRNAs with biological functions. . (CRP1.1 |+ GCW R : ]
3 e , . _ DURING EXPOSURE 4hPE 24 h PE Cpigt
S5 105 TPM exposure generally induced a higher impact CSF3 : ; : : T IE : - TR ah i —— 5*] 0
O | . . csE2 |+ N N N I P AKRICS ! -3 ] ]
E é on mlRNA eXpreSS|On than sNuUs eXtraCtS (A). An OXCL1 N . . . N T, QEEJEE T :ii 2 -6 L At Concentratlons relevant for snNUS uUse In
= . . : . Em—1E 2
5e integrated  computational analysis  pipeline Fny| + . Theck kL = humans, snus extracts minimally damaged the
S 0 0 0 0 0 0 0 0 0 0 0 revealed 10 high-confidence miRNAs that were IL-13 i ; I i | — A e % HE . . B 001 .
s 91T 0 0 o 0 0 0 0 0 00 ) IL-1A ; ; . ' : : P S | . . gingival cultures.
o o likely downregulated up to 143 target mRNAs el e - . . < 0.087 - voiue (rt exb remieate) < 005 |
‘ O : * . P-value (w.r.t. exp replicate) < 0. ! : . . .
E Down-regulated ' . | . ' . ' . ‘ ‘ . 4‘8 51 | Corresponding to 57 Significant'y enriched IL-6 + o+ + | | ‘ T J 5 ;?_ZSOVK;)SUBBHW perrﬁ_P—'vaIu{e[;iOOSOS : 1 'SWEdISh shus extract IndUCEd an |nﬂammatory
,4 24 ,4 24 4 24 4 24 4 24 4 24 4 24 4 24 4 24 . . CXCLS8 + + + v |+ | + + + |+ |+ 4 e g 0oed * ackbone perm. [P-value < 0. ! . . . | ” h d d
Nicotine(mg/L) ' (14.8) (59.1)  (738.6)  (135)  (67.6)  (811.0)  (127)  (50.7) PBS Reactome pathways. Five of these miRNAs are CXCL10 . | 5 % 25 : response In gingival cells that tended to revert
- ) i o EtOH 2%) . . . . I ! . .
CRP1T cew PN displayed, regulating target mRNAs included in MMP-1 . SR E: -1 * - - |l =2 04 : upon  exposure  cessation, while the
. MMP-9 + + i i o o Y I . .
B REACTOME CYTOKINE SIGNALING IN IMMUNESYSTEM- MT2A  NUP37 KPNA2 networks belonging to I/mmune System and sICAM1 + " g % : mflammatory response induced by TPM
REACTOME INTERFERON SIGNALING EEEEE MT2A  NUP37 KPNA2 gg Metabolism (B). miR-125b-5p was inferred to be T%F;:-; 2l + + + v+ | % X 0.02- : exacerbated with time.
REACTOME MAPK TARGETS NUCLEAR EVENTS MEDIATED BY MAP KINASES RNP5:::1 | DUSP6 g C:D involved in regulation Of the inﬂammatory VEGF . X X - ! : : : P iR e . . .
REACTOME ANTIVIRAL MECHANISM BY IFN STIMULATED GENES NUPS? NUP37 KPNA2 response and cytochrome P450  signaling s ce 5 R R e o ceierc acaaadr R g3 =25 0 T|32|\5/| LOW5[?/] 75 100 0.00 e .: 23“4 24 424 424 404 424 424 424 Swedish snus extract contaln d lower
REACTOME AMINO ACID SYNTHESIS AND INTERCONVERSION TRANSAMINATION cot2 LUl oathways (C). FC, fold change; FDR, false 88 28 g 8 I8 8 26 58 T 88 28 gz e Tz ° Nicotine(mg/L) (14.8) (59.1)(738.6) (13.5) (67.6)(811. 0)(127) (507) ggﬁ - concentration of TSNAs comparted with the
REACTOME METABOLISM OF AMINO ACIDS AND DERIVATIVES | MAT24 | GOT2 | GLUL § discoverv rate ’ ’ ’ "CRP11~ GCW  TPM  CRP11  GCW  TPM  CRP11 ~ GCW  TPM E@ D CRP1.1 GCW TPM ’ TPM from cigarettes at a similar nicotine
REACTOME CYTOCHROME P450 ARRANGED BY SUBSTRATE TYPE CYP1A1 CYP1A1 CYP4F11 S y ° E 0
REACTOME REGULATION OF GLUCOKINASE BY GLUCOKINASE REGULATORY PROTEIN | NUPS7 NUPST | z REACTOME_XENOBIOTICS concentration Suggesting lower chemical
NUP93 | 3 KEGG_RETINOL_METABOLISM ’
REACTOME GLUCOSE TRANSPORT NUP37 R . . REACTOME_PHASE1_FUNCTIONALIZATION_OF COMPOUNDS .
- . Figure 4. Inflammatory mediator analysis. excrone oo e S0 StonTos || exposure of the oral tissues.
& & F o At the low and medium concentrations, snus extracts exerted a limited o 65, STEROID_HORWIONE BI0SYNTHES!S * The minimal activation of the drug metabolism
KL & [1] Lee, P. N. (2013). Harm Reduct }, 10, 36. SN - - - FEACTOME FATYACD_TRACYLGUGERG, MO KTt S00r Wetoot s 5
@/@ & rz{@ - S - [2] Kallischnigg, G., Weitkunat, R. & Lee, P. N. 2008. BMC Oral Health, 8, 13. effeCt on the secretion Of Inﬂammatory medlators. The hlgh concentrations "~ REACTOME_ENDOGENOUS_STEROLS molecular pathways in gingival Ce”s exposed to
N A [3] Costea, D. E., Lukandu, O., Bui, L., et al. 2010. J Oral Pathol Med, 39, 128- ' P ' KEGG_TRYPTOPHAN_METABOLISM
3 ,D.E, , 0., Bui, L, et al. 2010. 39, instead elicited a more marked effect. In general, the impact of snus extracts gg§§%§§§g§gggggggggg;gggggggéégggggggggggg swedish snus extracts further suggests the low
- : : : : CEEE Qs EEPpPURfagg Uz Fo53028 LR eapaEisd
1062(FC) miRNA REGULATION - XENOBIOTIC METABOLISM [4] Coggins, C. R., Ballantyne, M., Curvall et al. 2012. Crit Rev Toxicol, 42, on the secretion of inflammatory mediators tended to decrease or remain pI<< =F Z =00 <2558 53 50000 exposure to chemicals
o R < B B X 304-13. | | | stable with the duration PE, whereas the effects of TPM further increased '
- REACTOME CYTOCHROME ' i i ? [5] Laytragoon-Lewin, N., Bahram, F., Rutqvist, L. E., et al. 2011. Anticancer . . . . . . L. . ] .
gg BY§S§2¢§§T“EN$YEPDE| O INFLAIVIMATION | Res, 31, 1527-34. over time. Figure 5. Differential regulation of mRNA involved in xenobiotic metabolism. °* A consistently lower number of miRNAs was
. mi . o . o o .
iy nsa-miR-1250-5p X X ] ke ot o208, B Bl Comparing the 24 hours post-exposure impact of the high snus extracts concentrations with altered in gingival cultures by snus extract
~ * artin, F., Sewer, A., Talikka, et al. . ioinformatics 15, . . . . . . . o
=10 oy I § [8] Thomson, TM., Sewer, A, Martin, F, et al. 2013. Toxicol Appl  SOCIety for Research on Nicotine and Tobacco, San Francisco, CA, USA, that of the low TPM for a large gene set collection [10] (A), we identified a subset of genes exposure compared with exposure to TPM. Mir-
FDR NUP93 - Pharmacol;272(3):863-78. 20-23 February 2019 : ; i i i . . )
< <00 REACTOME CYTOKINE SIGNALING o m :Ie 2: _— :Ié 2 Zle a2|e4 P 19] Hoffmann D.. Adoms 1. D. 1981, Cancer Res, 41, 4305-8, showmg a fj|fferent response following snus or TPM exposure (B), dominantly associated 125b-5p might be related to pathological
Nicotine(mg/L) " (14.8) = (59.1) (738.6)  (13.5)  (67.6) (811.0) (12 7)  (50.7) [10] Liberzon, A., A. Subramanian, R. Pinchback, H., et al., 2011. Competing Financial Interest — The research described in this poster was with Xenobiotic Metabolism Response (C and D). diti . .
' CRP11 = Gow - e Bioinformatics. 27:1739-1740. conaitions in vivo.

sponsored by Philip Morris International.




