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Introduction. Cigarette smoking increases the risk of cardiovascular disease. Reduction in the levels of
harmful constituents by heating rather than combusting tobacco without modifying the amount of delivered A - ® o o C A
nicotine has the potential to reduce the risk of tobacco related disease. Secdedhipleels | @ L — 5.0"10}celi/ml Sresme 1001 _, aRar —
Aim. In this study, we investigated the effect of extract from a new candidate modified risk tobacco product - ED ® S D p— — fz;g{;’,ﬂ' —~ o THS2.2 wx
(MRTP), the tobacco heating system (THS) 2.2, on the migratory behavior of monocytes in comparison with Migrated THPLcells [ -O- o= § ——  0.6*10*celi/mi = 80- bl > A > B
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Methods. The extracts were generated by aerosol-bubbling RPMI media from 3R4F and MRTP according — Q 10 "% 60+ * . N N
to Health Canada standards. Endpoints included cytotoxicity (cell death assessed by 7-AAD staining E = . %+ 5 5 T T
followed by FACS analysis), inflammation (cytokine measurements), THP-1 cell migration (Boyden >e fa 40- % so- ‘ % so-
chambers), and transendothelial migration (TEM) determined by real-time impedance. B B R St * © T o
Results. The results show that treatment of THP-1 cells with extract from 3R4F smoke or THS2.2 aerosol eEinelE o @ @ @ £ 93 o 20 = 2
induced a concentration-dependent increase in cytotoxicity and inflammation (IL-8 and TNF-a secretion). L o> @ O D 2 g 1 g
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Smoking cigarettes is a major risk factor for the development of cardiovascular diseases = . = T =
(Ambrose and Barua, 2004: Prevention, 2014). A reduction in the exposure to harmful X 2 ey T
constituents using heated rather than combusted tobacco could be a promising approach to ° 2 5.105- T ; 0.1- T - £00- -
reduce the harmful effects associated with cigarette smoking. E T L T
Cigarette smoke (CS) constituents induce endothelial gene expression of cell adhesion © (?001' ' "'6'“61 " ""(')'*1 1 10 :3 75 7 C : 75 - D
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present study, the combined use of conventional Boyden chamber migration and impedance- Extract (puff/ml) — -
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candidate modified risk tobacco product (MRTP) exhibited differential effects on the migratory C > o
behavior of monocytes compared with the reference cigarette 3R4F. 200- . 2 _,_ 2 T ,
Figure 1. Experimental setup of migration assays. A. Schematic overview of cell migration in a Boyden chamber B. —— 3RAF _x L 554 S L
Representation of real-time impedance-based TEM using 16-well cell invasion/migration (CIM) inserts. C. Confluency of the o —o- THS2.2 - T T o L *
. HCAEC monolayer was verified using collagen A-coated E-plates, which was dependent on the cell seeding density. The = il . 0 o o
Materlals & MethOdS HCAEC monolayer was stained with crystal violet to visually confirm confluency (inset). D. Conventional migration of THP-1 "g é = s
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Cell Culture — Human endothelial coronary cells (HCAECs) were grown on collagen A-coated TEM of THP-1 cells using an impedance-based system (xCELLigence). Data shown in D and E are representative of four IE G R N S A S M SN S SN SN
plates. THP-1 cells were grown in RPMI 1640 medium. independent experiments and expressed as mean values + SEM. *P < 0.05 vs control; **P < 0.001 vs control. HCAECs: Z % O+° 0+° o+° O+° O+° O+° O+° O+° O+° O+° O+° O+° O+°
human coronary artery endothelial cells, TEM: transendothelial migration. . ] x x x . . y y y x x x
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research filtered cigarettes 3R4F were purchased from the University of Kentucky (Lexington, 1 8 IR, A —h . S — A oL o o vt
KY, USA). THS2.2 system as well as tobacco heat sticks were provided by Philip Morris 0.001 0.01 0.1 1 10 3RA4F extract (puff/mI) THS2.2 extract (puff/ml)
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Generation of extract — Extract was generated by bubbling an aerosol from 3R4F or THS2.2 — 3 ng/ml CXCL12 R, (ng/mi) _ .
heat sticks th h RPMI 1640 di J Chemi 3|/ | J ducted directlv after th 3 0.4+ o 10nggr;1ml —— = 04- b — Figure 3. Effects of 3R4F and THS2.2 extracts on THP-1 cell cytotoxicity and Figure 4. Effect of extracts from 3R4F and THS2.2 on monocytic migration and real-time impedance-based
eal sticks throug medium. Lhemical analyses were conducted directly arer the £ e S CHOL2 o " o el inflammation. A. Percentage of THP-1 cells positive for 7-AAD after stimulation TEM. Migration of THP-1 cells exposed to increasing concentrations of A. extracts from 3R4F and THS2.2 in
generation of the extract. Serum-starved THP-1 cells and HCAECs were stimulated for 4 h with §0_3_ . bl R 3 o e Lo with 3R4F (filled circles) or THS2.2 (hollow circles) extract. B and C. Mean conventional Boyden chambers. Real-time impedance-based TEM of THP-1 cells exposed to increasing
increasing concentrations of freshly prepared extracts from 3R4F and THS2.2 heat sticks. z g Sl e T = concentrations of IL-8 and TNF-a in the culture supernatants of THP-1 cells treated concentrations of extracts from C. 3R4F or D. THS2.2 in CIM chambers. Extracts from 3R4F and THS2.2
_ _ _ ot 0.2- ~ - R i — 30 with 3R4F (filled circles) or THS2.2 (hollow circles) extract. Data are expressed as decreased the CXCL12-mediated migration of THP-1 cells in a concentration-dependent manner. Data are
Monocyte chemotaxis and TEM assays using conventional Boyden chambers - § ' § . g — 100 — the mean + SEM of four independent experiments. *P < 0.05 vs control; **P < 0.01 expressed as the mean + SEM of four independent experiments. *P < 0.05 vs control; **P < 0.01 vs control,
Chemotaxis assays using Boyden chambers were conducted in the absence or presence of a = / = : and ***P < 0.001 vs control. THS2.2: tobacco heating system 2.2. ***P<0.001 vs control.
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monolayer of HCAECs. THP-1 cells were serum-starved for 18 h and seeded on migration © | © S
inserts (5 um pore size). Serum-free medium with or without CXCL12 was added to the bottom 0.0 " 0.0- _1_0 "g'm'“;:_‘j
chamber. Monocyte chemotaxis was assessed after 4 h of incubation. SR ' o ! 12- A Summary
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Monocyte chemotaxis and TEM assays using impedance-based systems — Chemotaxis Time (h) Tmei(h) = e e T .
assays were conducted using cell invasion/migration (CIM) plates and a real-time cell analyzer % monolayer In summary, our results indicate that:
dual-plate (RTCA-DP) xCELLigence instrument. HCAECs were seeded on the inserts of Figure 2. Migration of THP-1 cells through a monolayer of HCAECs promotes acquisition of an adhesive phenotype. T 8- — - - - - - T -
P ( ) J A. Induction of concentration-dependent migration towards CXCL12 in the presence of HCAECs. THP-1 cells adhered to the 3 3RA4F extract - Transendothelial mlgratlon of monocytes IS accompanled by S|gn|f|cant changes In
collagen-coated CIM plates. After the HCAECs had reached confluency, serum-starved THP-1 . . . . . . c : :
lower side of the porous membrane as revealed by increased impedance (cell index). B. Induction of concentration- — (puffiml) adhesion and expression of MAC-1.
_Ce”S were seeded on the HCAEC monolayer. CXCL12 was added to the bottom chamber. Cell dependent migration towards CXCL12 in the absence of HCAECs. THP-1 cell adherence to the lower side of the membrane > — 0.00 o —o0.047
index (impedance) was used to calculate the TEM rate. did not occur ashevidenced by the lack of changes in impedance. Representative recordings from four independent S 44 g:g; > - Extracts from 3R4F or the THS2.2 induces Concentration-dependent responses In
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ldentification of monocyte-macrophage differentiation — To detect cell surface markers, S _ 2;3 assays of inflammation, cytotoxicity, chemotaxis, and TEM.
THP-1 cells were incubated with monoclonal mouse anti-human antibodies CD18-BV421 and L .
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CD11b-AF488 or relevant isotypes controls for 15 min at 4°C. After incubation, the cells were 0 . . . — T Extract from the THS2.2 is less cytotoxic and less proinflammatory than that from the
washed, resuspended in 1% BSA/ PBS and analyzed using a FACS-Canto™ 1l and BD 1000 4 A 20 B SO _f__:"’me (2:) O reference tobacco product, 3R4F.
: - - i
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s = - - Higher concentrations of extract from the THS2.2 compared to 3R4F are required to
Cytotoxwl.ty and inflammation assays — THP-1 cells were stimulated for 1?3 h with various E 750 - 5 inhibit chemotaxis and TEM of monocytes.
concentrations of freshly prepared extracts from 3R4F and THS2.2 heat sticks. Cells were @ = 20- 12- B
stained with 7-AAD and analyzed by flow cytometry. THP-1 cell culture supernatants were = 500 - @ Confluent HCAEC + Extract
collected, snap frozen and stored at —80 °C. IL-8 and tumor necrosis factor-a (TNF-a) levels in E E‘ 10 @ | monolayer
the supernatants were measured with ELISA Kits. = 950- — Q S = ‘
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Statistics — Data are expressed as mean + SEM unless otherwise indicated. The data were © = — e % TH?:ﬁff;tﬁaCt
evaluated with a one-way ANOVA. When the overall F test of the ANOVA analysis was “ N . . 0 1 . . = — 0.0 ——\ : .
significant, multiple comparison tests (Dunnet) were applied to determine the sources of & & & & & & g . — IC5s=0.790 - Our data demonstrate that heating tobacco rather than combusting can reduce the
differences. A o A < = — s levels of harmful constituents.
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Table 1. Selective chemical analysis of 3R4F and THS2.2 extracts = o ‘ - Further functional and molecular studies are required to better understand the
3RAF (ug/cig) | THS2.2 (ug/stick) 3RAF/THS2.2 . ———r— 1 ——— 0 — T T actions of cigarettes and MRTPs at all stages of vascular lesion development.
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rotonaldenyde - -0 = V. Figure 3. Acquisition of an adhesive phenotype by monocytes in the absence or presence of HCAECs. Acquisition 3R4F and THS2.2 induced a concentration-dependent :
Methy| ethyl ketone 87 £ 21 46+09* 19 of an adhesive phenotype was defined as positivity for A. CD11b or B. MAC-1. Representative flow cytometric data from decrease in impedance. The THS2.2 IC,, was ~17 times higher 2 Prever.ltlon, C'f'D_'C'a" 2014. AReport of the Surgeon General, Atlanta (GA). _ _
Butyraldehyde 19 + 3.0 9.9+20* 1.9 non-migrated (lower left), migrated (lower middle), and transendothelial migrated (lower right) THP-1 cells towards than that for 3R4F. Representative recordings from three 3. Poussin, C., Gallitz, I., Schlage, W.K., Steffen, Y., Stolle, K., Lebrun, S., Hoeng, J., Peitsch, M.C. and Lietz, M.
=it indenendent I fed to chemical analvsis. Dat st + 5D, *P<0.01 ve. 3RAF CXCL12 are shown. Data are expressed as the mean * standard deviation (SD) of three experiments. #P < 0.05 vs THP-1 independent experiments are shown. 2014. Toxicol In Vitro 28, 896-908.
Ight independent samples were applied to chemical analysis. Data are expressed as the mean + SD. *P<0.01 vs. control by paired t-test. ns: not significant. CXCL12: chemoattractant C-X-C motif ligand 12. MAC-1: membrane-activatin -
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