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ABSTRACT

A particular attention has been devoted to the typtxicological responses induced by particulaigter (PM),
since their knowledge is greatly complicated by faet that it is a heterogeneous and often poodgcdbed
pollutant. However, despite intensive researchreffbere is still a lack of knowledge about theafic chemical
fraction of PM, which could be mainly responsibfate adverse health effects. We sought also ttebatvestigate
the toxicological effects of organic extractablettma(OEM) in normal human bronchial epithelial uBEAS-2B
cells. The wide variety of chemicals, including PAIHd other related-chemicals, found in OEM, haslra¢her
associated with early oxidative events, as supfddjethe early activation of the sensible NRF-2almg pathway.
For the most harmful conditions, the activationtlois signaling pathway could not totally counteréiee ROS
overproduction, thereby leading to critical oxidatdamage to macromolecules (lipid peroxidationdative DNA
adducts). While NRF-2 is an anti-inflammatory, OEMposure did not trigger any significant changethe
secretion of inflammatory cytokines.d, TNFa, IL-103, IL-6, IL-8, MCP-1, and IFN). According to the high
concentrations of PAH and other related organiarébals found in this OEMCYP1Al and 1B1 genes exhibited
high transcription levels in BEAS-2B cells, therebypporting both the activation of the critical AlgRynaling
pathway and the formation of highly reactive ulttmanetabolites. As a consequence, genotoxic eweeigred in
BEAS-2B cells exposed to this OEM together withl calirvival events, with possible harmful cell cycle
deregulation. However, more studies are requiredntplement these observations and to contributdetier
decipher the critical role of the organic fractiohair pollution-derived PMjs in the activation of some sensitive
signaling pathways closely associated with G1/Siatrd-S checkpoint blockage, on the one hand,cafidsurvival,

on the other hand.

Keywords: organic extractable matter; BEAS-2B cells; oxidatstress; inflammation; genotoxicity; cell surliva
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1-INTRODUCTION

Nowadays, air-pollution-derived particulate matfBM) is fully acknowledged to be a major public liea
problem, responsible for several hundreds of thods@f premature deaths and the loss of milliondadiirs yearly
in health care (AQIE 2016). Fine fraction of the Rparticles with an aerodynamic diamete2.5 um, PMs)
generally corresponds to a very complex and hetgregus mixture of both inorganic and organic chalsjdrom
natural and anthropogenic sources, and its conipositiries as a function of location and seasoredeing on the
diversity of sources and the effects of atmosphemcesses (Abbaa al. 2018). Due to its size, PM constitutes a
serious health hazard. After its penetration, digiposand absorption deeply in the tracheobronchia alveolar
regions, it can also either exert its toxicity withihe lungs or, after its translocation througk tironchoalveolar
barrier, be distributed through the blood circuatinto the whole body (Caa al. 2014; Liuet al. 2016; Puiet al.
2014; Van Winkleet al. 2015). Epidemiological studies have shown a sicgift correlation between long-term
exposure to Plk and the initiation and/or exacerbation of a widege of adverse health effects, including asthma,
chronic obstructive pulmonary disease, lung canctirer respiratory and cardiovascular diseases,pa@chature
death (Kimet al. 2016; Webeet al. 2016; Xinget al. 2016). In 2013, the international agency for resean cancer
(IARC) has classified outdoor air pollution and fise fraction as carcinogenic to humans, basedficient
evidence of carcinogenicity in humans and expertaleanimals (Loomigt al. 2013).

Over the last two decadeis, vitro toxicology methods have been heavily used as toetitute a relevant
approach for determining and describing the undsglymechanisms involved in the toxicity triggeregl &ir
pollution-derived PM5, at cellular and molecular scales. However, despiiensive research effort, there is still a
lack of knowledge about the specific chemical fi@tiwithin airborne PMs, which could be mainly responsible of
its adverse effects on human health. A particuttention has also been devoted to the type of tdagical
responses induced by PM, since this knowledge ésitlyr complicated by the fact that PM is generalyery
complex and heterogeneous, regrettably often patefcribed, pollutant (Perromeal. 2013). Hence, a great deal
of effort has been done to identify some charastierpatterns ofn vitro toxicological responses which could be
specifically related to airborne PM. In this regpeéonkar and Dedon (2010) supported the currepbthesis that
airborne PM with higher participation of crustatmlents was predominantly associated with some mialeand
cellular effects participating in severe healthgesses like chronic inflammatory lung diseases.edeer, PM with
larger anthropogenic participation may have a higimpact on lung and systemic cardiovascular dsgadue to its
stronger oxidative and proinflammatory potentidaialtieri et al. (2010) and Perronet al. (2013) reported that
some coarse PM showing the presence of crustaleslismions and metals, contributed to oxidativesstrand,
thereafter, inflammation, but, on the contrary,esthoarse PM triggered inflammation through a iigacbxygen
species (ROS)-independent pathway, as ROS levebs wat significantly altered. Their results pertitig supported
the growing evidence that PM-size, composition aridin interact in an intriguing manner togethethwihe own
responsiveness of the cell models to induce theradvhealth effects of airborne PM. Hence, whitititlusion of
inorganic constituent grouping provided useful mfation about the differential effects of PM compots and
sources, it is worthy to extend such approach ¢gamic constituents. Towards this end, Delfet@l. (2010) stated
that, despite a higher presence of metals witlma &nd quasi-ultrafine particles, polycyclic aromatydrocarbons

(PAH) were the major redox-active components, dreteafter, inflammatory response inducers. Longdial.



© 00 ~NO Ol WN P

N NNNRRRRRERRRRPR
WNEFP,OOOOWMNOOOMWNIERO

(2013) indicated that low doses of RPMwith high quantities of PAH induced an early cejicle arrest with a
subsequent inhibition of cytokinesis and, an inducbf DNA damage. Against this background, Dergtetral.
(2012, 2015) have already intended to gain infoimnabn the toxicological effects induced by cherhigariations
of airborne PMs samples produced during different seasons in uwaban-, or industrial-surroundings. Taken
together, their results clearly supported that sémoeganic, ionic and organic components can actxagjenous
source of ROS and the possible role of other fadfwat remain to be determineslg(, interaction of PMs physical
characteristics and cell uptake efficiency, roleottier non-investigated chemicals and/or biologiceiterials).
Accordingly, PM contains a wide variety of orgamicemicals, which could, directly or indirectly, dhugh their
metabolic activation, possibly participate to timeluction of oxidative and/or proinflammatory eveitshuman
bronchial epithelial cell models (Boubét al. 2013; Derghanet al. 2012, 2015; Longhiet al. 2013, 2016; Zhoet
al. 2014). Other studies supported that organic etebde matter (OEM) prepared from PM can containibéure of
carcinogenic and/or toxic compounds; they evaludgerbles in the overall toxicity but failed toedrly decipher the
underlying mechanisms (Akhtat al. 2010; Alessandriat al. 2014; De Britoet al. 2013, Healeyet al. 2006, Ohet
al. 2011, Xianget al. 2018).

In view of the literature supporting the criticalle of the organic chemical fraction of airborne PMits
harmful effects on human health, further toxicotadiresearches are requested to gain more knowksoyet the
crucial role played by the organic chemical fragtio the activation of some classical underlyingchanisms of
toxicity. The objectives of this pilot work weresalto better investigate the toxicological effestOEM prepared
from PM, s collected in Beirut (Lebanon), in an urban surdiog, on normal human bronchial epithelial cells
(BEAS-2B). After having chemically characterizedsttOEM, we sought to better investigate some uyieyl
mechanisms possibly involved in its cellular andeauolar toxicological effects, with regards to sfieendpoints

of cytotoxicity, oxidative stress, inflammation, tabolic activation, genotoxicity, and cell cycleregulation.
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2 - MATERIALS AND METHODS

2.1. Chemicals

All the cell culture reagents, the Vybrant Cytotty Assay Kit, the FxCycle PI/RNase Staining Simnt the
High Capacity cDNA Reverse Transcription Kit, thegiman fast advanced Master Mix, Tagman gene expness
assays, and the Pierce™ BCA Protein Assay Kit vpeowided by Thermo-Fisher scientific (Villebon-sdvette-
France). CellTiter-Glo® Luminescent Cell Viabilityvas from Promega (Charbonniere-les-Bains, France).
Benzda]Pyrene (Ba]P), superoxide dismutase (SOD) determination ki ather chemical regents were from
Sigma Aldrich (France). AllPrep DNA/RNA/mMIRNA Univgal Kit was from QIAGEN (Beirut - Lebanon).
TransAM® NRF2 was from Active Motif (La Hulpe, Bélgn). 8-isoprostane (8-Isop) ELISA kit was from Asloc
(Paris, France). Highly-sensitive 8-hydroxy-2'-dggixanosine (8-OHdG) Check was from Gentaur FrarkBLS
(Paris, France). MILLIPLEX® MAP Human Cytokine/Chekine Magnetic Bead Panel- Immunology Multiplex
Assay, MILLIPLEX® map 7-plex DNA Damage/Genotoxiciit, and the 7-Plex Early Apoptosis Magnetic Bead

Kit 96-well Plate Assay were from Merck-Millipor&{ Quentin-en-Yvelines, France).

2.2. Sampling site description

Air derived-PM samples were collected in the olghait avenue situated in south Beirut suburb (BS99’ N;
35° 29 57" E) from the § of November 2015 to the 9&f January 2016 (See supplemental material: Figdre\,
B, and C). The sampling site was placed close ® ainthe busiest area of the city, characterizedhiye road
traffic, large residential areas, the proximitytiofee important hospitals, and several commereaters. About at 2
km from the study site is located the Rafic Halmtiernational airport, characterized by an imparizerial traffic.
Beirut is characterized by a high transport denaitg this sector is known to be one of the mairseswf air
pollution in Lebanon, due to the absence of orgahigublic transport resulting in the duplicatioacle year, of the
number of private cars, mainly gasoline enginesrédwer, Beirut suffers from a major problem thdteseon the
use of private electric generators diesel poweireayrder to fill the gap of the shortage in elegityi production
supplied by the public sector. The production efc#icity in industrial and residential sectorsyded by electric
generators diesel powered is estimated to 500 MV@EM/, 2010). It is also important to note that Ledrarmas
been subjected to a household waste crisis and wopldn burning of waste occurred randomly in Beirut

agglomeration during the sampling period.

2.3. Sampling of PM 5

PM, swas sampled using a high-volume cascade sampl&3IEingle (TISCH®, 40 CFM PMsingle stage),
on a daily basis. The first stage was covered wisifiotted glass fiber filter (TISCH, TE-230-WH)r&tain particles
with aerodynamic diameter higher than 2.5 um. Afités, impaction stage, a Whatman® cellulose-béte {230
mm x 254 mm) was used as back-up filter to collRlgt with aerodynamic diameter smaller than 2.5 puiA§.
After each sampling period, filters were dried unideninar flow hood during 48 h and then stored2&°C until
further preparation. At the end of the collectiorripd, 15 filters were selected for both global rofeal

characterization and toxicological endpoint stu@orresponding wind conditions were mainly from thast
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pointing to the East residential areas (See alpplemental material: Figure S1-C). Indeed, windespe/as quite

low (<2 m.s") and would not have favored the dispersion ofytatits during the collection period.

2.4. Chemical characterization of PM 5

PAH quantification was done using gas chromatographss spectrometry (GC-MS) after extraction of the
pristine filters using dichloromethane as descrilvedection “2.5. Preparation of the OEM”. Polyaluidibenzo-p-
dioxins (PCDD), polychlorodibenzofurans (PCDF), amolychlorobiphenyls (PCB) were quantified usingyti
resolution/GC-MS, after acid treatment of the pmistfilters, followed by soxhlet extraction usingluene,
purification on silica and alumina columns, and tielu with toluene for PCB quantification, and
dichloromethane/hexane mixture for PCDD and PCDRntfication. All the PAH, PCDD, PCDF and PCB
quantifications were performed by MicroPollutantscfinologie S.A. (Saint Julien les Metz, France)e Thole

analytical procedure has been already describddtails in Borgieet al. (2015b) and Cazieat al. (2016).

2.5. Preparation of the OEM

Briefly, OEM was prepared from PM using a quarter of each of the 15 filters. Pieafefiiters were placed in
3 glass tubes (5 pieces per tube) to which 40 miiafloromethane were added before ultrasonicrireat (50 min,
100 W, 20°C). Then, dichloromethane solutions wgathered, filtered using cellulose acetate filgSartorius®,
0.45 pm) and slowly evaporated under nitrogen ftowobtain a final volume of 5 mL. Indeed, 1 mL dist
dichloromethane solution was dedicated to the dcgelmemical characterization whereas the remaidimgL were
totally evaporated under nitrogen flow before beieguspended in 4 mL dimethyl sulfoxyde (DMSO) asadibed
by Borgieet al. (2015a). This solution was considered as OEM aedl fior the toxicological study. Considering the
15 pieces of filters, 212.5 mg of BMwere used to extract the organic fraction andfitied concentration of the
final OEM was 42.5 mg PM-equivalent /mL (PM-eq/mIChis concentration was used to express as g Foireq

the increasing concentrations of OEM to which BEZ2Seells were exposed in the toxicological parthid work.

2.6. Toxicity of OEM

2.6.1. Céll culture and exposure

BEAS-2B cells (ATCC® CRL-9609™, ECACC, Wiltshire K were purchased from Sigma-Aldrich (Saint-
Quentin Fallavier, France). This cell line, oridigaderived from normal human bronchial epithel@lls, was
obtained from autopsy of non-cancerous individu@lell culture methods have already been publishegivdere
(Leclercqet al. 2017b). Briefly, BEAS-2B cells were cultured in®®%humidified air with 5% C@at 37°C in 75 cm?
CellBIND® surface plastic flasks (Corning; Sigma-Aldrich)LIHC-9 medium. Before reaching 80% of confluence,
cells were subcultured by using 0.25% trypsin/0.5Bwersene solution containing 0.5% (w/v) polyvingiplidone
(Sigma-Aldrich). Medium was refreshed every 2-3siail the BEAS-2B cells we used derived from theng cell
culture. Just before reaching the confluence (<8@RAS cells were exposed to control solutiae.(LHC-9 with
DMSO at 0.025% v/v) or OEMi.e., concentrations ranging from 1 to 30 pg 2Mq/cnf, suspended in LHC-9,
with DMSO < 0.025% v/v). After 6, 24 and/or 72 h, aliquotscefl-free culture media were collected and quickly

frozen at - 80°C. Cell free-culture supernatantsewdedicated to assess cytotoxicity and inflamnyagosrdpoints.
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Adherent cells were washed twice with 1mL-aliquaftsold sterile PBS, and either quickly frozen 80°C or fixed
for flow cytometry analysis. The study of the tamgical endpointsife., cytotoxicity, gene expression, oxidative
stress, genotoxicity, apoptosis, and cell cyclegdeel the preparation of various cell matrices, asvipusly
described in details by Lecleretjal. (2016).

2.6.2. Cytotoxicity

The cytotoxicity of OEM was evaluated after celpesure to increasing concentrations, ranging frotm 30
ng PMs-eg/cnt’ during 6, 24 or 72 h through the determinatiointfacellular ATP concentration (CellTiter-Glo®
Luminescent Cell Viability, Promega) and extradetuG6PD activity (Vybrant Cytotoxicity Assay Kifhermo
Fisher Scientific). It should be noted that the amriration of DMSO in the cell culture medium didt exceed

0.025% (v/v), which avoided the occurrence of fisdfic toxicity.

2.6.3. Oxidative stress

Oxidative stress was evaluated firstly by the DNAding activity of nuclear factor erythroid 2-redat factor 2
(NRF2) and the associated gene expression of heggenase 1HMOX) and NAD(P)H quinone dehydrogenase 1
(NQOL1), and secondly by SOD activity, 8-Isoprostane (&3)sconcentration, and 8-hydroxy-2'-deoxyguanogbe
OHdG) concentration. NRF2 binding activities wetedged using TransAM® NRF2 from Active Motif (Leckx et
al. 2018). Gene expressions l[dMOX and NQO1 were evaluated using quantitative RT-PCR. Briefibjtal RNA
were isolated using the RNeasy Mini Kit (QiagenjteAthe reverse transcription of 1 pg of total RiWAsingle-
stranded cDNA using the High Capacity cDNA Revefsanscription Kit, the relative quantitation of tigene
expressions was carried out using specific Tagmageife expression assaydMOX: Hs0110250 m1NQOL1:
Hs1045993 g1, ARN18S: Hs99999901 s1), a StepOne&PReal-Time PCR System, and the Expression Suite
Software (Thermo Fisher Scientific). The relatilewoge in gene expression was calculated byK@T method,
normalized against endogenous ribosomal 18S. Irerotespects, SOD activities were carried out using
commercially available kit (SOD determination I@igma-Aldrich) as described elsewhere (Gareoa. 2000). 8-
Isop concentrations were determined using 8-isa@n@sELISA kit from Abcam (Leclercet al. 2016). Oxidative
DNA adduct 8-OHdG concentrations were studied usingpmmercially available enzyme immunoassay (Highl
Sensitive 8-OHdG Check, Gentaur France SARL), &dighed elsewhere (Lecleretal. 2016).

2.6.4. Inflammation

Several inflammatory cytokines (tumor necrosisdaciNF; interleukin-1 beta, IL-f, interleukin-6, IL-6;
interleukin-8, IL-8; monocyte chemoattractant prote, MCP-1; interferon-gamma, IFiJ-were determined in cell-
free culture supernatants using a MILLIPLEX® MAP rhan Cytokine/Chemokine Magnetic Bead Panel-

Immunology Multiplex Assay (Merck-Millipore) accdrdy to the manufacturer’s instructions.

2.6.5. Xenobiotic-metabolizing enzyme gene expression

Expressions of some of the genes closely involvedhe AhR signaling pathway and, therefore, in the
metabolic activation of the PAHi.€., aryl hydrocarbon receptor, AHR; aryl hydrocarbon receptor nuclear
translocator, ARNT; cytochrome P450 1A1, CYP1Al; cytochrome P450 1B1, CYP1B1) were evaluated using
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guantitative RT-PCR, as above-described, usingifipd@agman™ gene expression assaydiR: Hs00169233_m1,
ARNT: Hs01121918 mICYP1A1: Hs01054797_miCYP1B1: Hs00164383_mIARN18S Hs99999901 s1).

2.6.6. Céll cycle

Just after their exposure, BEAS-2B cells were wdghéce with DPBS, carefully fixed in 70% (v/v) ethol,
washed again twice with DPBS, and thereafter remubpd in FxCycle PI/RNase stain for 30 min at room
temperature. The FxCycle™ PI/RNase Staining Satuiwovided as ready-to-use by Thermo-Fisher sifienvas
formulated with DNase-free RNase A and a permezitin reagent in DPBS. Propidium iodide (PI) bindDNA
by intercalating between the bases with little orsequence preference and with a stoichiometrynefdye per 4-5
base pairs of DNA. Once the dye has been bounditteic acids, its fluorescence was analyzed usBf) @m
excitation, and a 585/42 nm bandpass filter emissip flow cytometry (Attune® Acoustic Focusing Cuyieter;
Life Technologies, France). The flow cytometric lgses of the stained cell populations was then usegroduce a
frequency histogram that reveals the proportiothefcells in each of the different phases of tHecgele (Attune™
NXT Flow Cytometer Software).

2.6.7. Genotoxicity and apoptosis

Genotoxicity and apoptosis were respectively evelllausing the MILLIPLEX® map 7-plex DNA
Damage/Genotoxicity Kit (phosphorylated checkpdimiase 1, pChkl (Ser345); phosphorylated checkpairgse
2, pChk2 (Thr68); phosphorylated H2A histone famihgmber X,yH2AX (Ser139); phosphorylated protein 53,
pP53 (Serlb); total serine/threonine protein kin&€ER; total mouse double minute 2 homolog, MDM#agd&aotal
protein 21, p21), and the 7-Plex Early Apoptosisghtetic Bead Kit (phosphorylated AKT/protein kinaBe
pAKT/PBK (Ser473); phosphorylated c-Jun N-termirldhase/Serine/threonine-protein kinase, pJNK/SAPK1
(Thr183/Tyr185); phosphorylated BCL-2-associatecatdepromoter, pBAD (Serl12); phosphorylated B-cell
lymphoma 2, pBCL-2 (Ser70); phosphorylated protet) pP53 (Ser46); active Caspase-8 (Asp384) anideact
Caspase-9 (Asp315)), according to the manufacsirecommendations (Merck-Millipore). After theirpmsure to
EOM, BEAS-2B cells were collected and centrifug&@,000 g for 10 min at 4°C), before the preparatibprotein
extracts. Protein concentrations were determinedibipnchoninic acid assay (Pierce™ BCA Protein AsEit,
Thermo Fischer Scientific) before the dilution b&tsamples to a concentration of @Jwell. Analyses were then

led scrupulously following the manufacturer’s ingtions.

2.6.8. Statistical analysis

Results are expressed as mean values and stareléatiahs. For each incubation time, results froBEAS-2B
cells exposed to OEM at its different RMeq concentrations or[B]P were compared to those obtained from non-
exposed cells. Statistical analyses were perforbyethe non-parametric Mann-Whitney U-test with ection for

multiple comparisons (Software: SPSS for windowg&ynificant differences were reported witlvalues < 0.05.
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3. RESULTS

3.1. Chemical characteristics of PMs

The mean concentration of Biwas calculated by considering the total mass ofigh@s collected on each
filter during the whole sampling period and theatotolume of filtered air. Thisoncentration was estimated at 48
pg/nt. The 16 PAHSs listed by the US-EPA were quantified their concentrations are given in Table 1. il
PAH concentration was 9.7 ngimBenzop]fluoranthene (Bb]F), chrysene (CHR), berglanthracene (BiA),
pyrene (PYR) and benzgifi]perylene (Bghi]P) were the most abundant with values between 8891819 pg/m
(or 20.6 and 31.6 ug/g PM. Moreover, there were several polychlorinatechhyigpersistent compounds such as
PCDD, PCDF and DL-PCB within the sampled particlesleed, total concentrations of PCDD, PCDF and PCB
were about 459 fg/f{or 9,587 pg/g PMs), 560 fg/ni (or 12,255 pg/g PM), and 949 fg/r(or 19,818 pg/g PM)
respectively, as shown by Table 2. According tortepective toxicity of the congeners, as defingtVan den Berg
et al. (2005), their total concentration, as expressethtgrnational toxic equivalent quantity (I-TEQ) svabout 58
fg I-TEQ/nT (or 1,217 pg I-TEQ/g).

3.2. Cytotoxicity of OEM

As shown in Figure 1, significant decreases of A@Wels were observed in BEAS-2B cells 72 h afteirth
exposure to increasing concentrations ranging ffomm 30ug PM, s-eq/cnf versus control < 0.05). Concerning
G6PD activity, significant increases were seenBEAB-2B cells only 72 h after their exposure to OBM5 and 30
Hg PM, s-eq/cnf versus control f < 0.01).

3.3. Oxidative effects of OEM

Figure 2 showed the dose-dependent increases of NBtiRding activity observed in BEAS-2B cells 6 ftea
their exposure t§OEM] eq PMsat 15 and 3Qug/cn?, and to Ba]P, and 24 h after their exposure[®EM] eq
PM,sat 3, 15 and/or 3Qg/cnt, and to Ba]P versus control @ < 0.05). Significant inductions of bothMOX and
NQO1 gene transcription were reported in BEAS-2B cdildy after their exposure to OEM at 3, 15 and/oqug0
PM, s-eg/cnf, and to Ba]P (p < 0.05), and 24 h after their exposure to OEM hthal tested concentrations, and to
B[a]P (p < 0.05). With regards to SOD activity, statistigadignificant increases were observed in BEAS-2I& &
h after their exposure to OEM at @ PM, seq/cnf,and to Ba]P, and 24 h after their exposure to OBM.5 and
30 g PMys-eqg/cnt, and to Ba]P versus control ( < 0.05). Whatever the incubation times and exposarglitions,
significant increases of 8-Isop concentrations wepsrted in BEAS-2B cellp(< 0.05). Moreover, dose-dependent
increases of 8-OHAG were seen in BEAS-2B cellsahdh 24 h after their exposure to OEMd to Ba]P versus
control p < 0.05).

3.4. Inflammatory effects of OEM
As shown in Figure 3, no statistically significaiange of the secretion of all the cytokines urstiedy (TNF-
a, IL-1B, IL-6, IL-8, MCP-1, IFNy) was reported in EOM-exposed BEAS-2B cells, whatethe exposure
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conditions and incubation times. A significant iea&se of the concentration of IRNwas observed in the

supernatants of BEAS-2B cells 24 h after their exe to B[a]Pversus control < 0.05).

3.5. Xenobiotic-metabolizing enzyme gene inductidoy OEM

Whatever the incubation times and the exposure itong, no statistically significant change AHR and
ARNT gene expression was observed in BEAS-2B cellau(Eig). In contrast, a statistically significandirction of
CYP1A1 andCYP1B1 gene transcription was reported in BEAS-2B celfgigver the incubation times (6 and 24 h)
and exposure conditions (& and 3Qug PM, seq/cnf, or to Ha]P) versus control f < 0.05).

3.6. Genotoxic effects of OEM

Figure 5 showed slight but statistically signifitancreases of phosphorylated-P53 (pP53) concémtisain
BEAS-2B cells 72 h after their exposure to incregstoncentrations of OEMynd to Ba]P versus control <
0.05). With regards to P21 concentrations, sigaiftcdncreases was reported only in BEAS-2B celtsdter their
exposure to Ba]P versus control ( < 0.05). Whatever the incubation times and exposarlitions, slight but
significant decreases of phosphorylated-H2AKIZAX) concentrations, most often statistically sfgant, were
reported in BEAS-2B cellsp(< 0.05). In contrast, no significant change of Itd#DM-2 concentrations was
observed. There were slight but significant incesasf phosphorylated-CHK-1 (pCHK-1) concentrationBEAS-
2B cells 72 h after their exposure to Ofifdm 3 to 30ug PMs,.s-eq/cnf versus control @ < 0.05). Similarly, slight
but significant increases of phosphorylated CHKpZKK-2) concentrations were observed in BEAS-2Bscé? h
after their exposure to OEM at the two highest emti@tions, antb B[a]P versus control ( < 0.05).

3.6. Cell cycle effects of OEM.

As shown in Figure 6, most of control and expos&d\B-2B cells were in the S phase after 24 h: frén94 +
4.57 % for the control cells to 49.48 + 4.75 % & pg PM,s-eg/cnf exposed cells. Indeed, there were slight
increases of the percentages of BEAS-2B cells énStphase in BEAS-2B cells 24 after their exposar®EM,
particularly at the two highest concentrations 483 4.75 % for 15ug PM, s-eq/cnf and 48.53 + 0.75 % for 30y
PM, s-eq/cnf), versus control (40.07 + 4.57 %). In contrast, the majodfycontrol and exposed BEAS-2B cells were
in the G1 or S phases after 72 h. There were #&igbt sncreases of the percentages of BEAS-2B dallthe G1
phase 72 h after their exposure to OEM at the lsigbencentration (29.39 + 2.93 % for B9 PM, -eq/cnf) and
Bl[a]P (28.71 + 2.74 %)yersus control (23.25 + 2.45 %). Moreover, very slight ieases of the percentages of
BEAS-2B cells in the S phase were reported 72 dr dfteir exposure to OEM at the different conceitns (30.98
+0.95 % for 3ug PM, s-eq/cnf and 30.00 + 0.71 % for 30y PM, s-eq/cnd), versus control (28.97 + 0.47 %).

3.7. Apoptotic effects of OEM.

Generally relatively low but statistically signifint increases in phosphorylated-AKT (pAKT) concatibns
were observed in BEAS-2B cells 24 and 72 h afteirtxposure to OEM at the two highest concentrnati@and to
B[a]P versus control ( < 0.05) (Figure 7). However, no significant phosptation of JNK was detected in BEAS-
2B cells after their exposure to OEM nor taaP. In contrast, for all the incubation times angh@sure conditions
to EOM, slight but significant increases of phospteted-BAD (pBAD) concentrations but not phospHatgd-

10
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BCL-2 (pBCL-2) concentrations were reported in BE2E cellsversus control £<0.05). Only a 72 h incubation of
the BEAS-2B cells with B[a]P lead to a statistigadlignificant increase of pBAD concentratiovesus control
(p<0.05). The active forms of caspase-8 and -9 wetestatistically modified in BEAS-2B cells 24 h nt2 h after

their exposure to each of the tested conditions.
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4. DISCUSSION

Despite the high number @f vitro approaches reported in the respiratory toxicoldgyature, researchers are
still far from having a complete detailed mechaaistxplanation of the causal relation between PM hgalth
effects (Longhiret al. 2016). There is still a lack of knowledge abow #pecific chemical fraction within particles,
which could be mainly responsible of its adverdeat$ on human health. Hence, this work aimed ttebdecipher
the toxicological effects of the OEM from ambiem P5 on normal human bronchial epithelial cells (BEAS)2

Fine particles were collected close to one of theidst area in the southern suburb of Beirut (LebanTheir
average concentration (48 pdjml.9 times higher than the daily RBMWorld Human Organization guideline (25
ug/nt), was in line with those recently reported in Bei41 pg/m) by Borgieet al. (2015a) but also higher than
others observed few years ago in Beirut (20 ighy Massoudkt al. (2011), and in the suburb (28 pudjroy Saliba
et al. (2010).The mean total concentration of PAH (9.7 nd/found in these particles was higher (8.3 andi2@s,
respectively) than those reported in 2011 in theBiFil district of Beirut (1.16 ng/f and in Bejje (0.35 ng/fh a
rural area located in the north of Lebanon. Bebjflojoranthene (Bb]F), the most abundant congener, generally
reflects the contribution of diesel power generaiad diesel trucks and buses as personal carsrang/ with
gasoline. The fleet of vehicles in Beirut is gefigrald and use low quality fuel oil, which is priginatic
considering the daily density of traffic. Chrysef@HR), the second most abundant congener, is gftzerated
during oil distillation process or waste incinesati(Borgieet al. 2015a). To better determine the sources of PAH,
ratios were calculated referring to Ravindtal. (2008) (Table 3). Diesel exhaust was also incrated as a PAH
contributing source with ratios of inded¢?,3-cd]pyrene ([cd]P)/(l[cd]P + benzajhi]lperylene (Bfhi]P)) = 0.33
and Benzad]pyrene (Bp]P)/(B[a]P + Chrysene (CHR)) = 0.3. These emissions co@ddated to the use of
generators, to compensate the lack of electricityided by the Lebanese state. In addition, vehicemissions and
the use of gasoline engines were evidenced by &htloene (FLT)/Pyrene (PYR) = 0.6 and PYRIB] = 2, which
were in agreement with the huge road traffic odngrin Beirut. Reported levels of PCDD (449 fdjrand PCDF
(560 fg/n?) were higher (2.1 and 6.5 times, respectivelynttf@ose obtained in 2011 in the Sin El Fil distaét
Beirut (214 and 87 fg/fn respectively) (Borgieet al. 2015a). The high concentrations of dioxins andrisrwe
found could be correlated with the recent worryimgblem of waste occurring in Lebanon since July®0esulting
in uncontrolled open waste burning. Indeed, in 2@4#albakiet al. found PCDD and PCDF levels near an open-air
waste burning site in Beirut higher (2.2 and 1&HWf respectively) than those above-reported. Ta&gather, these
data supported that the BMsamples collected in this work contained a widgetg of chemicals including PAH
and other related-chemical compounelg.( PCDD, PCDF, DL-PCB).

This work was carried out on normal human bronchpathelial BEAS-2B cells, a dedicated cell moaaginly
due to its relatively high homology to human luiggtes and primary cells (Couraial. 2012). In BEAS-2B cells,
the dose- and time-dependent cytotoxicity inducg®EM was used to choice the concentrations (frotm 30 pg
PM, s-eg/cm?) and the kinetic (from 6 to 72 h) to apiolythe further study of the other toxicologicabgoints.

PAH and other related-chemical compounds foundh@& PM s samples under study have been rather
associated with early oxidative events and inflatmmain human bronchial epithelial cell models (Btuet al.
2013; Derghanet al. 2012, 2015; Gualtiest al. 2010, 2011; Longhiet al. 2013, 2016; Zhoet al. 2014). Because

of its key role as master regulator of the cellosetiomeostasis, NRF-2 is well-equipped to countetae cytosolic
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ROS production and is critical for maintaining thedox balance in the cell (Wardyat al. 2015). Following
exposure to oxidants or electrophiles, NRF2 accateslin the nucleus where it binds to antioxidasponse
element in the upstream regulatory regions of genesding NRF-2 targets including antioxidant enegpproteins
involved in xenobiotic metabolism and clearancetgetion against metal toxicity, inhibition of infhmation, repair
and removal of damaged proteins, as well as othastription and growth factors (Suzekial. 2016). In this work,
dose- and time-dependent significant increasesRF-® binding activity and NRF-2 target gene traipgon (j.e.,
HMOX1 and NQO1) or target proteini(e.,, SOD) were seen in OEM-exposed BEAS-2B cells. Indeed,esom
transcription factors, such as NRF2, can be a@ildty electrophilic metabolites arising through thetabolic
activation of PAH (Nguyemt al. 2009; Lawal, 2017). Despite the clear activatibmhe NRF-2 signaling pathway,
somewhat surprisingly, there were anyway dose- tand-dependent significant lipid peroxidation arnddative
DNA adduct formation. Indeed, 8-isoP is a lipid gpédation product of arachidonic acid which hasrbekentified

as one of the most useful biomarkers of oxidati&mage (Ervet al. 2017). In DNA, 8-OHdG is considered as one
of the predominant forms of ROS-induced oxidatigsidns and has also been widely used as a bioméoker
oxidative stress (Valavanidist al. 2009). Taken together, these data closely supmpatttat OEM actively
contributed to redox imbalance, thereby activating NRF-2 signaling pathway; however, for the mivastmful
conditions, chemical-catalyzed ROS overproductiarably through the metabolic activation of orgachemicals,
was not totally counteracted, thereby leading tmlatve damage to some critical macromolecules (Hibet al.,
2013; Derghanet al., 2012, 2015; Leclercet al. 2018; Longhiret al. 2013; Zhotet al., 2014).

While NRF-2 is an anti-inflammatory, the inhibitiaf the inflammation by NRF-2 is generally assamibivith
the inhibition of the NR¢B signaling pathway and, therefore, that of théaimimatory cytokine production (Fischer
et al. 2015; Maet al. 2013). According to the above-reported activatidrthe NRF-2 signaling pathway, OEM
exposure did not trigger any significant changéhm secretion of inflammatory cytokinese( TNFa, IL-1(3, IL-6,
IL-8, MCP-1, and IFN). However, the proinflammatory properties of vagdypes of air pollution-derived PM have
already been largely described (Boulétlal. 2013; Ghioet al. 2013; Gualtieriet al. 2010, 2011; Leclercet al.
2016, 2017a, 2017b, 2018; Longtanal. 2013; Loxhanet al. 2015). There seemed also to be a striking disainne
between the proinflammatory properties of whole R, the one hand, and of OEM, on the other hands Th
apparent discrepancy could possibly relies on pieeific roles played by particles themselves, asearaof various
coated-organic chemicals, in the efficient absorptof these organic chemicals by epithelial cefid/ar in the
induction of some of the underlying mechanisms rtyeaelated to the initiation and/or exacerbatioh the
inflammatory response.., endocytosis mechanisms) (Gargbal., 2000, 2004; Gosset al., 2003).

In general, metabolic activation is beneficial ieldging lung cells to reduce the potential toxiaitlyinhaled
pollutants. However, sometimes, it transforms hasslsubstances into electrophile metabolites treathaghly
reactive towards endogenous macromolecules, thgradmucing toxicity (Saint-Georges &t 2008, 2009). In this
work, CYP1A1 and 1B1 isoforms, constitutively pgomr not expressed in bronchial tissues, exhibitégh
transcription levels in BEAS-2B cells already 61itiu24 h after their exposure to OEM, enrichedPitH, PCDD,
PCDF, and PCB. Gualtieet al. (2011) reported that, due to their relatively haggintents of PAH, PM and PM 5,
representative of background urban air pollutioilgsel exhaust particles, and wood smoke were d#é &b
significantly activate the AHR signaling pathway BREAS-2B cells. Ohet al. (2011) indicated that OEM which

contain aliphatic chlorinated hydrocarbons, PAHt#trekyl derivatives, and nitro-AH/ketones/quinonasduced
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CYP1Al-dependent EROD activity, through AHR signglpathway activation, which is specifically retate the
critical role of the organic chemical fraction ehbient PM.

Despite the alkyl and oxidative DNA adducts gergnaported in human bronchial epithelial cells esed to
whole PM or OEM, significant changes in primary DNs#agle-strand breaks (SSB), DNA double-strand lorea
(DSB), and chromosomal aberrations were not sydteafiy reported (Andreet al. 2011, Borgieet al. 2015b,
Leclercqet al. 2017a, Leperst al. 2014, Ohet al. 2011). There is now overwhelming evidence that iantbair
contains hundreds of genotoxic compounds; howes@me apparent difference in the genotoxic potemtight
probably rely on the use of different materialdl sedels, and exposure strategies. There is di$aus urgent need
to better investigate the genotoxic potential ofMDEt was reported several years ago, that in malamaells the
phosphorylation of the subtype of histone H2A, e@dlH2AX, in the position of Ser139 occurs in resgoto DSB
formation (Podhorecket al. 2010). Due to the fact thaH2AX appears early and forms foci at damage sitds,
widely considered to be a ensitive biomarker foBOJu et al. 2013). However, in this work, OEM induced slight
but significant decreases of H2AX phosphorylatitthrereby indicating an important default in the iiepd genetic
material. Bouqueét al. (2006) reported thatH2AX loss correlates with DSB repair activity ordy low cytotoxic
doses, when less than 100-150 DSB breaks per geaoeneroduced, independently of the method usedirTh
results suggested that the dephosphorylation $tgd2AX may be limiting and that the loss of foci iediated not
only by yH2AX dephosphorylation but also through its redisttion towards the chromatin. Since the
phosphorylation of H2AX is linearly related to tbese used, although dependent on the cell tieephosphatase
activity might represent the limiting step leadittga persistent signal. Finally, it is conceivatiat theyH2AX
might also be targeted for degradation, a step mhight be saturable, as observed in this work. #H2AX
decreases also reported within BEAS-2B cells dfieir exposure to low cytotoxic doses of OEM caerd¢ifiore be
related to the higher levels of phosphorylated R&3K-1 and CHK-2 proteins, generally closely asated with
cell cycle arrest (Fragkost al. 2009). The tumor suppressor protein P53 plays itcalr role in cell fate
determination. Especially after DNA damage, P53/plan anti-apoptotic role through activation of P&hich
induces cell cycle arrest, and facilitates DNA iepelowever, when DNA damage exceeds a thresholié @o
severe that it cannot be repaired, P53 promoteptapis (Shinet al. 2015). It might be expected that the OEM-
induced P53 phosphorylation reported in this wedgcurrent with DNA damage, would lead to cell eyafrest, as
reported by Gualtiergt al. (2011). These authors indicated that BEAS-2B egfiosure to whole P)4 resulted in
DNA damage, giving DNA-damage response characi®eincreased phosphorylation of ATM and CHK2,,but
contrary to the present results, increased phogfaimn of yH2AX, with an apparent lack of G2-arrest.

To go further in this work, the cell cycle was aizald. After 24 h, the cell cycle profile of conti@lls clearly
indicated that they were already stalled in S-ph@ikere were also slight increases of the percesta§) BEAS-2B
cells in the S phase after their exposure to OEAMtiqularly at the two highest concentrations. émtcast, after 72
h, the cell cycle profile of control cells showdtht the majority of cells were in G1 and S pha3ésre were also
only very slight increases of the percentages oA8EB cells in both these phases 72 h after thedosure to
OEM. The response to DNA damage, as those preyiaeglorted through the excessive 8-OHdG formation i
OEM-exposed BEAS-2B cells, is an inherent parhefaell cycle and its main action is to halt cgltle progression
and establish a checkpoint (G1/S, intra-S, G2/Mi, lsh). At these positions a cell can stop or slowdan case of

unfavorable conditions, stress or DNA damage. Gitaal. (2016) also reported that different sizes and shayf
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TiO, nanomaterials (AFDC and cNRs) could inhibit thewgh of BEAS-2B cells and allow a considerable
proportion of them to remain in the G1/GO phasethim low-concentration exposure, the cell cycle teaminated
during the G1/G0O phase without apparent cell deathereas in the high-concentration exposure, tlanétic
decrease in cell viability was contributed by aptiptcell death. To take care of DNA damage, repachanisms
are put in place and if possible, a cell eventuatiptinues proliferation or exits the cell cyclee(®li et al. 2013;
lyer et al. 2017). In particular, cells activate the intrat®&ckpoint in response to damage during S phaseoteqb
genomic integrity and ensure replication fideliccordingly, in this work, most of the OEM-exposB&AS-2B
cells were in the S phase after 24 h. The checkmoevents genomic instability mainly by regulatimggin firing,
fork progression, and transcription of G1/S genegesponse to DNA damage. Despite having speoc#jair
pathways dedicated to each kind of DNA lesion,dék relies on a single checkpoint to mediate tidADdamage
response during S phase. The cell has two mainkpbad kinases, Rad3-related (ATR) and ataxia tikotasia
mutated (ATM), both of which are critical for maanting genomic integrity. ATR and ATM activate twedfector
kinases, CHK1 and CHKZ2, in response to damageldy the checkpoint signal across the cell. Accaghjinin this
work, there were slight but significant increaséplaosphorylated-CHK-1 and/or CHK-2 concentratiom8EAS-
2B cells 72 h after their exposure to OEM. AlthougHK1 is primarily activated by ATR in responsevarious
kinds of lesions and CHK2 by ATM in response to D&ere is substantial cross-talk between the tathvyeays
making it difficult to unambiguously assign CHK1da&HK2 to a single checkpoint pathway (lyaral. 2017).
Relatively low but statistically significant incress in the phosphorylation of AKT were observeBHEAS-2B cells
24 and 72 h after their exposure to OEM at the lvghest concentrations. Zhang et al. (2013) ingastid the role
of CYP2A13, an extrahepatic enzyme that mainly egpes in human respiratory system, in the metabotication
of aflatoxin G1, in BEAS-2B cells that stably expseCYP2A13 (B-2A13). They reported that low concatitns of
aflatoxin G1 induced S phase arrest and DNA danmad®2A13 cells, and the proteins related to DNAMdae
responses, such as ATM, ATR, Chk2, p53, BRCAL, addAX, were activated. For all the incubation tinsex
exposure conditions we tested, slight but signifidacreases of phosphorylated-BAD concentratioaseweported
in BEAS-2B cells. Taken together, these resultartyeindicated the survival of the exposed cellshwpossible
blockages of their cell cycle in G1/S and intra¥akpoints. In response to replication stress, CH€forted as
slightly but significantly phosphorylated in BEAB-Zells 72 h after their exposure to OEM, couldrégponsible
for inactivating G1-S transcription (Bertodt al. 2013). This transcriptional response seems tepeeific for
replication stress, which, in contrast to the DNerthge response, does not induce apoptosis, acgdodine results
of the present work. Accordingly, there were aléghs increases of the percentages of BEAS-2B dallthe G1
phase 72 h after their exposure to OEM. Gualgeal. (2011) reported that, in accordance with the olegbO®NA
damage, whole Pp4 also induced activation of the ATM/CHK2 pathwayBEAS-2B cells, without any apparent
arrest of cells in G2 suggesting that the G2/M kpemnt failed. In contrast, they did not observe arcrease in the
activation of the ATR/CHK1 pathway, which would egpected following DNA DSB and stalled DNA repliicat.
Wu et al.(2017) hypothesized that exposure to whole PMaaidgger cell cycle arrest in G2/M phase and DNA
damage in BEAS-2B cells, thereby activating thereggion of related proteins. According to theseltesZhuang
et al. (2011) reported increases of the levels of phogpgied AKT, which plays an important role in swai
pathways by inactivating downstream pro-apoptdaittdrs in many cell systems. According to the testdported

in the present work, ROS-activated AKT could pé@ptite in ultrafine carbon black-induced cell pretddtion, and
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mediates pro-carcinogenic effects induced by diegkhust particle and smoking compounds, respéyt{ark et
al. 2013, Weissenbergt al. 2010). Moreover, Zhou et al. (2016) observed cwomtus elevation of ROS and
concomitant phospho-activation of AKT in BEAS-2Bllseduring exposure to whole PM These changes were
blocked by pretreatment with the free-radical sogee NAC, suggesting that BMactivates AKT by increasing
ROS; this latest result was closely related to own observations supporting that OEM induced aceatile
oxidative stress. Furthermore, in this work, fdrthé incubation times and exposure conditionghslbut significant
increases of phosphorylated-BAD concentrations wegported. According to Datta et al. (1997), AKT
phosphorylates BADnN vitro andin vivo, and may thereby suppress BAD-induced cell death gromote cell
survival. It is also noteworthy that, in this wolboth caspase 8 and 9 activities were not sigmifigachanged in
BEAS-2B-exposed to OEM, thereby supporting the ats®f clear apoptotic events. In contrast, Abdas/. (2010,
2016), studying the sequential occurrence of mdéecabnormalities from TP53-RB gene signaling pathw
activation in the L132 target human lung epithetiall model, reported that relatively high dose®bf,, altered the
gene expression and/or the protein concentraticgewéral key cell cycle controllers from TP53-RBigesignaling
pathway, thereby leading to the occurrence of mlliferation and apoptosis together. Taken togetthese results
might ask the critical question whether there Isatance or, in contrast, there will rather be abdlance between
the cell survival, cell proliferation and cell deaiossibly occurring in whole PM or OEM-exposeds;alepending
of the dose applied. However, the results repoirethis work, despite the fact that only the actfeems of the
different key endpoints were studied without cotictto their respective total forms, clearly inatied that exposure
to EOM induced cell deregulation through blockagésheir cell cycle in G1/S and intra-S checkpairgad even

cell survival.
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5. CONCLUSION

In this work, we demonstrated that the OEM derifreth ambient PM; collected in urban surroundings was
enriched in PAH and other related chemical compeumdiich could also trigger some underlying mecémasi of
toxicity, and a combination thereof may be sameliferent compared with those induced by whole PiMieed,
acute exposure to OEM at relatively low concentrai activated the AHR and NRF2 signaling pathways b
contrary to whole PM, failed to trigger an inflamioiy response. Moreover, these results closely @uep the
capacity of EOM to trigger cell deregulation notalthrough blockages of their cell cycle in G1/S antta-S
checkpoints, and even cell survival. In view of tbeéginal data reported in this preliminary workytdre
complementary works are also needed to better decithe critical role of OEM on the cell cycle réagion. In
these future complementary works, it could be miasgghtful to investigate the toxicity of OEM todetr with those
of whole PM s, to which it has been extracted, and with non-oigdraction (.e., residual PMs after OEM
extraction), to allow to compare the adverse effdobm the OEM fraction with both total and resid&aM, s

fractions.
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FIGURE LEGENDS

Figure 1: Adenosine triphosphate (ATP) concentrations in BE®B cells and glucose-6-phosphate dehydrogenase
(G6PD) activities in cell-free culture supernatalts24 and 72 h after their exposure to increasorgentrations of
organic extract matter (OEM: 1, 3, 5, 15 andu80PM, s-eq/cnf). Results, normalized to control, are described by
their means and their standard deviations (6 raf@g for controls, and 6 replicates for exposeds;céann—
Whitney U-testys. controls; a 9p <0.05, b 9 <0.01, ¢ =p <0.001).

Figure 2: Gene and/or protein expression of nuclear faatgtheoid 2—related factor 2 (NRF-2), heme oxygenhse
(HMOX), NAD(P)H quinone dehydrogenase 1 (NQO1),eopide dismutase (SOD), 8-isoprostane (8-Isop)&nd
hydroxy-2'-deoxyguanosine (8-OHdG) in BEAS-2B cdllsind 24 h after their exposure to organic extraatter
(OEM: 3, 15 and 3Qug PM,seg/cnf) and BR]JP (25 uM). Results, normalized to control, are describgdheir
means and their standard deviations (6 replicatesdntrols, and 6 replicates for exposed cellsr(iaVhitney U-
test;vs. controls; a 9p <0.05, b 99 <0.01, ¢ 9p<0.001).

Figure 3: Concentrations of tumor necrosis factor (TWf-interleukin-1 beta (IL}), interleukin-6 (IL-6),
interleukin-8 (IL-8), monocyte chemoattractant piotl (MCP-1), and interferon-gamma (IR]N- in the
supernatants of BEAS-2B cells 6 and 24 h afterrtbgposure to organic extract matter (OEM: 3, 18 380 g
PM, s-eg/cnf) and BRJP (25puM). Results, normalized to control, are describgdHeir means and their standard
deviations (6 replicates for controls, and 6 regibs for exposed cells (Mann-Whitney U-tast;controls; a =p
<0.05, b #p <0.01, ¢ p <0.001).

Figure 4: Gene expression of tlaeyl hydrocarbon receptor (AHR), aryl hydrocarbon receptor nuclear translocator
(ARNT), cytochrome P450 1A1 (CYP1A1l) andcytochrome P450 1B1 (CYP1B1) in BEAS-2B cells 6 and 24 h after
their exposure to organic extract matter (OEM: B, and 30ug PM,seg/cnf) and BRJP (25 uM). Results,
normalized to control, are described by their meamd their standard deviations (6 replicates fortrads, and 6
replicates for exposed cells (Mann—Whitney U-testgontrols; a #p <0.05, b 99 <0.01, ¢ 9p <0.001)

Figure 5: Concentrations of phosphorylated protein 53 (pP&®2&l protein 21 (P21), phosphorylated H2A histon
family member X (H2AX), total mouse double minutch@molog (MDM-2), phosphorylated checkpoint kindse
(CHK-1), and phosphorylated checkpoint kinase 2 KEX) in BEAS-2B cells in BEAS-2B cells 24 and 72after
their exposure to organic extract matter (OEM: 8, and 30ug PM,seqg/cnf) and BRIP (25 uM). Results,
normalized to control, are described by their meams their standard deviations (6 replicates fortrads, and 6
replicates for exposed cells (Mann—Whitney U-testgontrols; a #p <0.05, b 99 <0.01, ¢ 9p <0.001)

Figure 6: Percentage of BEAS-2B cells in G1, S, and G2M cgtle phases 24 and 72 h after their exposure to
organic extract matter (OEM: 3, 15 and 89 PM, -eq/cnf) and BR]P (25uM). Results, normalized to control, are
described by their means and their standard dewmt{6 replicates for controls, and 6 replicatasefposed cells
(Mann-Whitney U-testys. controls; a #p <0.05, b =p <0.01, ¢ 9 <0.001)

Figure 7: Concentrations of phosphorylated protein kinagd®BT), phosphorylated c-Jun N-terminal kinase (JINK)
phosphorylated Bcl-2-associated death promoter (BABhosphorylated B-cell lymphoma 2 (BCL-2), and
phosphorylated Caspase-8 and 9, in BEAS-2B cefladb24 h after their exposure to organic extradtendOEM:

3, 15 and 3Qig PM, s-eqg/cnf) and BRJP (25uM). Results, normalized to control, are describgdheir means and
their standard deviations (6 replicates for costreind 6 replicates for exposed cells (Mann—-Whitdetest; vs.
controls; a 9 <0.05, b 9p <0.01, ¢ #p <0.001)

Figure 8: Underlying mechanisms involved in theitidy of air pollution-derived organic extract matt(OEM) in
BEAS-2B cells (8-Isop: 8-Isoprostaglandin, 8-OHd&:hydroxy-2'-deoxyguanosine, AhR: aryl hydrocarbon
receptor, CYP1Al: cytochrome P450 1Al1l, CYP1B1l: chtome P450 1B1, G6PD: glucose-6-phosphate
dehydrogenase, H2AX: phosphorylated H2A histoneilfammember X, HMOX: heme oxygenase 1, NQO1:
NAD(P)H quinone dehydrogenase 1, NRF-2: nucleaofaerythroid 2—related factor 2, PAH: polycyclimenatic
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hydrocarbon, pAKT: phosphorylated protein kinasepBAD: phosphorylated Bcl-2-associated death premot
PCB: polychlorobiphenyl, PCDD: polychloro dibenzalipoxin, PCDF: polychlorodibenzofuran, pCHK-1:
phosphorylated checkpoint kinase 1, pCHK-2: phosghted checkpoint kinase 2, pP53: phosphorylatetem 53,
ROS: reactive oxygen species, SOD: superoxide desaj

Figure S1:Location of sampling site (A and B) and the conedrrecorded wind rose
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Figure S1: Location of sampling site (A and B) and the concerned recorded wind rose (C)



Table 1: Polycyclic aromatic hydrocarbons (PAH) concentrations in the ambient PM;s
collected in Beirut (Lebanon).

Congenel® Concentration (ug/g) Concentration (pg/m)

NAP 2.7 131
ACY 4.5 218
ACE 2.3 112
FLU <0.2 <11
PHE 9.6 458
ANT 2.8 134
FLT 154 736
PYR 25.9 1243
Bla]A 25.7 1231
CHR 28.8 1379
B[b]F 317 1519
B[K]F 8.2 394
B[a]P 12.9 618
D[ah]A <0.2 <11
[[cd]P 10.3 495
B[ghi]P 20.6 989

Total PAH 202 9655

a Naphthalene: NAP, Acenaphthylene: ACY, Acenaphthene: ACE, Fluorene: FLU, Phenanthrene: PHE,
Anthracene:  ANT, Fuoranthene: FLT, Pyrene: PYR, Benz[a]anthracene: B[a]A, Chrysene: CHR,
Benzo[b]fluoranthene: B[b]F, Benzo[k]fluoranthene: B[K]F, Benzo[a]pyrene: B[a]P, Dibenz[ah]anthracene:
D[ah]A, Indeno[123cd]pyrene: I[cd] P, Benzo[ghi]perylene: B[ghi]P



Table 2: PolyChloro Dibenzo-p-Dioxins (PCDD), PolyChloroDibenzoFurans (PCDF) and
PolyChloroBiphenyls (PCB) concentrations in the ambient PM s in Beirut (Lebanon)

Congener ° Concentration Concentration
(Pg/g) (fgm?)
2,3,7,8 TCDD 39 2
1,2,3,7,8 PeCDD 184 9
1,2,3,4,7,8 HxCDD 220 11
1,2,3,6,7,8 HXxCDD 480 23
1,2,3,7,8,9 HxCDD 380 18
1,2,3,4,6,7,8 HpCDD 3,170 152
OCDD 5,114 245
Total PCDD 9,587 459
2,3,7,8 TCDF 401 20
1,2,3,7,8 PeCDF 431 20
2,3,4,7,8 PeCDF 919 40
1,2,3,4,7,8 HXxCDF 1,076 50
1,2,3,6,7,8 HXCDF 983 50
2,3,4,6,7,8 HXCDF 1,341 50
1,2,3,7,8,9 HxCDF 304 10
1,2,3,4,6,7,8 HpCDF 3933 200
1,2,3,4,7,8,9 HpCDF 477 20
OCDF 2,390 100
Total PCDF 12,255 560
PCB81 214 10
PCB77 791 38
PCB123 156 7
PCB118 7,330 351
PCB114 156 7
PCB105 4,213 202
PCB126 483 23
PCB167 2,124 102
PCB156 2,573 123
PCB157 317 15
PCB169 279 13
PCB189 1,182 57
Total DL-PCB 19,818 949

& Tera- (T), Penta- (Pe), Hexa (Hx), Hepta- (Hp), and Octa (O)-chlorinated Dibenzo-p-Dioxin (PCDD) and
Dibenzo-Furans (PCDF). Dioxin-Like PolyChlorinated Biphenyls: DL-PCB.



Table 3: PAH ratios used as source indicators

Diagnosis Ratio ® Literature® Current Study
Values Sour ces
I[cd]P/(I[cd]P + B[ghi]P) 0.18 Gasoline 0.33
0.37 Diesdl
0.56 Cod
0.62 Wood burning
0.35-0.70 Diesel emissions
B[a]P/(B[a]P + CHR) 05 Diesdl 0.3
0.73 Gasoline
B[b]F/B[KIF <05 Diesdl 3.8
B[a]P/B[ghi]P 0.5-0.6 Traffic emission 0.6
>1.25 Brown cod
PYR/B[a]P =10 Diesdl Engine 2
=] Gasoline engine
FLT/PYR 0.6 Vehicular emissions 0.6

2 Fluoranthene: FLT, Pyrene: PYR, Chrysene: CHR, Benzo[ b]fluoranthene: B[b]F, Benzo[k]fluoranthene: B[K]F,

Benzo[a] pyrene: B[a]P, Indeno[ 123cd]pyrene: 1[cd]P, Benzo[ghi]perylene: B[ghi]P
® Adapted from Ravindra et al. (2008) and Borgie et al. (2015a)
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