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ABSTRACT

Environmental pollutants, such as dioxin-like (IREBs, benzo(a)pyrene [B(a)P], and
flavonoids are aryl hydrocarbon receptor (AHR) ida and may be excreted in dairy milk.
The expression of AHR-target genes, particularbséhinvolved in xenobiotic
biotransformation, and their modulation by two DC®s, [B(a)P], an@-naphthoflavone
was investigated in a bovine mammary epithelidlloed (BME-UV). As assessed by
quantitative PCR, BME-UV cells expressed a funalohHR signaling pathway. All the
AHR ligands induced a concentration-related inaeaghe transcription of cytochrome
P450 1A1 and 1B1, known to be implicated in theabtivation of several xenobiotics.
Conversely, genes encoding for antioxidant andxifiging enzymes, like quinone
oxidoreductase or glutathione S-transferase A2ewet affected or even depressed.

This study demonstrates the occurrence and the latamuby different AHR-ligands of
genes involved in xenobiotic metabolism in BME-U&Is, with the potential generation of
(re)active metabolites that may damage mammanyetiasd/or affect animal or human health

via the contaminated milk.

Keywords: Bovine Mammary Epithelial Cell; AHR-agonist; Dioxlike PCB; Gene
Expression; Xenobiotic Metabolizing Enzyme

Abbreviations: AHR, aryl hydrocarbon receptor; AHRR, AHR-represgaRNT, AHR-
nuclear translocator; B[a]P, benzo[a]pyrepAF, B-naphthoflavone; CYP, cytochrome
P450; cDNA, complimentary DNA; DL, dioxin-like; GS@lutathione S-transferase; NQO1,
quinone oxidoreductase; Nrf2, NF-E2-related fa2tdPAH, polycyclic aromatic
hydrocarbon; g-PCR, Real-time PCR; TEF, Toxic Eglaat Factor; TEQ, Toxic Equivalent;
TCDD, 2,3,7,8 tetrachloro-dibenzmsédioxin; XME, xenobiotic metabolizing enzyme; XRE,

xenobiotic-responsive element.



1. Introduction

Among the persistent organic environmental polltgafPCDDs, PCDFs, and dioxin-like
(DL) PCBs — collectively known as DL-compounds e af great health concern because of
the well known wide array of adverse effects onitheune, endocrine, and reproductive
systems, as well as owing to their mutagenic, nagenic and teratogenic properties
(Mandal, 2005). Although a number of non genomiect$ have been recently described
(White and Birnbaum, 2009), it is generally accdpteat the aryl hydrocarbon receptor
(AHR) is the major cellular target of DL-compouratsit mediates most of the toxic effects
elicited by such chemicals. For regulatory purppBescompounds have been classified
according to their Toxic Equivalent Factors (TEFspresenting the binding affinity toward
AHR, which is maximal for the 2,3,7,8 tetrachlontehzop-dioxin (TCDD) and
conventionally set to 1 (Van den Berg et al., 200§on ligand binding, the AHR is
translocated into the nucleus, where it heterodimasmwith the AHR-nuclear translocator
(ARNT) protein and subsequently binds to the xeotdiresponsive elements (XRES) in
gene promoter regions; the whole process is regflilay the AHR-repressor (AHRR), a
feedback modulator inhibiting AHR transcriptionatigity (Abel and Haarmann-Stemmann,
2010). On the one hand, microarray studies haveodstrated that hundreds of genes may be
modulated, involving multiple signaling pathwayslarellular regulatory factors, also
revealing wide species- and ligand-specific diffees (Dere et al., 2011). On the other hand,
the exposure to DL-compounds generally resultbenup-regulation of the so called “AHR
gene battery”, which comprises a number of enzyimeaslved in endo- and xenobiotic
biotransformations (e.g. cytochrome P450 [CYP] 18YP1A2, CYP1B1, uridin-diphospho-
glucuronyltransferases 1A, quinone oxidoreductd&@Q@1], glutathione S-transferases
[GSTA] 1/2) not only in liver (Bock and Kohle, 2006uruge et al., 2009), but also in some
extrahepatic tissues (Pavek and Dvorak, 2008). Maimgr structurally diverse natural and
synthetic compounds can bind to AHR and activagéeAHR signaling cascade, including for
instance flavonoids and polycyclic aromatic hydrboas (PAHS) like the environmental and
food contaminant benzo[a]pyrene (B[a]P). The alsalequirement of AHR for B[a]P to
exert its toxic properties has been demonstratkoin(3u et al., 2000).

For dairy ruminants, milk represents an importatretion route of DL-compounds,
which may be ingested through contaminated feefdstunid soil; the carry over rate ranges
from 1 to about 52% and is inversely related todbgree of chlorination of each compound
(Rychen et al., 2008). To protect human health,imam limits for dioxins and the sum of
dioxins and DL-PCBs (Toxic Equivalent, TEQ) in fabdffs have been laid down in an



annex of the Commission Regulation (EU) 1881/2®@6&ed on new occurrence data, limits
have been recently lowered by the Commission RéguléEU) 1259/2011 for certain food
commodities, including “food for infant and younigildren”. In fact, although a general
decrease in the degree of food contamination has beticed over the last decade in Europe,
a number of field outbreaks of dioxin contaminatidrdairy herds have occurred in recent
years not only in Italy (Girolami et al., 2013; Reatti et al., 2006), but also in France
(ANSES, 2012) and in The Netherlands (Lascano Acesal., 2011). This is of particular
concern as raw milk and dairy products representrthjor contributors to total exposure to
DL-compounds in toddlers and children (EFSA, 2@Rauscher-Gabernig et al., 2013).
Opposed to DL-compounds, PAHs are subjected tosxte oxidative and conjugative
biotransformations and are less prone to be trenesfeas such in dairy milk (Lapole et al.,
2007).

Further to its secretory functions, the mammarydlparticipates in the biotransformation
of many endogenous and exogenous compounds. Thalcafe played by breast xenobiotic
metabolizing enzymes (XMES) in the bioactivationéddication of a large array of
chemicals, including many carcinogenic compounds,ldeen well documented (Williams
and Phillips, 2000). While the expression of bdih AHR-driven gene machinery and the
related proteins have been thoroughly investigatede mammary epithelial cells of rodent
species and humans owing to their implication Bt cancer (Larsen et al., 2004), only
scant information is available for cattle (McFad@ex Corl, 2010; Peng et al., 2008). As
regards BME-UV cells, a clonal cell line establidlem primary bovine mammary
epithelial cells and widely used as a model forgublpgical and pharmacological
investigations (Accornero et al., 2009), only iedirevidence has been provided as to the
presence of AHR-dependent XMEs (Caruso et al., 2009

In consideration of the widespread environmentata@mination from DL-compounds and
PAHSs and their well demonstrated carry over in ptifie primary aim of this work was to
characterize the basal expression of the AHR sigg@athway (AHR, ARNT, AHRR), and
of selected AHR-mediated genes involved in xenabiaibtransformations (CYP1AL,
CYP1A2, CYP1B1, NQO1, GSTA1/2) in BME-UV cells. Theodulation of the above genes
by DL-compounds was investigated using two diffei@b-PCBs. The first one, PCB126, is
the most toxic congener (TEF = 0.1) and has bgeorted to account for the larger
contribution to the TEQ in dairy milk (Focant et,&013; Turrio-Baldassarri et al., 2009); in
addition, it has been recently classified as a hhuoaacinogen (IARC, 2012) and, among the
DL-PCBs, is characterized by one of the highestyeaver and the slowest elimination rate
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from dairy milk (Huwe and Smith, 2005). The secomé, PCB77, was selected to estimate
the modulation of the pathway by a northo congener displaying different receptor affinity,
being characerized by a TEF value lower by a fastdhousand (Van den Berg et al., 2006).
Finally, B-naphtophlavone}(NAF) and B[a]P, a compound normally used as ginéelalue
for PAHs contamination in milk due to its high toity (Garcia Londono et al., 2013), were
selected as model non DL-ligands.

2. Materialsand methods

2.1 Cell culture and chemical reagents

The BME-UV bovine mammary epithelial cell line wieadly provided by Prof. Mario
Baratta (Dept. of Veterinary Sciences, Universityrorino, Italy) and grown in 10-cm
dishes. Cells were maintained in DMEM supplememigd 10% fetal bovine serum, 2 mM
L-glutamine, 1000 units /mL penicillin, 1@/ mL streptomycin, and 0.25 pg/mL
amphotericin B and kept in a humidified chambe3atC and 5% C@ All cell culture
reagents were purchased from Sigma—Aldrich (Milaty). Cells were trypsinized every 3—4
days for subculturing. Before each experimentsosire seeded at 3 X ®1€ells/dish and
cultured for 24 hours until they reached 50% caeilee. The medium was then replaced with
10 mL of fresh medium, and cells were treated WKSO alone (used as control) or with the
different AHR-ligands (PCB126, PCB7F-NAF or B[a]P) dissolved in DMSO, whose final
concentration in the growth medium did not exceddd(v/v). DMSO, B-NAF and B[a]P
were purchased from Sigma—Aldrich. PCB126 and PGRE&e supplied by LabService
Analytica S.r.l. (Anzola Emilia, BO, ltaly).

2.2 RNA extraction and Real-time PCR (g-PCR)

All the materials for the g-PCR analysis (includRBA extraction and cDNA synthesis)
were purchased from Qiagen (Valencia, CA). TotalPRMas isolated using QlAzol Lysis
Reagent, according to the manufacturer’s protdebIA purity and quantity was evaluated by
absorbance readings using the NanoDrop ND-200Grgpdotometer (Thermo Fisher
Scientific, lllkirch Cedex, France). The ratio betoptical densities measured at 260 and 280
nm were >1.9 for all RNA samples. Ong of total RNA was reverse transcribed into cDNA
using QuantiTect Reverse Transcription Kit, acaogdb the manufacturer’s instructions, in a
final volume of 2Qul. Sufficient cDNA was prepared in a single rurprform the g-PCR
experiments for all the selected genes. PrimerdftiR, ARNT, AHRR, CYP1Al, CYP1A2,
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CYP1B1, NQO1 and GAPDH were according to (Girolatmal., 2011), whereas primers for
GSTA1 and GSTA2 were designed Bos TaurussenBank and Ensembl mRNA sequences
using Primer 3 Software (version 3.0, Applied Beteyns, Foster City, CA).
Oligonucleotides were designed to cross the exon/&oundaries to minimize the
amplification of contaminant genomic DNA, and warelyzed with the NetPrimer tool
(available at http://www.premierbiosoft.com/netpeirtindex.html) for hairpin structure and
dimer formation. Primer specificity was verifiedttvBLAST analysis against the genomic
NCBI database. Table 1 summarizes primer informaticluding sequences, gene accession
numbers and amplicon sizes. Each primer set efitgievas comprised between 95% and
100%. GAPDH was selected as the reference gene gsexpression was not influenced by
any of the treatments. gq-PCR reactions were peddram 100 ng of cDNA, in a final volume
of 20 ul consisting of the 1X QuantiFast SYBR Green PCRstdaMix and an optimized
concentration of each primer set (300-900 nM rang€R amplification was run on an ABI
7500 Real-Time PCR System (Applied Biosystems)guS+well optical plates under the
following conditions: 5 min at 95 °C for polymeraasetivation, and 40 cycles of 15 s at 95 °C
and 60 s at 60 °C. Each reaction was run in tapdicand a no-template control was included

using water instead of cDNA.

2.3 Western blot analysis

Whole-cell protein extracts were obtained throudyses-buffer consisting of 80 mM
TrisHCI, pH 6.8, and 2.7 % SDS, supplemented withN PMSF and a Protease Inhibitor
Cocktail (Sigma-Aldrich) according to manufactusairistructions. The protein concentration
was determined according to the OD at 562 nm usie@@CA protein assay reagent kit
(Pierce, Rockford, IL). Equal amounts of proteif (&/lane) were resolved with SDS-PAGE
on 10% polyacrylamide gels under reducing cond#j@md transferred onto a nitrocellulose
membrane (Bio-rad, Hercules, CA). After blockingnoih-specific binding sites with 10%
BSA in TBS, the membranes have been incubated fioat2oom temperature with primary
antibodies against rabbit CYP1A1/1A2 (Oxford Bionoatl Research, Oxford, MI). The
specificity of the CYP1A antibody against the bavprotein has been previously ascertained
(Virkel et al., 2010). A primary antibody againgttubulin (Santa Cruz Biotechnology, CA)
was used as loading control. Following incubatiotihthe appropriate horseradish
peroxidase-conjugated secondary antibody, reaptivieins were visualized with the
enhanced chemiluminescence system (SuperSignalRiesChemiluminescent Substrate,

Pierce) according to manufacturer’s instructionsmunoblot bands were visualized by



means of the ChemiDoc MP System (Bio-rad) and pra&epression was quantified by
densitometry using Imagelab software version 4id-(Bd). The relative density of each

individual protein band was normalized to thathafi-tubulin band.

2.4 Data analysis

Three fully independent biological replicates webgained for each experiment. Basal
gene expression data were calculated with tfé @ethod and were expressed as relative
mRNA level. The modulation of gene expression wasutated with the 2 method and
data were expressed as fold-change compared tmtsamples (Livak and Schmittgen,
2001); a 2.0 fold-change cut-off was selected.dddhces between each treatment and the
controls were determined by one-way ANOVA followsdDunnett'spost hodest using
GraphPad Prism software (4.03 version, La Jolla). GAatistical significance was assumed at
P values < 0.05 or less. Concentration-responsg/sisalas performed with GraphPad Prism
software using a sigmoidal dose-response (varglbfge) equation that generates Hill slope,
EC50 and R Starting values for the regression analyses generated by subtracting the
control response from the response at each comatenttevel and then dividing each data set

by the maximum increase in response (Girolami.efafl1).

3. Resaultsand discussion

3.1 Constitutive expression of the main AHR pathgexes in BME-UV cells

Besides liver metabolism, breast metabolism iralawg dairy ruminants may be a
determinant of the overall kinetics of drugs, padés, and environmental pollutants to which
animals could be exposed. Toxic metabolites (dlagtoxin M1) may be generated by
(inducible) breast XMEs and excreted into the mélising health concerns for suckling
offspring as well as for the consumers. In othetances, chemicals may be bioactivated to
reactive metabolites (e.g. catecholestrogens cailaBl epoxides) with the potential for
situ cellular toxic damage. The biotransformative cégdoward aflatoxin B1 of the bovine
mammary gland has been only recently tested irl &iree (BME-UV) employed as am
vitro model (Caruso et al., 2009).

In the present study, the constitutive gene express AHR pathway members (AHR,
ARNT and AHRR) and of AHR-dependent XMEs (phaseYP1Al, CYP1A2, and
CYP1B1; phase Il: NQO1, GSTA1 and GSTA2) was ingesed in non stimulated BME-
UV cells, harvested after 24 h of culturing undansgard conditions. All the examined genes
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but CYP1A2 were detectable by q-PCR (Figure 1pdrticular, AHR and CYP1B1
transcript levels were the most elevated, while AAHkhd GSTAL exhibited the lowest
expression; CYP1A1l, NQO1 and GSTAZ2 displayed agrmédiate expression.

To the best of our knowledge the present studigpatih performed in a cell line, reports
for the first time the presence of the AHR signglpathway in the bovine mammary
epithelium. So far, the basal gene expression dRAMHRR and ARNT in the normal and
carcinogenic mammary gland has been demonstratediémts and dogs, as well as in
humans (Collins et al., 2009; Giantin et al., 201&sen et al., 2004; Spink et al., 1998;
Tsuchiya et al., 2003).

Concerning the phase | AHR-dependent XMEs, the angjlable information about the
expression of the CYP1 family in the bovine mamngland refers to the presence of the
CYP1AL protein in the microsomal fractions fromaathting dairy cow (Peng et al., 2008).
Besides, the gene expression of the same enzyntgebageported in a study about the role
of liver X receptor in the regulation of fatty aggnthesis in bovine mammary epithelial cells
(McFadden and Corl, 2010). As mentioned beforandimect evidence for the expression of
CYP1A1 has been provided in BME-UV cells treatethvaflatoxin B1 and tested for the
generation of its hydroxylated milk metabolite addixin M1, whose production is commonly
mediated by that enzyme (Caruso et al., 2009) h@mther hand, no data about CYP1B1
expression in bovine breast tissue have been eped far. Thus, our work characterizes for
the first time the constitutive CYP1 family profile the bovine mammary epithelium. In
particular, the lack of expression of CYP1A2, whislknown to be almost exclusively
present in liver (loannides, 2006), and the higilvesence of CYP1B1, which was twice as
expressed as CYP1A1l, closely resembles the huneastoa€©YP1 profile (Williams and
Phillips, 2000).

The AHR gene battery also comprises enzymes mampiicated in the antioxidant
defense, such as NQO1 and GSTs. The former ivapitatein that reduces reactive quinones
arising from the biotransformation of both exogen@eig. PAHs, benzene) and endogenous
compounds (e.g. catecholamines-Estradiol), preventing them from triggering cediul
stress damage (Dinkova-Kostova and Talalay, 20a@omen, NQOL1 is constitutively
expressed in the mammary epithelium and affordgeption against the quinone estrogens-
mediated induction of breast cancer (Gaikwad e2807). Aside from their key role in
detoxifying a wide variety of electrophilic compalshby means of conjugation with
glutathione, GST enzyme classes (Alpha, Mu, Pi,ahdrs) are also involved in several
endogenous pathways such as, for instance, stamdigrostaglandin biosynthesis (Hayes et
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al., 2005). Based on the occurrence of XREs iG@TAl and GSTA2 and in human GSTA2
(Alpha class GSTs) promoter regions, both genes wetuded in our study. In line with the
physiological role mentioned above, Rabahi etl#190) reported on the high expression of
GSTAL and GSTAZ2 in several bovine steroidogengugs, including granulose cells, corpus
luteus, placental cotyledons, testis and adrebatsdid not examine the mammary gland. We
report for the first time the presence of NQO1, @3 &nd, to a much lesser extent, GSTA1
in BME-UV cell line.

3.2 Different modulation of AHR target genes bgaeld ligands in BME-UV cells.

BME-UV cells were exposed to two DL-PCBs charaeediby different TEF values
(PCB126, TEF = 0.1, and PCB77, TEF = 0.0001). Tiheowell-known AHR agonists, i.e.
the flavonoid 3-NAF, and the PAH, B[a]P, were employed for comgigeapurposes. All the
ligands were used at the concentration of 100 mid,the gene expression analysis was
performed at 2 - 4 - 8 - 24 - 48 and 72 h fromtteatment initiation.

Among the AHR pathway members, only AHRR was sligimtduced by all ligands at 8 h
(between 3- and 5-fold change), and the inductemsipted up to 24-48 h only upon DL-
PCBs stimulation (Figure 2). Likewise, threvitro treatment of a human breast carcinoma
cell line with either TCDD, the most effective AHdgonist, or 3-methylchoranthrene induced
the AHRR mRNA by almost 2-fold (Tsuchiya et al.03). On the other hand, AHR and
ARNT mRNA expression was not affected by any oftteatments (data not shown),
although a decrease in AHR protein expression bBas keported in mammary tissue from
TCDD-treated mice or in rodent cell lines exposethe same agonist (Collins et al., 2009;
Larsen et al., 2004). Nevertheless, the lack of AR ARNT mRNA down-regulation
noticed in our and in other investigations (Beedamieet al., 2010; Giannone et al., 1998),
although performed in different cell lines, is cmtsnt with the observed transcriptional up-
regulation of AHRR, which is known to initiate teggnal for the proteasomal degradation of
the receptor eliciting a reduction of AHR at praté&vel (Pollenz, 2002).

The two most induced AHR-dependent XME transchpése CYP1Al and CYP1B1, with
CYP1AL1 being the most responsive gene with alndg and PCB126 the most potent
inducer (Figure 3). Similarly to AHRR, the CYP1AAhCYP1B1 expression response was
characterized by a different time-course pattetween the two DL-PCBs and the other AHR
agonists. In particular, the treatment with PCB22&CB77 up-regulated the expression of
both genes up to 72 h, with a peak at 8h for CYP@EBbuUt 20- and 28-fold change with
PCB77 and PCB126, respectively), and at 24h for G¥P(about 45- and 112-fold change
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with PCB77 and PCB126, respectively) (Figure 3A).ddntrast, the induction generated by
B-NAF or B[a]P peaked at 8 hours for both genes§aB8- and 49-fold change wifaNAF
and B[a]P, respectively, for CYP1A1l; about 24 aiefdld change wittB-NAF and B[a]P,
respectively, for CYP1B1) and then rapidly decrdasarning negligible (less than 2-fold
change) by 24 and 48 h wiaNAF and B[a]P, respectively (Figure 3B). Such teswere
substantially confirmed at protein level for CYP1A¥estern blotting was performed using
an anti-CYP1A1/1A2 antibody in BME-UV cells stimtéa with each ligand at the same
concentration (100 nM) and harvested after 16-28- 72 h. As reported in Figure 4, BME-
UV cells displayed a single band, correspondinGY#&1A1, only in the presence of all the
tested AHR agonists, while control cells did natwstany specific signal. In particular,
PCB126 an@-NAF resulted as the most and the least potentcelluespectively. Moreover,
both DL-PCBs up-regulated the CYP1AL1 protein maesistently than the other AHR
ligands, whose effect at protein level peaked at 46d then rapidly decreased. The
persistency of the transcriptional effect elicitsdDL-PCBs reflects the general refractoriness
of such compounds to the metabolic degradatiorns@rgr2006).

The concentration-dependent changes in CYP1A1l afRllB1 expression were measured
in the presence of increasing logarithmic concéioina (from 107 to 10°'nM) of all ligands at
the peak time-points (8 h f@rNAF and B[a]P, and 24 h for PCB77 and PCB126,
respectively). The range of concentrations usedsgbescted on the basis of dairy milk
contamination levels reported for PCB126 (0-543ypggl) (Esposito et al., 2009; Turrio-
Baldassarri et al, 2009) and B[a]P ( 0-0.28 ug/iKgrdass) (Garcia Londono et al., 2013;
Girelli et al., 2014; Naccari et al., 2011). Figbwe shows that both DL-PCBs induced a
concentration-dependent increase in both CYP1A1GYE1B1 mRNA levels compared to
control cells. The maximal response to the PCBi2#tment was achieved for both genes at
the concentration of 10 nM, whereas PCB77 was ®itsttive at the concentration ofild.

The calculated EC50 values for CYP1A1 inductiorP§B126 and PCB77 were 0.29 and
107.1 nM, respectively; as to CYP1B1, they wer&0ahd 50.07 nM, respectively
(Supplementary data). As expected, the sharp diffex in TEF values between PCB126 and
PCB77 is matched by the much higher induction poteri the former, as reflected by the
differences in the concentration at which the matirasponse was reached (100 folds), the
respective calculated EC50 values (350 to 380 fplisl the lowest concentration capable of
increasing gene transcription (0.01 nM for PCBI&&] 1 nM for PCB77). It is noteworthy
that the minimal effective concentration of PCB12&wer almost by a factor of 10 than the
upper limit of the range of milk contamination reggal above. Concerning the other tested
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AHR ligands,-NAF and B[a]P induced CYP1A1 starting from the centration of 1 nM
(corresponding for B[a]P to approximately 0.28 ugity mass of milk), while the up-
regulation of CYP1B1 was noticeable only from tb@@entration of 10 nM with either
ligand; the peak of induction for both genes wahed at the concentrations of 100 nM and
1 uM with B[a]P andB-NAF, respectively (Figure 5B). The calculated EGaQues for
CYP1ALl induction by B[a]P angtNAF were 16.67 and 134 nM, respectively; as to
CYP1B1, they were 53.03, and 153.01 nM, respegctii@lpplementary data).

In agreement with what observed in the presentystudoncentration- and time-dependent
CYP1A1l and CYP1B1 mRNA increase, with CYP1A1 beimg most responsive gene, was
detected in primary cultures from bovine liver amdtulating lymphocytes, treated with
comparable concentrations of TCDD and PCB126, cts@y (Girolami et al., 2011;

Guruge et al., 2009). The inducibility of the pattyvat protein level only, has been recently
demonstrated in primary cultures of normal boviremmary epithelium; the exposure to 10
nM TCDD resulted in an up to 60-fold increase inRlYenzyme activity (measured by the 7-
ethoxyresorufin O-deethylase assay) after 72 hwieths et al., 2013). At the same time,
several evidences demonstrate the up-regulati@¥éf1Al and CYP1B1 in human and
rodent mammary cell lines challenged with differBhtcompounds (Chen et al., 2004), as
well as in both mouse and rat mammary tissue foligwhein vivo treatment with TCDD or
B-NAF, respectively (Collins et al., 2009; Larserakt 2004). As regards B[a]P, an increase
in the levels of CYP1A1 and CYP1B1 mRNA has begrored in either human normal
mammary epithelial and breast cancer cells aftearft6 h incubation, respectively (Kemp et
al., 2006; Keshava et al., 2005a). Such data arsistent with the B[a]P-mediated time-
course induction of CYP1A1 and CYP1B1 reported ineteowever, the ligand
concentrations employed in those studies were rhigtter than ours (M vs 100 nM),
suggesting that the bovine mammary cells might beersensitive than their human
counterparts to CYP1 family enzyme up-regulatioaruB[a]P exposure.

Finally, upon the incubation with all the tested Riigands up to 72 h, all the examined
phase Il XMEs failed to exhibit the expected insea gene transcription levels (data not
shown), GSTAZ2 being even lowered by both DL-PCEBating from 24 h and lasting up to
48 h with PCB77 and 72 h with PCB126, respectiyElgure 6). Again, the most effective
ligand was PCB126, which modulated GSTA2 expresaimady at the concentration of 0.01
nM (data not shown), similarly to CYP1AL. In linaetlvour results, NQO1 and GSTA1
transcripts were not affected in mouse embryormstells treated with TCDD up to 100 nM
and 48 hr (Neri et al., 2008) or in mammary epitiaells from healthy human breast tissue
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incubated with 4 uM BJ[a]P for up to 24 h (Keshavale 2005b). In contrast, the
administration of TCDD led to a remarkable enharestnof NQO1, and NQO1 and GSTAL
liver gene expression in rats (Brauze et al., 2@0@) mice (Yeager et al., 2009), respectively.
In all cases, the CYP1A1 and/or CYP1B1 gene exmmessvere consistently increased by the
treatments. Therefore, it appears that the reguiatf certain enzymes belonging to the AHR
gene battery may be tissue specific. For instaihesinduction by AHR ligands of enzymes
involved in the antioxidant defense, including NQ@S5Ts and uridin-diphospho-
glucuronyltransferases, requires the transcrigaotor NF-E2-related factor 2 (Nrf2), which
recognizes the Antioxidant Response Elements (ARE)e promoter region of target genes
(Wang et al., 2013; Yeager et al., 2009). Sincé ggmes have been reported to be strongly
modulated following an experimental intramammargteaal infection in the bovine species
(Moyes et al., 2010), the lack of NQO1 and GSTAuicttbn recorded in our study would
point to a defective expression/functionality of thrf2 signaling pathway in the BME-UV
cell line, at least under the adopted culturingdibons. The observed DL-PCB-mediated
down-regulation of GSTAZ2 in the used cell line iicult to interpret. In this respect, it is
well acknowledged that the exposure to TCDD anérmfiL-compounds entails an increase
in cellular oxidative stress (Reichard et al., 200ich has been linked to a fall in the liver
activity of both GST accepting 1-chloro-2,4-dinliemzene as the substrate and glutathione
peroxidase in TCDD-treated mice (Shon et al., 20B@jther research is needed to confirm
our data and to unravel the molecular mechanisum@grlying the observed DL-PCB-
mediated down-regulation of GSTAZ2.

In conclusion, results from the present study ecamfhe constitutive expression of the
AHR-mediated gene machinery and its partial indilitfloy DL- and non DL-ligands in the
BME-UV cell line, which may therefore serve as altor assessing the contribution of the
bovine mammary gland to the overall biotransfororatf xeno- and endobiotics, particularly
of those being substrates of the CYP1 family andtleér XMEs belonging to the AHR gene
battery. It is worth noting that they comprise ooty widespread environmental food and
feed contaminants such as DL-compounds, PAHs, #attxns, but also steroid hormones
and drugs widely used in the bovine practice likazimidazole anthelmintics (Velik et al.,
2004), fluoroquinolones (Fu et al., 2011), andIgatermectins (Zeng et al., 1996). If
confirmed by furthem vivo studies, the remarkable concentration-relateceas® in the
expression of CYP1A1l and CYP1B1 brought about ngebgl DL-PCBs and B[a]P may be
therefore of concern not only in view of the likéhfluence on drug kinetics, but also due to
the potential for such CYPs to activate severabkestic and endogenous molecules to toxic
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or carcinogenic metabolites that could affect ahiamal human health (Williams and Phillips,
2000).
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Figurelegends

Fig. 1. Constitutive AHR-dependent pathway gene expredsils in BME-UV cells. Data
are expressed as relative mRNA levels compareddi®elF (mean = SEM of three

independent biological replicates). a.u. = arbytramits. n.d. = not detectable.

Fig. 2. Time-course profiles of AHRR gene induction in BNIB cells treated with 100 nM
of PCB126 or PCB77 (A), an&NAF or B[a]P (B). Data are expressed as fold cleang
compared to control samples treated with DMSO (ne8&M of three independent
biological replicates). * £ < 0.05 or less.

Fig. 3. Time-course profiles of CYP1Al and CYP1B1 gene @i in BME-UV cells
treated with 100 nM of PCB126 or PCB77 (A), éhNAF or B[a]P (B). Data are expressed
as fold change compared to control samples treathddMSO (mean + SEM of three
independent biological replicates). =< 0.05 or less.

Fig. 4. Effects of PCB126 or PCB77 (A), afeNAF or B[a]P (B) on CYP1A1 protein
expression in BME-UV cells. Western blot analysasvperformed on total extracts from
control (DMSO) and treated cells (100 nM) at diéierr time-points. Data are expressed as
relative density usinf-tubulin as a loading control (mean + SD). Theigekpresentative of

three independent biological replicates.

Fig. 5. Dose-response profiles of CYP1A1 and CYP1B1 gededtion in BME-UV cells
treated with increasing logarithmic concentratifnsm 107 to 10 nM) of PCB126 or
PCB77 (A), and-NAF or B[a]P (B). Fold change levels compareddatcol samples
(DMSO) are expressed as mean + SEM of three indigpemiological replicates. * B <

0.05 or less.

Fig. 6. Time-course profile of GSTA2 gene down-regulatioBME-UV cells treated with
100 nM of PCB126 or PCB77. Data are expressedldsifiange compared to control
samples treated with DMSO (mean + SEM of threepedéent biological replicates). *R

< 0.05 or less.
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Table
Primers for real-time PCR analysis

Gene Accession no. 5 3’ sequence Amplicon size

AHR XM_612996 F: GTGCAGAAAACTGTCAAGCC 203
R: GCAACATCAAAGAAGCTCTTG

AHRR NM_001077982 F: TGGAGTCTCTCCACGGCTTC 58
R: GCGTAGAAGATCATCCCTTCC

ARNT NM_173993 F: TTTCCTCACTGATCAGGAAC 183
R: TCCAGGATACGCCCTGTC

CYP1A1 XM_588298 F: CGAGAATGCCAATATCCAGC 173
R: TGCCAATCACTGTGTCCAG

CYP1A2 NM_001099364 F: CAGTAAGGAGATGCTCAGTC 201
R: CTGTTCTTGTCAAAGTCCTGG

CYP1B1 NM_001192294 F: CACCAGGTATTCGGAAGTGC 118
R: AAGAAAGGCCATGACGTAGG

NQO1 NM_001034535 F: CGGAATAAGAAGGCAGTGCT 130
R: AGCCACAGAAGTGCAGAGTG

GSTAlL NM_001078149 F: AGAGGGTGTGGCAGATTTGG 141
R: TGGCTCTTCAGCACATTTTCA

GSTA2 NM_177515 F: TTACCACTGTGCCCACCTGAT 112
R: CTTGTCCGTGATTCTTCAGCAC

GAPDH NM_001034034 F: GAGAAACCTGCCAAGTATGAT 125

R: GAGTGTCGCTGTTGAAGTCG
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