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Abstract

‘Dioxin-like’ (DL) compounds occur ubiquitously ithe environment. Toxic responses associated
with specific dibenzg-dioxins (PCDDs), dibenzofurans (PCDFs), and pdiythated biphenyls
(PCBs) include dermal toxicity, immunotoxicity, &k toxicity, carcinogenicity, as well as adverse
effects on reproduction, development, and endodtinetions. Most, if not all of these effects are
believed to be due to interaction of these compsuwvith the aryl hydrocarbon receptor (AhR).

With tetrachlorodibenz@-dioxin (TCDD) as representatively most potent camgy, a toxic
equivalency factor (TEF) concept was employed, lnmctv respective congeners were assigned to a
certain TEF-value reflecting the compound’s toyiclative to TCDD'’s.

The EU-project ‘'SYSTEQ’ aimed to develop, validaé@d implement human systemic TEFs as
indicators of toxicity for DL-congeners. Hence, identification of novel quantifiable biomarkers
of exposure was a major objective of the SYSTEQegto

In order to approach to this objective, a mouse l&vlggnome microarray analysis was applied
using a set of seven individual congeners, ternied ‘¢ore congeners’. These core congeners
(TCDD, 1-PeCDD, 4-PeCDF, PCB 126, PCB 118, PCB Hs®l the non dioxin-like PCB 153),
which contribute to approximately 90% of TEQs ie thuman food chain, were further tested
vivo as well asin vitro. The mouse whole genome microarray revealed aecosd list of

differentially regulated genes and pathways astetwmith ‘dioxin-like’ effects.

A definite data-set ofn vitro studies was supposed to function as a fundamena forobable
establishment of novel TEFs. Thus, CYP1A inductimeasured by EROD activity, which
represents a sensitive and yet best known markeditxin-like effects, was used to estimate
potency and efficacy of selected congeners. Fa shidy, primary rat hepatocytes and the rat
hepatoma cell line H4llE were used as well as thiee congeners and an additional group of
compounds of comparable relevance for the environnig6-HxCDD, 1,4,6-HpCDD, TCDF, 1,4-
HxCDF, 1,4,6-HpCDF, PCB 77, and PCB 105.

Besides, a human whole genome microarray experimvastapplied in order to gain knowledge
with respect to TCDD’s impact towards cells of themune system. Hence, human primary blood
mononuclear cells (PBMCs) were isolated from indliNdls and exposed to TCDD or to TCDD in
combination with a stimulus (lipopolysaccharide )P or phytohemagglutinin (PHA)). A few
members of the AhR-gene batterie were found todggilated, and minor data with respect to
potential TCDD-mediated immunomodulatory effectsevgiven. Still, obtained data in this regard
was limited due to great inter-individual differexsc
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Theoretical Background

1.1. Aryl hydrocarbon Receptor (AhR)

Induction of drug-metabolizing enzymes due to pptjic aromatic hydrocarbon (PAH)-exposure
has been reviewed earlily in literature (Nebert &@wboin, 1968a; Nebert and Gelboin, 1968b;
Nebertet al, 1977; Neberet al, 1975). Verified by specific binding ofH]TCDD to hepatic
cytosol from C57BL/6J mice, Polandt al. (1976) ascertained that aromatic hydrocarbon
responsiveness was determined by a single locasiding evidence for the presence of a ligand-
dependent receptor, and proposing the requirememt eceptor-ligand-complex initiating the
expression of respective genes (Polandl, 1976). Within this study, the authors found aeral
correspondence between potencies of 23 testeddradted dibenzp-dioxins and dibenzofurans to
induce aryl hydrocarbon hydroxylase (AHH) vivo and their affinities for the proposed receptor

which became known as aryl hydrocarbon receptoR(}Ah

1.1.1. AhR-ligands

Halogenated aromatic hydrocarbons (HAHSs) like palggenated dibenzp-dioxins (PCDDSs),
dibenzofurans (PCDFs), and biphenyls (PCBs), ad @&l polycyclic aromatic hydrocarbons
(PAHs) such as diberghlanthracene, benzalpyrene, 3-methylcholanthrene, or chrysene,
accomplish high affinity for AhR (Bandiest al, 1982; Bandierat al, 1984; Bigelow and Nebert,
1982; Okey and Vella, 1982; Sawyet al, 1983). Further synthetic AhR-ligands afe
naphthoflavone, or carbaryl, for instance (Denisbml, 1998; Sugihar@t al, 2008). Exemplary
chemicals exhibiting lower AhR-affinity ar®l,N'-Diphenyl-p-phenylendiamine, 2-Mercapto-5-
methoxybenzimidazole, or primaquine (Backlund angelman-Sundberg, 2004; Sugihataal,
2008). To date, several naturally occurring andhexedogenous AhR-ligands are known. Among
these are indoles (indole-3-carbinol, tryptophag,)earachidonic acid metabolites (prostaglandin
G2, e.g.), and tetrapyrroles (bilirubin, biliverili(Bjeldaneset al, 1991; Heath-Pagliuset al,
1998; Phelaret al, 1998; Seidekt al, 2001). Notably, yet found natural ligands beanparable
low affinities for the AhR, whereas some metabelitef weak agonists (indole-3-carbinol,
tryptophan) were found to yield higher affinitiexemplifying indolo[3,2b]carbazole (ICZ) with a
relative binding affinity of 3.7*18 compared to TCDD’s relative binding affinity fdre receptor,

which was detemined in the course of Bjeldanesa@mdiorkers’ study using AhR prepared from
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mouse livers (Bjeldane®t al, 1991; Perdew and Babbs, 1991). Recently, thetdpj@an
metabolites kynurenine and kynurenic acid were al$ ientified to be endogenous AhR-ligands
(DiNataleet al, 2010; Opitzet al, 2011). However, for several weak ligands, whiarevreported
to induce AhR-dependent gene expression, varyisglteewere determined regarding their ability
to competitively bind the AhR. Omeprazole, e.gr, wehich Backlund and Ingelman-Sundberg
(2004) failed to determine its potential AhR-bingliaffinity, did competitively bind the receptor in
a study by Hwet al. (2007).

Quantitative structure-activity relationship (QSARJnalyses propose steric and lipophilic
properties, as well as chemical softness, electiroy index, hydrogen bonding capacity, and
dispersion and electrostatic interaction are ctymiaperties attributing AhR-binding affinities of
chemicals (Arulmozhiraja and Morita, 2004; Kafafial, 1992a/b; Poset al, 1993; Safeet al,
1986; Waller and McKinney, 1992; Zhat al, 2008b). Chlorination patterns of HAHs affect thei
ability to interact with the receptor. Laterallylchnated molecules possess highest polarizalslitie
along the lateral direction and exhibit maximum AbiRding properties (Kafatt al, 1993; Mhin

et al, 2002). By comparative molecular field analysisofFA), a threedimensional QSAR
paradigm, Waller and McKinney determined the AhRdiig site size (maximal van der Waal's
dimensions) to measure 14 A x 12 A x 5 A (Walled cKinney, 1995).

1.1.2. Transcriptional activation by the AhR

In the organism, the AhR is expressed in many typesells and tissues with considerable
expression levels found in liver, lung, and thyniDe Montellanoet al, 2005). AhR function is
proposed to be connected to toxicological as weplaysiological functions. In this regard, the AhR
is involved in hepatic growth and development, tteyanesis, immune function, cell proliferation
and differentiation, nephrogenesis, apoptosis, agipesis, tumor promotion, and reproductive
function (Alexanderet al, 1996; Chopraet al, 2009; Chopraet al, 2010a; Falahatpishedt al,
2011; Fernandez-Salguest al, 1995; Herndndez-Ochaat al, 2009; Ma and Whitlock, 1996;
Mimuraet al, 1997; Moennikest al, 2004; Puga&t al, 2009; Schmidet al, 1996).

The mechanism for transcriptional activation by AR is demonstrated schematically in figure 1.
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Figure 1: Transcriptional activation by the AhR, schematically demonstrated (according to Denisost al., 2011,
Kawajiri and Fuijii-Kuriyama, 2007).

The AhR is a ligand-activated basic-loop-helix (HjLPeriodic (PER)-aryl hydrocarbon receptor
nuclear translocator (ARNT)-single minded (SIM) @Atranscription factor. In a latent state, the
AhR is associated with a 90-kDa heat shock protei&P90) dimer, the AhR interacting protein
(AIP; also: immunophilin-like hepatitis B virus Xsociated protein 2 (XAP2), or Ah receptor-
associated protein (ARA9)), and the co-chaperorespioprotein p23 in cytoplasm (Carver and
Bradfield, 1997; Carveet al, 1998; Kazlauskast al, 1999; Ma and Whitlock, 1997; Meyet al,
1998; Nairet al, 1996; Perdew, 1988). The potentially inducing poond diffuses across the
plasma membrane and ligates the AhR. Upon ligandibg, the AhR is presumed to undergo a
conformational change, which exposes its N-termmatlear localization sequence (NLS) and
leads to translocation of the complex into the ausl(lkutaet al, 1998; Ikutaet al, 2000). In the
nucleus, chaperone proteins are displaced by ARINd,the resulting ligand-AhR/ARNT-complex
is generated. Following recruitment of coactivattike steroid receptor coactivator 1 (SCR-1),
nuclear coactivator 2, SRC-2 (NcoA2), p300/CBP tagrator protein, SRC-3 (p/CIP), and
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receptor-interacting protein 140 (RIP 140), engesdthe transcriptional activator complex
(reviewed in Hankinson, 2005). The AhR/ARNT-complsgecifically recognizes nucleotide
sequences referred to as xenobiotic-responsiveesisn{XRES; also: dioxin-responsive elements
(DRES)), which contain the core sequenceflHGCGTG-3’ (Bacsiet al, 1995; Denisoret al,
1988; Shen and Whitlock, 1992). The transcriptioaelivator complex binds to and activates
transcription from XRE-containing promoters, foriaeththe gene encoding cytochrome P450 1A1
(CYP1AL1) represents one of the best characteriZrpression ofCYP1Alis regulated through at
least three kinds of regulatory DNA elements: th&TA box sequence, XREs, and the basic
transcription element (BTE), a GC box sequence témtan the gene’s proximal promoter
(Kobayashiet al, 1996; Yanagidat al, 1990; AhR activation reviewed in Denisenhal, 2002;
Denisonet al, 2011; Fujii-Kuriyama and Kawajiri, 2010; Hankimsd 995).

Upon AhR-activation, a further bHLH-PAS proteinrtesd AhR repressor (AhRR) represses AhR'’s
transcription activity by competing with AhR forteeodimer formation with ARNT and preventing
the AhR/ARNT-complex from binding XREs. EnhancedMBDylation of both ARNT and AhRR,
as well as recruitment of the corepressor Ankyejmeat family A protein 2 (ANKRAZ2), and histone
deacetylases (HDACs) HDAC4, and/or HDACS resultformation of the transcriptional repressor
complex. Since AhRR’s expression is induced by AddRvation through binding to the XRE
upstream of theAhRR gene, AhR function is regulated by feedback intubi Secondly, AhR
signaling can be down-regulated by proteasomaladizgion in cytoplasm (Babet al, 2001; Ma
and Baldwin, 2000; Mimurat al, 1999; Oshimat al, 2007; Oshimat al, 2009).

Of peculiar interest is AhR’s function in organismsabsence of exogen ligands, and quite a few
endogen AhR-agonists were figured out, as quotesiealAn approach within this scientific section
using AhR™-mice indicated various implications of the AhR. these animals, a range of
physiological defects was displayed, including fogrowth rates associated with decreased body
weight, reduced liver size, immune system impaityig@ appearance of a patent ductus venosus —
a portocaval vascular shunt, which postnatallyedoduring the first 48 h in wild-type mice, portal
tract fibrosis, and reduced fertility (Babtal, 2005; Fernandez-Salguezbal, 1995; Lahvist al,
2000; Lahviset al, 2005; Schmidet al, 1996).

The understanding of endogenous AhR-ligands togetivéh obvious and considerable
physiological alterations in AhRmice substantially support relevance of reseanchrae and

impact of AhR-regulation with respect to physiolagifunction(s).
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1.1.3. Cytochrome P450 Isoenzymes

Among yet predicted AhR-target gene products, sash UDP-glucuronosyltransferase l1a6
(UGT1A6), GlutathionStransferase (GST) Ya subunit, or NAD(P)H (quinodehydrogenase 1
(NQO1), CYP1A-isoenzymes were excessively studie/feau and Pickett, 1991; Jaiswal, 1991;
Owens, 1977; Rushmore and Pickett, 1990).

Cytochromes P450 (CYPs) constitute a superfamilyhefe enzymes. CYP enzymes, which
possess at least 40% homology in their amino amdence, are classified in different families and
are designated by Arabic numerals (CYP1, e.g.).filtber division into subfamilies is delineated
by > 55% sequence homology in mammalians and is derwmtedapital letters (CYP1A, e.Q).
Within subfamilies, proteins exhibiting more thafb 3ivergence are assigned individual CYP
members (CYP1Al, e.g), unless (i) functional dgfeces have been ascertained, or (ii)
nontranslated regions are clearly divergent, irndigadistinct genes (Nelsoet al, 1993; Rendic
and Di Carlo, 1997).

The CYP family of isoenzymes represents an impbrtéass of phase | xenobiotic-metabolizing
enzymes (‘monooxygenases’), which catalyze theodhiction of functional groups to lipophilic
compounds. In CYPs, the prosthetic group is cartstit of an iron(lll) protoporphyrin-IX
covalently coupled to the protein by the sulfurnatof a proximal cysteine ligand. Characteristic
reactions catalyzed by CYPs are hydroxylationsadfirsted carbon-hydrogen bonds, epoxidations
of CC-double bonds, oxidations of heteroatoms, @ndations of aromatics. The appropriate CYP
enzyme uses molecular oxygen, inserts one oxygen gito the substrate, and reduces the second
oxygen to water, applying two electrons, which pirevided by nicotinamide adenine dinucleotide
(phosphate) (NAD(P)H) via cytochrome P450 reductdsunieret al, 2004).

Transcripts of relevant AhR-responsive genes agethinee members of the CYP1 gene family:
CYP1Al, CYP1A2, and CYP1B1 (Nebeaat al, 2000; Tsuchiyat al, 2003; Zhanget al,, 1998).
CYP1AL1l is expressed in many mammalian tissues divadulung, liver, brain gastrointestinal tract
(GIT), lymphocytes, and heart, whereas CYP1A2 isniya hepatic enzyme. CYP1B1 was found
in skin, brain, heart, lung, placenta, liver, kign&IT, and spleen (reviewed in Anzenbacher and

Anzenbacherova, 2001).

For CYP1A2 as well as for CYP1B1, AhR-independeethanisms for transcriptional regulation
were established. It was discussed that CYP1A2 imagh well be regulated by constitutive
androstane receptor (CAR), whereas CYP1B1 was detmaded to be regulated via estrogen
receptor (Leet al, 2007; Tsuchiyat al, 2004).
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So far, it is not proven, if CYP1Al-expression iglesively regulated by the AhR. Séréeal.
(2004) reported evidence for a regulation pathwayolving peroxisome proliferator-activated
receptoro. (PPARy), and two peroxisome proliferators response eleésn@PPRES) in am vitro-
model (Séréeet al, 2004). However, the AhR was neither antagonized was its response
silenced in the course of this study. Thereforel @nparticular due to findings from Wareg al.
(2011), who postulated an AhR-mediated routeHparaexpression, a general AhR-involvement
regarding CYP1Al-induction cannot be excluded (Weinai, 2011).

CYP-isoenzyme members of the subfamilies CYP2B @wi3A, which are inducible by non
dioxin-like (NDL-)PCBs, are regulated by CAR, andfwegnane X receptor (PXR), both of which
are discussed to be involved in diverging contrdut(Gahrset al, 2013; Timsit and Negeshi,
2007; Weiet al, 2002; Xieet al, 2000).

1.2. Polychlorinated dibenzop-dioxins, dibenzofurans, and biphenyls

Polychlorinated dibenzp-dioxins (PCDDs) and polychlorinated dibenzofurafi®CDFs) are
lipophilic, highly persistent compounds, which amadvertently formed by-products in thermal
processes such as waste incineration, residewtiabgstion, metallurgical processes, and upon the
chlorine bleaching of paper pulp (Swanstral, 1988; UNECE, 2010). Furthermore relevant is the
formation of PCDDs and PCDFs (figure 2) during theoduction of chlorophenols and
chlorophenoxy herbicides (Fuhrmann, 2006; Hombeggatf, 1979; Suskind, 1985).

Seven of 75 (PCDDs), and ten of 135 (PCDFs) congeme classified as dioxin-like (DL) due to
their chlorine substitution pattern and associa#B&-mediated activities, which demand chlorine
atoms at (lateral) positions 2,3,7, and 8 in respeenolecules (Bandierat al, 1984; Harriset al,
1990; van den Beregt al, 1994).

CI: 8 : O : 2 :CI

Cl= 7 (@) 3 Cl
Figure 2: Chemical structures of PCDDs (TCDD, left) and PCDFs (TCDF, right), chlorinated at positions
2,3,7, and 8.
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A further class of compounds is considered in teoh®DL-mode of action. Of 209 possible
polychlorinated biphenyl (PCB)-congeners (figure t8)elve appeared to reveal binding affinities
towards the AhR and thus were termed ‘dioxin-likBL) PCBs. Of them, four are nartho-
chlorinated, and eight are moonatho-substituted PCBs, with 3,3',4,4',.5-pentaCB (PCB6)12
correspondent to a WHO-TEF of 0.1, being the masémqt congener (Bandiest al, 1982; van
den Berget al, 2006).

Figure 3: Chemical structures of a nonertho (PCB 126, left), and a monartho substituted PCB (PCB 118, right)

In non-ortho-substituted PCB-congeners, the two phenyl ringsadne to rotate more easily about
the shared bond, leading to a higher probabilityetch a planar conformation, which further yields
in higher binding affinities towards the AhR (rewied in De Vooget al, 1990). In accordance, the
remaining congeners, which do not share DL-mechanithrough binding to the AhR, are termed
‘non dioxin-like’ (NDL)-PCBs, and are known to ekéeir biochemical and toxicological effects
via other cellular factors, namely constitutive arstane receptor (CAR), and/or pregnane X
receptor (PXR) (Al-Salman and Plant, 2012). Foustdal purposes, complex mixtures of PCBs
formerly were produced to be used as dielectrialaigg fluids for transformators or capacitors.
Beyond, PCBs were applied in paints, plastics, amdraulic fluids, and were produced in
dimensions of thounds of tons, e.g. under the treat®e Aroclof (Monsanto Corporation, St.
Louis, Missouri, USA) (Breivilet al, 2002; IARC, 2012; Safe, 1994).
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1.2.1. Risk estimation and the toxic equivalency féar (TEF)-concept

Although the international community has called fmtions to reduce the emission of DL-
chemicals employing two legally binding instrumentemely ‘The Protocol on the regional
UNECE Convention on Long-Range Transboundary Aitu#on (CLRTAP) on persitent organic
pollutants (POPs) (The 1998 Aarhus protocol on BOR&d ‘The Stockholm convention on
POPs’, their occurrence in the environment is sfitoncern since these chemicals represent a class
of higly persistent chemicals and remain in theiramment for a long time (Denier van der Gein
al., 2007; Karlaganist al, 2001; UNECE, 2010; UNEP, 1013).

In 1997, the International Agency for Research @mcer (IARC) classified TCDD as a group 1
human carcinogen (IARC, 1997). By this time, themas only limited evidence for its
carcinogenicity towards humans, which was reinfdricethe course of IARC’s reevalution in 2012.
The most important studies for the evaluation oDDCs carcinogenicity in 1997 were four cohort
studies, one each in the United States (Fingeshwat, 1991), the Netherlands (Hooived al,
1996), and two in Germany (Bechetrral, 1996; Ott and Zober, 1996), and further one cobbr
residents living in the in 1976 contaminated areanfSeveso, Italy (Bertazet al, 1993; Bertazzi
et al, 1996). Contribution of novel epidemiological datégarding these cohort studies (Bertatzi
al., 2001; Boer=t al, 2010; Pesatort al, 2009; Steenlanet al, 1999; Steenlanet al, 2001), the
IARC again proposed sufficient evidence for thecwargenicity of TCDD towards humans (group
1) in 2012 (IARC, 2012). Strongest evidence in teigard was for all cancers combined. A positive
correlation was as well observed between TCDD-ax@oand soft-tissue sarcoma, non-Hodgkin
lymphoma, and lung cancer (IARC, 2012). Accordiongtiie IARC Working Group, TCDD was
supposed to be a human carcinogen with tumor-priaggiroperties which operates through
modifications of cell replication and apoptosiss@sating secondary mechanisms involving

increased oxidative stress and accompanied DNA garfiARC, 2012).

Along with respective IARC reevaluation in 2012P4CDF, and PCB 126 were as well categorized
as group 1 human carcinogens. This classificatias bbased upon evidence of carcinogenicity in
laboratory animals as well as upon exhibiting agtiidentical to TCDD for each step of TCDD’s
proposed mechanism for carcinogenesis includindibgnto the AhR, changes of protein-activity,
cellular replication, and oxidant/antioxidant imdnate (IARC, 2012).

According to the IARC evaluation in 1997, PCDDs &1dDFs except for TCDD and 4-PeCDF
were not classifiable as to their carcinogenioityhtimans (Group 3; IARC, 1997). Referred to the
currently valid evaluation from 1987 (IARC 1987)CPBs except for PCB 126 were classified as
probably carcinogenic agents to humans (Group 3Agygested evidence for increased hepatobiliar
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cancer risk associated with PCB-exposure was ceresidto be limited due to insufficient data
including lack of dose-response relationship evsdna, and the enabled exclusion of other
compounds’ potential roles (IARC, 1987; Robertso &uder, 2009). In IARC’s Monograph
Volume 107, which currently is in preparation, PGBe supposed to be upgraded to Group 1 based
on strong supporting evidence from other relevata dlIARC-List of classifications 2014; Lauby-
Secretaret al, 2013).

Based on lowest observed adverse effect levels @A for the most sensitive responses in
animal studies, namely hormonal, reproductive, @evklopmental effects, which were associated
with budy burdens from which a range of estimatetjtterm human intakes of 14-37 pg TCDD/kg
bw/day was calculated, a tolerable daily intake IjTiange of 1-4 pg TEQs/kg bw was established.
For TCDD, a half-life of 7.5 yrs was assumed (Vaeuwenet al, 2000; WHO, 2000). In 2001,
the Scientific Committee on Food (SCF) revised ghevious established temporary tolerable
weekly intake (t-TWI) from 2000 of 7 pg TEQ/kg bwdek (SCF, 2000), and decided on a TWI of
14 pg TEQ/kg bw/week (SCF, 2001). A further prowsil tolerable monthly intake (PTMI) of 70
pg TEQ/kg bw/month was established by the Joint RXBO Expert Committee on Food
Additives (JECFA) in 2001 (JECFA, 2001).

During a World Health Organization (WHO)-Internait&d Programme on Chemical Safety expert
meeting in 2005, the toxic equivalency factors ($Efor DL-compounds, which were valid since
1998, were reevaluated (Van den Bet@l, 2006). For inclusion of a certain compound in Tl
concept, a compound had to (a) show a structulatioaship to the PCDDs and PCDFs, (b) bind to
the AhR, (c) elicit AhR-mediated biochemical anditoresponses, and to (d) be persistent and
accumulate in the food chain (Ahlboegal, 1994; Van den Bergt al, 1998; Van den Bergt al,
2006). In the TEF concept, relative effect potendi@REPS) determined for individual congeners
regarding their biological or toxic effect(s) rédat to a reference compound, usually TCDD, were
used. Due to their combination of both toxicokinesind toxicodynamic aspecis, vivo studies
were attributed to the highest priority and ardemably used for setting TEFs. In accordance with a
generally accepted additivity in mixtures, the tatxic equivalent (TEQ) was defined by the sum
of the products of the concentration of each comgamultiplied by its TEF value and represents
an estimate of total ‘TCDD-like’ activity of a mixte. In table 1 (following page), WHO-TEFs
from 1998 are compared to those from 2005 (VanBenget al, 1998; Van den Bergt al, 2006).
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Table 1: Dioxin-like PCDDs, PCDFs and PCBs compiledith their corresponding WHO-TEFs (1998; 2005).
WHO-TEF (1998)

WHO-TEF (2005)
Van den Berget al, 1998 Van den Berget al, 2006

Chlorinated Dibenz@-dioxins
TCDD 1 1
1-PeCDD 1 1
1,4-HxCDD 0.1 0.1
1,6-HxCDD 0.1 0.1
1,9-HxCDD 0.1 0.1
1,4,6-HpCDD 0.01 0.01
OCDD 0.0001 0.0004
Chlorinated Dibenzofurans
TCDF 0.1 0.1
1-PeCDF 0.05 0.03
4-PeCDF 0.5 0.3
1,4-HxCDF 0.1 0.1
1,6-HxXCDF 0.1 0.1
1,9-HxCDF 0.1 0.1
4,6-HxCDF 0.1 0.1
1,4,6-HpCDF 0.01 0.01
1,4,9-HpCDF 0.01 0.01
OCDF 0.0001 0.0004
Non-ortho-substituted PCBs
PCB 77 (3,3',4,4'-tetraCB) 0.0001 0.00¢1
PCB 81 (3,4,4',5-tetraCB) 0.0001 0.00p3
PCB 126 (3,3',4,4’,5-pentaCB) 0.1 0j1
PCB 169 (3,3,4,4',5,5'-hexaCB) 0.01 0.93
Mono-ortho-substituted PCBs
PCB 105 (2,3,3,4,4'-pentaCB) 0.0001 0.00003
PCB 114 (2,3,4,4',5-pentaCB) 0.0005 0.00403
PCB 118 (2,3',4,4’,5-pentaCB) 0.0001 0.00003
PCB 123 (2',3,4,4’,5-pentaCB) 0.0001 0.00003
PCB 156 (2,3,3',4,4',5-hexaCB) 0.0005 0.00403
PCB 157 (2,3,3',4,4",5'-hexaCB) 0.0005 0.000p3
PCB 167 (2,3',4,4',5,5'-hexaCB) 0.00001 0.00003
PCB 189 (2,3,3',4,4',5,5'-heptaCB) 0.0001 0.00do3
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1.2.2. Intake and absorption of dioxin-like compouds

Due to their high lipophilicity and low biodegradat rate, PCDDs, PCDFs, and PCBs ubiquitously
occur in soil, sediments, and air. Besides occapatior accidental exposures, food represents the
major source for DL-compounds towards humans. Axprately 90% of daily intake is derived
from the diet, with foods of animal origin and fiskeing the predominat sources. The remaining

dose for instance originates from inhalation, antE contact rates (Liemt al, 2000).

Dietary intake (lower bound estimates) ranges fbBY pg TEQ/kg bw/day (France; Sireit al,
2012), over 0.7 pg TEQ/kg bw/day (Sweden; Tornkeisal, 2011), and 0.8 pg TEQ/kg bw/day
(The Netherlands; De Mudt al, 2008) to 1.8 pg TEQ/kg bw/day (Belgium; Winaslal, 2010,
and Germany; BFR, 2010), and 2.86 pg TEQ/kg bw{&pain; Marinet al, 2011) for adults. As
for the last-mentioned, some parts of the poputasidll exceed the TWI and/or PTMI; e.g. higher
consumers (69.4-73.6 pg TEQ/ kg bw/month in Chidhafget al, 2013); 22.04 pg TEQ/kg
bw/week in Germany (BFR, 2010)), or concerning uppeund estimates (15.96 pg TEQ/kg
bw/week in ltaly (Fattoreet al, 2006); 16.89 pg TEQ/kg bw/week in Germany (BFR1®).
Anyhow, TEQ-exposure by dietary intake decreasest tlve past years of inquiries, whereby, in
accordance with the prohibition of PCB-producti@n)arger decrease regarding DL-PCBs was
reported compared to PCDD/PCDF-reductions (Bated, 2004; De Mulet al, 2008; Sirotet al,
2012; Tardet al, 2007). DL-PCB-contribution to TEQ-exposure by daatake amounts to about
50-80% of TEQ-exposure (BFR 2010; De Mulal, 2008; Sirokt al, 2012; Windakt al, 2010).

Rates of absorption in organisms, as well as tisksteibution and elimination of DL-compounds
are mostly controlled by their lipophilicity. Predating limiting factors for the absorption from
the GIT appear to be solubility and molecular djYean den Berget al, 1994). Accordingly,
congeners containing 4, 5, or 6 chlorine-substituare reportedly well absorbed, whereas hepta-or
octa-chlorinated compounds tend to be absorbeddssar extent (Abrahaet al, 1994; Abraham

et al, 1996; Moser and McLachlan, 2001).

Uptake, which is proposed to occur primarily throygassive diffusion in the GIT, is dependent on
both the administered matrix and the respectivepmamd concentration(s) (Budinsky al, 2008;
Kitamuraet al, 2005; Schlummeet al, 1998). Furthermore, absorption rates are assumée
dependent on present blood level(s) and budy bufldarradet al, 2003; Moser and McLachlan,
2001; Schlummeet al, 1998). Information regarding DL-compounds andoasged absorption,
distribution, metabolism, and excretion (ADME) imrhans is limited. In the course of a self-
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experiment, Poiger and Schlatter (1986) reportedroabsorption of more than 87% after ingestion
of a single dose (1.14 ng/kg bw) GHJTCDD administered in corn oil. Moser and McLaahla
(2001) reported on a net absorption of around 8®%,3,7,8-tetra-, penta-, and hexachlorinated
PCDDs and PCDFs, as well as PCBs including PCR.G%, 118, and 126, and the NDL-PCB 153,
e.g., in five male volunteers who ingested toxiaieglents of less than 2% of their body burden by
consumption of naturally contaminated eggs. Nebgdi®n rates decreased in line with increasing
number of chlorine-substituents accounting for ~7@¥arding heptachlorinated PCDDs/PCDFs,
and for ~50% relating octachlorinated congenerspeetively (Moser and McLachlan, 2001).
Further data declared particularly high excretiewels — most notably regarding higher chlorinated
compounds — partially exceeding uptake levels, whweere correlated with elevated blood
concentrations, and therefore indicated the pdagibof facilitated TEQ-elimination due to
diminished TEQ-intake (Rohdet al, 1999; Schlummeet al, 1998; Schreyet al, 1998). The
authors concluded strong evidence that contamicantentrations in blood lipids are the major

factor of influence determining absorption (Schluenet al, 1998).

1.2.3. Tissue-distribution of dioxin-like compounds

Liver and adipose tissue constitute the major catnmpents for the disposition of PCDDs, PCDFs,
and PCBs (Carrieet al, 1995a+b; Gasiewicet al, 1983; Piperet al, 1973; Van Edeet al,
2013a). Thereby, hepatic sequestration of DL-coagemnvas reported to be distinct in rodent
experimental animals (DeVitet al, 1998; Hakket al, 2009; Van Edeet al, 2013b). Tissue
distribution was observed to appear in a dose-dep@gnmanner in both mouse (Dilbero al,
2001) and rat (Abraharat al, 1988), whereas at lower doses distribution tp@sk tissue was
greater than to liver, shifting to a greater disition of congeners to liver compared to adipose
tissue for higher doses.

Within the framework of SYSTEQ-project, three datadies with female Sprague Dawley and
female C57BL/6 mice were performed (Van Edé al, 2013b). Dose-dependent hepatic
sequestration of TCDD, 1-PeCDD, 4-PeCDF, or PCB %#% observed subsequent to oral
administration of single doses for both speciese Tiwvestigations with rats revealed highest
liver/adipose concentration ratios between 4.7 a8dor 4-PeCDF within the range of applied
doses of 5 to 1000 pg/kg bw. No significant hepagquestration was observed for mamtho
PCBs 118 or 156, or NDL-PCB 153 at doses rangiognfb to 500 mg/kg bw (Van Ed# al,
2013b). Chenet al. (2001) observed comparable findings. The authalditianally did not
determine hepatic sequestration for mutho substituted PCB 77, and TCDF, which were orally

administered as components of a mixture contaiséwgn further DL-compounds, in female Long-
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Evans rats in single doses of 0.67-13.3 pg/kg b@B(F7), and 6.10-128 ng/kg bw (TCDF), as
parts of total doses of 0.05-1.0 pg TEQ/kg bw (Céieal, 2001).

Following subchronic treatment (five days/week 1& weeks), dose-dependent increases in the
liver/fat concentration ratios were found for sedbL-compounds including TCDD, 4-PeCDF,
TCDF, OCDF, and PCB 126 in female B6C3F1 mice (De¥t al, 1998). Excepting PCB 126, no
hepatic sequestration was obtained for further B® (monoertho substituted PCBs 105, 118,
and 156) investigated in the course of this stilifile noneortho PCB 169 as well retained in
adipose tissue to a greater extent than in anirheds’s, the liver/fat concentration ratios in cast

appeared to increase with doses of up to 3.9 mgddday (DeVitoet al, 1998).

Regarding humans, the issue of potential hepatjaestration of DL-compounds is yet not fully
understood due to limited data. The topic was riégeaviewed by van Ede and co-workers (Van
Edeet al, 2013b). On grounds of evaluated liver/adiposeceatration ratios of DL-compounds
based on autopsy samples from the general populéiide et al, 1999; Schecteet al, 1991,
Thomaet al, 1990; Watanabet al, 2013; Weistrand and Norén, 1998), the authorsladed little

or no hepatic sequestration in humans at enviroteherposure levels (Van Ee¢ al, 2013b).

As indicated by means of animal experiments incigdstudies on CYP1A2 k/o-mice, hepatic
sequestration is believed to mainly be attributdbl€YP1A2 and binding affinities of respective
compound to this inducible hepatic protein (De\&tcal, 1998; Dilbertoet al, 1997; Hakket al,
2009; Santostefanet al, 1996). In consistence, higher CYP1A2-inductiorirgato impact by high
affinity congeners results in greater extent ofdtepsequestration of respective chemical (Céten
al., 2001; Dilbertoet al, 1999). Both dose-dependency and interspeciesrdiftes referred to
hepatic sequestration might as well - at leastartsp- be attributable to higher senstitivity and
inducibility of CYP1A2 in rodent hepatocytes comgirto human cells (Budinskgt al, 2010;
Schrenket al, 1995; Silkworthet al, 2005; Xuet al, 2000; Zeigeret al, 2001). In consequence,
further need for clarification exists regarding degof availability of chemicals linked to hepatic
CYP1A2 for AhR-interaction and resulting extentbadlogical and toxic responses (Dilbegbal,
1999; Van Edeet al, 2013b). Subsequent to hepatic retention of rdBgeccongeners,
redistribution into adipose tissue with time waspgwsed to impact the accessibility for metabolic
degradation and elimination, which was discusseatercontext of observations regarding CYP1A2
and its role as inducible binding protein (Dilbeetcal, 1995; Wanget al, 1997).
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1.2.4. Metabolism, elimination and half-lives of dxin-like compounds

Fecal excretion represents major elimination payhfea DL-compounds in mammals (Gasiewicz
et al, 1983; Lutzet al, 1984; Pipeet al, 1973; Poiger and Schlatter, 1986; Rolketal, 1999).
Interestingly, cutaneous elimination is as wellorpd (Geusaet al, 2001). Data on two severely
intoxicated women (initial TCDD-concentrations @f41000 pg/g blood fat, and 26,000 pg/g blood
fat, respectively) from unknown source excreted?d-& the overall daily TCDD elimination rate
via skin (Geusaet al, 2001).

Apparent half-lives vary from few weeks for rodents to several years in humans (Gasievetz
al., 1983; Pipeet al, 1973; Poiger and Schlatter, 1986). As mentiorsal/@, for estimation of a
TDI range of 1-4 pg TEQs/kg bw, a half-life of A& for TCDD was assumed (Van Leeuwan
al., 2000; WHO, 2000). As a matter of fact, experirabdtata actually indicated a dose-dependency
for TCDD’s half-life in organisms (Aylwarcekt al, 2005; Emondet al, 2006). By means of a
concentration-dependent toxicokinetic model, Aylavat al. (2005) proposed half-lives for TCDD
ranging from less than three years at serum lipigls above 10,000 ppt to more than ten years at
serum lipid levels below 50 ppt (Aylwaret al, 2005). Calculations on elimination kinetics for
PCBs in humans were accomplished by Ogura in 20@4 caitlined by Milbrathet al. (2009).
Estimated half-lives ranged from 0.1 year for PCB @ver 2.7 yrs for PCB 126, to 5.35 yrs for
PCB 156, and 10.4 yrs for PCB 169 (Milbrathal, 2009; Ogura, 2004).

Although there is general consensus that metab@gpears to be limited as well as slow, several
worthwile findings have been reported regardingaielic modifications of DL-compounds.

As part of the self-experiment reported by Poiget Schlatter, half-life for’H]TCDD accounted
for 5.8 yrs after administration of a dose of 1lrtfkg bw (Poiger and Schlatter, 1986). Exhibiting
levels of 108,000 pg TCDD/g lipid weight in bloo@&rsm about four months subsequent to
poisoning in Victor Yushchenko, a half-life of 15%bnths was calculated following three years of
monitoring of the patient’'s TCDD levels in bloods® and subcutaneous fat (Sertgal, 2009). In
the course of this study, the authors analyzed kmrfpom blood serum, adipose tissue, faeces,
skin, urine, and sweat using gas chromatography hagh-resolution mass spectrometry, and
detected two metabolites - 2,3,7-trichloro-8-hydgikenzop-dioxin (OH-TrCDD), and 1,3,7,8-
tetrachloro-2-hydroxydibenzp-dioxin (OH-TCDD) - in faeces, blood serum, andneti with
faeces being the main route of elimination. Thestabolites accounted for 38% of total TCDD
eliminated. Furthermore, the authors confirmed joey findings with regards to correlative serum
lipid-, and adipose tissue-concentrations of TCDBn equibrilium between these two
compartments was already declared in 1988 alond witstudy by Pattersoat al. with 50

16



Theoretical Background

participants from Missouri (Pattersen al, 1988). Upon aforementioned self-experiment regubrt
by Poiger and Schlatter (1986), a minimum, althonghfarther specified, metabolism of 50% of
radiolabeled TCDD was observed (Wendletgl, 1990).

As investigated by means of animal studies, metaltchnsformation of PCDDs and PCDFs
includes oxidation and hydrolytic or reductive decimation (Poigeret al, 1982; Poigeret al,
1989). In the bile of a dog, who converts the cloainat a higher rate compared to rats, six
metabolites were found after administration ofthdédose of JH]TCDD with 1,3,7,8-tetrachloro-
2-hydroxydibenzg-dioxin (OH-TCDD) representing the major metabol{Roigeret al, 1982).
Rearrangement of a chlorine substituent from adhte a peri-position, which is established for
aromatic compounds as an NIH-shift, indicates n@iaktiransformation via an arene oxide.
Additionally, two dihydroxy-TrCDDs, one of them asll being a major compound, were found.
Further relevant metabolic pathway represents axyigedge cleavage, yielding a tetrachloro-
dihydroxy-diphenylether. Continuation of this patdwvcould explain the appearance of 1,2-
dichloro-4,5-dihydroxybenzene identified in the s®iof this study. Furthermore, 2,7,8-trichloro-
3-hydroxydibenzg-dioxin was detected as a metabolite in dog’'s Peiger et al, 1982).
Hydroxylated PCDDs and ring-cleaved metabolitesevaer well identified from biles of rats, which
were, in comparison to the dog, present as phasenjugates (Poiger and Buser, 1984). In contrast
to absent sulfates, glucuronide-conjugates weraddn biles of *C]TCDD-treated rats, which
was as well determined im vitro studies using primary rat hepatocytes (Ramstewpl, 1982;
Wroblewski and Olson, 1985).

Although for most cases the precise attributiothtoresponsible enzyme triggering degradation of
DL-compounds remains unresolved issue, CYP1Al vwsabkshed to mediate metabolism of
TCDF in rat and human hepatocytes (€aial, 1990). Burkaet al. (1991) identified 4-hydroxy-
2,3,7,8-TCDF and 3-hydroxy-2,3,8-TrCDF as biliargtabolites in the rat. Observation of trace
amounts of 2,2’-dihydroxy-4,4’,5,5'-tetrachlorobgyl supported evidence that oxygen bridge
cleavage is only of minor relevance for PCDFs (Buwgkal, 1991). This hypothesis was confirmed
by Kuroki et al. (1990) subsequent to administration of a mixturé,a,7,8-TCDF, 2,3,7,8-TCDF,
and 1,2,3,7,8-PeCDF to rat (Kuraiial, 1990). In contrast, for 4-PeCDF, ether-bond cdemwas
obtained to be an important mechanism for degradaith rat livers. Major metabolites were
hydroxy-, and dihydroxy-pentachlorobiphenyl in thiegard (Poigeet al, 1989). Furthermore,
hexa- and hepta-CDFs examined in the same study paorly metabolized, if at all. Apart from
one hydroxy-PeCDF formed from 1,6-HXCDF, no metdeslwere detected for 1,4,6-HpCDF
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(Poigeret al, 1989). In concordance with enhanced steric simgldby bulky substituents, no
metabolites were found for OCDD or OCDFimvivo experiments with rats (Tulp and Hutzinger,
1978; Veerkampt al, 1981).

Hakk and Dilberto found hydroxylated metabolitesféces of $*C]TCDD-, and 1-f*C]PeCDD-
treated mice. They further investigated glucuroretieer-, and sulfate ester-conjugates in the urine
of single-dose treated animals (Hakk and DilbeR@02; Hakk and Dilberto, 2003). Regarding
PCBs, hydroxylated and methyl sulfone derivates rget to represent the most important
metabolites to be retained in biota (Letcaeal, 2000).

1.3. Toxicological relevance of TCDD

Among DL-compounds, TCDD still represents the meogensively studied congener regarding its
toxicological relevance. Biological and toxic reapes attributed to TCDD and presumably other
DL-compounds, of which most, if not all, are bebevto be mediated through the AhR, include
dermal, hepatotoxic, endocrine, immunological, oepictive, developmental, and carcinogenic
effects (ATSDR 2012; Van den Beegal, 1994).

After the industrial accident in the Seveso, Itadyea in 1976, upon which a large residential
population was exposed to substantial amounts oDOCchloracne was the earliest effect
established with definite exposure dependence #Baret al, 1998; Caramasclet al, 1981).
Characterized by hyperkeratinization of the stratomeum and disappearance of sebaceous gland
follicles in the formation of keratin cysts, chloree is the most commonly reported effect
attributable to TCDD-exposure in humans (Suskir@B5). In the heaviest contaminated zone of
the Seveso area, lipid-adjusted serum concentgimrsamples of children from 1976 suffering
chloracne ranged from 1,688 to 56,000 ppt TCDD, &inch 54 to 8,750 ppt TCDD for those
without chloracne. Notably, TCDD concentration resgof these two groups overlap, which
elucidates that the absence of chloracne subsetestposure does not necessarily imply low
serum TCDD levels (Needhast al, 1997/98).

Subsequent to poisoning of Victor Yushchenko, 108,ppt TCDD was measured in the
politician’s blood lipids (Sorget al, 2009). In his face, severe edemas appeared tvwessiafter
poisoning, followed by development of cystic lesotermed harmatomas, which became
widespread over the entire body with a peak clinfbanifestation at month eleven. Thereafter,
symptoms declined gradually but generation of ndvamartomatous lesions progressed until
month 28 after the poisoning (Sauea@l, 2012).
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Though comprehensive adjustment for confoundingtofac is sensitive topic, several
epidemiological studies are available with respgecproposed adverse health effects in cohorts
occupationally or accidentially exposed to TCDDluging hepatic, cardiovascular, neurological,
reproductive, and developmental effects (Baccaetldl, 2008; Heilieret al, 2005; Neubergeet

al., 1999; Pelclovét al, 2007; Steenlandt al, 1999; Thomkeet al, 1999). The role of TCDD as
endocrine disruptor is as well of relevant concerth potential alterations in glucose metabolism
and thyroid function as important issues (Baccaetlal, 2008; Kanget al, 2006; Pesatoet al,
2009; Trnoveet al, 2013).

Findings regarding thyroid function were discusseith respect to a population living in an
organochlorine-polluted area in eastern Slovakim@Vecet al, 2013). Trnovec and co-workers’
purpose was to determine relative effect poten¢iRlEPs) for systemic DL-concentrations in
humans using thyroid volume and serum free thymXiAT4), observing regression coefficient-
derived REPs correlating with the WHO-TEF-values lboth endpoints (Trnoveet al, 2013).
These observations were investigated in the coofrgéee EU-project ‘PCBRISK’ (EU Grant No.
QLK4-CT-2000-00488), in which the main objectivesahe evaluation of human health risks of
low-dose and long-term exposure to a group of P@iekyding PCDDs, PCDFs, as well as PCBs
and their metabolites (Trnovet al, 2004). As part of the PCBRISK-project, furtherdence was
observed regarding antiestrogenic effects correlai¢gh high exposure to DL-chemicals (Machala
et al, 2004; Pliskovat al, 2005). Besides a significant suppression of huplacental aromatase
(CYP19) activity found in placental samples, a dase of 1f-estradiol (E2)-blood levels in male
serum was observed, which, however, appeared twbstatistically significant (Machalet al,
2004; PliSkovéet al, 2005). Induction of appropriate enzymes metabficinactivating E2,
namely CYP1Al, CYP1A2, CYP1B1, and CYP3A4, was uksed as presumable mechanism

responsible for antiestrogenic effects (PliSketal, 2005).

Furthermore, exposure to DL-compounds was discussdating to increased risk of endometriosis
(Eskenaziet al, 2002; Heilieret al, 2005). According to the authors, their resultgarding
increased risks correlating with an increment ofgtptotal TEQ-levels/g lipids accounting for
endometriotic nodules (odds ratio (OR) = 3.3; 95éffience interval (Cl): 1.4-7.6), and for
peritoneal endometriosis (OR = 1.9; 95% CI. 0.9;3@ovided the first statistically significant
evidence of an association between increased T&@-body burden and endometriosis (Heikér
al., 2005).
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A respectable volume of data concerned with TCDBipact on the organism comprises a broad
spectrum of biochemical and toxic effects in expemntally treated animals. Implied consequences
correlated with TCDD-exposure, which are of subisshnconcern, range from tissue weight
changes — in particular, increased liver weight] aecreased thymus weight, decreased body
weight (‘wasting syndrome’), through to teratogeaied carcinogenic effects (DeCapeo al,
1986; Kocibaet al, 1976; Kocibeet al, 1978; NTP, 1982; Seefeét al, 1984; Smithet al, 1976;
Sparscheet al, 1971).

Predicted hypotheses regarding TCDD-mediated aageinmicity and its tumor-promoting
properties include AhR-dependent impact on geneesspn of networks of genes, which are
involved in cell growth, differentiation, or senesce, induction of CYP-catalyzed activation
pathways and potentially implied DNA-damages, a#i a& expansion of preneoplastic lesions by
inhibition of apoptosis, positive modulation of extor intracellular growth-stimuli, or disruption
of immune control and function (Dragan and Schr&@q0; IARC,1997; Ray and Swanson, 2009;
Safe, 2001). Biochemical effects mediated by TCDId aelected structurally related compounds
are basically classifiable as either altered médistinodue to enzyme induction, altered homeostasis
as a result from changes in hormones and theiptexs or altered growth and differentiation as a
result from changes in growth factors and theireptars. Further, these effects appear to be
species-, as well as tissue-specific, and mechanam often not (fully) understood (Birnbaum,
1994).
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1.4. Proposed AhR-dependent immunological effects

1.4.1. Epidemiological investigations

Inquiries into TCDD’s impact on the immune systemtbe basis of epidemiological data bear not
only various, but also controversial and even oppBndings throughout available literature.

About 20 years after the Seveso incident, Bacdagelbl. (2002) investigated potential TCDD-
induced immunologic effects in 62 randomly selectabjects from the highest exposed zones in
comparison to 59 individuals from the surroundirgn4tontaminated area. Dependent on lipid-
adjusted TCDD-plasma-concentrations, median plagmaunoglobulin G (IgG)-concentration
decreased from 1,526 mg/dL in the group with low&s8.5 ppt) TCDD-levels to 1,163 mg/dL in
the group with highest TCDD-levels (20.1-89.9 ppBesults were statistically significant
(p = 0.0004) even after adjustment of several aamiing factors (Baccarelit al, 2002).

In a further examination by Landit al. (2003), gene expression analysis in peripherabdlo
mononuclear cells (PBMCs) obtained from TCDD-exploSeveso residents was accomplished.
Mean AHR-expression was statistically significantly (p ©%) higher (14.5*100,000 copies/ug) in
PBMCs from individuals with lower plasma TCDD-les€g1.0-7.9 ppt) compared to those with
higher plasma TCDD-levels (8.0-89.9 ppt; meAHRR-expression: 9.1*100,000 copies/ug) in
uncultered, as well as in mitogen-stimulated céflean AHR-expression lower TCDD-levels:
39.0*100,000 copies/pg; meaHR-expression higher TCDD-levels: 30.9*100,000 cofpigs

p < 0.05). In mitogen-stimulated PBMCs, meaWP1A%expression was slightly, but statistically
significantly (p < 0.05) higher (6.9*100,000 cogjeg) in cells from subjects from the highest
exposed zones compared@YP1Alexpression in cells from persons from the non-aombated
area (5.0*100,000 copies/jg).

In contrast, lack of an association with AhR-depmaridyene expression was observed for plasma
(TEQ)-levels inin vitro mitogen-stimulated PBMCs from subjects, which weeated with TCDD

(20 nM; 72 h). Plasma TCDD-levels further were riegdy correlated with EROD-activity in those
cells. These conflicting results led to the suggesthat long-term exposure to TCDD might
perturb AhR-pathway regulation (Lanreli al, 2003).
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The most notable result regarding mortality stucaesl the Seveso incident was an excess of
lymphatic and hematopoietic neoplasms with incregasisk with time (Consonret al, 2008). In

the most recent evaluation reflecting 25 yearsotidow-up, a relative risk (RR) of 2.23 (95% CI:
1.00-4.97) for people living in the most polluteshe was established. Highest risks were obtained
for non-Hodgkin’s lymphomas (RR = 3.35; 95% CI:7-10.46) (Consonret al, 2008). Enhanced
risks of developing non-Hodgkin’s lymphomas wersoaleported for other TCDD-exposed cohorts
(Floretet al, 2003; Kogevinast al, 1997).

The thymus is an early established target orgaf @PD’s AhR-dependent impact in experimental
animals (Fernandez-Salguezbal, 1996; Kocibaet al, 1976). In several studies, the thymus was
in fact described to represent the most sensigéikget organ as indicated by its perceptably reduced
weight in response to TCDD-treatment (Hagisl, 1973; Kocibaet al, 1976).

1.4.2. Proposed role(s) of the AhR in immune cells drAhR-ligands’ impact

Whereas epidemiological investigations on cellulavel of immune response either reveal
inconsistent, marginal or insignificant findingsgaeding exposure to TCDD, the vitro and
especially than vivo research using provides clearer evidence in #gand, which approaches to

verify mechanism(s) potentially mediated by TCDBr-even by AhR in particular.

In organisms, epithelial or endothelial barriersvide the first line of defense against external
pathogens. Within respective organs such as skirg, lor gut, AhR is expressed in appropriate
localized cells, as reported for keratinocytes, ametytes, fibroblasts, Langerhans cells, or
specialized intraepithelial lymphocytes (IELs),.€3i Meglio et al, 2014; Jwet al, 2009; Luecke

et al, 2010; Liet al, 2011; Marteyet al, 2005; Potapovickt al, 2011).

There, the AhR is believed to be involved in cdffledentiation processes and cell cycle regulation,
hence potentially affecting the formation of redpexbarrier. Dependent on the ligand’s properties
and presence of AhR, the receptor is proposedti@repromote cell cycle progression (endogen
ligand/ transient activation), or to lead to growatiest (exogen ligand/ sustained activation, dRAh
absence) (Kalmest al, 2011; Mitchell and Elferink, 2008).
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1.4.2.1. Innate immune cells

Among cells composing the innate immune system,ropfi@ages, dendritic cells (DCs), human
NK-22 cells, and murine lymphoid tissue inducer ijtlike cells were reported to express the AhR
(Cellaet al, 2009; Colonna, 2009; Frericks al, 2007; Kimuraet al, 2009).

DCs and macrophages are antigen presenting aatismdi innate immune response with adaptive
immunity (reviewed in Moser and Leo, 2010). Macragés and DCs promote T cell responses and
express receptors, such as members of the Tolkdigeptor (TLR) family, through which they are
able to recognize pathogen-associated moleculaerpat(PAMPS) or endogenous adjuvants and
signals released by dying cells. To link innateattaptive immune response, activated DCs and
macrophages present high levels of particular maigiocompatibility complex (MHC), molecules
loaded with pathogen-derived peptides, expressincolsttory molecules and secrete cytokines
(Akira et al, 2001; Joffreet al, 2009).

In figure 4, a schematically demonstrated excefpproposed involvement of the AhR and its

ligands in immune signaling is presented.
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Figure 4: Proposed complex network of AhR-ligandskffects on immune signaling; schematically demonsited
excerpt. For detailed description, see text belowAccording to De Krey and Kerkvliet, 1995 [1]; Fujimaki et al.,
2002 [2]; Inouyeet al., 2005 [3]; Jeonget al., 2012 [4]; Leeet al., 2007 [5]; Mezrichet al., 2010 [6], Negishet al.,
2005 [7]; Nguyenet al., 2010 [8]; Prellet al., 2000 [9]; Quintanaet al., 2008 [10]; Quintanaet al., 2010 [11]; Ruby
et al., 2004 [12]; Tuckeret al., 1986 [13]; Veldhoenet al., 2008 [14]; Vogelet al., 2008 [15]; Vorderstrasse and
Kerkvliet, 2001 [16]. FICZ*: Incubation of cells with FICZ under Th17-inducing conditions [10, 14].
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Dendritic cells and macrophages

In mice, DCs were reported to be activated due@®D-exposure indicated by dose-, and AhR-
dependent elevated expression levels of ICAM-1, 22D-B7-2, CD40 (Vorderstrasse and
Kerkvliet, 2001). This activation was further acqmmied by a significant decrease in numbers of
splenic DCs in TCDD-treated wild-type mice, wher@@3DD-treatment in AhR-mice did not
alter the quantity of DCs recovered from the spl@édrese findings were discussed in the context of
an early loss of DCs correlated with immune suppossby enhanced maturation and apoptosis of
DCs due to exaggerated activation of DCs by TCDmbfRet al, 2004; Vorderstrasse and
Kerkvliet, 2001).

Studying the effect ah vivo TCDD-exposure in mice on DC-functi@x vivg DCs obtained from
TCDD-treated mice mediated enhanced ability tovatti T cells, which was demonstrated by
augmented T cell-proliferation (Vorderstrasse anetkiliet, 2001). Similarly, enhanced tumor
necrosis factor: (TNF-o)-induced maturation of DCs impacted by TCDD wataotedin vitro in
primary bone marrow-derived DCs (BMDCs) from C578Imice. These findings were indicated
by increased expression-levels of MHCII, CD86, CPdiid CD54 on surfaces of cells (Rudtyal,
2004).

In vitro AhR-expression in BMDCs, splenic DCs, as well azitpneal macrophages was
demonstrated to be stimulated by the TLR-ligand li#P€ells obtained from mice (Kimuret al,
2009; Nguyenet al, 2010). In macrophages from AfiRnice, mRNA-expression levels of
interleukin (IL)-6 (16), TNF-o (Tnf), and IL-12 {I12b) were significantly elevated by LPS in
comparison to those in wild-type mice, which wagHearmore accompanied by significantly altered
kinetics for IL-6-, and TNFe production, reflecting an enhanced LPS-inducednflesnmatory
cytokine production in AhR-mice. Thus, the AhR was discussed to be involvethé negative
regulation of LPS-responses (Kimuet al, 2009). The authors demonstrated that the AhR
negatively regulates the LPS signaling pathway dxyperating with signal transducer and activator
of transcription 1 (STAT1) and nuclear faciB- (NF«B). In LPS-stimulated macrophages from
wild-type mice, the AhR is able to form a compleRhASTAT1, which binds to NkB and as a
result implicates the inhibition of the promotetiaty of IL-6 (Kimura et al, 2009).

It remains unresolved, which role (a) potentiallegent chemical(s) in the applied test system
might play as (an) AhR-ligand(s). On the other hahd AhR was reported to synergistically lead
to induction of IL-6 expression im vitro tumor cell systems, as its activation was coupheti
inflammatory signals (DiNatalet al, 2010; Hollingsheacet al, 2008). These findings were
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observed, when the AhR was activated by its ligam@DOD or kynurenic acid, which was
postulated to be an AhR-ligand just within respecstudy, and co-treated with I131According

to the authors, these effects were ‘largely’ (mgtspmably not exclusively) dependent on the AhR
(DiNataleet al, 2010; Hollingsheasdt al, 2008).

Enhanced IL-6 expression is discussed along wehstimulation of tumor progression as well as
an involvement in the pathophysiology of autoimmudiseases and chronic inflammatory
proliverative diseases (Ishihara and Hirano, 20@@jard, 2004). Further, IL-6 was revealed to
synergistically induce indoleamine 2,3-dioxygeng$8@O) expression in concert with other
cytokines (Fujigakiet al, 2006). Thus, the activated AhR and accompanie@ ihduction were
suggested to play a role allowing tumor cells tcape immune surveillance and might be involved

in molecular mechanisms related to immune medidiseases (DiNatalet al, 2010).

Indoleamine 2,3-dioxygenase (IDO)

In BMDCs and splenic DCs from AHRmice, IL-10 production, as well as the expressibtDO,
was inhibited by LPS compared to respective exmpess cells from wild-type mice (Nguyeet
al., 2010). IL-10 production was also inhibited in LB8nulated peritoneal macrophages from
AhR”-mice compared to wild-type mice (Kimued al, 2009). Since regulatory DCs, specialized
subsets of DCs, function their T cell-activatingliagbby mediation of regulatory factors like IL-10
and IDO, the authors speculated the AhR to plagranrinflammatory role in BMDCs and splenic
DCs (Nguyenet al, 2010). Investigations by means of Ahfodels further revealed an AhR-
dependency of IDO-induction, which was determineditro in murine primary Langerhans cells

and BMDCs, as well as vivoin spleen and lung of mice (Jexal, 2009; Vogekt al, 2008).

IDO, which is induced in the presence of TLR-ligarmat proinflammatory cytokines by either an
interferony (IFN-y)-dependent pathway via STATland interferon regulatory factor (IRF)-1, or
through an IFNy-independent mechanism involving p38 mitogen-atdggrotein kinase (MAPK)
and NFxB (Fujigaki et al, 2006; Taylor and Feng, 1991). The enzyme catalyhe essential
amino acid tryptophan (Trp) into kynurenine (Kymjhich represents, like the aforementioned
kynurenic acid, another IDO-catabolite, which waste)recently identified to be an AhR-agonist
(Opitz, et al, 2011; Taylor and Feng, 1991).

IDO is often referred to as immunosuppressive erzamd is discussed regarding its role in the

regulation of naive T cell-differentation. IDO-inckd Trp-metabolites suppress T cell-response,
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and IDO-induction in macrophages has been showtead to inhibition of T cell-proliferation
(Baueret al, 2004; Munnet al, 1999). DCs are able to directly and IDO-deperigienttivate
(resting) mature regulatory T cells (Tregs) (Shagnal, 2007). The enzyme both activates Tregs
and blocks their conversion into Thl7-like T cdlBabanet al, 2009). In reverse, when IDO is
blocked, DCs were found to be stimulated to exptess, which represents a 'pro T helper 17
(Th17) cell-stimulus’ (Babaet al, 2009; Jetten, 2009). In the fashion of a feedlbacf, dendritic
IDO expression was revealed to be synergisticaltjucible in combination with IL-6, TNEk; or
IL-1B (Fujigakiet al, 2006).

Tryptophan-2,3-dioxygenase (TDO)

Protein biosynthesis of tryptophan-2,3-dioxygen@de0), which degrades Trp to Kyn like IDO
does, was also reported to be impacted by the ARough usually predominantly expressed in
the liver, Opitzet al. (2011) detected TDO in several human tumor tissu#s increasing TDO
protein levels corresponding to malignancy and e proliferation index of respective tumor
specimens. TDO-derived Kyn was correlated to lodénéltration of immune cells in tumor tissue
sections with elevated TDO-expression, and thusufgpression of antitumor immune responses.
This was further demonstrated by a decreased eelda$-N+y by tumorspecific T cells and tumor
cell lysis by spleen cells of mice afflicted witbbD-expressing tumors compared to mice bearing
TDO-deficient tumors. The latter, as well as proadotumor cell survival and motility, appeared in
dependence of the AhR in an autocrine/paracrinéidas The authors suggested that TDO-
expression might be a general trait of cancer hatithe activation of Trp catabolism may represent

an endogenous feedback loop to AhR-mediated rgstriof inflammation (Opitzt al, 2011).

Recently, studies by Bessede and co-workers diseduhat an initial exposure of mice to LPS
activated the AhR and TDO, providing Kyn as an \ating ligand of the AhR. On LPS-
rechallenge, the AhR engaged in long-term reguiatibinflammation, pointing a role for the AhR
contributing to disease tolerance and correspondeitity of a host to reduce effects caused by
infections on host fitness. Responses to primarg§-cRallenge were mitigated by AhR and TDO-
dependent Trp catabolism, whereas endotoxin taderaaquired combined effects of AhR, IDO,
and TGFp (Bessedet al, 2014).
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1.4.2.2. Adaptive immune cells

Among adaptive immune cells, the AhR was reporbelet expressed (and to be partially inducible)
in B cells, CD4 helper T (Th) cells, and in CD&ytotoxic T lymphocytes (CTLs) (Greest al,
2011; Kerkvlietet al, 2002; Sherr and Monti, 2013, Veldhosral, 2008). Differentiation of CD4

T cells proceeds along transcription-factor-specgathways including the T-box transcription
factor T-bet and STAT4 for Thl cells, GATA-bindimgotein 3 (GATA3) and STAT6 for Th2,
retinoid related orphan receptor (ROR)and STAT3 for Th1l7, and forkhead box protein P 3
(FoxP3) and STATS for Tregs (reviewed in Clegral, 2011; Jetten, 2009; Kanhezkal, 2012).

Thl and Th2 cells

Thl and Th2 cells direct different immune respopathways, and either pathway is able to down-
regulate the other. Thl cells (‘cellular immunitySecrete IFN¢ and activate inflammatory
pathways mainly via macrophage activation and fighises and other intracellular pathogens,
stimulate delayed-type hypersensitivity skin reatdi, and eliminate cancerous cells. By contrast,
Th2 cells (IgE-mediated "humoral immunity’) proceaghinst extracellular organisms, and attribute
to tolerance of xenografts and of the fetus dupnggnancy, secreting cytokines IL-4 and IL-5,
which upregulate antibody formation via B lymphasit eosinophils, mast cells, and other

pathways (reviewed in Kidd, 2003).

In several reports, AhR agonists, namely TCPBaphthoflavone, M50354 (an active metabolite
of M50367, an antiallergic agent), or 6-formylind@,2-b]jcarbazole (FICZ) shifted Th1l/Th2
balance towards Th1l dominance in mouse experimargdelsin vitro andin vivo (Fujimakiet al,
2002; Inouyeet al, 2005; Jeon@t al, 2012; Negishet al, 2005). These AhR agonists suppressed
GATAS3-expression and STAT6-activation, and redupeadduction of IL-4 and IL-5 in naive Th
cells, overall leading to suppression of Th2 ddfaration (Fujimakiet al, 2002; Inouyeet al,
2005; Jeonget al, 2012; Negishet al, 2005). By use of AhR-deficient mice, Negishial. (2005)
determined the modulating effects on Th1/Th2 baaiocbe AhR-dependent, even though AhR’s

exact role in this regard remains largely unreslve
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B cells

Reduced secretion of IgE, IgGand IgM, and accordant impaired humoral immurspoase are
effects attributed to impact of AhR ligands (Fujknat al, 2002; Yoshidat al, 2012). Repressed
IgM secretion in activated B cells by TCDD for iaste, just as suppression of B cell
differentiation by TCDD were found to appear AhRpderdently (Sulentiet al, 1998; Tuckeret

al., 1986).

The reduction of Th2-derived IL-5 production, whi@pparently was thought to represent a
considerably sensitive endpoint for detection of DOCs immunotoxicity, was proposed to
mechanistically be due to impaired T cell functisaggesting that TCDD-induced suppression of T
cell-derived cytokine production is involved in thepairment of antigen-specific antibody
production (Inouyest al, 2005; Itoet al, 2002).

Immune response from B lymphocytes therefore atleacondarily seems to be affected by the
AhR or by AhR-ligands, respectively. InterestinghhR expression in B cells is inducible by LPS,
or by the Th2-type cytokine IL-#h vitro in murine and human cell systems (Maretsl, 1998;
Tanakeet al, 2005).

Cytotoxic T cells (CTLs)

Despite the shift of Th1/Th2 balance towards Thina@ance, Thil-dependent CD8ytotoxic T
cell (CTL)-mediated responses were found to be agsed, and priming of naive CTL-precursors
was inhibited by TCDDn vivo (De Krey and Kerkvliet, 1995; Predit al, 2000). Interestingly,
expression of the AhR is required in both C#d CD8 T cells in this regard, and both cell
subsets contribute to the full suppressive effédi@DD (Kerkvlietet al, 2002).

Differential results, which at least partially mighe explainable by diverging study designs and
endpoints, regarding excretion of IRN-were reported. Correspondent to facilitated Thl
differentiation by TCDD, production of IFNsignificantly increased in several studies (Fuliret

al., 2002; Jeonget al, 2012; Negishiet al, 2005; Vorderstrasse and Kerkvliet, 2001), whereas
agreeing with the further occurring suppressiol€dt.s by TCDD, IFNy levels were found to be

significantly decreased in other investigations(Rat al, 2000; Quintanat al, 2008).
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Th17 cells and Tregs

A considerable quantum of information is availaldgarding AhR’s influence on differentiation,

development, and function of Th17 vs. Treg cellgteentiation and function of Tregs and Th17
cells are reciprocally controlled, as Th17 cellsrste the proinflammatory cytokines IL-17 and IL-
22 mediating exacerbation of inflammation and auntounity, whereas opposing Tregs produce
TGF-$ and IL-10 playing an indispensable role regardimghune tolerance and suppression of

excessive immune responses (Hanieh, 2014; Sakaguahi2008).

In the course of an experimental autoimmune endephelitis (EAE), activation of the AhR by
TCDD in vivo leads to enhanced production of T@Rnd reduced secretion of IL-17 in lymph
node cells and to an increased frequency of Tregpleens of mice (Quintard al, 2008).In vivo
treatment with 2-(1'H-indole-3'-carbonyl)-thiazalezarboxylic acid methyl ester (ITE), an
endogenous AhR ligand isolated from porcine lung062, resulted in a higher frequency of Tregs
and led to a lowered percentage of Th17 cells inmawsplenocytes in an EAE model (Quintata
al., 2010; Songet al, 2002).Ex vivg immunized lymph node cells secreted reduced atsairiL-
17, whereas secretion of IL-10 and TGMas enhanced (Quintaeaal, 2010).

Nguyen et al. (2010) demonstrated that AhR-absence in BMDCs ekewaive T-cell-
differentiation into Treg-cells (Foxpg facilitating Th17-cell development. In turn, ditsh of
synthetic L-Kyn to the applied coculture systermgsBMDCs and naive T cells from AHRmice
reversed the T-cell-differentiation to Tregs rattiem Th17-cells (Nguyeet al, 2010).

The AhR ligand FICZ, on the other hand, promoted 7Thell differentiatorin vitro andin vivo
(Quintanaet al, 2008; Veldhoenet al, 2008). In murine CD4T cells cultured unter Th17
conditions, the presence of FICZ (0-500 nM, 96e) to concentration-dependent up-regulation of
IL-17 (ll17a, 1117f) and IL-22 {122) mRNA expression (Veldhoept al, 2008). Besides its
inhibitory effects on Treg cell differentiation, ®Z synergized with TGB4, IL-6, and IL-23 to
drive Th17 cell differentiation and augmented tkerstion of IL-17, IL-21, and IL-2 vitro. In
vivo, treatment with FICZ (1 pg/mouse) was associatitd gecreased frequency of CiFoxp3
Treg cells, increased frequencies of CID417" T cells and CD4FN-y* T cells, and enhanced
secretion of IL-17 and IFN-subsequent tm vitro stimulation (Quintanat al, 2008). Further, the
absolute number of CDKH-17A" and of CD4IL-22" cells in the spinal cord of immunized mice
significantly elevated after treatment with FIC206ng/mouse) on day 18 of an EAE-response
compared to the control group. This effect was fitacein AhR™-mice (Veldhoeret al, 2008).

Since Th17 cells represent a driving force of pgémesis for some autoimmune diseases, AhR
activation potentially exacerbates Th17-mediatedienmunity (Esseet al, 2009).
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1.4.2.3. AhR and immune cells — critical view

Based on available studies, it occasionally remaimdeared issue whether effects, e.g. shifts of
cell (sub-)populations, are due to a primary ‘tinduction’ of a cell type. Cell type specific
inhibition of apoptosis by a ligand might simulaités outcome, or other cell types may be reduced
by mechanisms like cell subset-specific cytotoxityapoptosis. Impacted functionality of cells or
cell counts and hence imbalanced cell subsets neigierge as a ‘feigned induction’ of a definite
cell type (Prelket al, 2000; Rubyet al, 2004).

Conclusively, the presence of the AhR itself arel iaceptor in collaboration with its endogenous
or exogenous ligands is proposed to be interlockeskveral sections of the complex network of
immune reactions. To date, precise attribution athpways impacted by the AhR and its ligands
remains complex and involves inconsistency in almemof cases. The manner and course of effect
directed in particular appears to be dependenterotcurrence and on the type of a ligand, and
might also be contingent on the type of exposurk aplied dose as well as the physiological or
pathological condition of regarded organism.

Of further relevance are inter-species differeraesvell as respective binding affinities of exogen
vs. endogen ligands to the AhR. Although rodent AjeRerally exhibits higher affinities towards
exogen ligands than human AhR does, a reverseatisituwas found for several endogen ligands
like kynurenic acid or indirubin (DiNatalet al, 2010; Flavent al, 2009; Ramadoss and Perdew,
2004). Further on, widely used AiRnodels on one hand are of relevant informativeteunbut
are still difficult to interpret, since estimatiaf impact of the receptor’'s absence itself repressen

complex issue.

Overall, AhR seems to play considerable but inteégale in immune response implying feasible

divergence across species, ligand properties, aludéype of exposure.
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1.4.3. Expression and induction of CYP1-isoenzymes PBMCs

As indicated in the previous chapter, expressiothefAh receptor was described in several blood
cells like macrophages, DCs, T cells, and B cdlls not all that surprising that several authors
report on inducibility of CYP1-isoenzymes in immueels (Frerickset al, 2007; Kerkvlietet al,
2002; Kimuraet al, 2009; Sherr and Monti, 2013).

CYP1-induction in vivo — mouse

In vivo experiments with rodents provide prelusive infdiiorain this regard. In immature CD4
CD8-thymocytes and thymic emigrants from mice treatgith TCDD (10 mg/kg bw; singlep.
dose) for seven day<$;yplblwas up-regulated (cut-oft=2fold change) in the course of a
microarray gene expression analysis (Freriekal, 2006).Cyplblwas also up-regulated in fetal
thymic emigrants, for which fetal thymic lobes wéa&en from mouse embryos and cultivated for
six days in the presence of 10 nM TCDD. Interesyin@yplalwas only up-regulated in fetal
emigrants but not in adult immune cells, althoupghe AhR — at least on mMRNA-level — was
markedly expressed in these cells. This was alsoctise subsequent to a shartvivo TCDD-
exposure of 24 h. As part of the latter investigyatiCyplaland Ahrr were obtained to be up-
regulated in DCs from TCDD-treated mice (Frerigktsal, 2006). In a further gene expression
microarray experiment with mice using lower TCDDacentrations (20 pg/kg bw, oral) and
shorter treatment durationSyplalwas up-regulated (cutoff2 fold change) in CD4T cells (3 h
or 24 h) and B cells (3 h) from spleensoivo exposed and Ovalbumin (OVA)-immunized mice
(Nagaiet al, 2005). In addition, mMRNAs encoding TIPARP or AhBRppeared to be up-regulated
in B cells (3 h, or 24 h), and in CDZ cells (24 h), respectively (Nageti al, 2005).

CYP1-induction in vivo — rat

In PBMCs received in the course of studies withs niat vivo exposed to AhR ligands (3-
methylcholanthrene, dg-naphthoflavone), induction of EROD-activity in pesise to these ligands
was obtained (Degt al, 2001; Saurabhkt al, 2010). Regarding WB analyses (CYP1Al, CYP1A2)
and investigations examining mMRNA-leve@yplal Cypla2 andCyplb) included in these trials,
effects generally appeared to be slight, and résgeAhR ligands were consistently less effective
in PBMCs compared to their responses in livergedited animals (up to seven times higher fold-
induction of EROD-activity). However, in a recantvivo study with rats using doses of a PAH-
mixture accounting for 6 or 600 pg (of each of @rhrene, pyrene, benafipyrene) per day for
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28 days, the authors revealed dose- and time-depe&ROD inductions in PBMCs with maximal
absolute values of around 90 or 200 pmol resomufimimg protein, which was at least
approaching comparable dimensions measured in figerples (~440 or 970 resorufin/min*mg
protein) (Chahiret al, 2013).

CYP1-induction in vitro

In concentration-dependent manner, CYP1Al and CYIP4f also inducible by AhR-ligands
vitro in rodent PBMCs, which was investigated on bothNARand protein level, while CYP1A2
was not reported to be targeted (Lawreetal, 1996; Mezricket al, 2010; Noharat al, 2006). In
human PMBCsCYP1Aland CYP1Blare constitutively expressed, wheréx6P1A2expression
appears to be detectable only sporadically andm&BMCs from every investigated individual
(Finnstromet al, 2002; Krovatet al. 2000, Sieset al, 2008). On the basis of current information,
CYP1A2 is also not inducible by AhR liganilsvitro in human blood cells.

CYP1A1 — human blood cells

In 1974, Kouriet al. already reported on concentration-dependent TOmiDdible EROD (or
CYP1A) activity in primary human PBMCs. At exposudiration of 24 h and TCDD-
concentrations ranging from 0.3 to 300 nM, theyereed a half maximal effective concentration
(EC50) of 8 nM TCDD (Kouriet al, 1974). To date, a couple of articles on this acbpre
accessible, in which most of the experiments shogatginter- and intra-individual variety and
overall comparably low absolute induction valueshbon gene transcription and on protein level.
Such results diverge considerably, as results fromastigations using TCDD ranged from ~3fold
(100 nM, 6 h) over ~20fold (10 nM, 72 h), and ~86f¢LO nM, 48 h) to ~160fold (10 nM, 48 h)
CYP1AZinduction on mRNA-level in primary human PBMCs (Nwaet al, 2006; Vanden Heuvel
et al, 1993; Van Edet al, 2014b). In several studieS§YP1A1ImRNA- and EROD-induction by
AhR ligands occurred concentration-dependently licapng diverging EC50-values of ~800 pM
(72 h) as well as the aforementioned value of 8(2#h) for EROD-induction, and ~400 pM (48 h)
and 1.4 nM TCDD (6 h), with respect @YP1A1mRNA-induction (Kouriet al, 1974; Noharaet
al., 2006; Van Duurseat al, 2005; Van Edet al, 2014b).
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CYP1B1 — human blood cells

CYP1Blwas as well reported to be up-regulated in respdosTCDD. Respective maximum
MRNA-levels achieved after TCDD-treatment variednir~2-3fold (5 nM, 6 h; 5 nM, 72 h; or
10 nM, 48 h), to around 5-8fold (1 nM, 48 h) indantin PBMCs (De Waaret al, 2008; Van
Duursenet al, 2005; Van Edeet al, 2014b). Recently, van Edet al. published data on
concentration-dependent elevation ©YP1B1mRNA in human PBMCs, implicating diverging
effective concentration 20% (EC20)-values rangnagnf 77 to 164 pM (48 h treatment), dependent
on the donor (Van Edet al, 2014b).CYP1Blinduction has also been shown to vary contingent
upon exposure duration. In respective investigaliprSpenceet al. (1999), elevation of mRNA-
levels concentration-dependently increased withetiomtil it peaked at 72 h of treatment,

whereupon it continuously decreased up to the lrinibe test series at five days of culture.

AhR ligands other than TCDD and CYP1-induction

Further exogen and endogen AhR-ligands lead toctmmtu of CYP1-isoenzymes in primary human
PBMCs, as indolo[3,b]carbazole (ICZ, 100 nM, 48 h) or 6-formylindolal2y]carbazole (FICZ,
10 nM, 3 h) elevate@YP1B1gene expression (~2fold or ~5fold), bergpjrene (1 uM, 12 h) or
3-methylcholanthrene (0.1-1 uM, 12 h) enhan€C&P1A1ImRNA levels in these cells (De Waard
et al, 2008; Komuraet al, 2001; Tuomineret al, 2003). Two other members of the AhR-gene
batterie, namel\AhRRand TIPARP were reported to be up-regulated in responsehiR-Agonists

in human PBMCs, which was shown to appear condsmrdependently regardinghRR on
MRNA-level by van Edet al. (De Waarcet al, 2008; Van Edet al, 2014b; Wengt al, 2011). In
this regard, around 10-14fold maximuhRRinduction by TCDD with EC20s ranging
120-240 pM was achieved after 48 h of incubatiohemgas treatment with 1-PeCDD resulted in
EC20s ranging 110-620 pM, and 4-PeCDF gained ~80quMC20 (Van Edet al, 2014b).

Overall, treatment of human PBMCs with AhR-ligarldads to rather low absolute values and
induction levels and of CYP1l-isoenzymes. Besidassicierable inter-species diversity, responses
vary greatly among different individuals and dewiaespectably regarding both efficacy and
potency in different cell systems. Applying humaéBMCs and their properties regarding induction
of CYP1-isoenzymes as biomarker of exposure ren@ngentious issue, as it shows to represent a
parameter, which so far appears difficult to adarsd reproduce (De Waaed al, 2008; Noharat

al., 2006; Spencest al, 1999; Van Duurseat al, 2005).
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Assignment of tasks

Within the framework of SYSTEQ project, seven indual congeners termed the ‘core congeners’
were chosen: TCDD, 1-PeCDD, 4-PeCDF, PCB 118, PZ@®B RPCB 156, and the NDL-PCB 153.
Core congeners, contributing approximately 90% B$ in the human food chain (Lieet al,
2000), were testeith vivo as well asn vitro. A further, regarding environmental relevance wise
important, set of seven congeners was includedirfovitro experiments of the present study:
1,6-HxCDD, 1,4,6-HpCDD, TCDF, 1,4-HxCDF, 1,4,6-HpEPCB 77, and PCB 105.

Three major investigations were applied. ilnvitro liver cell systems using both primary rat
hepatocytes and the rat hepatoma cell line H4ttfpaict of the core congeners as well as the group
of seven further compounds was investigated by sednEROD-induction. CYP1A-induction
measured by EROD-activity represents a sensitivikendor dioxin-like effects, and was used to
estimate potency and efficacy of selected chemialglefinite data-set oin vitro studies was
supposed to serve as a fundament for a probaladélissiment of novel TEFs with respect to the
SYSTEQ project.

One further important objective within the SYSTE@jpct was to find potential novel biomarkers
of exposure. Hence, a mouse whole genome microaxpgriment using the seven core congeners
was implemented. Of these compounds, five werestiy&ted within present study: 1-PeCDD,
4-PeCDF, PCB 118, PCB 126, and PCB 156. Thoughmilceoarray experiment was realized as
one project, TCDD and PCB 153 were examined ireaipus study by C. Lohr (Lohr, 2013).

In order to gain knowledge with respect to TCDD-m&ztl effects towards immune cells, a further
whole genome microarray experiment by use of huPBMCs was applied. To approach to this
objective, freshly isolated PBMCs were characteribg flow cytometry and exposed to TCDD

‘alone’ or combined with a stimulus (LPS, or PHA).

Along with several experiments within the SYSTEQject, a concluded compilation of eight
‘potential’ AhR-target genes encoding CYP1A1, CYRLIREYP1B1, AHRR, TIPARP, ALDH3A1,
CD36, and HSD17B2, was chosen and investigateldeircourse of all three models — mouse liver,

rat liver cells, and human blood cells.
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Methods

Test compounds were provided by The Dow Chemicah@my (Midland, Michigan, USA). Fan
vitro experiments, congeners were dissolved in DMSOaaftkd to respective incubation media
constantly yielding final DMSO-concentrations ofi@ (v/v). As part ofin vivo studies, which
were performed at the animal facility of the Utredniversity (Institute for Risk Assessment
Sciences (IRAS), Utrecht, The Netherlands), congeneere diluted in corn oil. Accordingly,

controls examined were either DMSO-, or corn ahted vehicles.

Purity and quality of test compounds PCBs 118, Hs@l 156, as well as the vehicles DMSO and
corn oil, were checked at Umea University (Departmaf Chemistry, Umed, Sweden) using a
carbon fractionation method in combination with asgchromatography/high-resolution mass
spectrometry (GC-HRMS)-analysis. PCB 118, formedytaining 85 ng/g TEQs, was cleaned to a
final concentration of 6.6 ng/g TEQs, whereas PGB, Initially containing 201 ng/g TEQs, was
purified to 36 ng/g TEQs. PCB 153 was marginallyntaminated with 0.41 ng/g TEQs
(correspondence with P. Andersson, Umea UniverSiE901 87 Umea, Sweden; Van Exteal,
2013a).

Chemicals and reagents were obtained from Roth IfKdre, Germany), or from Merck
(Darmstadt, Germany). Fine-chemicals were from @igxtdrich (Steinheim, Germany), unless
otherwise stated. The same applies to all conswesahich were purchased from Greiner Bio-one

(Frickenhausen, Germany). Buffers and solutionsvagueous, if not differently specified.

3.1. H4IIE cells

The rat hepatoma cell line H4IIE (Rat hepatoma Reutd5, ATCE CRL-1548]; figure 5,
following page) was established in 1964 (Péabal, 1964), and was purchased from The European
Collection of Cell Cultures (ECACC; Public Healtmdtand, Salisbury, UK). The adherent,
morphologically epithelial cell line originally waderived by the straiRattus norvegicysand is
characterized by both low basal CYP1A-expressiahtagh CYP1A-inducibility, and is useful for
detection of picogram levels of AhR-ligands (Sawged Safe, 1982; Tillitet al,, 1991).
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Figure 5: Light microscopic photograph of H4lIE-cells (magnification 100x).

HA4IIE cells were grown in Dulbecco's modified Eagedium (DMEM) high glucose (4.5 g/L)
with L-glutamine, without phenol-red (PAA Laboratoriegelbe, Germany), supplemented with
10% (v/v) fetal bovine serum (PAA Laboratories), 10&v) penicillin/streptomycin (PAA
Laboratories), and dexamethasone (100 nM) in 75,aon 175 crf cell culture flasks. Cells were
cultured at 37°C, 95% relative humidity, and 5%,Cé&nd cell culture medium was renewed every
2-3 days. Subculture was performed by use of trygEITA (PAA Laboratories) according to
Lindl (2002). To be used within experiments, viabédls were counted using a Neubauer counting
chamber via trypan blue (trypan blue solution, 0.4%clusion test (Evans and Schulemann, 1914;
Rous and Jones, 1916), and seeded on either 24elktulture plates (1.2*F0cells/1 mL/well),

60 mm cell culture dishes (1.3*1@ells/4 mL/dish), or 100 mm cell culture dishe$1@f cells/7
mL/dish). Cells were allowed to grow for 24 h. Focubation, medium was removed and
incubation medium (DMEM high glucose (4.5 g/L) withglutamine, without phenol-red,
supplemented with 10% (v/v) charcoal stripped fé@line serum (PAA Laboratories), 1% (v/v)
penicillin/streptomycin, and dexamethasone (100 )nMas applied. For details regarding tested

compound concentrations in respective assays erginsee appropriate chapters.
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3.2. Primary rat hepatocytes

Primary rat hepatocytes (PRH, figure 6) were oleifrom male Sprague Dawféyats weighing
150-250 g (Charles River, Sulzfeld, Germany) apglya collagenase-based, modified method
originally established by Seglen in 1972 (Schren&l, 1992).

Figure 6: Light microscopic photograph of primary rat hepatocytes (magnification 100x).

Isolation of primary rat hepatocytes

Prior to isolation of cells, required perfusiontgans were preheated to 42°C. The particular
animal was anesthetized Intraperitoneal(i.p.) injection of sodium pentobarbital (100 mg/kg bw),
and full narcosis was verified via tail pinch regpe test. After the animal was fixed on the work
bench, the abdomen was sprayed with 70% Ethandltfam abdominal cavity was opened. Two
loose ligatures were placed: One arowetha portaca. 1 cm beneath liver entry just above the
branch to the spleen, and one aroueda cava inferiofjust above the branch to the right kidney.
100 pL of a heparin-solution (1000 U/mL in 0.9% NafZas injected into thgena cava inferioto
prevent blood coagulation. About 1-2 cm below tlgatlon, vena portawas punctured with a
cannula, through which Ethylenglykol-bi${AminoethyletheN,N,N',N'-Tetraacetat (EGTA)-
containing perfusion buffer 1 (PB1) was poured §8l6min). The ligature was fixed, and flow rate
was sped up to 40 mL/min for 10 min, after ttema cava inferiowas cut through ca. 2 cm below
the ligation point. The liver exsanguinated, ancg da EGTA-induced Cé&loss, desmosomal
connections between hepatocytes loosened. Duriagénfusion step, the diaphragm was opened,

whereby the lung collapsed and the animal diedp@ycturing the right atrium, another cannula,
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which was fixed with a further ligature, was ingerinto thevena cava superioHence, perfusate
flowed recirculating. Liver was flushed with PB2 ntaining freshly dissolved collagenase
(100 CDU/mL) for 10 min (20 mL/min), leading to wohtegration of the extracellular matrix
structure. The liver was carefully cut out, putamylon-net (mesh size 250 um) spanned over a
250 mL-beaker, and the liver capsule was openatsifi) with washing buffer, hepatocytes were
washed out and the procedure repeated with a mgoiwf mesh size 100 um. The total volume of
ca. 200 mL cell suspension was filled in four 50-falcons, and centrifuged (20 g, 3-4 min, RT).
Cells were washed twice with washing buffer, cawglp resuspended in ca. 25 mL washing buffer,
and counted with the help of a Fuchs-Rosenthal toogichamber (Lindl, 2002) via trypan blue
(trypan blue solution, 0.4%) exclusion test (Evand Schulemann, 1914; Rous and Jones, 1916).
Cell viability always exceeded 85% (modified methamtording to Seglen, 1972; Schregikal,
1992). The components of perfusion buffers and irequsolutions, and respective storage

conditions are summarized in table 2.

Table 2: Solutions required for isolation of primary rat hepatocytes.

Perfusion buffer 1 (PB1) Hank’s balanced salt solufHBSS]
without Ca & Mg
without phenol-red
HEPES (10 mM)
EGTA (0.1 mM)
4°C

Perfusion buffer 2 (PB2) DMEM low glucose (1 g/L)twL-glutaminé
HEPES (10 mM)
4°C
prior to use: collagenase (100 CDU/mL), freshly oliesd

Washing buffer DMEM high glucose (4.5 g/L) withdlataminé
without phenol-red
1% (v/v) penicillin/streptomycih
0.2% (v/v) bovine serum albumin (BSA; 30% solutjon
HEPES (10 mM)
4°C

HEPES HEPES (1 M)
pH 7.4
4°C

EGTA EGTA (100 mM)
pH 8.0
4°C

Heparin-solution 1000 U/mL in 0.9% NacCl
4°C

Sodium pentobarbital-solution 33 mg/mL
freshly prepared

'PAA Laboratories, Coelbe, Germany
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PRH were seeded on rat-tail collagen-coated cdiir@ivessels. Cells were seeded in hepatocyte
seeding medium (HSM) on either 24-well plates (2*id®lls/1 mL/well), 60 mm dishes
(2*10° cells/4 mL/dish), or 100 mm dishes (6*1gklls/7 mL/dish). Cells were allowed to attach for

2 h before medium was changed to hepatocyte fumatimedium (HFM). After further 24 h,
medium was replaced by fresh HFM, and PRH werebatad with test compounds. For details
regarding tested compound concentrations in reisggeassays examined, see appropriate chapters.
Composition of culture media and media additivescmpiled in table 3 (following page).

Preparation of collagen-solution and coating of ceétulture vessels

Ca. 20 rat tails were used to yield around 2 gagelh fibers. Rat tails were disinfected (70%
ethanol), and skinned under the hood. Collagendibesre drawn out from the tail tip, dried over
night under UV light, hackled, and dried again und¥ light. Collagen fibers were washed with
purified water (1 h) and transferred into sterileefed acetic acid (0.1%, 500 mL). After 24 h of
stirring, undissolved fibers were separated (2303 dn, RT), and protein content of obtained
collagen-solution was measured according to bicnitic acid (BCA) protein assay (PiefcBCA
Protein Assay Kit; Thermo Fisher Scientific, Kadlse, Germany), according to the manufacturer’s
protocol. Collagen working solution was prepared (g protein/mL; storage: 4°C), and used to
coat cell culture vessels (modified method accardm Elsdale and Bard, 1972). Freshly coated

vessels were dried over night under UV light, arderhence ready to be used for cell seeding.
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Table 3: Culture media and media additives used focultivation of primary rat hepatocytes.

Hepatocyte seeding medium (HSM)

DMEM + Ham’s F121(1

DMEM high glucose (4.5 g/L) with L-glutamihe
without phenol-red

Ham’s F12 medium with L-glutamife
without phenol-red
with 1.176 g/L NaHCO

5% (v/v) fetal bovine serum

HEPES (10 mM)

gentamicir (50 pg/mL)

insulin (100 nM)

sodium selenite (100 nM)

4°C

Hepatocyte functional medium (HFM)

DMEM + Ham’s FIi2-1):

DMEM high glucose (4.5 g/L) with L-glutamihe
without phenol-red

Ham’s F12 medium with L-glutamife
without phenol-red
with 1.176 g/L NaHCO

BSA/linoleic acid (5 pg/mL BSA, 0.5 mg/mL)

HEPES (10 mM)

dexamethasone (100 nM)

gentamicir (50 pg/mL)

insulin (100 nM)

sodium selenite (100 nM)

transferrin (5 pg/mL)

4°C

HEPES

HEPES (1 M)
pH 7.4
4°C

BSA/linoleic acid

BSA (10% in DPBS)
50 mg linoleic acid
4°C

Dexamethasone
working solution

Dexamethasone stock solution (25 mg/6.3 mL Ethanmal)

diluted 1:100 with sterile filtered, purified water
final concentration: 100 uM
-20°C

Insulin
working solution

Insulin stock solution (10 mg/mL in 25 mM HEPES)

diluted with DMEM high glucose (4.5 g/L)
with L-glutamine (without phenol-réd)

final concentration: 100 uM

-20°C

Transferrin
working solution

5 mg/mL in DMEM high glucose (4.5 g/L)
with L-glutamine (without phenol-réd)
-20°C

'PAA Laboratories, Coelbe, Germany
’PAN-Biotech, Aidenbach, Germany
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3.3. Alamar BIue® assay

Alamar Blu€ assay was used to determine viability of cellse Tst is based on the reduction of
non-fluorescent resazurin to fluorescent resorifirthe presence of NADH/H(O'Brien et al,

2000). Although it has been proposed that mitochahatytosolic, as well as microsomal enzymes
are able to reduce resazurin (Gonzalez and Ta20f,), it remains unclear, whether this occurs

intracellularly or in the medium as a chemical teac(O’Brienet al, 2000).

H4IIE cells or PRH were seeded and incubated veish ¢compounds in 24-well plates as described.
Final concentrations of congeners are specifigebie 4.

Samples and controls (medium, DMSO 0.1%) were pmd as doublets, and saponine (final
concentration 0.1%) was used as positive-contnotytotoxic effects (reviewed in Podolak al,
2010). Subsequent to the incubation period of 2#imdybation medium was removed, and cells
were washed twice with phosphate buffered salirg&S(Pwithout Ca and Mg, 37°C). Resazurin
working solution (37°C) was added and incubatedIfdn at 37°C, 95% relative humidity, and
5% CQ. Afterwards, fluorescence was measured in a ptetie@7°C) microplate fluorometer
(ex, 544 nm; em, 590 nm; Fluoroskan Ascent FL, fifeeFisher Scientific, Karlsruhe, Germany).
Blank values were subtracted from measured valaed, viabilities were displayed in per cent
related to appendant solvent controls (DMSO 0.186). details regarding composition of Alamar

Blue® assay reagents, PBSind respective storage conditions see tables %.an

Table 4: Final congener-concentrations tested in Ataar Blue® assay (H4IIE, PRH).

TCDD,

1-PeCDD H4lIE, PRH  10"°M-10% M

1,6-HXCDD H41IE, PRH  5*13°M - 3*10° M

1,4,6-HpCDD H41IE, PRH  5*18M - 4.56*10' M

TCDF H4lIE,PRH 10 M - 9.84*10' M

4-PeCDF H4lE,PRH  1I0M-10'M

1,4-HXCDF H4lIE, PRH  5*10M-3*10"M

1,4,6-HpCDF H4lIE, PRH  5*1BM - 1.58*10" M

PCB 126 H4IIE 5¥10° M - 10" M
PRH 108 M - 10° M

PCBs

77,105, 118, 153, 156 H4IIE, PRH  10°M - 10° M
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Table 5: Alamar Blue® assay reagents, and PBScomponents.

Resazurin Resazurin (440 mM in DMF) diluted (1:1000)

stock solution with NaPi-buffer (440 uM resazurin)
4°C; four weeks

Resazurin Resazurin stock solution diluted (1:10)

working solution with respective culture medium (without supplemgnts
prepared immediately prior to use (37°C)

NaR-buffer NacCl (154 mM)

NagHPO*H ;0 (3.7 mM)
KH,PO; (1.1 mM)
4°C

Phosphate buffered saline NaCl (137 mM)
(without Ca and Mg) NaH,PO, (6.5 mM)
PBS KCI (2.7 mM)
KHoPO, (1.5 mM)
pH 7.4
RT

3.4. 7-EthoxyresorufinO-deethylase (EROD)-assay

As a parameter for AhR-activation, induction of CI¥mediated 7-ethoxyresorufi@-deethylase
(EROD)-activity was determined in H4IIE cells an@HP (Burke and Mayer, 1974; Kennedyal,
1993). EROD-activity was measured according toDaarsenet al. (2005) with modifications. As
described, cells were seeded and incubated witlpoonds in 24-well plates. Final concentrations
of congeners applied are noted in table 6.

Samples and controls (medium, DMSO 0.1%) were padéd as doublets, whereas TCDD (1 nM)
was used as positive-control for EROD inductionteAR4 h of exposure, incubation medium was
removed, and cells were washed twice with PB&°C). EROD medium (37°C; see table 7) was
added, and plates were placed in a preheated (37it@plate fluorometer (Fluoroskan Ascent FL,
Thermo Fisher Scientific, Karlsruhe, Germany), dlodrescence was measured at an excitation
wavelength of 544 nm, and an emission wavelengtso90f nm, every 90 s for 30 min. Resorufin-
content was quantified with the help of a calitmatcurve (0-1000 nM resorufin).

After measurement and removal of EROD medium, eedisz washed twice with PB&nd frozen

to -80°C over night. Cells were cracked throughreeZe-thaw-cycle (thawing: 3x, 15 min, RT;
freezing in between: 3 h at least), and proteineunwas measured by BCA assay (PiérBEA

Protein Assay Kit), according to the manufacturerstocol.
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Kinetics of resorufin-formation due to impact ofng@ners was used as basis for calculation of
EROD-activities. Values were indicated as pmol reso/min*mg protein (method modified

according to van Duursest al, 2005).

Table 6: Ranges of final congener-concentrations tel in EROD-assay (H4lIE, PRH).

TCDD H4IIE 5¢10° M - 10° M
PRH 10¥M-108 M
1-PeCDD H4IIE 10 M - 5*101° M
PRH 108 M -10° M
1,6-HXCDD H4IIE 5¥10 M - 5¥10° M
PRH 102 M - 3*10% M
1,4,6-HpCDD H4IIE 5*10"° M - 5¥10° M
PRH 5¢102M - 10’ M
TCDF H4IIE 10" M-10"M
PRH 102 M - 10° M
4-PeCDF H41IE 108M-10°M
PRH 102 M- 108 M
1,4-HXCDF H4IIE 10 M- 10°M
PRH 5¢101? M - 5¥10° M
1,4,6-HpCDF H4IIE 5¥10" M - 5¥10° M
PRH 10 M - 1.58*10' M
PCB 126 H4IIE 5*10"° M - 5¥10° M
PRH 54102 M - 10’ M
PCBs 105, 118, 153  H4IIE, PRH 1hM - 10°M
PCB 77 H4IIE 10°M - 10° M
PRH 5¢10 M - 10° M
PCB 156 H4IIE 5¥10° M - 10° M
PRH 10°M-10°M

Table 7: EROD medium components.

EROD medium 25 mL respective culture medium (with&upplements)
125 uL MgCh (1 M)
25 pL Dicumarol (10 mM in 0.2 M NaOH)
125 pL 7-ethoxyresorufin (1 mM in DMSO)
prepared immediately prior to use (37°C)
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3.5.SDS-PAGE and Western Blot

For investigations on CYP1A1-protein via WesterotBWB) analysis, H4lIE cells, or PRH, which
were seeded on 100 mm cell culture dishes as descrivere exposed to congener-concentrations

depicted in table 8.

Table 8: Final congener-concentrations tested via SBPAGE/Western Blot (H4IIE, PRH).

TCDD H4IIE 5*10"° M - 10° M
PRH 108 M -10°M
1-PeCDD H4IIE 102 M - 5*101° M
PRH 102 M - 10° M
1,6-HXCDD H4IIE 5*10° M - 5¥10° M
PRH 102 M - 3*10% M
1,4,6-HpCDD H4IIE 5¥10"° M - 5¥10° M
PRH 102 M-10"M
TCDF H4IIE 10" M-10"M
PRH 102 M - 10° M
4-PeCDF H4IIE 108M-10°M
PRH 102 M - 108 M
1,4-HXCDF H4IIE 10 M- 10°M
PRH 102 M - 5*10% M
1,4,6-HpCDF H4IIE 5*10 M - 5¥10° M
PRH 102 M-10'M
PCB 126 H4lIE 10 M - 5*10° M
PRH 102 M-10'M
PCBs 77, 105,
118, 153, 156 H4IlE, PRH 10°M - 10°M

After incubation of congeners for 24 h, cells warashed and scraped off from dishes using ice-
cold isotonic extraction buffer (IEB, 1 mL) contaig protease inhibitor cocktail (0.1%). Cells were
homogenized using an ultrasonic probe, and proteare separated (12,000 g, 15 min, 4°C). From
protein-containing supernatants, microsomes weaxated per ultracentrifugation (100,000 g, 1 h,
4°C; Ultracentrifuge Optima TL, Beckman Coulter,ekald, Germany), and dissolved in NaP
buffer (100 pL, 50 mM). Protein content was measing BCA assay (PieréeBCA Protein Assay
Kit) according to the manufacturer’s protocol.
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To microsomes (20 pg protein/15 pL), Laemmli logdouffer (6x, 3 puL) was added, and proteins
were denatured at 95°C for 5 min. Samples wereedtat -20°C until used for SDS-PAGE.
Microsomes were held at -80°C. Details regardingpposition and storage conditions of required

solutions are summarized in table 9.

Table 9: Solutions required for protein sample prepaation for SDS-PAGE/Western Blotting.

Isotonic extraction buffer Saccharose (250 mM)
IEB KCI (25 mM)
HEPES (10 mM)
EGTA (1 mM)
pH 7.8
4°C
added prior to use: protease inhibitor cocktail ¥6)
P8340, Sigma-Aldrich

NaR-buffer NaeHPO*H 0 (43.5 mM)
50 mM NaHb,PO; (6.5 mM)

pH 7.6

4°C

Laemmli loading buffer 50 mL Tris/HCI (0.5 M, pH 6.8)
(6x) 40 mL glycerin

5 mL 2-mercaptoethanol

1.24 g SDS

160 mg bromphenol blue

ad 100 mL

-20°C

Discontinuous sodium dodecy! sulfate-polyacrylamigg electrophoresis (disc SDS-PAGE) and
Western Blot was performed according to Laemmli7(9 and Towbin (1979) as described
previously (Chopraet al, 2010b) with modifications. Discontinuous gels gased of separating
gels (10% acrylamide) and stacking gels (4% acridajrwere poured (table 10), placed in vertical
electrophoresis apparatuses (Bio-Rad Laboratoriedbls Munich, Germany), and proteins of
samples (20 pg protein/18 pL) were electrophoryisaparated (140 V).

Protein standards (#161-0375) were purchased framyRBd Laboratories GmbH. Proteins were
blotted onto polyvinylidene difluoride (PVDF)-menalmes (pore size 0.2 um, Bio-Rad Laboratories
GmbH) by semi-dry blotting (figure 7; Semi-Dry Biet TE77, Hoefer, Inc.; San Francisco,
California, USA).
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cathode; loaded with 5 kg of weight

} filter papers soaked with cathode-buffer

PA-gel
PVDF-membrane

} filter papers soaked with anode-buffer Il

= = = = X \ = = =

filter paper soaked with anode-buffer |

anod:

Figure 7: Semi-dry blotting procedure, schematic \@w.

Subsequent to blotting for 75 min and 45 mA per imeme (7 x 9.5 cm), membranes were blocked
(5% lowfat powdered milk in Tris-buffered salinetviTween-20 (TBS-T)) for 1 h at RT, or at 4°C
over night. Appropriate membrane parts were inaibawrith rabbit anti-CYP1A1l (1:1000 in
TBS-T; sc-20772, Santa Cruz Biotechnology, Inc.ideierg, Germany), or rabbit anti-voltage-
dependent anion channel (VDAC, 1:1000 in TBS-T; 6818Cell Signaling Technology, Inc.,
Frankfurt on the Main, Germany), for 1 h at RT,awer night at 4°C. VDAC served as loading
control. Membranes were washed (3 x 5 min) with IB&nd incubated with goat anti-rabbit IgG
horseradish peroxidase (HRP) (1:5000 in TBS-T, G@42 Santa Cruz Biotechnology) for 1 h at
RT.

After washing of membranes (3 x 5 min with TBS-Tx & min with TBS), CYP1A1 (56 kDa)-, and
VDAC (32 kDa)-protein bands were visualized by neai chemoluminescence detetection.
Therefor, 100 pL reagent B were added to contaireagent A, and membranes were incubated for
1 min prior to detetection via Lumi Imager (Roctannheim, Germany) and Lumi Analyst
Software (Version 3.1, Roche). See table 10 foaitit information regarding required reagents
(method modified according to Chopeial, 2010b).
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Table 10: Gel components and buffers used for disc DS-PAGE/Western Blot, and reagents for
chemoluminescence detection.

Separating gel

Formulation per gel:

(% acrylamide) purified water 2mL
acrylamide (30%) 1.64 mL
1.5 M Tris/HCI (pH 8.8) 1.23 mL
sodium dodecyl sulfate (SDS, 10%) 50 pL
ammonium persulfate (APS, 10%) 50 pL
N,N,N’,N"-Tetramethylethylenediami@ EMED) 5puL
Stacking gel Formulation per gel:
(% acrylamide) purified water 1.2mL
acrylamide (30%) 0.25mL
0.5 M Tris/HCI (pH 6.8) 0.5mL
SDS (10%) 20 pL
APS (10%) 20 puL
TEMED 4 uL
Electrophoresis-buffer Glycine (200 mM)
Tris/HCI (25 mM)
SDS (0.1%)
Tris-buffered saline NaCl (130 mM)
TBS Tris/HCI (20 mM)
pH 7.4
TBS with Tween-20 TBS
TBS-T Tween-20 (0.1%)
Anode-buffer | Tris (300 mM)
methanol (10%)
pH 10.4
Anode-buffer Il Tris (25 mM)
methanol (10%)
pH 10.4
Cathode-buffer Glycine (40 mM)
Tris (25 mM)
methanol (20%)
SDS (0.005%)
pH 9.4
Reagent A Luminol (50 mg in 100 mM Tris/HCI, pH B.6 10 mL
p-coumaric acid (11 mg/10 mL DMSO) 1mL
Reagent B 100 mM Tris/HCI, pH 8.6 1mL
H,0, (30%) 50 pL

*Applichem GmbH, Darmstadt, Germany
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3.6. Quantitative real-time PCR

For determination of core congeners’ propertiesgene transcriptionn vitro, definite mRNA-
levels in exposed H4llE-cells, or PRH, were invgatied via quantitative real-time polymerase
chain reaction (QRT-PCR). To approach to this dbjectranscription of eight potential AhR-target
genes Cyplal Cypla2 Cyplbl Ahrr, Aldh3al Cd36 Hsd17b2 and Tiparp), were examined
using TCDD-treated H4llIE-cells, or PRH (0.1 pM-1 nMCDD, 24 h). Furthermore, effects on
Cyplal Cyplaz Cyplbl andAldh3alafter 24 h of treatment (H4IIE, PRH) were analyneare
extensively, studying effects of the complete detave congeners (TCDD, 1-PeCDD, 4-PeCDF,
PCBs 118, 126, 153, and 156), applying compoundemmnations noted in table 11.

Table 11: Final congener-concentrations used for irestigations via qRT-PCR (H4IIE, PRH).

TCDD H4IIE 10 M -10°M
PRH 10%M-108M
1-PeCDD H4IIE 105 M-10°M
PRH 1083 M-108M
4-PeCDF H4IIE 10°M-10°M
PRH 102 M - 108 M
PCB 126 H4IIE 10 M -5*10° M
PRH 102 M -10°M
PCB 118 H4IIE, PRH 10M - 10°M
PCB 153 H4lIE, PRH 5*10M-10°M
PCB 156 H4IIE 5*10° M - 10° M
PRH 10°M - 10° M

From H4IIE cells, PRH, PBMCs, and mouse-, or rarlitissues, mMRNA was isolated using Qiagen
RNeasy Mini Kit (Qiagen GmbH, Hilden, Germany) aating to the manufacturer’s protocol. For
details regarding PBMC-, mouse-, and rat liver das)psee respective chapters. Prior to use in
microarray analysis, integrity of mMRNA was checlaggplying Agilent RNA 6000 Pico Kit (Agilent
Technologies GmbH, Waghaeusel-Wiesental, Germay)neans of 2100 Bioanalyzer (Agilent
Technologies GmbH, Waldbronn, Germany), using 2EQPert software (Agilent Technologies
GmbH, Waldbronn, Germany).
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For qRT-PCR, mRNA was transcribed to cDNA in a Mgley™ Thermo Cycler (Bio-Rad,
Munich, Germany). To accomplish reverse transaiptiScript™ cDNA Synthesis Kit (Bio-Rad)
was applied according to the manufacturer’s prdiaesing 1 ©g mRNA per sample (NanoDrop
ND-1000 Spectrophotometer, Wilmington, Delaware AYSQ™ SYBR® Green Supermix (Bio-
Rad) was used for dye-based quantitative PCR (Wlastel pL sample cDNA, 12.5 yL IQ™
SYBR® Green Supermix, 9.5 uL nuclease-fregOH1 pL forward primer, 1 pL reverse primer),
whereas measurement of fluorescence was carriad auntiCycler iQ™ Thermal Cycler (Bio-Rad)
according to the manufacturer’s protocol. For eaqberiment, gene transcripts of the housekeeping
gene encodin@-actin were measured. Referring to Pfaffl (200a)ias were calculated on the basis
of the crossing point (CP), where the thresholdriiscence is crossed. The threshold fluorescence
is defined as the point at which fluorescence apabdy rises above background fluorescence.
Ratios were calculated with the aid of the ‘delédtalmethod’ (Pfaffl, 2001). Primer validations
were implemented to investigate gRT-PCR-efficaciedess primers were already established in
the laboratory (Dorr, 2010; Lohr, 2013; Roos, 2019¢quences of primers are listed in table 12
(following page).
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Table 12: Primer sequences used for qRT-PCR (forpfward; rev, reverse; Ta, annealing temperature).

RefSeq
Gene name accession number Primer sequences & 3) Ta Reference
Human
ACTB NM_001101 for: CGTGCGTGACATTAAGGAGAA,; rev: CAATGCCAGGAAGGAAGG 55.7°C Dorr, 2010
AHRR NM_020731 for: CTTCATCTGCCGTGTGCGCT; rev: ATGAGTGGCGGGACAGCAGA 57°C Lohr, 2013
ALDH3A1 NM_001135168 forGCAAGCAAGTAAGGGAGCGGA;rev: ACCCGAGTCCTAAGCCGAACTG 60°C Lohr, 2013
CD36 NM_001001547 for: AGATGCAGCCTCATTTCCAC; rev: CGTC@GTCAAATACAGCA 60°C Chuanget al, 2009
CYP1A1 NM_000499 for: CAGAAGATGGTCAAGGAGCA,; rev: GACATTGGGTTCTCATCC 60°C Anderssoet al, 2011
CYP1A2 NM_000761 for.CCCAGAATGCCCTCAACA;rev: CCACTGACACCACCACCTGAT 60°C Ooiet al, 2011
CYP1B1 NM_000104 for: CGGCCACTATCACTGACATC; rev: CTCGAGTGICACATCAGGA 60°C Anderssoat al, 2011
HSD17B2 NM_002153 for: CTGAGGAATTGCGAAGAACC; rev: AAGAAGCTCCCATCAGTTG 52°C St al, 2007
TIPARP NM_001184717 for. GCGCACAAGTCTTCGTCTTCCTCCrev: AAAAATCCTCCCGAGGAGCGTCCAA 60°C Lohr, 2013
Rat
Actb NM_031144 for: AGCCATGTACGTAGCCATCCA, rev: TCTCCGGEN CCATCACAATG 58°C Roos, 2011
Ahrr NM_001024285 for: GGGGACAGAGAAGAGGACGATCAGA; rev:@TTCGCTGCTCTGTGCTCCA 65.4°C Validated primers
Aldh3al NM_031972 for: TATCCCCCAAGCCCAGCCAAGA,; rev: AGGACGTAGGTGGGAATAAGC 60.1°C Validated primers
Cd36 NM_031561 for: GGCTGTGTTTGGAGGCATTCT,; rev: CCCGTTTACCCAGTTTTTG 59°C Dalgaardt al, 2011
Cyplal NM_012540 for : CCTCTTTGGAGCTGGGTTTG; rev: CCTGTGGGATGGTGAA 55°C Roos, 2011
Cypla2 NM_012541 for: GCAAGGACTTTGTGGAGAATGT; rev: GTGATGICTGGATACTGTTCTTGT 64°C Mirek
Cyplbl NM_012940 for: CTCATCCTCTTTACCAGATACCCG,; rev: GACRTGGTAAGTTGGGTTGGTC 58°C Mirek
Cyp2bl NM_001134844 for: ATGGAGAAGGAGAAGTCGAACC; rev: CTTEGCATCAGCAGGAAACC 64°C Roos, 2011
Cyp3al NM_013105 for: CCAGCAGCACACTTTCCTTTG,; rev: GGTGGGABIGCCTTATTGG 52°C Roos, 2011
Hsd17b2 NM_024391 for: TCGGTGTCCTGCTTCTTCCTTCTG,; rev: CCCTLTATCCAGCACTCCAGCAA 64°C Validated primers
Tiparp XM_003753596 for: TTGGAAATTCTTCTGTAGAGACCAC; rev: TCAATTAGTCGAACAACAGACTCA  57°C Validated primers
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3.7. Peripheral Blood Mononuclear Cells

To approach novel findings regarding AhR’s roleninmune cells, investigations on TCDD-treated
human peripheral blood mononuclear cells (PBMCsjeweerformed. For this purpose, PBMCs
(figure 8) were isolated from freshly drawn bloosbrh four subjects, and characterized by
fluorescence activated cell sorting (FACS) analy€islls were exposed to TCDD alone or co-
incubated with either lipopolysaccharide (LPS) dwytphemagglutinine (M Form; PHA), and

MRNA was isolated after 24 h of treatment. Impactranscription of eight potential AhR-target
genes CYP1Al1l CYP1A2 CYP1B1 AHRR ALDH3Al CD36 HSD17B2 and TIPARP was

examined. Furthermore, human whole genome micrpamalysis was performed.

Figure 8: Light microscopic photograph of human PBMCs stimulated with LPS (1 pg/mL) for 24 h
(magnification 100x).

3.7.1. Isolation and treatment of human PBMCs

Venous blood (40-45 mL) of four healthy, non-smakindividuals (two female, two male; 23-29
years of age) was collected in EDTA-monovettes gtedt, Nuernbrecht, Germany), carefully
layered on Ficoll-Paqué PLUS solution (GE Healthcare Europe GmbH, Freibu®grmany;
blood:Ficoll (viv) = 3:4), and centrifuged at 400fay 30 min at RT in 15 mL falcons (isolation
method modified according to Bayum, 1964). PBMCelaywere transferred to PBSvashed (300
g, 5 min, RT), and resuspended in PBMC culture oradiRPMI 1640 with.-glutamine, without
phenol-red (PAA Laboratories, Coelbe, Germany) ptemented with 10% (v/v) charcoal stripped
fetal bovine serum (PAA Laboratories), 25 mM HEPH% (v/v) penicillin/streptomycin (PAA
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Laboratories)), or PBMC culture medium containingP(1.5%). Cells were counted with the aid
of a Neubauer counting chamber via trypan blugényblue solution, 0.4%) exclusion test (Evans
and Schulemann, 1914; Rous and Jones, 1916), ngetdl2 (+0.5)*16 cells/mL blood. PBMCs
were seeded on 6-well cell culture plates (6*t6lls/3 mL/well) in appropriate PBMC culture
medium, and incubated (see table 13) for 24 h A 395% relative humidity, and 5% GO

Table 13:1n vitro treatment of human PBMCs.

Control | DMSO 0.1% Incubation | TCDD 10 nM

Control Il DMSO 0.1% Incubation Il TCDD 10 nM
LPS' 1 ug/mL LPS' 1 pg/mL

Control 111 DMSO 0.1% Incubation 1l TCDD 10 nM
PHA? 1.5% PHA? 1.5%

YPS fromE. coli0111:B4 (L3012); Sigma-Aldrich, Steinheim, Germany
’Gibcd® Life Technologies GmbH, Darmstadt, Germany

After incubation, PBMCs were separated from medi@0 g, 10 min, RT), and mRNA was
isolated using Qiagen RNeasy Mini Kit (Qiagen Gmbtlden, Germany) according to the
manufacturer's protocol. Further preparations ahglas accomplished prior to qRT-PCR-, or

human whole genome microarray analysis are expldamesspective chapters.

3.7.2. Characterization of PBMCs by Flow Cytometry

Isolated PBMCs were characterized by FACS anal@sds were washed (300 g, 5 min, 4°C), and
resuspended in ice-cold Stain Buffer (BD PharmingerHeidelberg, Germany). To cells
(10° cells/100 pL each), antibodies (20 pL) were added,incubated on ice for 20 min (protected
from light). Unstained cells, as well as cells rs¢@i with respective isotyp control antibodies (see
table 14 for antibody details; following page), wersed for control measurements. Subsequent to
antibody-incubation, cells were washed twice (SEuffer; 300 g, 5 min, 4°C), and resuspended in
100 pL ice-cold Stain Buffer per sample. Sampleseweeasured using a BD FACS Canto Il flow
cytometer (BD Biosciences, Heidelberg, Germany).

Cell populations were identified per forward sca(feSC)/sideward scatter (SSC) dot blots, and
distinguished via light detection from the 633 nrad laser enabled by a trigon detector array

(bandpass filter: 660/20 nm). Required solutionsHACS analysis are listed in table 14 (following
page).
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Table 14: List of antibodies and solutions used in #hcourse of FACS analysis for human PBMCs.

APC Mouse Anti-human CD3 555335; BD Pharmingéh Y
APC Mouse Anti-human CD14 561708; BD Pharmingéh Y
APC Mouse Anti-human CD19 555415; BD Pharmingéh

APC Mouse IgG, k isotyp control 555751; BD Pharmingén @

APC Mouse IgG,, k isotyp control  555576; BD Pharmingéh @

BD FACS Clean Solution 340345; BD FACS#
BD FACSFlow Sheath Fluid 342003; BD FACSFlow™
BD FACS Shutdown Solution 334224: BD FACS™

WHeidelberg, Germany

The CD3 monoclonal antibody specifically bindshe human CD8chain, a 20 kD subunit of the
CD3/T cell receptor complex. CD19 is specificallypsessed on B cells, and respective CD19
monoclonal antibody binds to the 95 kDa type | sraembrane CD19 glycoprotein. The CD14
monoclonal antibody specifically binds to CD14, 8-%% kDa glycosylphosphatidylinositol-
anchored single chain glycoprotein expressed &b tegels on the surface of monocytes and
macrophages (information was taken from techniedh ¢dheets of antibodies; BD Pharmirigen
Heidelberg, Germany). After FACS analysis, fromateke fluorescence units (RFUs) of samples
stained with CD3-, CD14-, or CD19-antibody, RFUs&dpective isotyp control-stained cells were
subtracted. For investigations of CB3and CD19-cells, IgG, « isotyp control was used, whereas

for analysis of CD1%4cells, IgG, k isotyp control was applied.

Resulting ARFUs exceeding 4,000 referred to positively staicetls and were termed CDX
Hence, CD3-cells indicated the presence of T-lymphocytes, €Bklls designated B-
lymphocytes, and CDI4ells indicated the presence of monocytes/macgha
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3.8. Whole Genome Microarrays — human & mouse

To reveal novel findings regarding potential AhRpelerdent-, and AhR-independent impact of DL-
chemicals on gene transcription, mouse whole genommarray analysis was performed. Within
the framework of SYSTEQ project, female C57BL/6&enivere exposed to single doses of one of
the seven core congeners (TCDD, 1-PeCDD, 4-PeCDB, .8, PCB 126, PCB 153, or PCB 156)
for three days. In the course of the entire expenimimpact of TCDD, and PCB 153 was closely
studied by Dr. Christiane Lohr (Lohr, 2013). Foe turposes of the work in hand, respective data
obtained by courtesy of Christiane Lohr was pdytiedquired to attain reasonable considerations
and findings, or to draw comparisons between coagenvhich especially was inevitable regarding
TCDD.

To approach both potential effects of TCDD towandsnans and to disclose its possible impact on
immune systemin vitro studies on human PBMCs were implemented. From $oidjects (one
female, two male), mRNA dh vitro-treated PBMCs exposed to TCDD for 24 h was exathine

terms of whole genome microarray analysis.

From each treatment group within the mouse expeatinsamples of all six treated animals as well
as three controls were analyzed. Referring to PBM@=ubations |, II, and Il were included.

Regarding both variants of starting material, pduce was performed as follows.

From PBMCs and mouse liver samples, mMRNA was isdland checked on integrity as described
and used for two-color microarray-based gene egpesanalysis, which was processed
implementing dye-swop procedures. According to thanufacturer's protocol (G4140-90050,
version 6.5, 2010; Agilent Technologies, WaldbroGermany), 100 ng of mRNA per sample was
applied. By means of low input quick amp labeling(Rgilent Technologies GmbH, Waghaeusel-
Wiesental, Germany), fluorescent cRNA was generafEdis method involved T7 RNA
polymerase, which simultaneously amplified targettenial and incorporated cyanine (Cy)3-, or
Cy5-labeled CTP.
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All used reagents and buffers used for two-colocroarray-based gene expression analysis are
listed in table 15.

Table 15: List of reagents und buffers used in the cwse of two-color microarray-based gene expressiamnalysis.

Low Input Quick Amp Labeling Kit, two-color 5190-@8; Agilent Technologies GmbH

RNA Spike In Kit, two-color 5188-5279; Agilent Temblogies GmbHY
Gene Expression Hybridization Kit 5188-5242; Agtl@echnologies GmbK
Gene Expression Wash Buffer Kit 5188-5327; Agil€athnologies GmbK
Hybridization Gasket Slide Kit G2534-60011; Agilent Technologies GmBH
Human GE 4x44K v2 Microarray Kit G4845A; Agilent denologies GmbHY
Mouse GE 4x44K v2 Microarray Kit G4846A; Agilent dienologies GmbH”
RNeasy Mini Kit Qiagen GmbH, Hilden, Germany

Ethanol (absolute, reag. ISO, reag. Ph. Eur) Sigldach, Steinheim, Germany

"Wwaghaeusel-Wiesental, Germany

Hybridized microarray slides were scanned usinglehgi Microarray Scanner System (Scanner
Model G2505B, Agilent Technologies Scan Control t®afe Version A.7.0.1; Agilent
Technologies GmbH, Waldbronn, Germany). Prelimiragcessing of data was made by means of
Agilent Technologies Feature Extraction Softwares.(R1; Agilent Technologies GmbH). Data
normalization and statistical analyses were peréarmsing Bioconductor (Gentlemanal, 2004)

R (version 2.15.1) package limma (version 3.12S3yyth, 2004). Raw signals were background
corrected subtracting local spot background. Twomnadization steps were applied: firstly within
arrays using the global loess method, and secdretlyeen the arrays using the Aguantile method.
Differential expression was assessed with the begmpirical Bayes moderated t-tests carried out
in limma (Smyth, 2005) on the dataset. Cutoff cidtefor further functional analysis were
logarithmic (log2) fold changd Ifc | > 1, and p-value < 0.05, corrected by false disgovate
(FDR) using the Benjamini-Hochberg method (Benjanaind Hochberg, 1995), and an A-mean
value A> 2". The clipped list was subjected to Gene Ontold@®) analysis using the TopGO
(version 2.8.0) package in R (Alex al, 2006). Classical enrichment analysis by testingr-o
representation of GO terms within the group ofedihtially expressed genes was performed using
Fisher's exact test (correspondence with Karstedrésen, Institute of Biotechnology and Drug

Research (IBWF), Kaiserslautern).
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3.9. Animal experiments

All animal experiments were performed at the anifaaility of the Utrecht University (Institute for
Risk Assessment Sciences (IRAS), Utrecht, The Niethés) with permission of the Animal
Ethical Committee, and according to Dutch law on im@mh experiments
(http://wetten.overheid.nl/BWBR0003081). Nine-wesh- female C57BL/6 mice, and Sprague
Dawley rats (Harlan laboratories, Venray, The Ne#mels) were randomly assigned to treatment
groups (six animals per group), and allowed toiawtke for 1.5 weeks. Animals were housed in
groups in standard cages and conditions (temper&8ir(+2)°C, 50-60% relative humidity, 12 h
dark and light cycle) with free access to food aader. Mice and rats received single doses (table
16) of core congeners (TCDD, 1-PeCDD, 4-PeCDF, RC®& PCB 126, PCB 153, or PCB 156),
which were administered in corn oil at a dosingwmeé of 10 mL/kg bw by oral gavage. Dependent
on the congener and its current TEF, five diffe@osages (L, M, N, O, or P) were administered.
Animals were sacrificed at day three after dosiggC®,/O,. One dose group (O-group) of each
compound was added for an exposure time of 14 (léys Edeet al, 2013a; Van Edet al, 2011).

For the work in hand, livers (snap frozen and stat-80°C) were used as starting material for
microarray or qRT-PCR experiments. The P-group wasluded from examinations and is

therefore not displayed in table 16.

Table 16: Overview of animal experiments (mouse, raperformed at IRAS and administered doses; six amals
per dose group; three days, and 14 days study.

Single dose (ng/kg bw)

Congener KP L M N O° WHO-TEF (2005)
TCDD 0 0.5 2.5 10 25 1
1-PeCDD 0 0.5 2.5 10 25 1
4-PeCDF 0 5 25 100 250 0.1
PCB 126 0 5 25 100 250 0.1
PCB 118 0 5000 15000 50000 150000 0.00003
PCB 156 0 5000 15000 50000 150000 0.00003
PCB 153 0 5000 15000 50000 150000 -

&/an den Berget al, 2006
®Doses for both three days & 14 days study
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3.10. Calculation of relative effect potencies andaistical analysis

Half maximal effective concentration (EC50)-valudscongeners as part of vitro-studies were
received by sigmoid fitting using Origin softwar®©r{ginLab 6.0, Microcal Software, Inc.;
Northampton, Massachusetts, USA). Concerning ER@asurements, EROD-activities in solvent
controls were considered as background level, ahttacted from data. For effective concentration
20% (EC20)-values, the upper limit of the respeciiCDD-derived curve was set 100%, and test
compound concentrations attaining its fifth partevdefined as EC20. In accordance with the TEF-
concept, respective relative effect potencies (RE®galed the compounds’ potencies relative to
the reference compound TCDD.

Essentially, all models are wrong, but some aréuligéeorge E. P. Box).

Statistical significant differences of means (cohtrs. treatment group(s)) were determined using
one-way analysis of variance (ANOVA) followed byhair two-tailed unpaired t-test with Welch-
correction (applied for two groups), or DunnettssRTest (applied for three groups). Statistically
significant values were marked with * (p-value <O%. significant), ** (p-value < 0.01; very
significant), or *** (p-value < 0.001; extremelyggiificant). Calculations were performed using
GraphPad InStat version 3.00 (GraphPad Software, [Hago, California, USA). For detailed
information regarding evaluation and statisticahlgsis of microarray experiments, see respective
chapter.
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Results
4.1.1n vivo — animal experiments

In the course of the SYSTEQ project, mouse andtraties were performed in order to establish
AhR-dependent effects. Mice and rats received sidglses of TCDD, 1-PeCDD, 4-PeCDF, PCB
118, PCB 126, or PCB 156 and were sacrificed #ffteye days or 14 days of exposure. Treatment
of animals with PCB 153 was used to specify AhRepehdent effects.

For the purposes of the work in hand, mRNA of ligamples of mouse three days study was
isolated, checked on purity via Bioanalyzer, angliag to whole genome microarray analysis.
TCDD-and PCB 153-derived effects on gene expressiomouse liver were closely studied by
Christiane Lohr (Lohr, 2013), whereas impact ofelCPD, 4-PeCDF, PCB 118, PCB 126, or PCB
156 were analyzed in the following. According te fREF-concept, contrasting effects due to these
DL-congeners to TCDD’s was essential and requimedeizaluation within the framework of the
SYSTEQ project. By courtesy of Christiane Lohr, rdata referring to TCDD’s impact on gene
expression in mouse liver was used in this regaedides heat maps, principal component analyses
(PCAs), and gene lists, pathway analyses by melafiegzO analysis were performed in order to
gain further information regarding mechanism(saction among core congeners.

Furthermore, liver samples of rat studies (thregsdd4 days) were analyzed regarding AhR-,
CAR-, and PXR-dependent effects of core congedarapproach to these objectives, mMRNA was

examined via gRT-PCR with respectGgplal Cyp2bl andCyp3a4

4.1.1. Mouse whole genome microarray analysis

Subsequent to verification of purity of mMRNA is@dtfrom liver samples of treated animals, two-
color microarray-based gene expression analysioweld applying Mouse GE 4x44K v2
Microarray Kits (Agilent Technologies GmbH, WaghselWiesental, Germany). Of each
treatment group, samples of all six treated aniraatsthree controls were included, and processed
individually implementing dye-swop procedures. Datamalization and statistical analyses were
performed using Bioconductor R package Limma (Smg@94), whereas data of the entire study
was analyzed globally, including TCDD-, and PCB -H&8ived data obtained by courtesy of
Christiane Lohr (Lohr, 2013). Results were filteieg cutoff values for signal intensity A 2,

logarithmic (log2) fold changélfc | > 1, and p-value < 0.05.
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4.1.1.1. Heat maps and Principal Components Analysi

Initial inspection of microarray data implied cleshg of information to reduce data
dimensionality. To at first approximate variabiliy data, and to verify exhibited trends, principal
component analyses (PCAs) were performed.

Figure 9 shows PCA-results regarding whole genonmoaxray analysis and effects of core

congeners on gene expression in mouse liverstafese days of single dose exposure.

Figure 9: PCA mouse whole genome microarray analysi(n vivo, three days). Examination of RNA of livers
from mice treated with TCDD (cyan), 1-PeCDD (magers), 4-PeCDF (blue), PCB 118 (yellow), PCB 126 (pink),
PCB 153 (orange), or PCB 156 (brown), focusing on ta¢ément groups (left), and contrasting dyes (right;red:
control dyed Cy3, green: control dyed Cy5). 3D stir plot view of data with respect to their correltion to the
first three principal components (PCs 1-3).

By means of PCA-results regarding mouse whole genaoritroarrays, reasonable clustering of
data among animals of one treatment group was wéséfigure 9, left). PCB 126 (pink), 4-PeCDF

(blue), or PCB 118 (yellow) affected gene trandaip in broader diversifying degree among

treatment groups compared to TCDD’s, 1-PeCDD’sP@B 156's effects. Clustering between

treatment groups appeared less prominent refeorddferently affected gene expression in mouse
livers due to compound treatments but yet indicatetsistency of mRNA integrity.

Varying properties of samples referable to apptigd (figure 9, right) resulted in homogenous, but
not highly deviated clustering of Cy3 (red, w.ctntrol)-, and Cy5 (green, w.r.t. control)-dyed

samples. Adopted dye-swop was used in order toceediverging dye properties delineated in

figure 9.
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Microarray data visualized by means of a (bi)clusisualization technique generated heat maps,
which reflect congeners’ effects on gene expressiomouse livers. With the aid of heat maps,
indication of congeners’ impact, including overlams distinctions among these, affecting gene
expression may be outlined in this regard.

Figure 10 presents a heat map regarding mouse aniagodata and Ifc | > 1 (p-value < 0.05),
comprising results of the entire study with all eecore congeners, including data by courtesy of
Christiane Lohr (Lohr, 2013), observed by examoratf TCDD-, and PCB 153-treated mice.

!

PCB 153 PCB118 PCB 126 PCB 156 4-PeCDF 1-PeCDD TCDD
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Figure 10: Heat map (I) mouse whole genome microaay analysis {(n vivo, three days). Examination of RNA of
livers from mice treated with TCDD, 1-PeCDD, 4-PeCDFPCB 118, PCB 126, PCB 153, or PCB 156. For degree
of up-regulation (red), and down-regulation (green)see Color Key and Histogram; | Ifc |2 1, p-value < 0.05.
Treatment groups (horizontal) vs. regulated genes értical).

The heat map presented in figure 10 gives initigdriessions concerning core congeners’ impact on
gene expression in mouse livers consider|r1@| > 1. Correlating degree of red-, and green-
coloring, 4-PeCDF, PCB 126, or PCB 156 led to nfm@nounced effects regarding number and
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extent of up-, and down-regulation of genes congp&rel CDD, 1-PeCDD, PCB 118, or PCB 153.
Interrelations between impact of TCDD and 1-PeCDé3 wdicated, as well as between PCB 156
and 4-PeCDF, furthermore between these two congeamel PCB 126, continuing with a coherence
of PCB 118 and the correlating group of PCB 126/PC#/4-PeCDF, and finally, to less
prominent extent among DL-compounds, conforming DZBPeCDD to PCB 118/PCB 126/PCB
156/4-PeCDF. Weakest compliance was obtained bateecongeners and the NDL PCB 153.

Specifying focus on highly regulated genetash‘c( | > 5; p-value < 0.05) led to a heat map, which is
presented in figure 11. Results comprise data wdthby courtesy of Christiane Lohr (Lohr, 2013),
regarding mRNA-analysis of TCDD-, and PCB 153-tdathice.
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Figure 11: Heat map (ll) mouse whole genome microaay analysis {n vivo, three days). Examination of RNA of
livers from mice treated with TCDD, 1-PeCDD, 4-PeCDFPCB 118, PCB 126, PCB 153, or PCB 156. For degree
of up-regulation (red), and down-regulation down-rgulation (green) see Color Key and Histogram;| Ifc |2 1,
p-value < 0.05. Treatment groups (horizontal) vs. igulated genes (vertical).
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Since a low number of genes was affected to higktmt (| Ifc | > 5) throughout the entire study,
closer examination of regulated genes depicted @at map in figure 11 was feasible. Most
prominent degree of regulated genes was obtainedt@l4-PeCDF-treatment, followed by PCB
126, PCB 156, and PCB 118. Regarding coherenceetisaw distinctions between congeners’
effects, stronger correlations even by means afaliperception was given. Coherencies between
congeners foreseen in figure 10 appeared in strahigensions.

Coherent groups were TCDD/1-PeCDD; 4-PeCDF/PCB 1B6B 126/PCB 156/4-PeCDF;
PCB 118/PCB 126/PCB 156/4-PeCDF, and least ofchllstering of all DL-congeners lightly
concurred with NDL-PCB 153's effects. Interestingimost obvious up-regulated genes due to
treatment with all DL-congeners we@yplal andCyplbl except for PCB 118, where the strict
cutoff of | Ifc | > 5 may have restraingdyplbZtinducing effects in the diagram. In contrast, NDL-
PCB 153 slightly repressétiyplal andCyplbl but distinctly induced anoth@yp (Cyp2c55.

4.1.1.2. Regulated genes

In terms of examination of genes, which were a#dategarding their transcription rates due to
congeners’ impact, data normalization and statistnalyses were performed using Bioconductor
R package Limma (Smyth, 2004). In this regard, ddtéhe entire study was analyzed globally,

including TCDD-, and PCB 153-derived data by casytef Christiane Lohr (Lohr, 2013). Results

were filtered by cutoff values for signal intensity> 2’, | Ifc | > 1 and p-value < 0.05.

TCDD

Relevant with regard to purposes of the work incharere effects on gene transcription due to
single dose-exposure (25 pg/kg bw, three days)ioé with TCDD. Taking account of defined
cutoff values (A> 2, | Ifc | > 1, p-value < 0.05), the number>»®fold regulated genes by TCDD
was 125 (up-regulated), and 95 (down-regulatedpeetively. Top three up-regulated genes in
descendant order wef@yplal(NM_009992, A = ¥ |fc = 9.478, fold induction = 713.12),
Cyplb1(NM_009994, A = 2'® |fc = 5.169, fold induction = 35.98), ar@@ypla2(NM_009993,

A = 2133 |fc = 3.985, fold induction = 15.83). Top threewh-regulated genes in descendant order
were KIf10 (NM_013692, A = 2 Ifc = -2.846, fold induction = 0.1391Rgs16(NM_011267,

A = 223 |fc = -2.601, fold induction = 0.1648), arBerpina4-ps1(BC031891, A = 2%

Ifc = -2.573, fold induction = 0.1681).
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4.1.1.2.1. 1-PeCDD - impact on gene transcription mouse livers

In figure 12, numbers of genes regulated in moiveed subsequent to single-dose treatments with
1-PeCDD (25 ng/kg bw) and three days of exposwreadapicted. Comparison to data obtained by
TCDD-treatment by courtesy of Christiane Lohr waduded (Lohr, 2013).

1-PeCDD
TCDD > 2fold
> 2fold
319
125
55
. # of up-regulated genes
# of down-regulated genes
45
95
374
> 2fold > 2fold > 3fold

Figure 12: Mouse whole genome microarray analysidNumbers of regulated genes in mouse livers by 1-PBOD
(25 ug/kg bw, three days) compared to numbers of ges regulated by TCDD (25 ug/kg bw, three days), and
numbers of genes regulated both by 1-PeCDD and TCDO CDD-raw data by courtesy of C. Lohr; Lohr, 2013).
A > 27, p-value < 0.05.

Choosing cutoff values for signal intensity>%’, logarithmic (log2) fold changg¢lfc | > 1, and p-
value < 0.05, transcription of genes in mouse $weas up-regulated concerning 319, and down-
regulated for 374 genes (figure 12). Scaling upftwtalue to | Ifc | > 1.585 ¢ 3fold induction),

55 up-, and 45 down-regulated genes were impactettPeCDD. From 125 up-, and 95-down-
regulated genes due to TCDD-treatment, which wetaaed> 2fold, 92 (up), and 61 (down) genes
were accordantly affected by 1-PeCDD.

In order to gain an insight into types of genesulaigd in mouse livers subsequent to 1-PeCDD-

exposure, the Top 20 of 319 up-regulated gen&dqld) are compiled in table 17.
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Table 17: Mouse whole genome microarray analysis. TaR0 up-regulated genes in mouse livers by 1-PeCDR5
png/kg bw, three days); descending order. Cutoff vaks: A> 27, Ifc> 1, p-value < 0.05.

1-PeCDD Gene

systematic

lfc name Gene description Gene name

9.092 NM_009992 cytochrome P450, family 1, subfgrajlpolypeptide 1 Cyplal
4.440 NM_009994 cytochrome P450, family 1, subfgsrilpolypeptide 1 Cyplbl
3.975 NM_009993 cytochrome P450, family 1, subfgrajlpolypeptide 2 Cypla2
3.212 NM_027872  solute carrier family 46, member 3 Slc46a3
2.871 NM_016865 HIV-1 tat interactive protein 2ntmog (human) Htatip2
1.754-2.870 NM_201640 cytochrome P450, family 4family a, polypeptide 31 Cyp4a3l
2,798 NM_017379  tubulin, alpha 8 Tuba8
2.747 NM_010210 fragile histidine triad gene Fhit
2.641 NM_025557 Purkinje cell protein 4-like 1 Pcp4ll
2.526 NM_012006 acyl-CoA thioesterase 1 Acotl
2516 NM_201641 UDP glycosyltransferase 1 famitlypeptide A10 Ugtlal0
2.476 NM_013786 hydroxysteroid (17-beta) dehydragerb Hsd17b6
2.360 NM_026791 F-box and WD-40 domain protein 9 Fbxw9
1.314-2.336 NM_206537 cytochrome P450, family &family c, polypeptide 54 Cyp2c54
2.231/1.466 NM_025341 abhydrolase domain contaifiing Abhd6
2.174/1.104 NM_145079 UDP glucuronosyltransferataniily, polypeptide AGA Ugtla6a
2.172/1.081 NM_007618 serine (or cysteine) pepédakibitor, clade A, member 6 Serpina6
2.135/1.134 NM_021282  cytochrome P450, family Dfamily e, polypeptide 1 Cyp2el
2.126 XM_885022 predicted pseudogene 6168 Gm6168
1.721-2.123 NM 010011 cytochrome P450, family 4family a, polypeptide 10 Cyp4al0

Values b/a from oligo b/oligo a; values a-n: valaege of more than two (n) oligos.

The top three up-regulated and concurrently typiddR-responsive genes in mouse livers
responding to 1-PeCDD-treatment wé€hgplal(NM_009992; Ifc = 9.092)Cyplb1(NM_009994;

Ifc = 4.440), andCypla2 (NM_009993; Ifc = 3.975) (table 17). Further ugukated gene
transcripts encoding CYP-enzymes within the Toptétfle wereCyp4a3l(lfc = 1.754-2.870),
Cyp2c54(lfc = 1.314-2.336)Cyp2el(lfc = 2.135/1.134), an@yp4alQ(lfc = 1.721-2.123).

Denoted CYP-enzymes share relevant roles regardiidation-reduction processes and are
involved in lipid and fatty acid metabolism, as QyPRof the 4A subfamily catalyze

w-hydroxylations of fatty acids, e.g. (Gibsehal, 1982; Hardwicket al, 1987; Tamburinet al,
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1984). CYP2C54 and CYP4A10 are proteins furtheretated to arachidonic acid metabolism and
are hence potentially able to play a role regargirestaglandin-biosynthesis (Bines al, 2009;
Dimmer et al, 2012; Varvaset al, 2009). The encoded monooxygenases were discusitied
respect to lipid peroxidation and oxidative strassl were further linked to hepatic steatosis and
steatohepatitis (Chitturi and Farrell, 2001; Lectpzt al., 2000).

By heterodimerization with the retinoic acid reapi (RXRa), peroxisome proliferator-activated
receptora (PPARx) regulatesCyp4agene transcription (Kelleet al, 1993; Klieweret al, 1992;
Muerhoffet al, 1992), and as well regulates gene transcriptiddyp4alQ andCyp4a31(Bumpus
and Johnson, 2011). Being inducible by fatty acedspsanoids, operoxisome proliferators like
clofibrate (Kreyet al, 1997; Leeet al, 1995; Sharmat al, 1988), PPAR-activation participates
in the regulation of biological processes includigd metabolism, cell cycle control, as well as
inflammatory response (reviewed in Vanden Heuv@99] Wahliet al, 1995). In particular, this
transcription factor governs both microsomal (vidR4aA) and peroxisomapfoxidation) pathways
of lipid oxidation and ultimate production of re@et oxygen species (ROS) (Chitturi and Farrell,
2001). ThoughPpararesponsive genes appeared up-regulafpharamRNA itself was not
regulated by 1-PeCDD according to two of threeadigNM_011144; Ifc = 0.424), and was down-
regulated regarding the third of three availablgad on the microarray-slides (NM_011144;
Ifc = -1), however.

Further genes indicating altered lipid metabolistd &ransport within and beyond the Top-20 gene-
list, which were up-regulated by 1-PeCDD in the reeuof the study in hand, were acyl-CoA
thioesterase 1Acotl, NM_012006; Ifc = 2.526), hydroxysteroid (Ey- dehydrogenase 6
(Hsd17b6 NM_013786; lfc = 2.476), abhydrolase domain cmimg 6 (Abhdg NM_025341;
Ifc = 2.231 (max.)), CD36 antigei©@d36 NM_007643, long chain fatty acid translocase fgmi
Ifc = 1.792), Cyp4ald(‘lauric acid w-hydroxylase 3’, NM_007822; Ifc = 1.674), ar@@yp8bl
(‘sterol 12«a-hydroxylase’, NM_010012; Ifc = 1.480) (Binret al, 2009; Dimmeret al, 2012,
Huntet al, 2000; Muerhofket al, 1992; Poset al, 2001).

Up-regulation of these genes further might hintdodg 1-PeCDD’s probable impact on eicosanoid
biosynthetic processeAlfhdg Cyp4ald and involvement in bile acid synthesidyp8b) (Binnset

al., 2009; Dimmetret al, 2012).Abhd6induction was discussed in terms of macrophageaicn

in conjunction with the endocannabinoid system QAltiyeket al, 2013). The endocannabinoid
system is a lipid signaling system, which outsitie brain crucially modulates physiological
functions including the endocrine network, the inmawsystem, and microcirculation (Rodriguez de

Fonsecaet al, 2005). The enzyme ABHDG6 is able to hydrolyze thadocannabinoid
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2-arachidonoyl glycerol (2-AG), which potentiallgdds to a decrease of 2-AG in the cell and
subsequent macrophage activation in case not Abhd6 mRNA was induced by 1-PeCDD but
also the ABHDG6 protein itself (Alhouayest al, 2013). Induction ofHsd17b6might indicate
1-PeCDD’s impact to alter steroid hormone metabulias respective HSD17B6 protein is capable
of conversion of &-androstan-d, 175-diol to androsterone and of estradiol to estrddedt al,
1999). Another gene-product within the Top 20-hskated to endocrine function was serine (or
cysteine) peptidase inhibitor, clade A, memberSérpinag NM_007618; max. Ifc = 2.172), of
which the translated protein is involved in pathsaf chemical reactions with glucocorticoids
including their metabolism and their regulatory dtion in carbohydrate and protein metabolism
(Binns et al, 2009; Dimmeret al, 2012). F-box and WD-40 domain protein Bbxw9
NM_026791; Ifc = 2.360), was also up-regulated bReCDD in mouse livers. The respective
protein takes part in ubiquitin-dependent proteaitabolic processes (Bines al, 2009; Dimmeret

al., 2012).

Besides aforementioned transcripts encoding CYR+aag, further affected oligos within the Top
20-list, which are involved or proposed to be iweal in (xenobiotic) metabolism, were UDP-
glycuronosyltransferase 1 family, polypeptide Alfy{1alQ NM_201641; Ifc = 2.516)Jgtlaba
(NM_145079; Ifc = max. 2.174), and the predictecymgene 6168Gm6168 XM 885022,
Ifc = 2.126). The latter pseudogene lies withinlaster of sulfotransferase family 2A genes on
chromosome 7 Al (Binn®et al, 2009; Dimmeret al, 2012). Another indication regarding
transcriptionally and metabolically active liverlsegave the up-regulation of solute carrier family
46, member 3 §lc46a3 NM_027872; lfc = 3.212). The encoded protein ipgrates in
transmembrane transport mechanisms including toahspf nucleotides, peptides, steroids,
carbohydrates, and hydrogen peroxide (Bieinal, 2009; Dimmeet al, 2012).

HIV-1 tat interactive protein 2Htatip2, NM_016865; Ifc = 2.871) constitutes a tumor s@spsor
protein acting as a repressive transcription fadtothe nucleus. Among a number of other
mechanisms, HTATIP2 was discussed in correlanch imdiuction of apoptosis under oxidative
stress through stabilization of p53 mMRNA (Zhetoal, 2008a). Fragile histidine triad gerfehtt,
NM_010210; Ifc = 2.747) represents another pro-&uap tumor suppressor gene induced by
1-PeCDD-treatment. Tubulin, alpha Bupa8 NM_017379; Ifc = 2.798), as the encoding tubulin
represents a major constituent of microtubulesatigpresent annotated to biological processes
including microtubule cytoskeleton organization, F5Tcatabolic processes, and protein

polymerization (Binn®t al, 2009; Dimmeet al, 2012).
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The results obtained by means of classical enrichaealysis by testing over-representation of GO
terms within the group of differentially expressggehes due to 1-PeCDD-treatment in mouse livers

are presented in table 18 and in figure 13.

Table 18: Mouse whole genome microarray analysis — p&O analysis (1-PeCDD), Fisher’'s exact test. Top 20
GO terms identified by the classic algorithm for soring GO terms for enrichment regarding up-regulated genes;
descending order. Mouse liver, 1-PeCDIR5 pg/kg bw, three days). Top five GO terms indicad in bold.

1-PeCDD

sign./annot.
GO term probes  raw p-value
oxidation-reduction process G0:0055114 86/1237 1.66
long-chain fatty acid metabolic process G0:0001676 16/68 2.8E-11]
cellular ketone metabolic process G0:0042180 61/948 5.3E-10
lipid metabolic process G0:0006629 72/1221 6.6E-10
terpenoid metabolic process G0:0006721 12/42 7.5B-1
carboxylic acid metabolic process G0:0019752 58/918 2.8E-09
oxoacid metabolic process G0:0043436 58/918 2.8l-09
xenobiotic metabolic process G0:0006805 11/38 K3lel: &
cellular response to xenobiotic stimulus GO0:0071466 11/38 3.3E-09
organic acid metabolic process G0:0006082 58/937 8E-B9
response to xenobiotic stimulus G0:0009410 11/41 OE-®9
monoterpenoid metabolic process G0:0016098 5/5 -081E
cellular lipid metabolic process G0:0044255 54/876  2.3E-08
monocarboxylic acid metabolic process G0:0032787 /588 2.6E-08
small molecule metabolic process G0:0044281 129282 3.4E-08
isoprenoid metabolic process G0:0006720 13/75 ODE-
very long-chain fatty acid metabolic process GOGIEB 10/43 1.7E-07
drug metabolic process GO0:0017144 8/25 2.04-07
coenzyme metabolic process G0:0006732 23/250 3MPE-0
cofactor metabolic process G0:0051186 26/311 4BE-0
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Figure 13: Mouse whole genome microarray analysis FopGO analysis (1-PeCDD, 25 ug/kg bw, three days;
mouse liver): The GO subgraph plot induced by the tp five GO terms identified by the classic algorithmfor
scoring GO terms for enrichment regarding up-regulded genes. Boxes indicate the five most significa@O
terms. Box color represents relative significance raging from dark red (most significant) to light yelow (least

significant).
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The top five GO terms (indicated in bold in tab&® inducing the subgraph presented in figure 13,
are linked to ‘oxidation-reduction processes’ (G@&5114) and lipid metabolism (GO:0001676,
G0:0042180, GO:0006629, GO:0006721). ‘Oxidationintibn process’ is as well connected with
metabolism and actually represents a parent tesm fipid oxidation (G0O:0034440), for instance,
which in turn has child terms such as fatty acithlmidation (GO:0006635). Another child term
from ‘oxidation-reduction process’ is ‘oxidoredust¢aactivity’ (GO:0016491) followed by inferred
‘monooxygenase activity’ (GO:0004497). Among antedagenes up-regulated by 1-PeCDD
within ‘oxidation-reduction processes’ (G0:00551186/1237 significant probes), 29 probes
(21 genes) encoded CYP-enzymes of families 1, 24,338, and 26. Further significantly up-
regulated genes annotated to this GO term @86 (NM_007643), hydroxysteroid (17-beta)
dehydrogenase HEd17b2 NM_008290), tryptophan 2,3-dioxygenadeld¢2 NM_019911), and
kynurenine 3-hydroxylasé&(mo, NM_133809).

Obtained by testing over-representation of GO tewitkin the group of differentially expressed
genes, further relevant biological processes sgmtly switched on by 1-PeCDD in mouse livers
were related to drug and xenobiotic metabolism (®D7144, GO:0006805) as well as ancestral
terms including coenzyme/cofactor metabolic proee$60:0006732, GO:0051186) (Ashburaer
al., 2000; Binnset al, 2009).

Along the whole experiment, high correlation betwdePeCDD-, and TCDD-derived effects was
revealed. Of 43020 oligos (excluding intern corgypll3312 were assigned to signal intensities
A > 2" throughout the entire study concerning all sevane congeners. From these, Ifc-expressing
coefficients belonging to 1-PeCDD’s impact, whicivelged at most +1 from TCDD’s, were
13170, 11322 lay in a range of £0.5 TCDD’s Ifcs782ligos were not exceeding +0.1 TCDD'’s
Ifcs, 1674 varied less or equal than +0.05 from DDIfc’s, and 372 oligos conformed with
TCDD'’s Ifcs to £0.01. As mentioned above, of 319ragulated genes by 1-PeCDD, and 125 up-
regulated genes by TCDD, 92 genes were induceesiponse to both treatments in livers of mice.
The respective Top 20-list (sorted referring to T&Berived effects) of up-regulated genes is
presented in table 19. Raw data pertaining to TGi2Atment was obtained by courtesy of
Christiane Lohr (Lohr, 2013).
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Table 19: Mouse whole genome microarray analysis. ToOR0 genes (totaling 92) accordantly up-regulated in
mouse livers by 1-PeCDD (25 ug/kg bw, three daysgnd TCDD (25 ug/kg bw, three days). Sorted based on
TCDD-derived effects. TCDD-raw data bycourtesy of Lohr (2013). Cutoff values: Az 27, Ifc> 1, p-value < 0.05.

1-PeCDD Gene
& TCDD systematic

Ifc Icf name Gene description Gene name
9.092 9.478 NM_009992 cytochrome P450 family 1 amfiliy a polypeptide 1 Cyplal
4.440 5.169 NM_009994 cytochrome P450 family 1 amtiliy b polypeptide 1 Cyplbl
3.975 3.985 NM_009993 cytochrome P450 family 1 aniily a polypeptide 2 Cypla2
2.747 3.582 NM_010210 fragile histidine triad gene Fhit
2.798 3.379 NM_017379 tubulin alpha 8 Tuba8
3.212 3.103 NM_027872 solute carrier family 46 ment Slc46a3
1.349 2903 NM_178892 TCDD-inducible poly(ADP-riedpolymerase Tiparp
1.725 2.819 NM_008181 glutathione S-transferaseaalp(Ya) Gstal
2.117 2.722 XM_001477458 predicted gene ENSMUSG0050044 Gm9933
2.871 2.678 NM_016865 HIV-1 tat interactive protgjrhomolog (human) Htatip2
2.641 2.518 NM_025557 Purkinje cell protein 4-lkke Pcp4ll
1.831 2.386 NM_013872 phosphomannomutase 1 Pmm1
1.351 2.153 NM_023440 transmembrane protein 86B Tmema86h
2.360 2.123 NM_026791 F-box and WD-40 domain progei Fboxw9
1.427 1.978 NM_028747 RIKEN cDNA 0610012H03 gene 0610012H03RIK
2172/  1.931/
1.081 1.039 NM_007618 serine (or cysteine) peptidasebitdriclade A member 6 Serpina6
1.606/ 1.857/
1.054 1.362 NM_013541 glutathione S-transferase pi 1 Gstpl
1.251 1.853 NM_001122660 predicted gene 10639 Gm10639
1.792 1.758 NM_007643 CD36 antigen Cd36
1.919 1.702 NM 007689 chondroadherin Chad

Values b/a from oligo b/oligo a.

As suggestible due to the appropriate correlategarding numbers of accordantly up-regulated
genes by both 1-PeCDD and TCDD, the Top 20-listfegulated genes (table 19) in the main
reflected 1-PeCDD’s Top 20-list of up-regulated gerGene transcripts of the top three CYPs were
induced in the same ranking ord@yplal> Cyplbl> Cypla3 and to a highly correlative degree.
In total, ten out of 20 genes appeared in bothltieCDD-Top 20-list and the 1-PeCDD&TCDD-
Top 20-list.
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TCDD-inducible poly(ADP-ribose) polymerasdigarp), of which TCDD-induced transcription
was reported to be AhR-dependent, was up-regulayetoth congeners (Ma, 2002; M al,
2001). SinceTiparp-inducing effects due to 1-PeCDD-treatment weres lefficient compared to
TCDD'’s impact (Ifc (1-PeCDD) = 1.349 vs. Ifc (TCDB)2.903), and the Top 20 list in table 19 for
1-PeCDD&TCDD was sorted referring to TCDD-derivdteets, Tiparp did occur in table 19, but
not in the Top 20-list of 1-PeCDD-up-regulated genéable 17). The NADADP-
ribosyltransferase was proposed to be involvedewresal biological processes including estrogen

metabolism or hemopoiesis (Binesal, 2009; Dimmeset al, 2012).

Another up-regulated gene related to immune regpaffsected by 1-PeCDD as well as TCDD was
Cd36 (NM_007643; Ifc (1-PeCDD) = 1.792, Ifc (TCDD) =788), which is also linked to lipid
metabolism. Further hints regarding both compoueéfects on lipid metabolism were given due to
effects on transmembrane protein 86BmEm86b NM_023440; Ifc (1-PeCDD) = 1.351,
Ifc (TCDD) = 2.153). The encoded enzyme lysoplasma@hase catalyzes the degradation of
lysoplasmalogens, which are formed by the hydrelyssf the abundant membrane
glycerophospholipids plasmalogens (Bimsl, 2009; Dimmetet al, 2012).

A dominating result within the Top 20-table (figut®) of both examined dibenzsdioxins was

their impact on genes implicated in phase Il mdiabo the glutathioneStransferases (GSTS)
Gstal and Gstpl as well as a transcript (NM_001122660) encodings&T named protein
Gm10639 (Binn®t al, 2009; Dimmeet al, 2012).
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Table 20 presents the Top 20-list of down-regulajedes in mouse livers in respond to single
doses of 1-PeCDD (25 pg/kg bw). In total, trang@ipof 374 genes was inhibited by 1-PeCDD-

treatment according to chosen cutoff values (&, Ifc < -1, p-value < 0.05).

Table 20: Mouse whole genome microarray analysis. Ta0 down-regulated genes in mouse livers by 1-PeCDD
(25 pg/kg bw, three days); descending order. Cutoffalues: A> 27, Ifc< -1, p-value < 0.05.

Gene

systematic name Gene description Gene name
-2.797-(-2.009) NM_007706 suppressor of cytokimmaling 2 Socs2

-2.535/ BC031891/ serine (or cysteine) peptidase inhibitor clade Arber 4
-2.537 NR_002861 pseudogene 1 Serpina4-ps]
-2.531 NM_001081141 gamma-aminobutyric acid B remept Gabbr2
-2.381/-2.129 NM_134037 ATP citrate lyase Acly
-2.244-(-2.138) NM_207655 epidermal growth faceraptor Egfr
-2.123 NM_007988 fatty acid synthase Fasn
-2.087 NM_001111110  cytidine monophospho-N-acetylaminic acid hydroxylase Cmah
-2.070 NM_145148 FERM domain containing 4B Frmd4b
-2.040/-1.148 NM_029389 family with sequence sinitya35 member A Fam35a
ENSMUSTO00000 ENSMUSTO000(
-2.031 099037 Unknown 0099037
-2.027 NM_007606 carbonic anhydrase 3 Car3
-2.013 XM_001480325 similar to hepatocyte nucleatdr 6 beta LOC100048479
ENSMUSTO00000 ENSMUSTO000(
-2.010/-1.856 099683 Unknown 0099683
ENSMUSTO00000 ENSMUSTO000(
-1.980/-1.922 099050 Unknown 0099050
-1.964 NM_146153 thyroid hormone receptor assogiptetein 3 Thrap3
-1.955/-1.586 NM_133904 acetyl-Coenzyme A carboxylasta Acacb
-1.894 NM_009723 ATPase Ca++ transporting plasmalonane 2 Atp2b2
-1.889 XM _001003154  similar to Glucose phosphaimirase 1 transcript variant 2 LOC676974
-1.888 NM_020507 transducer of ERBB2, 2 Tob2
-1.888 NM_013490 choline kinase alpha Chka

Values b/a from oligo b/oligo a; values a-n: valarge of more than two (n) oligos.
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Suppressor of cytokine signaling &acs2 NM_007706; Ifc (max) = -2.797) was the most
efficiently down-regulated gene-transcript in ligdrom mice treated with 1-PeCDD (table 20).
SOCS family proteins belong to a class of negategrilators of the Janus kinase/signal transducers
and activators of transcription (JAK/STAT) pathwayhich is a principal signaling mechanism for
a wide array of cytokines and growth factors steminly cell proliferation, cell migration and
apoptosis. SOCS2 was proposed to play a role iniateg ubiquitination and subsequent
proteasomal degradation of target proteins (Betre, 2009; Dimmeset al, 2012; Rawling=t al,
2004).

The two serine (or cysteine) peptidase inhibit@del A member 4 pseuogene Sefpina4-psl
BCO031891/NR_002861; Ifc (max) = -2.537) gene trapss representing the second highest down-
regulating effect on gene transcription by 1-PeClxf@ non-protein coding. Other cysteine- or
serine-type peptidase inhibitor proteins are ingdlvin apoptotic processes or response(s) to
cytokines (Binnset al, 2009; Dimmeret al, 2012). The down-regulated transcription of gamma-
aminobutyric acid (GABA) B receptor 2Ga@bbr2 NM_001081141; Ifc = -2.531) might be
correlated to reduced GABBR2-mediated coupling tpr@eins and correlated G-protein coupled
receptor signaling pathways, since GABBR2 togethéh GABBR1 builds the heterodimeric
G-protein coupled receptor for GABA (Binesal, 2009; Dimmeet al, 2012).

An enzyme, which is involved in the citric acid & cis encoded by another down-regulated gene
transcript, namely ATP citrate lyase (‘ATP citratsynthase’, Acly, NM_134037;

Ifc (max) = -2.381). Shortened, the enzyme cataythe reaction of acetyl-CoA and oxalacetate to
form citrate and Coenzyme A (CoA). A central rolele novdipid synthesis is attributed to ACLY
since the ability of citrate to leave the mitochoadllows transferring acetyl-CoA into cytoplasm,
where it is required for fatty acid synthesis (8rand Bhaduri, 1962). An inhibition of ACLY is
therefore negatively correlated to lipid biosynikesnhibition of lipid biosynthesis by 1-PeCDD
was also indicated by down-regulation of fatty esydthaseFasn NM_007988; Ifc = -2.123), and
acetyl-CoA carboxylase betaAdach NM_133904; Ifc (max) = -1.955). During fatty acid
biosynhesis,Acach catalyzes the carboxylation of acetyl-CoA to mglgBoA, whereasFasn
catalyzes the formation of long-chain fatty acidsnf acetyl-CoA, malonyl-CoA, and NADPH
(Binns et al, 2009; Dimmeret al, 2012). Beyond the top 20 list, further genesteelao lipid
metabolism were down-regulated by 1-PeCDD in mdiuses including acyl-Coenzyme A oxidase
3 (Acox3 NM_030721; Ifc = -1.063), apolipoprotein C-lIAgoc3 NM_023114; Ifc = -1.155),
apolipoprotein A-I Apoal NM_009692; Ifc (max) = -1.165) (Staeds al, 1992; Tugwoocket al,
1992).
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Among the Top 20-list, genes down-regulated by CIP@ in mouse livers involved in altered
carbohydrate- and glucose-metabolism were FERM doeantaining 4B Ermd4kh NM_145148;
Ifc = -2.070) and potentially ‘similar to hepatoeynuclear factor 6 beta’LQC100048479
XM_001480325; Ifc = -2.013%rmd4bis a member of general receptor for 3-phosphdiities 1
(GRP1) signaling complexes, which are recruitegdlé&sma membrane ruffles in response to insulin
receptor signaling. GRP1 was further identifiedptay a key role in linking insulin signaling to
glucose transporter type 4 GLUT4 recycling (Biretsal, 2009; Dimmeret al, 2012; Liet al,
2012).Glut4 itself was regulated by neither investigated Dingener in the course of the study in
hand. The similarity o£OC1000484790 hepatocytes nuclear factor l8nf6) might hint a role of
1-PeCDD in terms of glucose metabolism (Bietsl, 2009; Dimmeret al, 2012). FurtherHnf6
and Fasn both are related to immune response. In particdlasn is involved in the cellular
response to IL-4, where&if6 plays a role in B cell differentiation and spleavelopment, which
together might hint towards 1-PeCDD-mediated suggpoe of B cell differentiation and B cell
response (Binnet al, 2009; Dimmeset al, 2012).

Regarding endocrine function, thyroid hormone rémepassociated protein 3Tlirap3
NM_146153; Ifc = -1.964) was part of the Top 2@-6§ down-regulated gene transcriptirap3is
involved in thyroid hormone receptor binding praaes (Binnset al, 2009; Dimmetret al, 2012).
Down-regulated genes within the Top 20-list relatedoxidative stress were epidermal growth
factor receptor Egfr, NM_207655; Ifc (max) = -2.244) and carbonic antagg 3 Car3,
NM_007607; Ifc = -2.027). EGFR is able to activailgnaling cascades including RAS-RAF-MEK-
ERK pathway or the STAT modules and may also aivlae NFxB signaling cascade (Binret
al., 2009; Dimmeet al, 2012).

Setting chosen cutoff levels, the list for downuleded genes by 1-PeCDD was examined
performing classical enrichment analysis by testwgr-representation of GO terms within the
group of differentially expressed genes using Fishexact test. The Top 20 GO terms obtained by

means of this TopGO analysis is presented in @&blgollowing page).
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Table 21: Mouse whole genome microarray analysis — p&O analysis (1-PeCDD), Fisher’'s exact test. Top 20
GO terms identified by the classic algorithm for soring GO terms for enrichment regarding down-regulaed
genes; descending order. Mouse liver, PeCDD (25 pg/kg bw, three days). Top five GO termadicated in bold.

1-PeCDD

sign./annot.
GO term genes Raw p-value
triglyceride metabolic process G0:0006641 15/109 1E-09
triglyceride biosynthetic process G0:0019432 11/55 3.2E-09
acylglycerol metabolic process G0:0006639 15/125 6F-09
neutral lipid biosynthetic process G0:0046460 11/60 8.5E-09
acylglycerol biosynthetic process G0:0046463 11/60 8.5E-09
glycerol ether metabolic process G0:0006662 16/147 1.0E-08
neutral lipid metabolic process G0:0006638 15/128 .1E108
glycerol ether biosynthetic process G0:0046504 a1/6 1.2E-08
organic ether metabolic process G0:0018904 16/150  .4E-08
lipid biosynthetic process G0:0008610 29/572 6.54-0
glycerolipid metabolic process G0:0046486 20/308 9EQ)7
fatty acid biosynthetic process G0:0006633 15/181 .OED6
gland development G0:0048732 21/344 1.3E-(J6
glycerolipid biosynthetic process G0:0045017 14/162  1.4E-06
fatty acid metabolic process G0:0006631 22/391 DBk
regulation of lipid metabolic process G0:0019216 1226 3.6E-06
monocarboxylic acid metabolic process G0:0032787 /57b 7.1E-06
regulation of biological quality G0:0065008 73/2614 7.5E-06
small molecule biosynthetic process G0:0044283 13/4 7.5E-06
cell development G0:0048468 52/1660 8.6E-(6

The most significant GO terms affected by 1-PeCDé&yarding down-regulation of gene
transcription were to highest degree related taddipposynthesis and metabolism (table 21).
Formally, these were divided into seven biosynthatid nine metabolic processes among the Top
20 GO terms. As the general structure of metabhmlacess terms correlates ‘cellular substance
biosynthetic process’ and ‘cellular substance adialprocess’ as child terms of ‘cellular substance
metabolic process’, several genes are often ambtatboth biosynthetic and metabolic processes.
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For instance, the term ‘triglyceride metabolic ms€ (GO:0006641) represents a parent term to
‘triglyceride biosynthetic process’ (GO:0019432).

Accordingly, the down-regulated gekasn (lfc = -2.123) by 1-PeCDD is assigned to ‘fattydac

biosynthetic process(es)’ (G0O:0006633) as well as ‘fatty acid metabolic process(es)’
(GO:0006631). Consequently, the majority of moghsicantly clustering GO terms in response to
in vivo treatment was related to inhibitory effects on egeexpression correlated with lipid

biosynthetic processes in mouse livers.

With lowered significance >( 1.3E-06), further biological processes negativedgulated by
1-PeCDD included ‘gland development’ (GO:0048732¢ll development’ (GO:0048468), and
‘regulation of biological quality’ (GO:0065008). Aong significantly affected probes belonging to
‘gland development’ (21/344), the majority was rmclusively related to gland development
including insulin receptor substrate I12s@, NM_001081212)Socs2(NM_007706), apolipoprotein
A-1 (Apoal NM_009692),Atp2b2 (NM_009723), ancegfr (NM_207655). A probe, which was
down-regulated by 1-PeCDD-treatment and is moreipally involved in this process, was
netrin 1 Ntnl, NM_008744). Though belonging to a highly consdriemily of axonal guidance
signals,Ntnl was proposed to serve as a survival factor to gmethe initiation of apoptosis
(Ashburneret al, 2000; Binnset al, 2009; Puschel, 1999).

GO-terms ‘cell development’ (GO:0048468), and ‘dagjon of biological quality’ (GO:0065008)
represent more comprehensive processes with méwyrdinated child terms. Significant probes
(52/1660) within GO:0048468 partly coincided withose mentioned with respect to ‘gland
development’ $ocs2 Apoal Atp2b2 Egfr, Ntnl), and further include Kruppel-like factor 10
(KIf20, NM_013692), B-cell leukemia/lymphoma ®dal6, NM_009744), or mitogen-activated
protein kinase 9\lapk9 NM_207692), for instance.

A ‘biological quality’ represents a measurableibtite of an organism or part of an organism, such
as size, mass, or shape (Ashbumteal, 2000; Binnst al, 2009). In terms of ‘biological quality’,
73 of 2614 probes were inhibited by 1-PeCDD-treatimia mouse livers @d4 (NM_013488),
complexin 2 Cplx2 NM_009946),Socs2 Apoal Atp2b2 Bcl6, Ntnl, e.g.), whereas 57 probes
were up-regulated, by contrast. Interestingly, ¢h®8 probes containgdlyplal Cypla2 Cyplbl
Tiparp, Cd36 andHsd17b2

The table presenting down-regulated genes affeatedrdingly by 1-PeCDD- or TCDD-treatment

in mouse livers three days subsequent to single eggosures is shown in the attachments.
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4.1.1.2.2. 4-PeCDF — impact on gene transcription mouse livers

Numbers of genes regulated in livers due to sidgee treatment of mice with 4-PeCDF
(250 pg/kg bw) and three days of exposure are deohpn figure 14. Contrasting with data
obtained by TCDD-treatment by courtesy of Christidiohr (Lohr, 2013) was included.

4-PeCDF

> 2fold
3051 TCDD

>
4-PeCDF z 2fold
] @
1004
TCDD

125

—i
95

o3 404
261 177
# of up-regulated genes
I I # of down-regulated genes
589
852 722

1082
1400

1905

2843

> 2fold >2fold >3fold >4fold >5fold >6fold > 7fold > 8fold

Figure 14: Mouse whole genome microarray analysiséNumbers of regulated genes in mouse livers by 4-PBE
(250 pg/kg bw, three days) compared to humbers ofeges regulated by TCDD (25 pg/kg bw, three days)nd
numbers of genes regulated both by 4-PeCDF and TCD@@ CDD-raw data by courtesy of C. Lohr; Lohr, 2013).
A > 27, p-value < 0.05.

Subsequent to three days of exposure of single-tfeaged mice with 4-PeCDF (250 pg/kg bw),
vast numbers of genes were affected in livers (gi4d). Regarding selected cutoff values for
signal intensity A> 2', logarithmic (log2) fold changglfc | > 1 & 2fold induction/repression), and

p-value < 0.05, 3051 genes were up-, and 2843 geeres down-regulated. Proceeding to raise
cutoff value concerning Ifc, levels below 1000 gerier up-, as well as down-regulation were
gained beginning with> 6fold induction/repressioanc| > 2.585; 404 genes up-, 852 genes

down-regulated).
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Continuing examination up td)lfc | > 3 (> 8fold), at least regarding number of up-regulaedes
(177 genes), orders of magnitude comparable tatsffeduced by TCDD (125 genes) was reached.
Overlap between TCDD- and 4-PeCDF- derived effactsounted for 94 up- and 47 accordantly

down-regulated genes.

In table 22, attention was directed to types ofegeaffected in mouse livers after three days of
exposure. Top 20 genes up-regulated by 4-PeCDévargiewed.

Table 22: Mouse whole genome microarray analysis. ToRO up-regulated genes in mouse livers by 4-PeCDF

(250 pg/kg bw, three days). Cutoff values: & 27, Ifc> 1, p-value < 0.05.
4-PeCDF Gene

systematic name

Ifc Gene description Gene name

5.994 NM_009992 cytochrome P450, family 1, subfgrajlpolypeptide 1 Cyplal
4.576/2.433 NM_011034 peroxiredoxin 1 Prdx1
3.506-4.357 NM_031164 coagulation factor XIII bstdunit F13b
4.356 NM_008618 malate dehydrogenase 1 NAD (soluble Mdh1
4.334 NM_145925 pituitary tumor-transforming 1 nateting protein Pttglip
4.303 NM_009028 RAS-like family 2 locus 9 Rasl2-9
4.279/2.334 NM_008211 H3 histone family 3B H3f3b
4.227 NM_007643 CD36 antigen transcript variant 2 Cd36
4174 A 55 P2125868 Unknown A 55 P212586¢
4.143 NM_026503 RIKEN cDNA 1110058L19 gene 1110058L19RiK
4.137 NM_153798 polymerase (RNA) Il (DNA directed)ypeptide B Polr2b
4.129 NM_001040396 RIKEN cDNA 2810407C02 gene 2810407CO2RIiH
4.102 NAP029947-1 Unknown NAP029947-1
4.077 NM_175255 Sec24 related gene family membgSs. Aerevisiae) Sec244d
4.041 NM_025535 SAR1 gene homolog B (S. cerevisiae) Sarlb
4.022 NM_013778 aldo-keto reductase family 1 men@i3 Akrlcl3
3.996 NM_001113413 ring finger protein 13 Rnfl13
3.904 NM_023418 phosphoglycerate mutase 1 Pgaml

ATP synthase H+ transporting mitochondrial FO camwpl

3.902/2.030 NM_009725 subunit b Atp5f1
3.882 NR_003625 RIKEN cDNA 1700073E17 gene 1700073E17RiH

Values b/a from oligo b/oligo a; values a-n: vataege of more than two (n) oligos.
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The most effectively up-regulated gene in mousersévdue to 4-PeCDF-exposure wagplal
(NM_009992; Ifc = 5.994). AhR-dependent genes emmpp@&YP1A2, and CYP1B1 were absent
within the Top 20 up-regulated genes list (table). 2®/ithin chosen cutoff-valuesCyplbl
(NM_009994, Ifc = 2.926) was lightly higher up-rémged than wasCypla2 (NM_009993,
Ifc = 2.414).

Highest up-regulated target gene in mouse livergiiBeCDF-treatmer€yplalwas followed by
peroxiredoxin 1 Prdx1, NM_011034; Ifc (max) = 4.576), and coagulatiootda XIII, beta subunit
(F13b, NM_031164; Ifc (max) = 3.506). PRDX 1 is involvedregulation of intracellular $D»-
concentrations, using reducing equivalents provittmdugh the thioredoxin system to reduce
peroxides (Chaet al, 1994a; Chaet al, 1994b; Iwahar&t al, 1995). Furthermore, PRDX 1 was
linked to inhibition of apoptosis (Berggrem al, 2001; Egleret al, 2005; Kimet al, 2000; Kimet

al., 2008).

Though not integrated in the Top 20 gene list shawntable 22, further members of the
thioredoxin/thioredoxin reductase redox system wgperegulated within cutoff values. Besides
thioredoxin 1 Txnl, NM_153162), which was enhanced to 1.311 Ifc,rédoxin reductases 1 and
3 were up-regulated reaching Ifc values of 1.58dnfd1, NM_001042523), and 2.64ZXnrd3
NM_153162), respectivel\Prdx1, Txn, andTxnrd were found to be overexpressed in a number of
human cancers (Lincolet al, 2003; Yanagawat al, 1999), whereadxn concurrently was
correlated with enhanced cell proliferation andhitfon of apoptosisn vitro andin vivo (Bakeret

al., 1997; Gadaska&t al, 1995; Grogaret al, 2000). In accordance, nuclear factor, erythroid
derived 2, like 2 Nfe2l2 NM_010902) was up-regulated (Ifc = 2.473). NFE2nstitutes a
transcription factor, which binds to antioxidantspense elements and leads to hemin

(ferriprotoporphyrin IX)-induced activation of thieioredoxin gene (Kinet al,, 2001).

Coagulation factor XlII (plasma transglutaminasiesi stabilizing factor) is a glycoprotein, which
constitutes a tetramer consisting of two A and Bvehains. In the course of blood coagulation,
activated factor XllI covalently cross-links fibrmonomers resulting in stable fibrin-clots. The B
chain (F13B) is not catalytically active, but passes influence on the rate of activation by
thrombin (Chunget al, 1974; Ichinose and Davie, 1988). Two differerdh@s for analysis of gene
transcripts for coagulation factor Xl A1l subufil3al NM_028784) were spotted on the array,

but neither was within set cutoff values for alhgeners investigated.
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Malate dehydrogenase M¢{hl, NM_008618; Ifc = 4.356) was up-regulated by 4-BECBesides

its involvement in the tricarboxylic acid cycle, M2 was further considered to serve as biomarker
for hepatocellular carcinomas and the severitycoft@ hepatitis (Amacheat al, 2005; Kawai and
Hosaki, 1990), and was associated with hepatotyxagid liver necrosis (Clifford and Rees, 1967,
Zieve et al, 1985). Further, a 4-PeCDF-induced gene relateglytoolytic processes was found
within the Top 20-list: phosphoglycerate mutas®d@aml1 NM_023418; Ifc = 3.904) (Binnst al,
2009; Dimmetet al, 2012).

The protein encoded by pituitary tumor-transformingnteracting proteinRttglip, NM_145925;

Ifc = 4.334), which was up-regulated in mouse bvafter 4-PeCDF-treatment, specifically interacts
with the oncogene pituitary tumor-transforming g&n@TTG1)in vitro andin vivo, and facilitates
PTTGL1 nuclear translocation, subsequently enhanitsnfprce as transcription factor (Chien and
Pei, 2000; Liet al, 2013; Pei and Melmed, 1997/1tgl was also examined in the course of
microarray analysis in hand. The presence of twifer@int probes was intended to identify
alterations of respective mRNA-levels, but no digant effect was observed throughout the
complete mouse microarray experiment.

Ras-like, family 2, locus 9Rasl2-9 NM_009028; Ifc = 4.303), also referred to as elig the
GTP-binding nuclear protein RAN, was up-regulatathiw the mouse microarray-experiment by
4-PeCDF. The Ras superfamily of small guanosingh@sphatases (GTPases) represent GTP-
binding proteins involved in nucleocytoplasmic spart of both proteins and RNA (Kadowaki
al., 1993; Melchioret al, 1993; Schlenstedit al, 1995; Weis, 2003).

Within the mouse microarray experiment, probesH8rhistone, family 3B (histone H3.8{3f3b,
NM_008211; Ifc (max) = 4.279) revealed up-regulaedkels of gene transcripts in mouse livers
due to 4-PeCDF-treatment. As deposited at sitesnufleosomal displacement throughout
transcribed genes, H3.3 was proposed to represegpigenetic imprint of transcriptionally active
chromatin (Dimmeet al, 2012; Wirbelaueet al, 2005). The number of oligos included within the
present microarray analysis involved in histonaslation amounted to 168. Among these, with due
regard to cutoff values (& 27, | Ifc | > 1, p-value < 0.05), 29 genes were affected in mdusrs

by treatment with 4-PeCDF, of which 10 were up-gd &® down-regulated. Besides discussed
regulation ofH3f3h up-regulated genes comprised further histoneshastdne clusters. Down-
regulated oligos included genes encoding class istohe deacetylases (HDACsHdach
NM_001077696Hdacg NM_010413;Hdac7, NM_019572) (class Il HDACs reviewed in Bertos
et al, 2001; Yang and Grégoire, 2005).
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In addition, and not least besides the high nunobgenes significantly induced, further evidence
for 4-PeCDF's role as a inducer of transcriptiod aetivator of cellular machinery were given by
up-regulated genes within the Top 20-list (Bireisal, 2009; Dimmeret al, 2012): polymerase
(RNA) Il (DNA directed) polypeptide BRolr2b, NM_153798; Ifc = 4.137), Sec24 related gene
family member A $ec24a NM_175255; Ifc = 4.077; encoded protein involvedpromotion of
secretory, plasma membrane, and vacuolar proteams the endoplasmic reticulum to the Golgi
complex), and SAR1 gene homolog 8a¢1h NM_025535; Ifc = 4.041; encoded protein involved
in intracellular protein transport), ATP synthase Kransporting mitochondrial FO complex
subunit b Atp5f1, NM_009725; Ifc (max) = 3.902; encoded proteinduces ATP from ADP,

member of electron transport complex of the respiyachain).

Genes correlated with lipid metabolism obtainedhimitthe Top 20 of up-regulated genes by
4-PeCDF were CD36 antigen transcript varianCa3g NM_007643; Ifc = 4.227), and aldo-keto
reductase family 1 member C13k{lcl3 NM_013778; Ifc = 4.022). The protein aldo-keto
reductase 1C13 represents an oxidoreductase ingai@a xenobiotic metabolic processes, and is
able to catalyze the dehydrogenation of 17-betadxydteroids (Binngt al, 2009; Dimmetret al,
2012).

According to NCBI BLAST (BLASTN 2.2.28, Zhangt al, 2000), Probe A_55 P2125868
(Ifc = 4.174) might match with tyrosine 3-monooxygse/tryptophan 5-monooxygenase activation
protein, theta polypeptideri(vhaq NM_011739; 54/60 identities, 90%). RegulationYathagwas
examined by means of five different probes on @bhrray slides, of which three revealed up-
regulations ranging from 1.375 to 2.507 Ifc, ané declared down-regulation of 2.124 Ifc.

14-3-3 protein theta belongs a family of proteiich mediate signal transduction by specific
phosphoserine/phosphothreonine binding activitisrfison, 2009; Yaffeet al, 1997), being
connected with cell cycle regulation, apoptosissignaling molecules including members of the
protein kinase C family (Mellest al, 1996; Pengt al, 1997; Zheet al, 1996).

Data on up-regulation of genes by 4-PeCDF in mdives was studied performing classical
enrichment analysis by testing over-representatbrGO terms using Fisher’'s exact test. By
respective TopGO analysis, a Top 20 list, whichilisstrated in table 23, of most significant GO

terms was revealed. Respective subgraph inducéaehpp five GO terms is depicted in figure 15.
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Table 23: Mouse whole genome microarray analysis — p&O analysis (4-PeCDF): Fisher's exact test. Top 20
GO terms identified by the classic algorithm for soring GO terms for enrichment regarding up-regulated genes;
descending order. Mouse liver, 4-PeCDF (250 pg/kgw three days). Top five GO terms indicated in bold.

4-PeCDF

GO term

metabolic process

cellular metabolic process
oxidation-reduction process

small molecule metabolic process
primary metabolic process
cellular catabolic process
catabolic process

translation

cofactor metabolic process
cellular ketone metabolic process
RNA processing

RNA splicing

cellular protein metabolic process
intracellular transport

coenzyme metabolic process
carboxylic acid metabolic process
oxoacid metabolic process
organic acid metabolic process
protein metabolic process

protein catabolic process

G0:0008152
G0:0044237
G0:0055114

G0:0044281
G0:0044238
G0:0044248
GO0:0009056
G0:0006412
G0:0051186
G0:0042180
GO0:0006396
G0:0008380
G0:0044267
GO0:0046907
GO0:0006732
G0:0019752
G0:0043436
G0:0006082
G0O:0019538
G0:0030163

sign./annot.

genes

2714/12490

2353/10684
355/1237
703/282

2277110635

487/1853
553/2156
205/658
113/311
268/94
232/798
146/451
ARA4BA
295/1088
92/250
231/91
254/918
257/937
1058/4764
176/603

Raw p-value

3.8E-2
0B-24
€488
8.4E-17
E46

5.0E-]
1.4E-]
1%
5.4E-13
9.5E-]
3.7E-1
6.3E-12
7.7E-1

2.5E-11

25E

.OE-31

3a

E-1
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G0:0008150
biological process
1.0

/ 4886 / 30655 \

GO:0009987 GO0:0008152
cellular process metabolic process
0.91 <1.0E-20
3304 /17797 2714 /12490
G0:0044237 GO:0044238 GO0:0044281 GO:0055114
cellular metabolic process primary metabolic process small molecule metabolic process oxidation-reduction process
<1.0E-20 2.9E-16 8.4E-17 6.8E-108
2353 /10684 227710635 703 /2829 355/1237

Figure 15: Mouse whole genome microarray analysis FopGO analysis (4-PeCDF, 250 ug/kg bw, three days;
mouse liver): The GO subgraph plot induced by the tp five GO terms identified by the classic algorithmfor
scoring GO terms for enrichment regarding up-regulded genes. Boxes indicate the five most significa@O
terms. Box color represents relative significance reging from dark red (most significant) to orange (ess
significant).

With a respectable statistical significance (3.8-2nd more than 20% of 12490 significant
annotated probes, the Top 20-list of biologicalcesses for up-regulated genes by 4-PeCDF-
treatment (table 23) was headed and hallmarked h®y GO term ‘metabolic process’
(GO:0008152). The Top 20-list comprised 16 GO teimslved in metabolic and catabolic
processes plus four GO terms correlated with trgvtgan/translation and processing of proteins
(translation, GO:0006412; RNA processing, GO:00B63RNA splicing, G0O:0008380;
intracellular transport, GO:0046907). The top fimest significant GO terms were closely related
to each other, hence leading to the very compdgraph displayed in figure 15.

Respective GO terms ‘cellular metabolic processO{@®44237), ‘oxidation-reduction process’
(GO:0055114), ‘small molecule metabolic process’O(@44281), and ‘primary metabolic
process’ (G0:0044238) all represent direct childnte from the most significant GO term
‘metabolic process’ (Ashburnet al, 2000; Binnset al, 2009).
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In table 24, the Top 20 list of 2843 gere&fold down-regulated in mouse livers by treatmeiti
4-PeCDF (250 pg/kg bw, three days) is presented.

Table 24: Mouse whole genome microarray analysis. Top0 down-regulated genes in mouse livers by 4-PeCDF
(250 pg/kg bw, three days). Cutoff values: & 2’ Ifc < -1, p-value < 0.05.

Gene

systematic name Gene description Gene name

-7.474 NR_004413 U1b6 small nuclear RNA Rnulb6
-6.294 XM_001474429 similar to cyclic nucleotiddeghchannel beta 1 Gm2690
-6.278-(-3.710) NM_009946 complexin 2 Cplx2

-6.185/ BC031891/ serine (or cysteine) peptidase inhibitor clade Anher 4
-6.176 NR_002861 pseudogene 1 Serpina4-ps]
-6.180 XM_001472970 similar to R10D12.10 (LOC1000334 Gm2264
-6.149 XM_001472203 similar to Ubtf protein Gm2033
-6.118-(-4.014) NM_008103 glial cells missing hoowll Geml
-5.987 NM_153522 sodium channel voltage-gated tiigmeta Scn3b
16 days neonate cerebellum cDNA RIKEN full-length
-5.943 AKO036325 enriched library Syn3
-5.926 XM_001478202 hypothetical protein LOC10004446 LOC100047464
-5.914 NM_181319 T-box 22 (Tbx22) transcript vatian Thx22
-5.852 NM_001033960 RAB GTPase activating protein 1 Rabgapl
-5.851 NM_016659 killer cell lectin-like receptartdamily A member 1 Klral
-5.846 NM_001039959 AHNAK nucleoprotein (desmoygQkin Ahnak
-5.820 NM_011562 teratocarcinoma-derived growthdiat Tdgfl
-5.815 NM_001169153 CD300 antigen like family memer Cd300If
-5.801 NM_203492 MAS-related GPR member G Mrgprg
-5.768 NR_004439 ribonuclease P RNA-like 2 Rpri2
ST6 (alpha-N-acetyl-neuraminyl-2,3-beta-galactdsg)-N-

-5.751 NM_011371 acetylgalactosaminide alpha-2,6-sialyltransferase 1 St6galnacl
-5.74 NM_172796 schlafen 9 SIfn9

Values b/a from oligo b/oligo a; values a-n: vataege of more than two (n) oligos.

The Top 20 gene list representing most efficiergtyd apparently down-regulating effects of
4-PeCDF on gene expression in mouse livers (tad)ec®mprises several gene segments of
unknown or partly unresolved function, which coroptes understanding and weighing the

relevance of respective down-regulating effects.
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Still, a considerable number of genes participatmgmmune function were down-regulated by
4-PeCDF: complexin 23plIx2 NM_009946; Ifc (max) = -6.278; proposed involverhm mast cell
degranulation),Serpina4-ps1(BC031891/NR_002861; Ifc (max) = -6.185), T-box 2anscript
variant 2 Thx22 NM_181319; Ifc = -5.914; encodes a probable tapsonal regulator involved
in developmental processes; major determinant @kruoi palatogenesis), killer cell lectin-like
receptor subfamily A member IKl(al, NM_016659; Ifc = -5.851; encodes T-cell surface
glycoprotein YE1/48, a MHC class | receptor), tecatrcinoma-derived growth factor ITdgfl,
NM_011562; Ifc = -5.820), CD300 antigen like familgember F Cd300lf NM_001169153;
Ifc = -5.815; encoded protein participates in oskest differentiation), and schlafen $linh9
NM_172796; Ifc = -5.74)Serpina4-pskandTdgflare also implicated in apoptotic processes (Binns
et al, 2009; Busto®t al, 2009; Dimmeret al, 2012). FurtherCplx2 was reported to be essential
for normal neurological function in mice (Glyret al, 2003). Down-regulated ST6 (alpha-N-
acetyl-neuraminyl-2,3-beta-galactosyl-1,3)-N-aggdjdctosaminide alpha-2,6-sialyltransferase 1
(Stégalnacl NM_011371; Ifc = -5.751) encodes a glycosyltrans$e, which plays a role with
respect to protein glycosylation (Binasal, 2009; Dimmeset al, 2012).

RAB GTPase activating protein Rébgapl NM_001033960; Ifc = -5.852; encoded protein
possesses Rab GTPase activator activity; mighnbehied in cell cycle regulation), and MAS-
related GPR member ®A¢gprg, NM_203492; Ifc = -5.801; G-protein coupled reczpctivity)
are implicating G-proteins, of which gene transoip was inhibited by 4-PeCDF (Binret al,
2009; Dimmetet al, 2012).

Implicated in cell-cell junctions, AHNAK nucleoprit (Ahnak NM_001039959; Ifc = -5.846)
was down-regulated by 4-PeCDF (Biretsal, 2009; Dimmetet al, 2012).

In terms of classical enrichment analysis by tgstimer-representation of GO terms with Fisher's
exact test, down-regulated genes were analyzedeim of potential 4-PeCDF-derived effects on
biological processes in mouse livers. In appentirie 25, the Top 20 GO terms obtained by this
analysis are listed.
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Table 25: Mouse whole genome microarray analysis — P&O analysis (4-PeCDF), down-regulated genes:
Fisher's exact test. Top 20 GO terms identified byhe classic algorithm for scoring GO terms for enribment;
descending order. Mouse livers, 4-PeCDF (250 pg/kav, three days). Top five GO terms indicated in bold

4-PeCDF

sign./annot.

o term genes Raw p-value
regulation of RNA metabolic process G0:0051252 58478 5.0E-10
regulation of gene expression G0:0010468 657/3952 4B-10
regulation of RNA biosynthetic process G0:2001141 74/3403 8.9E-1(
regulation of transcription, DNA-templated GO:0006%H5 573/3402 1.2E-09
RNA biosynthetic process G0:0032774 588/3507 1.48-p
transcription, DNA-templated G0:0006351 587/3503 6E109
reg. of nucleobase-containing compound metab. pr. 0:0319219 656/4018 1.1E-d8
reg. of nitrogen compound metabolic process GO:0051 659/4055 2.1E-0B
reg. of cellular macromolecule biosynthetic process G0:2000112 608/3707 2.2E-(J8
negative regulation of transcription, DNA-templated G0:0045892 203/1052 4.1E-(Q8
regulation of macromolecule biosynthetic process :BO0556 615/3789 8.2E-(8
neg. reg. of nucleobase-containing compound metab. G0:0045934 224/1196 1.0E-Q7
regulation of biosynthetic process G0:0009889 6334 1.4E-07]
negative regulation of nitrogen compound metab. pr. GO0:0051172 225/1208 1.5E-Q7
negative regulation of RNA metabolic process GO.: @1 204/1076 1.5E-0f
regulation of cellular biosynthetic process GO:B1 642/3993 1.6E-0f
negative regulation of gene expression G0:0010629 16/1261 2.8E-071
neg. reg. of transcription from RNA polymeraseribmoter G0:0000122 133/650 3.5E-p7
reg. of transcription from RNA polymerase Il promote G0:0006357 260/1455 5.9E-Q7
positive regulation of gene expression G0:0010628 49/1387 7.0E-07

As both ‘regulation of gene expression’ (GO:00104@8d ‘regulation of RNA biosynthetic
process’ (G0:2001141) represent direct parent teinm® ‘regulation of transcription, DNA-
templated’ (GO:0006355), and GO:2001141 is a ctelin of both ‘RNA biosynthetic process’
(GO:0032771) and the most significantly occurrin@ Germ ‘regulation of RNA metabolic
process’ (GO:0051252), the top five GO terms apgkdo be closely connected with each other
(table 25). Besides these top five GO terms, &GO terms within the Top 20 list for down-
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regulation by 4-PeCDF were members of the same pativhich they issued into, namely

‘regulation of transcription, DNA-templated'.

Regulation of transcription and, due to view on dawgulated genes in this regard, regulation of
RNA biosynthesis might implicate both initiationesulting from 4-PeCDF exposure, and
termination of RNA synthesis, which might be fedsithree days after single dose exposures

according to feedback mechanims.

4.1.1.2.3. PCB 118 — impact on gene transcription mouse livers

Numbers of genes affected by PCB 118 in mousediaéter three days of treatment with a single
dose of 150000 pg/kg bw are illustrated and contptoel CDD-derived effects in figure 16. Raw
data for treatment with TCDD (25 ug/kg bw) was reeé by courtesy of Christiane Lohr (Lohr,
2013).

PCB 118
TeobD > 2fold
> 2fold
353
TCDD PCB 118 ggl
125
41
# of up-regulated genes
. # of down-regulated genes
68
95
363
> 2fold > 2fold > 3fold

Figure 16: Mouse whole genome microarray analysiddumbers of regulated genes in mouse livers by PCB 81
(150000 pg/kg bw, three days) compared to number$ genes regulated by TCDD (25 pg/kg bw, three daysand
numbers of genes regulated both by PCB 118 and TCDO CDD-raw data by courtesy of C. Lohr; Lohr, 2013).
A > 2’ p-value < 0.05.
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Numbers of genes, which were regulated by PCB fda&trhent in mouse livers with respect to set
cutoff-values, accounted for 353 up- and 363 doegulated genes regardirdfold induction and
repression, respectively. Raise of cutofft8fold regulation (Ifc> 1.58) reduced the quantity to 41
up- and 68 down-regulated genes. Although numbegepes tended to appear in a comparable
order of magnitude, the consensus with genes affeby TCDD emerged least substantial. A
conserved group of 29 up- and 12 down-regulateégezmained.

Table 26 gives an overview of PCB 118-affected geard presents the Top 20-list for up-

regulation.

Table 26: Mouse whole genome microarray analysis. TopO up-regulated genes in mouse livers by PCB 118
(150000 pg/kg bw, three days). Cutoff values: A 2’, Ifc > 1, p-value < 0.05.

PCB 118
Gene

lfc Systematic name Gene description Gene name
7.799 NM_009992 cytochrome P450, family 1, subfgrajlpolypeptide 1 Cyplal
3.998 NM_008181 glutathione S-transferase alphéa) ( Gstal
3.631/2.279 NM_001122660 predicted gene 10639 Gm10639
3.311 NM_009993 cytochrome P450 family 1 subfarailyolypeptide 2 Cypla2
2.697 NM_008182 glutathione S-transferase alphéc2) Gsta2
1.102-2.621 NM_145603 carboxylesterase 2 Ces2
2.603 NM_198171 cDNA sequence BC015286 BC015286
2.310/1.775 NM_013541 glutathione S-transferask pi Gstpl
2.282/1.990 NM_010358 glutathione S-transferaselmu Gstml
2.276/1.398 NM_206537 cytochrome P450 family Zfauiily ¢ polypeptide 54 Cyp2c54
2.227 NM_023440 transmembrane protein 86B Tmem86h
2.162 NM_010002 cytochrome P450 family 2 subfarnifyolypeptide 38 Cyp2c38
2.101 NM_134144 cytochrome P450 family 2 subfarnifyolypeptide 50 Cyp2c50
2.095 NM_025797 cytochrome b-5 Cyb5
2.027/1.751 NM_181796 glutathione S-transferase pi Gstp2
2.018 NM_027872 solute carrier family 46 member 3 Slc46a3
1.997/1.450 NM_020559 aminolevulinic acid synthase Alasl
1.990/1.112 NM_175224 methionyl aminopeptidase 1 Metapl
1.984 NM_025647 cytidine monophosphate (UMP-CMiRpke 1 Cmpk1l
1.956 NM_023429 OCIA domain containing 1 Ociadl

Values b/a from oligo b/oligo a; values a-n: vataege of more than two (n) oligos.
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Highest up-regulated target gene for treatment wemvith PCB 118 (150000 pg/kg bw; three
days) in livers wasCyplal(NM_009992; Ifc = 7.799). Within PCB 118'’s list afp-regulated
genesCypla2(NM_009993; Ifc = 3.311) ranked fourth (table 2Bjtects onCyplbltranscription
were scarcely excluded from the Top 20-list byltbeutoff of 1. Still, PCB 118 enhancétyplbl
(NM_009994) gene expression to an Ifc of 0.935axponding to a 1.9-fold change.

Prominent targets affected by PCB 118 obviouslyenggnes encoding glutathiofdransferases
(GSTs). Besides the second-highest up-regulatece gen PCB 118,Gstal (NM_008181;
Ifc = 3.998) was followed by another fivgstswithin the Top 20-list including the predigted gen
10639 Gm10639 NM_001122660; Ifc (max) = 3.631), which encodespmtein (protein
Gm10639) exhibiting GST activity (Dimmet al, 2012). In total, thirteen differe@stswere up-
regulated by PCB 118 within chosen cutoff-levels.

Up-regulated genes involved in lipid metabolism angnsport within the Top 20-list were
Tmem86b (NM_023440; Ifc = 2.227) and carboxylesterase £EedZ NM_145603;
Ifc (max) = 2.621).Ces2 encodes an acylcarnitine hydrolase releasing fatigs coupled to
L-carnitine after entering the cell (Furihatd al, 2003). Genes related to arachidonic acid
metabolism affected by PCB 118 in mouse livers vi@rp2c54(NM_206537; Ifc (max) = 2.276),
Cyp2c38(NM_010002; Ifc = 2.162), an@yp2c50(NM_134144; Ifc = 2.101) (Binnst al, 2009;
Dimmeret al, 2012).

Further up-regulated genes linked to enhanced goatjsmetabolism, and transcription in cells
within the Top 20-list were represented by cytoameob-5 Cyb5 NM_025797; Ifc = 2.095),
Slc46a3 (NM_027872; lfc = 2.018), methionyl aminopeptidade (Metapl NM_175224;
Ifc (max) = 1.990), and cytidine monophosphate (UBIAP) kinase 1 Cmpkl NM_025647;
Ifc = 1.984) (Binnset al, 2009; Dimmeset al, 2012).

For examination of pathways affected by PCB 118ssital enrichment analysis by testing over-
representation of GO terms using Fisher’'s exadt wess performed. The Top 20-list of most

significant GO terms regarding biological processietmined by means of TopGO analysis for PCB
118 and it's up-regulating effects on gene expoes$s shown in table 27, whereas respective
subgraph induced by the top five GO terms is prieskim figure 17.
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Table 27: Mouse whole genome microarray analysis — P&O analysis (PCB 118): Fisher's exact test. Top 20
GO terms identified by the classic algorithm for soring GO terms for enrichment regarding up-regulated genes;
descending order. Mouse liver, PCB 118 (150000 pg/kgv, three days). Top five GO terms indicated in bal.

PCB 118

GO term

glutathione metabolic process
xenobiotic metabolic process

cellular response to xenobiotic stimulus
xenobiotic catabolic process

response to xenobiotic stimulus
peptide metabolic process

sulfur compound metabolic process
oxidation-reduction process

cellular modified amino acid metabolic process
drug metabolic process

cellular ketone metabolic process
secondary metabolic process
carboxylic acid metabolic process
oxoacid metabolic process

response to oxidative stress

organic acid metabolic process
exogenous drug catabolic process
cellular amino acid metabolic process
drug catabolic process

hydrogen peroxide metabolic process

G0O:0006749
G0:0006805
GO0:0071466
G0:0042178
G0:0009410
G0:0006518
G0O:0006790
GO0:0055114
GIDAEL75
G0:0017144
G0:0042180
G0:0019748
G0:0019752
G0:0043436
G0:0006979
G0:0006082

G0:0042738

G0:0006520

GO0:0042737
G0:0042743

sign./annot.

genes

16/48
14/38
14/38
9/12
14/41
16/84
21/189
67/1237
18/164
7/25
49/948
7/32
47/918
47/918
19/244
47/937
4/10
1382
4/11
7/44

Raw p-value

648
5.0B-
5.0E-13
1.42-
TE-12
7.6
4.7E-08

DI

5.1E-0
3.1H
1.2E-05

1.9

2.4E-05

2.4k

9E-B5
6E-@5
1.2E-04
1.5E-0
1.6E-04

F-10
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2.35E-05
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G0:0006520 1.95/13;;2
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1.3E-04
24/382 GO:0006518
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cellular modified amino acid metab. pr.

5.1E-07
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7.6E-10
16/ 84

GO0:0006790
sulfur compound metab. pr.
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glutathione metabolic process

6.7E-14
16/48

S

Figure 17: Mouse whole genome microarray analysis FopGO analysis (PCB 118, 150000 ug/kg bw, three days
mouse liver): The GO subgraph plot induced by the tp five GO terms identified by the classic algorithmfor
scoring GO terms for enrichmentregarding up-regulated genes. Excerpt. Boxes indicatthe five most significant
GO terms. Box color represents relative significare ranging from dark red (most significant) to light yellow

(least significant).
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According to results from gene ontology analydigsirated in figure 17 and table 27, impact of
PCB 118 in view of up-regulated expression of gemas almost exclusively related to xenobiotic
metabolism. Over several further significantly itwenl nodes within the gene tree (figure 17) like
‘cellular modified amino acid metabolic process’ ®006575), ‘cellular ketone metabolic
process’ (G0O:0042180), and ‘carboxylic acid metabplocess’ (GO:0019752), members of the
top five biological processes switched on by PCB 1dsued into the most significant term
‘glutathione metabolic process’ (G0O:0006749), andtoi ‘xenobiotic catabolic process’
(G0:0042178). Induced targets behind these topGi@eterms included seven different glutathione
Stransferases Qstal NM_008181; Gstml NM_010358; Gstm2 NM_008183; Gstm3
NM_010359; Gstpl NM_013541; Gstp2 NM_181796; Gstt3 NM_133994), glutathione
peroxidase 3Gpx3 NM_008161), and glutathione reductagsi NM_010344). The GO term
‘cellular response to xenobiotic stimulus’ (GO:0886) further includedCyplal Ugt2bl, and
aldo-keto reductase family 1 member 2&1c13 NM_013778).

Affected probes according to ‘carboxylic acid metabprocess’ (GO:0019752) implicated several
Gsts as well asCyplaz Htatip2 (NM_016865), abhydrolase domain containing Abld§
NM_026179), fatty acid desaturaseFafs2 ENSMUST00000025567), ar@yb5 (NM_025797),

for instance.

Connected to initiated metabolic processes andcediunonooxygenases, two biological processes
related to redox-homeostasis were among PCB 118js 40-list for up-regulation of gene
transcription. Formally, ‘hydrogen peroxide metaboprocess’ (G0O:0042743) not directly
represents a child term of ‘response to oxidatitress’ (GO:0006979), but both pathways are
consequences due to an imbalanced redox stateeaplgaoccurring in the cells. Consequently,
annotated probes are similar for both GO termsrédpiated genes impacted by PCB 118 within
these two processes were peroxiredoxirPigdXl, NM_011034)Prdx3 (NM_007452), glutathione
peroxidase 3Gpx3 NM_008161), thioredoxin reductaseTixfirdl, NM_001042523)Cyplal and
Cypla2 whereas th€ypswere annotated only for GO:0042743.

In table 28 (following page), the Top 20 of 363 dawregulated genes in response to PCB 118-

treatment in mouse livers is depicted.
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Table 28: Mouse whole genome microarray analysis. TopO down-regulated genes in mouse livers by PCB 118
(150000 pg/kg bw, three days). Cutoff values: A 2’, Ifc < -1, p-value < 0.05.

PCB 118
Gene
Ifc systematic name Gene description Gene name
-3.057 NM_008341 insulin-like growth factor bindipgotein 1 Igfbpl
-2.607-
-1.415 NM_008103 glial cells missing homolog 1 (Drosophila Geml
-2.558 XM_001472203 similar to Ubtf protein (LOC138072) Gm2033
-2.449 XM_889044 Mus musculus predicted gene EG8244 Gm6508
-2.270 BC052524 RIKEN cDNA 4833411C07 gene 4833411CO7RIH
-2.255 NM_001081212 insulin receptor substrate 2 Irs2
-2.184 NR_001463 inactive X specific transcripts Xist
8 days embryo whole body cDNA RIKEN full-length
-2.149 AKO017575 enriched library clone:5730419F03 5730419F03RiK
-2.119 NM_009744 B-cell leukemia/lymphoma 6 Bcl6
-2.114-
-1.339 NM_009946 complexin 2 Cplx2
ENSMUSTO0000
-2.105 0115107 cDNA clone MNCb-1768cDNA sequence AB041803 ENSMUST000001151(7
-2.096 XM_001472970 similar to R10D12.10 (LOC1000334 Gm2264
-2.070 XM_001474429 similar to cyclic nucleotiddgaghchannel beta 1 Gm2690
-2.040 NM_011817 growth arrest and DNA-damage-iitdlaet5 gamma Gadd45g
adult male pituitary gland cDNA RIKEN full-length
-2.033 AK017236 enriched library clone:5330406M23 5330406 M23RiK
-1.955 A 55 P2050988 Unknown A_55_P205098¢
16 days neonate cerebellum cDNA RIKEN full-length
-1.943 AKO036325 enriched library clone:9630056N24 Syn3
-1.912 NM_203492 MAS-related GPR member G Mrgprg
-1.906 NM_153522 sodium channel voltage-gated thifeeta Scn3b
-1.904 NM 016659 killer cell lectin-like receptartdamily A member 1 Klral

Values b/a from oligo b/oligo a; values a-n: vatarge of more than two (n) oligos.

Of 363 genes in total, the most efficiently dowgulkated gene by PCB 118 (table 28) named
insulin-like growth factor binding protein ligfbpl, NM_008341; Ifc = -3.057) represents an
inhibited gene involved in insulin receptor signglipathways, which was also proposed to be
implicated in regulation of cell growth and tissegeneration (Binnst al, 2009; Dimmeret al,
2012). Further down-regulated genes related tolimseaceptor signaling were insulin receptor
substrate 2 I(s2, NM_001081212; Ifc = -2.255), and insulin-like @b factor 1 [gf1,
NM_184052; Ifc = -1.502; not part of the Top 2Mlis
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Inhibited expression of the gene B-cell leukemiaghoma 6 Bcl6, NM_009744; Ifc = -2.119)
hinted towards repressive properties with regardtype 2 immune response and B cell
differentiation (Binnset al, 2009; Dimmeret al, 2012). Further genes implicated in immune
response within PCB 118's Top 20-list of down-reged genes were growth arrest and DNA-
damage inducible 45 gamm&d4dd45g NM _011817; Ifc = -2.040), and Kkiller cell lectiike
receptor subfamily A member Klfal, NM_016659; Ifc = -1.904)Gadd45g an intermediate
upstream of p38 MAPK, has shown to be able to irndB€AT4 serine phosphorylation and was
thus discussed to be involved in correlated Kploduction and Thl-differentiation (Morinolat
al., 2002).Klral encodes a MHC class | receptor protein named[Sadihace glycoprotein YE1/48
(Binnset al, 2009; Dimmeet al, 2012).

The Top 20-list of down-regulated genes in mousers affected by PCB 118 contained several
gene products or solely predicted genes with ingafft experimental evidence at transcription
level, for which information is rare and no GO terrare annotated to date. An appropriate

interpretation was thus even more intricate.
Classical enrichment analysis by testing over-regmeation of GO terms using Fisher's exact test

was applied. For down-regulated probes, the TopisOef GO terms presented in table 29

(following page), was obtained.
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Table 29: Mouse whole genome microarray analysis — P&O analysis (PCB 118): Fisher's exact test. Top 20
GO terms identified by the classic algorithm for soring GO terms for enrichment regarding down-regulaed
genes; descending order. Mouse liver, PCB 118 (15@Qg/kg bw, three days). Top five GO terms indicateth

bold.
PCB 118

GO term

positive regulation of synaptic plasticity

astrocyte fate commitment

carbohydrate mediated signaling

hexose mediated signaling

sugar mediated signaling pathway

glucose mediated signaling pathway

negative regulation of oxidative phosphorylation
glial cell differentiation

endothelial cell proliferation

regulation of oxidative phosphorylation

astrocyte differentiation

cell diff. involved in embryonic placenta developme
neg. reg. of blood vessel endothelial cell migratio
branching involved in labyrinthine layer morphogsise
regulation of endothelial cell proliferation

negative regulation of hair follicle development
gliogenesis

blood vessel remodeling

cell fate commitment

endocrine hormone secretion

G0:003185
G0:0060018
G0O:0009756
G0:0009757
G0:0010182
G0:0010255
‘300324
G0:0010001
G0:0001935
G0:0002082
G0:0048708
G0:0060706
G0:0043537
G0:0060670
GO:0®B6
6051799
G0:0042063
G0:0001974
G0:0045165
G0:0060986

genes

sign./annot.

4/10
3/6
2/2
2/2
2/2
2/2
2/2
12/160
8/88
2/3
6/54
4/23
3/12
3/12
777
2/4
12/192
5/43
15/272
4/28

Raw p-value

8.0E-05
3.2E-C

6.664
6.6E-

&4
.6E-64
6.6E-0
9.0E-
108
1.9E-03
2.5E
2.6E-C
3.1E-0
3.1E-(
3.6E-0]
3.8E-0
4.2E-(
4.7H
4.7E-(
5.4

03

w W

Overall, the over-representation of GO terms ad wasglcorrespondent statistical significances

regarding appearance of clustered GO terms watelinfior down-regulating effects of PCB 118 on

gene expression (table 29). Three principal patwagiuced by the top five GO terms included

‘positive

regulation of synaptic plasticity’

(GO:B0915),

‘astrocyte fate commitment’

(G0:0060018), and ‘hexose mediated signaling’ (®Q09757). The direct parent term from the
latter, ‘sugar mediated signaling pathway’ (GO:008%2), and its parent term ‘carbohydrate
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mediated signaling’ (GO:0009756), were both amdreytbp five GO terms for down-regulating
effects of PCB 118. Annotated and significantly wemg probes behind this hexose mediated
pathway both encoded MLX-interacting protein-likdiXipl, NM_021455).MIxipl is annotated to
several further processes like ’'glucose homeostgd§&€:0042593), ‘positive regulation of
glycolytic process’ (G0O:0045821), ‘fatty acid homstasis’ (GO:0055089), ‘positive regulation of
fatty acid biosynthetic process’ (GO:0045723). Hienb carbohydrate-responsive element-binding
protein (ChREBP) is a transcriptional repressorictviwas reported to reducke novolipogenesis

as well as glycolysii vivo. In a ChREBP mouse model, ChREBP was shown to be required for
basal and carbohydrate-induced expression of émeymes essential for these processes, such as
liver-type pyruvate kinase, ATP citrate lyase, ge€0A carboxylase 1, or fatty acid synthase
(Binnset al, 2009; Dimmeet al, 2012; lizukaet al, 2004).

In addition toMlIxipl, regarding GO terms 'glucose homeostasis’ (GO:608% and ‘positive
regulation of glycolytic process’ (GO:0045821),digenes among 99, and one among 17 annotated
probes, respectively, were down-regulated by PCB. IThese included glucose-6-phosphatase
(G6pg NM_008061), transcription factor 7-like Zdf712, NM_001142920), adrenergic receptor,
alpha 1b Adrallh NM_007416), and insulin-like growth factor gf(t, NM_184052). None of the
further aforementioned genes related to carbohgdrattalism were affected by PCB 118.

Significantly affected regarding ‘positive regutatiof synaptic plasticity’ (GO:0031915) were four
out of ten probes, which represented two genes:ptmam 2 Cplx2 NM_009946), and the
predicted gene EG62808@in6837 XM _900336; This record was removed as a result of
standard genome annotation processSingNCBI)). Besides its involvement in mast cell
degranulationCplx2 was indicated to locally act at presynaptic stigsmediation of neurogenic

differentiation 2 (NeuroD2) to suppress presynagifierentiation (Yanget al, 2009).

‘Astrocyte fate commitment’ (GO:0060018) was alsboserved in the Top 20-list containing
potentially inhibited biological processes by PCB81Three out of six annotated probes were
affected, whereas all of the three were specificofte gene: glial cells missing homologGcml,
NM_008103). The mammalian homolog Dfosophila gcm mouseGeml, was reported to exhibit
potential to induce gliogenesis, but might functionthe generation of a minor subpopulation of
glial cells (lwasakiet al, 2003). In this regard, as also concerning relgextesses ‘glial cell
differentiation’ (G0:0010001), astrocyte differaiton (G0O:0048708), and ‘gliogenesis’

(G0O:0042063), for interpretation of these resultsl aaccordant biological processes, tissue
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specifities would need to be considered and distlds assess relevance of them and their
probable role for a PCB 118-exposed organism, &seast liver was investigated for the work in
hand.

Four GO terms involved in blood vessel-related psses and endothelial cells were members of
the Top 20-list for PCB 118 and its inhibitory effe on gene expression. With respect to
‘endothelial cell proliferation’ (GO:0001935) artd direct child term ‘regulation of endotheliallcel
proliferation” (GO:0001936), around ten per centppbbes annotated were down-regulated by
PCB 118, includingJun (NM_010591), fibroblast growth factor Zdgf2, NM_008006), and
vasohibin 1 Yashl NM_177354) for both GO terms. In related GO ténmgative regulation of
blood vessel endothelial cell migration’ (GO:0043p3 down-regulated genes were also
represented by-gf2 and Vashl The protein Vasohibin 1 represents an angiogenesiibitor,
which selectively inhibits migration, proliferatipmnd network formation by endothelial cells.
Besides its ability to inhibit macrophage infilicat, it was proposed to inhibit tumor growth and
tumor angiogenesis acting in an autocrine mannshl§arneret al, 2000; Binnset al, 2009;
Dimmeret al, 2012).

With a comparably low significance (5.4E-03), a &@m named ‘endocrine hormone secretion’
(G0:0060986) occurred within the Top 20 of biol@jiprocesses probably suppressed by PCB 118
in mouse livers. Four out of 28 probes were neghtiaffected by the compound in this regard:
inhibin beta-A (nhba NM_008380), maternally expressed de@3 NR_027652), urocortin 2
(Ucn2 NM_145077), and leukemia inhibitory factdif¢ NM_008501). These genes and their gene
products, respectively, possess diverging functioos involment in erythroid differentiation or
insulin secretionlfihba), over suppression of food intake and delayedrigasinptying Ucn2), to
stimulation of acute-phase protein synthesis inatgytes I(if) (Ashburneret al, 2000; Binnset

al., 2009; Dimmeret al, 2012). The low number of genes and the limitedetation among
themselves related to endocrine function exacestibteinterpretation of their occurrence as part of

a suppressed biological process responding to P@Bréatment.
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4.1.1.2.4. PCB 126 — impact on gene transcription mouse livers

Female C57BL/6 mice were treated with single dose®CB 126 (250 pg/kg bw), or TCDD
(25 pg/kg bw) for three days each. Using mRNA isaafrom livers, whole genome microarray
experiments were performed. The numbers of geriestafl by PCB 126 and/or TCDD treatments
are summarized in figure 18. Raw data from expanisith TCDD was received by courtesy of
Christiane Lohr (Lohr, 2013).

TCDD PCB 126
2587 > 2fold > 2fold
TCDD 976
373 149
125 63
# of up-regulated genes
—i
# of down-regulated genes
% 271 196
424
853
1767

> 2fold > 2fold > 3fold >4fold  >5fold > 6fold

Figure 18: Mouse whole genome microarray analysiddumbers of regulated genes in mouse livers by PCB @2
(250 pg/kg bw, three days) compared to numbers ofeges regulated by TCDD (25 pg/kg bw, three days)nd
numbers of genes regulated both by PCB 126 and TCDO CDD-raw data by courtesy of C. Lohr; Lohr, 2013).
A > 2’ p-value < 0.05.

Treatment with PCB 126 (250 pug/kg bw) exerted anlgignductive effect on gene expression in
mouse livers (figure 18). In numbers, transcripdr2587 genes was up-, and transcription of 1767
genes was down-regulated by PCB 126 accordingttouseff-levels (A> 27, | Ifc | > 1 (= 2fold),
p-value < 0.05). Raise of cutoff-values reduced Ineirs of affected genes from 976/853 (up/down-
regulated genes) for 3fold induction, over 373/424>(4fold), and 149/271X(5fold) to 63/196 %
6fold). By contrast, TCDD led to an increased tcaupgion of genes accounting for 125 up-, and 95
down. About half of the genes induced by TCDD wasewell up-regulated by PCB 126, whereas
overlap with respect to down-regulated genes turoedto be even smaller. From 95 genes

repressed by TCDD, 26 were also down-regulated@iy P26.

101



Results — mouse whole genome microarray analysis

In table 30, the Top 20-list of genes, which weperegulated by PCB 126 in mouse livers, is

displayed.

Table 30: Mouse whole genome microarray analysis. TaR0 up-regulated genes in mouse livers by PCB 1262
ug/kg bw, three days). Cutoff values: A& 2’, Ifc > 1, p-value < 0.05.

PCB 126

Gene

lfc Systematic name Gene description

6.292
3.873
3.417
3.250
3.195
3.184
3.172

3.163
3.159
3.134/2.086

3.129
3.123
1.845-3.097
3.095
3.085
3.049/2.144
3.016/1.175
2.989
2.972
2971

NM_009992

A_55_P2097048
XM_001477211

NM_198171
NM_008618
NM_172054
NM_027872

XM_985615
NM_025535
NM_011034

NM_007451
NM_145925
NM_172588
NM_008181
NM_031170

NM_001122660

NM_009725

NM_001101534

NM_029814
NM_025615

cytochrome P450 family 1 subfarailyolypeptide 1
Unknown

similar to Major urinary protdiflLOC100048884)
cDNA sequence BC015286

malate dehydrogenase 1 NAD (sojuble
thioredoxin domain containing 9

solute carrier family 46 member 3

similar to NADH dehydrogenase (ubiquinone) 1 subgiex

unknown 2
SAR1 gene homolog B (S. cerevisiae)

peroxiredoxin 1
solute carrier family 25 (mitochondrial carrier ade
nucleotide translocator) member 5

pituitary tumor-transforming 1 naieting protein
serine incorporator 5
glutathione S-transferase alphéal (
keratin 8
predicted gene 10639
ATP synthase H+ transportimgpchondrial FO complex
predicted gene 5584
chromatin modifying protein 5

RIKEN cDNA 2810004N23 gene

Gene name

Cyplal

A_55_P209704¢

CU104690.1

BC015286
Mdh1

Txndc9
Slc46a3

LOC675851
Sarlb
Prdx1

Slc25a5
Pttglip
Serinch

Gstal
Krt8

Gm10639
Atp5fl

Gm5584
Chmp5

2810004N23RiH

Values b/a from oligo b/oligo a; values a-n: vataege of more than two (n) oligos.

The Top 20-list of genes up-regulated by PCB 1ablét 30) was headed Byplal(NM_009992;
Ifc = 6.292). Although not among the Top 20 of indd genesCypla2and Cyplblwere up-
regulated by PCB 126 in mouse livers. With regdodsextent of inductionCyplbl1(NM_009994;
Ifc = 2.557) was very closely followed Iyypla2(NM_009993; Ifc = 2.555).
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Further affected genes and predicted genes assoorath xenobiotic metabolism we@stal
(NM_008181; Ifc = 3.095), predicted gene 1063Gm(110639 NM_0011226600;
Ifc (max) = 3.049), and predicted gene 5588mGE584 NM_001101534; Ifc = 2.989).
Corresponding encoded predicted proteins were geipdo bear GST (Protein GM10639), and
SULT (predicted gene 5584, MCG80®lt2a4 activity, respectively (Binnet al, 2009; Dimmer
et al, 2012).

Indications of altered lipid metabolism and bioetis in livers of PCB 126-treated mice gave
reduced transcription of cDNA sequence BC015286(0(15286 NM_198171; Ifc = 3.250), and
serine incorporator 5Sgrinc NM_172588; Ifc = 3.097). The protein product BC015286
(MCG142671, isoform CRA_BCes2h clusters with an acylcarnitine hydrolase. Acylitine
hydrolases release fatty acids coupled. tcarnitine after entering the cell (Binmt al, 2009;
Dimmeret al, 2012; Furihatat al, 2003).

Another gene, of which transcription was induced R@B 126, was malate dehydrogenase 1
(Mdh1, NM_008618; Ifc = 3.195). The protein MDHL1 is ived in the tricarboxylic acid cycle,
and was further discussed in the context of hepxittity and liver necrosis (Clifford and Rees,
1967; Zieveet al, 1985). In this regard, MDH1 was proposed to seage biomarker for
hepatocellular carcinomas and the severity of abefaatitis (Amacheet al, 2005; Kawai and
Hosaki, 1990).

As its encoded protein plays major role within &l transport complexes of the respiratory chain,
the induction of ATP synthase H+ transporting ntimaedrial FO complexAtp5fl, NM_009725;

Ifc = 3.016) gave indication of a high energy twreonin hepatocytes from PCB 126-treated mice
(Dimmeret al, 2012). Further hints towards trancriptionally andtabolically active conditions in
mouse livers were given by inhibited transcriptioh Slc46a3 (NM_027872; Ifc = 3.172;
transmembrane transport mechanisms including toahspf nucleotides, peptides, steroids,
carbohydrates, and hydrogen peroxide), SAR1 genlog B Sarlh NM_025535; Ifc = 3.159;
intracellular transport), and chromatin modifyingoiein 5 Chmp5 NM_029814; Ifc = 2.972;

protein transport/endosome to lysosome transpBimnget al, 2009; Dimmeeet al, 2012).
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Thioredoxin domain containing 9Xndc9 NM_172954; Ifc = 3.184), and peroxiredoxinArdx1;
NM_011034; Ifc (max) = 3.134) are genes relatesxmative stress and are involved in redox
regulation of cells. A number of further memberdobging to the thioredoxin/thioredoxin
reductase redox system were induced by PCB IR2&dcl7 (NM_026559; Ilfc = 1.985),
Thioredoxin reductase 3xnrd3 NM_153162; Ifc = 1.821)xnrd1(NM_001042523; Ifc = 1.747),
Txnl (NM_011660; Ifc = 1.55), Thioredoxin-interactingropein (Ixnip, NM_001009935;
Ifc = 1.521), Txndc15(NM_175150; Ifc = 1.459), an@ixndc12(NM_025334; Ifc = 1.156). Gene
transcription of members belonging to the thioredtiioredoxin reductase redox system was
shown to be enhanced in a number of human candeso(n et al, 2003; Yanagawat al, 1999).
TXN and PRDX 1 were also found to be implicategbincesses inhibiting apoptosis (Balkeral,
1997; Egleret al, 2005; Kimet al, 2000).

Beyond, PCB 126 induced further genes correlateth wipoptosis:Slc25a5 (NM_007451;
Ifc = 3.129), and keratin &¢t8, NM_031170; Ifc = 3.085) were members of the TOgi&t. The
protein Keratin-8 (K8) potentially moderates TNFAAduced, c-Jun N-terminal kinase (JNK;
member of the MAPK family) intracellular signaliras well as NReB activation and hence the
apoptotic effects of TNIe: These effects were discussed in associationK@th feasible functions
regarding liver regeneration, hepatotoxin sensytjvand its diagnostic, persistent expression in
several carcinomas (Caul al, 2000).

Within current mouse whole genome microarray expent, neither TNk, nor NFxB gene
products were regulated by any of the tested Dlgeoers, whereas transcription of genes
encoding the proteins MAPK 1 and MAPK 11 was sigaiftly affected by PCB 12@vapkl
(NM_011949; Ifc (max) = 2.027) was up-regulatedjlevMapkl11(NM_011161; Ifc = -1.833) was
down-regulated in response to treatment with PCBid2Znouse livers.

Pituitary tumor-transforming 1 interacting protdiRttglip, NM_145925; Ifc = 3.123) was up-
regulated by PCB 126. Encoded protein specificaltgracts with the oncogene pituitary tumor-
transforming gene 1 (PTTG1n vitro andin vivo, and facilitates PTTG1 nuclear translocation,
subsequently enhancing its force as transcriptatof (Chien and Pei, 2000; et al, 2013; Pei
and Melmed, 1997)Pttgl was not affected by any tested congener througtimuentire mouse

microarray experiment.

TopGO analysis provided the list of 20 most sigmifit GO terms displayed in table 31, which were
over-representated within the group of differehtiadxpressed genes. This classical enrichment

analysis was performed using Fisher’s exact tdst. TopGO subgraph is shown in figure 19.
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Table 31: Mouse whole genome microarray analysis — P&O analysis (PCB 126): Fisher's exact test. Top 20
GO terms identified by the classic algorithm for soring GO terms for enrichment regarding up-regulated genes;
descending order. Mouse liver, PCB 126 (250 ug/kg bithree days). Top five GO terms indicated in bold.

PCB 126

oxidation-reduction process
translation

cellular catabolic process
translational elongation

cellular ketone metabolic process
carboxylic acid metabolic process
oxoacid metabolic process

organic acid metabolic process
cofactor metabolic process
catabolic process

coenzyme metabolic process

small molecule metabolic process
cellular metabolic process
metabolic process

glutathione metabolic process
peptide metabolic process
intracellular transport

sulfur compound metabolic process
establishment of protein localization

protein transport

G0:0055114
G0:0006412
G0:0044248
G0:0006414
G0:0042180
G0:0019752
G0:0043436
G0:0006082
G0:0051186
G0O:0009056
G0:0006732
G0:0044281
G0:0044237
G0:0008152
G0:0006749
G0:0006518
G0:0046907
G0:0006790
G0:0045184
G0:0015031

sign./annot.

genes

262/1237
165/658
341/1853
741225
20184
198/91
193/918
195/937
85/311
367/2156
71/250
459282
1469/10684
1686/12490
24/48
33/84
201/1088
55/189
7/2406
240/1358

Raw p-value

EQ1
8.1E-2

126
1.3E-1
2.7E-16
2.6E-15

25k

3E-35

13

8.6E-1

2.1E-12
2E-11

5.0E-1

1.71
2.0E-1
2.0E-10
2.9E-1(¢
2.9E-1

E-10
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GO:0008150
biological process

1.0
/ 2985 / 30655 \
O G0:0009987
metabolic process cellular process
5.0E-11 1.0
/ 16861412490 2033 /17797
G0:0044238 G0:0043170 GO:0055114 G0:0009058 G0:0044281 G0:0044237 G0:0009056
primary metab. pr. macromolecule metab. pr. oxidation-reduction process biosynthetic process small molecule metab. pr. cellular metab. pr. catabolic process
2.6E-06 0.063 < LOE-20 0.0038 2.1E-12 1.2E-11 8.6E-13
1403 /10635 1092/ 8770 262 /1237 766 / 5877 459 /2829 1469 / 10684 36712156
GO:0019538 GO:0009059 G0:0044260 GO:0044249 G0:0042180 G0:0044248
protein metab. pr. macromolecule biosynthetic pr. cell. macromolecule metab. pr. cellular biosynthetic process cellular ketone metab. pr. cellular catabolic process
1.0E-07 1.0 0.027 0.021 2.7E-16 1.2E-16
682 /4764 ~ 556 / 30655 1002 / 7946 733 /5729 201/ 948 341/1853
GO:0010467 G0:0044267 GO:0034645 /
gene expression cellular protein metab. pr. cell. macromolecule biosynthetic pr.
0.36 2.4E-09 0.54
613 /5048 602 / 4045 555/ 4643
GO:0006412
translation
<1.0E-20
165/ 658
GO:0006414
translational elongation
1.3E-16
74 /225

Figure 19: Mouse whole genome microarray analysis FopGO analysis (PCB 126, 250 pg/kg bw, three daysjouse liver): The GO subgraph plot induced by theéop
five GO terms identified by the classic algorithm ér scoring GO terms for enrichment regarding up-regilated genes. Boxes indicate the five most signgict GO terms.
Box color represents relative significance ranginfrom dark red (most significant) to light yellow (least significant).
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Pathway analyis respecting up-regulated genes umsenbivers in response to vivo treatment with
PCB 126 predominantly was related with metabolit, particular catabolic (G0:0044248),
processes most significantly including ‘oxidati@duction processes’ (G0:0055114), and
translation (‘translational elongation’, GO:00063brresponding to the inductive effect of the
congener (table 31, figure 19). Out of 20 GO-termi3,were associated with metabolism and
included GO terms correlated with lipid metabolisike ‘carboxylic acid metabolic process’
(GO:0019752), or ‘peptide metabolic process’ (GO@®L8). Besides, highly processive
hepatocytes were as well indicated by up-regulafedes annotated to ‘intracellular transport’
(GO:0046907), ‘establishment of protein localizatidG0:0045184), and ‘protein transport’
(G0O:0015031).

Half of the probes (24 out of 48) annotated to tgflione metabolic process’ (GO:0006749) were
up-regulated by PCB 126 in mouse livers. Among thtan encoded GSTs plus several genes
involved in GSH-regeneration or protection of cdlism oxidative damage, such as superoxide
dismutase 2 fod2 NM_013671), glutathione peroxidaseGpkl, NM_008160; Gpx3
NM_008161;Gpx4 NM_001037741), and glutathione reductassr(NM_010344).

Altogether, the subgraph induced by the top five téins regarding up-regulated genes responding
to PCB 126-treatment showed fairly clustering gemesovering the congener’'s impact on gene

transcription and metabolism.

PCB 126 inhibited transcription of 1767 gene2fold) in mouse livers subsequent to three days of
single dose exposure (250 png/kg bw). The Top 2fbwi-regulated genes is displayed in table 32.
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Table 32: Mouse whole genome microarray analysis. Top0 down-regulated genes in mouse livers by PCB 126
(250 pg/kg bw, three days). Cutoff values: & 2/, Ifc < -1, p-value < 0.05.

PCB 126
Gene
lic Systematic name Gene description Gene name

-4.502/ BC031891/ serine (or cysteine) peptidase inhibitor clade Aher 4

-4.480 NR_002861 pseudogene 1 Serpina4-ps]

-4.207 NR_004413 U1b6 small nuclear RNA Rnulb6

-4.029 NM_011302 retinoschisis (X-linked juvenilefhuman) Rs1

-3.951 NM_013877 calcium binding protein 5 Cabp5

-3.949 NM_199022 SHC (Src homology 2 domain coimiginfamily member 4 Shc4

-3.941 NM_197945 ProSAPiP1 protein RP23-100C5.9
ST6 (alpha-N-acetyl-neuraminyl-2,3-beta-galactdsg)-N-

-3.940 NM_011371 acetylgalactosaminide alpha-2,6-sialyltransferase 1 St6galnac]

-3.936 XM_001478202 hypothetical protein LOC10004446 LOC100047464

-3.925 NM_181319 T-box 22 (Tbx22) transcript vatian Thx22

-3.900 NM_001169153 CD300 antigen like family member Cd300lf

-3.892 NM_016659 killer cell lectin-like receptartfamily A member 1 Klral

-3.892 XM 981891 predicted gene EG665802 transeapant 6 Gm7792

-3.889 NM_001033960 RAB GTPase activating protein 1 Rabgapl]
16 days neonate cerebellum cDIRAKEN full-length

-3.889 AK036325 enriched library clone:9630056N24 Syn3

-3.880 NM_153522 sodium channel voltage-gated tiideeta Scn3b

-3.826 NM_194336 macrophage activation 2 like Mpaz2l

-3.823 NM_011562 teratocarcinoma-derived growthdiat Tdgfl
hect (homologous to the E6-AP (UBE3A) carboxyl tetas)

-3.822 NM_010418 domain and RCC1 (CHC1)-like domain (RLD) 2 Herc2

-3.807-

-2.754 NM_008103 glial cells missing homolog 1 (Bophila) Geml

Value range of more than two (n) oligos: values a-n

Most effectively down-regulate@erpina4-ps1(BC031891/NR_002861; Ifc (max) = -4.502) by
PCB 126 represented one of six genes within the d@list (table 32) implicated in immune
function (Binnset al, 2009; Dimmeret al, 2012): Tbx22 (NM_181319; Ifc = -3.925; encodes a
probable transcriptional regulator involved in depenental processes; major determinant crucial
to palatogenesisi;d300If(NM_001169153; Ifc = -3.900; encoded protein gasates in osteoclast
differentiation),Klral (NM_016659; Ifc = -3.892; encodes T-cell surfadgcgprotein YE1/48, a
MHC class | receptor), anfidgfl (NM_011562; Ifc = -3.823)Serpina4-psland Tdgfl are also
involved in apoptotic processes (Birgtsal, 2009; Bustogt al, 2009; Dimmetet al, 2012).
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Notably and not only regarding these immune-relajedes, PCB 126'’s list of down-regulated
genes resembled the Top 20-list for inhibitory et§eon transcription for 4-PeCDF-treatment with
respect to several genes. Two more examples repeeset6galnacl(NM_011371; Ifc = -3.940;
encodes a glycosyltransferase, which plays a molglycosylation of proteins), anBabgapl
NM_001033960; Ifc = -3.889; encodes a protein pesing Rab GTPase activator activity;
proposed involvement in cell cycle regulation) (Bt al, 2009; Dimmetet al, 2012).

Further down-regulated genes within PCB 126’s Togig were involved in forming cell junctions
(ProSAPIP1 proteinRP23-100C5.8NM_197945; Ifc = -3.941), or DNA repair (hect (hologous
to the E6-AP (UBE3A) carboxyl terminus) domain aR€C1 (CHC1)-like domain (RLD) 2,
Herc2 NM_010418; Ifc = -3.822) (Binnst al, 2009; Dimmeeet al, 2012).

Table 33 presents results regarding TopGO analyiiisrespect to down-regulated genes in mouse

livers subsequent to PCB 126-treatment.
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Table 33: Mouse whole genome microarray analysis — P&O analysis (PCB 126): Fisher’'s exact test. Top 20
GO terms identified by the classic algorithm for soring GO terms for enrichment regarding down-regulaed
genes; descending order. Mouse liver, PCB 126 (256/kg bw, three days). Top five GO terms indicated ifold.

PCB 126

positive regulation of synaptic plasticity

cell fate commitment

diencephalon development

endocrine system development

cytotoxic T cell differentiation

ethanolamine metabolic process
phosphatidylethanolamine biosynthetic process
ethanolamine biosynthetic process

positive regulation of epithelial cell proliferatio
ameboidal cell migration

pituitary gland development

regulation of cartilage development
phosphatidylethanolamine metabolic process
positive regulation of histone methylation
skeletal muscle tissue development

histone H3-K4 methylation

positive regulation of cAMP-mediated signaling
CDP-choline pathway
S-adenosylmethioninamine metabolic process

spinal cord development

sign./annot.

GO0:0031%5
G0:0045165
G0:0021536
G0:0035270
G0:0045065
G0:0006580
G@mE686
GO0:0046335
G0:0050679
G0:0001667
G0:0021983
G0:0061035
GO:08463
G0:003820
GO0:0007519
G0:0051568
G@1G950
G0O:0006657
GO:0ae64
G0:0021510

genes

6/10
40/272
15/76
21/132
2/3
5/10
5/10
5/10
23/144
20/119
11/48
81/4
5/11
5/12
P9/21
8/30
3/4
4/8
4/8
14/77

Raw p-value

3.1E-05
4.5E-0
1.6E-
30
4.44

4.6E-0;
.6E-084
5.5E-(

6.3

7.8H
7.8E-04
7.9E-04
1.3E-03
1.3E-03
1.4E
1.7E-0
1.8E-0
1.8E-03
1.8H

03

According to the top five GO terms identified byethlassic algorithm for scoring GO terms for

enrichment regarding down-regulated genes, lowetaiion between these processes was observed

(table 33). Overall, significances regarding owepresentation of GO terms for down-regulated

genes and accordant clusters among the Top 20 @3 t&y means of PCB 126-treatment were

low (raw p-values 3.1E-05).
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Statistically slightly dominating paths within th&p five and correlated GO terms among the Top

20-list issued into ‘positice regulation of synapplasticity’ (GO:0031915), ‘cytotoxic T cell

differentiation’ (GO:0045065), and ‘diencephalorvel®epment’ (GO:0021536). The path issuing
into the latter also involved another top five G@rnm: ‘endocrine system development’
(G0:0035270). Within, 21 out of 132 annotated peoleere negatively affected by PCB 126.
Respective genes are listed in table 34.

Table 34: Mouse whole genome microarray analysis. Dm-regulated genes by PCB 126 (250 ug/kg bw, three

days) annotated to

the GO

term ‘endocrine

Cutoff values: A> 27, Ifc< -1, p-value < 0.05.

system delopment’ (GO:0035270); mouse liver.

PCB 126

Gene name Gene systematic name Gene description

Nog NM_008711 noggin

Fgf2 NM_008006 fibroblast growth factor 2

Apoal NM_009692 apolipoprotein A-l

LOC100044968 XM 001473421 Mus musculus similar to modulator gggtion factor 2
Drd2 NM_010077 dopamine receptor 2

Nkx6-1 NM_144955 NK6 homeobox 1

Onecutl NM_008262 one cut domain family member 1
Nkx2-2 NM_010919 NK2 transcription factor related
Poulfl NM_008849 POU domain

Tcf712 NM_001142920 transcription factor 7-like 2

Lhx3 NM_001039653 LIM homeobox protein 3

ll6ra NM_010559 interleukin 6 receptor

Nfl NM_010897 neurofibromatosis 1
ENSMUSTO00000089855 ENSMUST00000089855 oxidase 2

Foxe3 NM_015758 forkhead box E3

Smo NM_176996 smoothened homolog

Tcf712 NM_001142923 transcription factor 7-like 2

Bmp4 NM_007554 bone morphogenetic protein 4

Pbx1 NM_183355 pre B-cell leukemia transcription factor
Onecut2 NM_194268 one cut domain family member 2
LOC100048479 XM 001480325 similar to hepatocyte nuclear factbeé

112



Results — mouse whole genome microarray analysis

The genes and respective encoded proteins listddbie 34 are involved in several diverging
processes within ‘endocrine system development’:0B86270). These included lipid metabolism,
glucose homeostasis, steroidogenesis, immune respanute-phase reactions and hematopoiesis.
For instance, the protein encoded by apolipopratein(Apoal, NM_009692) participates in the
transport of cholesterol from tissues to the lif@rexcretion by promoting cholesterol efflux from
tissues and by acting as a cofactor for lecithimlesterol acyltransferasedat). Lcat (NM_008490)
was not regulated by any of the tested congenens.pfobes out of significantly down-regulated
probes annotated to ‘endocrine system developn{&®:0035270; sign./annot.: 21/132 in total)
matched those annotated to ‘diencephalon developii@@:0021536) sign./annot.: 15/76 in total).
Both of these subsets of genes did not clearly appbviously straight-lined regarding their
specific roles in respective process (Ashbureeal, 2000; Binnset al, 2009; Dimmeret al,
2012).

Processes involved in lipid biosynthesis with clatieg significant annotated genes were
‘phosphatidylethanolamine biosynthetic process’ (@D6646), ‘phosphatidylethanolamine
metabolic process’ (G0O:0046337), and ‘CDP-cholinthway’ (GO:0006657). To these processes,
solute carrier family 27, member $I¢27al NM_011977; fatty acid transporter), cholin kinase
alpha Chka NM_013490), andChkb (NM_007692) represented significantly down-regedat
genes by PCB 126-treatment. These genes and regp&€ terms are of relevance with respect to
biosynthesis of glycerophospholipids, especiallypbbsphatidylcholin (Ashburnest al, 2000;
Binnset al, 2009; Dimmeet al, 2012).

Within GO term ‘cytotoxic T cell differentiation'G0O:0045065), two out of three probes annotated

were affected significantly by PCB 126, represantioth annotated genes (one of the genes was
tested with two different probes): CD8 antig€d8a NM_009857), and aquamous cell carcinoma

antigen recognized by T-cells 1Sqrtl, NM_016882). These genes are required for both

development and activity of cytotoxic T cells (Fubgunget al, 1991; Kikuchiet al, 1999).

A few epigenetic processes were included in the Z@jbist for down-regulating effects on gene
expression by PCB 126: ‘S-adenosylmethioninaminéabwdic process’ (GO:0046499), ‘positive
regulation of histone methylation’ (GO:0031062)danistone H3-K4 methylation’ (GO:0051568).
To these processes, DNA methyltransferagaismitl, NM_010066;Dnmt3h NM_001003961),
histone-lysine N-methyltransferasdsn{t2d (MI12), NM_001033276, encoded protein methylates
‘Lys-4’ of histone 3;Kmt2e (MII5), NM_026984, encoded methyltransferase specificalbno-
and dimethylates ‘Lys-4’ of histone H3), O-linked-adetylglucosamine transferas®dg,
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NM_139144; encoded protein glycosylates diverseepns including histone H2B, AKT1, or
6-phosphofructokinase), and dpy-30 homolbgy30Q NM_001146224; encoded protein is part of
the MLL1/MLL complex, involved in the methylationf diistone H3 at ‘Lys-4’, particularly
trimethylation) were annotated and significantlymberegulated by the congener.

Histone H3 'Lys-4' methylation represents a speta#g for epigenetic transcriptional activation and
IS associated with active genes. Besides theirtddrgeneral impact on epigenetics, information on
more specific roles is available for some of theadibed genedMlii2 and Ogt are concerned with
insulin sensitivity and glucose tolerance, wherdd8lT2E represents a key regulator of
hematopoiesis involved in terminal myeloid diffetiation and in the regulation of hematopoietic
stem cell self-renewal by a DNA methylation-deparidaechanism (Ashburnet al, 2000; Binns

et al, 2009; Dimmetet al, 2012; Goldsworthet al, 2013; Heuseet al, 2009; Jianget al, 2011,
Santos-Rosat al, 2002).
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4.1.1.2.5. PCB 156 — impact on gene transcription mouse livers

Treatment with single doses of PCB 156 (150000 g gik) for three days exerted highly inductive
effects on gene expression in mouse livers. Obseng regarding> 2fold up to > 6fold
inductive/repressive effects by PCB 156 on genestraption in comparison te 2fold effects by
TCDD is illustrated in figure 20.

PCB 156
Tepp > 2fold
> 2fold
2071 PCB 156
1978
2036]
TCDD 810
125 351 155
82
# of up-regulated genes
- # of down-regulated gene
wn-regu S
95 209 J J
403
690
1144

2093

>2fold >2fold >3fold >4fold >5fold > 6fold

Figure 20: Mouse whole genome microarray analysidNumbers of regulated genes in mouse livers by PCB @5
(150000 pg/kg bw, three days) compared to number$ genes regulated by TCDD (25 pg/kg bw, three daysgnd
numbers of genes regulated both by PCB 156 and TCDO CDD-raw data by courtesy of C. Lohr; Lohr, 2013).
A >2', p-value < 0.05. 2071;

In mouse liversin vivo treatment with PCB 156 led to both induction aeslression of more than
2000 genes each (figure 20) within set cutoff-val(&> 27, | Ifc | > 1 & 2fold); p-value < 0.05).
By change of cutoff-levels to effects, numbers fié@ed genes constantly reduced from 810 (up),
and 1144 (down)X 3fold) to 82 (up), and 209 (dowry} 6fold). Overlap of PCB 156-, and TCDD-
affected genes (125 up-, and 95 down-regulated sjeaecounted for 93 up-, and 57 down-
regulated genes accordantly regulated with regpec®fold effects.

In table 35 (following page), the Top 20-list ofngs, which were up-regulated in response to
treatment with PCB 156 (150000 pg/kg bw, three faymouse livers is depicted.
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Table 35: Mouse whole genome microarray analysis. TopO up-regulated genes in mouse livers by PCB 156

(150000 pg/kg bw, three days). Cutoff values: A 2’, Ifc > 1, p-value < 0.05.

PCB 156

Gene

Ifc

7.467 NM_009992 cytochrome P450 family 1 subfarailyolypeptide 1 Cyplal
4.006 NM_008181 glutathione S-transferase alphéa) ( Gstal
3.939/2.268 NM_001122660 predicted gene 10639 Gm10639
3.861 NM_010210 fragile histidine triad gene Fhit
3.816 NM_009028 RAS-like family 2 locus 9 Rasl2-9
3.796 NM_010002 cytochrome P450 family 2 subfamifyolypeptide 38 Cyp2c38
3.718 NAP029947-1 Unknown NAP029947-1y
3.671/1.734 NM_011034 peroxiredoxin 1 Prdx1
3.652 NM_009994 cytochrome P450 family 1 subfarbilyolypeptide 1 Cyplbl
3.584 NM_198171 cDNA sequence BC015286 BC015286
3.549/2.267 NM_172881 UDP glucuronosyltransferatndly polypeptide B35 Ugt2b35
3.493 NM_008030 flavin containing monooxygenase 3 Fmo3
3.463 NM_017475 Ras-related GTP binding C Rragc
3.429/3.387 NM_145603 carboxylesterase 2 Ces2
3.402 NM_009993 cytochrome P450 familyl subfamipolypeptide 2 Cypla2
3.368 NM_025535 SAR1 gene homolog B (S. cerevisiae) Sarlb
3.270 XM_902301 predicted gene EG546797 transeapant 1 Gmb5978
3.246 A 55 P2168781 Unknown A 55 P216878]
3.234 NR_003625 RIKEN cDNA 1700073E17 gene 1700073E17Rik
3.209 NM 001081325 predicted gene 6957 Gm6957

systematic name Gene description

Gene name

Values b/a from oligo b/oligo a; values a-n: valaege of more than two (n) oligos.

The highest up-regulated gene in mouse liversspaese to treatment with PCB 156 viagplal
(NM_009992; Ifc = 7.467).Cyplbl (NM_009994; Ifc = 3.652), ancCypla2 (NM_009993;
Ifc = 3.402) were also within the Top 20-list of-tggulated genes (table 35). Transcription of
further genes implicated in (drug) metabolism wasctthctly enhanced by PCB 15@&stal
(NM_008181; Ifc = 4.006),Gm10639(NM_001122660; Ifc (max) = 3.939; encoded protein
exhibits GST activity), Ugt2b35 (NM_172881; 3.549), flavin containing
monooxygenase 3FMo3 NM_008030; Ifc = 3.493), and predicted gene 69&M6957

Ifc (max) =
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NM_001081325; Ifc = 3.209; encoded protein exhil8tdLT-activity) were affected and listed
among the Top 20-list (Binreg al, 2009; Dimmeset al, 2012).

Indications regarding altered lipid and fatty acitetabolism were given by up-regulation of
Cyp2c38(NM_010002; Ifc = 3.796; encodes an arachidoniicl asetabolism), cDNA sequence
BC015286 BC015286 NM_198171; Ifc = 3.584; encodes an acylcarnitiydrolase), andCes2
(NM_145603; Ifc (max) = 3.429; encodes an acyldara@ihydrolase) (Binnst al, 2009; Dimmer
et al, 2012).

Treatment with PCB 156 appeared to impact transongl and metabolical activity in mouse
livers, which was further hinted by up-regulatioh $arlb (NM_025535; Ifc = 3.368; encoded
protein involved in intracellular transport), aR&s|2-9(NM_009028; Ifc = 3.816; encoded GTP-
binding protein involved in nucleocytoplasmatiawport of proteins and RNA) (Binmes al, 2009;
Dimmeret al, 2012; Kadowaket al, 1993; Melchioret al, 1993).

A member of the Top 20-list of up-regulated gemeglicated in the redox status represerRedix1
(NM_011034; Ifc (max) = 3.671). By use of reducieqguivalents provided through the thioredoxin
system, PRDX 1 enables the reduction of peroxi@ésiéet al, 1994a; Chaet al, 1994b; Iwahara
et al, 1995). Besides, PRDX 1 was discussed relatedHibition of apoptosis (Berggreet al,
2001; Egleret al, 2005; Kimet al, 2000; Kimet al, 2008).

Several further members of the thioredoxin/thiosedaeductase redox system were up-regulated
by PCB 156 in the course of current studyknip (NM_001009935; Ifc = 1.742)Txndcl2
(NM_025334; Ifc = 1.719), thioredoxin-like 4ATXnl4g NM_025299; Ifc = 1.539)Txndcl5
(NM_175150; Ifc = 1.137),Txndcl7 (NM_026559; Ifc = 1.107), andrxnl (NM_011660;
Ifc = 1.053). Another up-regulated gene implicaire@poptotic processes wahit (NM_010210;
Ifc = 3.861).Fhit represents a pro-apoptotic tumor suppressor gEyng a role in p53/TP53-
mediated apoptosis (Bines al, 2009; Dimmeeet al, 2012).

Transcription of Ras-related GTP binding Rrggc NM_017475; lfc = 3.463) was as well up-
regulated by PCB 156 in mouse livers. Rags are &d%awhich function as heterodimers
consisting of RagA or B bound to RagC or D. Thes&todimeric complexes are required for
amino acid-induced relocalization of mechanistigéd of rapamycin complex 1 (mTORC1) to
lysosomes and its subsequent activation by the &8 Ras homolog enriched in brain (RHEB).
Consisting of TORC1 and TORC2, TOR is a key reguakinase regulating cellular growth and
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metabolism. RagC/D was shown to be a key regulatahe activation of the TOR signaling
cascade by amino acids (Russ#llal, 2011; Tsuret al, 2013). Further, hepatic mTORC1 was
reported to be involved in the control of locomogmtivity and lipid metabolism (Cornet al,
2014).

BesidesRragg genes which are concerned with TOR signalingwaece up-regulated by PCB 156
in mouse livers werraga(NM_178376; Ifc = 2.338), and Rheb (NM_053075;#d.573).Mtor
(NM_020009) appeared slightly below cutoff regaglisignal intensity (A> 27, though
tendentiously adverting to an up-regulation{&>%*, Ifc = 2.106) by PCB 156.

By classical enrichment analysis performed usingh&i's exact test, over-representation of GO

terms within the group of differentially expressgehes was assessed. The 20 most significant GO

terms in terms of up-regulation by PCB 156 is pné=e in table 36.
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Table 36: Mouse whole genome microarray analysis — P&O analysis (PCB 156): Fisher's exact test. Top 20
GO terms identified by the classic algorithm for soring GO terms for enrichment regarding up-regulated genes;
descending order. Mouse liver, PCB 156 (150000 pg/kbgv, three days). Top five GO terms are indicated itold.

PCB 156

oxidation-reduction process

cellular ketone metabolic process
translation

carboxylic acid metabolic process
oxoacid metabolic process

organic acid metabolic process
cofactor metabolic process
coenzyme metabolic process

small molecule metabolic process
intracellular transport

metabolic process

cellular catabolic process
glutathione metabolic process
protein transport

translational elongation
establishment of protein localization
cellular amino acid metabolic process
cellular metabolic process
response to xenobiotic stimulus

catabolic process

G0:0055114
G0:0042180
G0:0006412
G0:0019752
G0:0043436
G0:0006082
G0:0051186
G0:0006732
G0:0044281
G0O:0046907
G0:0008152
G0:0044248
G0O:0006749
G0:0015031
G0:0006414
G0:0045184
G0:0006520
G0:0044237
G0:0009410
G0:0009056

sign./annot.

genes

262/1237
1974
148/658
18581
185/918
186/937
81/311
68/250
439282
196/1088
1585/12490
291/1853
22/48
224/1358
57/225
8/2206
138
1355/10684
19/41
324/2156

Raw p-value

E24
7.5E-18
9.8E-1
1.8E-15
1.8%
.8E-&5
33l

E-1
E-1

-09
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GO0:0008150
biological process

1.0
/ 2785/ 30655 \
G0:0008152 GO:0009987
memlz’“lllc %ncess cellular process
-1E- 1.0
1585 /12490 1901 /17797
G0:0044238 . GO:00s5114 G0:0043170 G0:0009058 G0:0044237 G0:0044281
primary metab. pr. oxidation-reduction process macromolecule metab. pr. biosynthetic process cellular metab. pr. small molecule metab. pr.
4.4E-06 <1.0E-20 0.11 2.0E-03 1.8E-08 1.4E-11
1320/ 10635 262/1237 1020/ 8770 727/ 5877 1355/ 10684 431/2829
GO0:0019538 GO0:0009050 G0:0044260 GO:0044249 G0:0042180 GO:0006082
protein metab. pr. macromolecule biosynthetic pr. cellular macromolecule metab. pr. cell. biosynthetic process cellular ketone metabol. pr. organic acid metab. pr.
2.8E-06 0.51 0.16 0.010 7.5E-18 6.8E-15
631/4764 535/4748 921 /7946 697/5729 197/948 186 /937
G0:0010467 GO0:0044267 G0:0034645 G0:0043436
gene expression cell. protein metab. pr. cell. macromolecule biosynthetic pr. oxoacid metabolic process
021 1.0E-06 0.43 DEg-11
586 /5048 548 / 4045 527/4643 185/918
G0:0006412 GO0:0019752
translation carboxylic acid metab. process

9.8E-17 1.8E-15
148/ 658 185/918

Figure 21: Mouse whole genome microarray analysis FopGO analysis (PCB 156, 150000 pg/kg bw, three yig mouse liver): The GO subgraph plot induced bytte
top five GO terms identified by the classic algoritm for scoring GO terms for enrichment regarding upregulated genes. Boxes indicate the five most sificant GO
terms. Box color represents relative significanceanging from dark red (most significant) to light ydlow (least significant).
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The Top 20 GO terms assigned to TopGO pathway sisalgvestigating up-regulated genes by
PCB 156 in mouse livers most prominently and dte#iBy very significantly were related to
metabolic processes including ‘oxidation-reductiprocess’ (GO:0055114), ‘carboxylic acid
metabolic process’ (GO:0019752), and ‘translat{@0:0006412) (see table 36, figure 21).

Paths included xenobiotic metabolisi@yplat Ahr, NM_013464;Ahrr, NM_009644;Ugt2b],
NM_152811, e.g.; annotated to ‘response to xenmbgitmulus’, GO:0009410), and accordant
‘glutathione metabolic process’ (GO:0006749; antemtagenes:Sod2 NM_013671; Gpx3
NM_08161; Gsr, NM_010344;Gstal NM_008181;Gstm1l NM_010358;Gstp2 NM_181796;
Gstt3 NM_133994, e.g.), as well as lipid metabolisrAldhlal NM_013467; Aldhla?
NM_011921; hydroxyacid oxidase P{ao2, NM_019545; fatty acid binding protein Eabp2
NM_007980; Slc27a5 NM_009512; phospholipase AZRla2gl5 NM_133792; annotated to
‘carboxylic acid metabolic process’, GO:0019752] dipid metabolic process’, GO:0006629, 191

significant probes out of 1245 annotated).

Indications of transcriptionally and metabolicallgctive cells in general were given by
aforementioned top five GO term ‘translation’ (GQ0B412), as well as by ‘translational
elongation’ (G0:0006414), ‘protein transport’ (GO1®%031), and ‘establishment of protein
localization’ (GO:0045184).

In table 37, the Top 20 genes of 2093 down-regdlgenes affected in mouse livers subsequent to
PCB 156-treatment are listed.
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Table 37: Mouse whole genome microarray analysis. TopO down-regulated genes in mouse livers by PCB 156
(150000 pg/kg bw, three days). Cutoff values: A 2’, Ifc < -1, p-value < 0.05.

PCB 156
Gene
[fc Systematic name Gene description Gene name
-4.481/ BC031891/ serine (or cysteine) peptidase inhibitor clade Arber 4
-4.279 NR_002861 pseudogene 1 Serpina4-ps]
-4.098-
-2.451 NM_008103 glial cells missing homolog 1 (Bophila) Geml
-4.094 XM_001472203 similar to Ubtf protein (LOC133072) Gm2033
-3.964 NR_004413 U1b6 small nuclear RNA Rnulb6
-3.839-
-2.362 NM_009946 complexin 2 Cplx2
-3.788 XM_001472970 similar to R10D12.10 (LOC10004 Gm2264
-3.754 NM_008341 insulin-like growth factor bindipgotein 1 Igfbpl
ENSMUSTO0000 Probable ATP-dependent RNA helicase DDX5 (DEAD box ENSMUST0000Q
-3.714 0106778 protein 5) 106778
-3.645 XM_889044 predicted gene EG624491 Gm6508
-3.629 XM_001474429 similar to cyclic nucleotidaeghchannel beta 1 Gm2690
-3.556 XM _001480348 similar to gag (LOC100043516) Gm4492
-3.547 NM_153522 sodium channel voltage-gated thgeeta Scn3b
-3.537 A_55 P1986743 Unknown A 55 P198674]
adult male pituitary gland cDNA RIKEN full-length eched
-3.509 AKO017236 library clone:5330406M23 5330406M23RikK
-3.495 NM_001169153 CD300 antigen like family memiber Cd300If
-3.470 NM_001033960 RAB GTPase activating protein 1 Rabgapl]
-3.459 XM_001478202 hypothetical protein LOC10004446 LOC100047464
-3.451 NM_011562 teratocarcinoma-derived growthdiac Tdgfl
-3.419 NM_197945 ProSAPIP1 protein RP23-100C5.9
-3.410 NM_013932 DEAD (Asp-Glu-Ala-Asp) box polypdefe 25 Ddx25
-3.407 NM 181319 T-box 22 (Thx22) transcript vatiaimRNA Thx22

Values b/a from oligo b/oligo a; values a-n: valaege of more than two (n) oligos.

Among down-regulated genes by PCB 156 (table f)eral representatives implying a potential

role of the congener on immune function and/or oesp
(BCO31891/NR_002861; Ifc (max) = -4.480plx2 (NM_009946; Ifc (max) = -3.839; proposed
involvement in mast cell degranulatio®d300If (NM_001169153; Ifc = -3.495; encoded protein
-3.451), andlbx22

(NM_181319; Ifc = -3.407; encodes a probable trapsonal regulator involved in developmental

included Serpina4-psl

participates in osteoclast differentiation),dgfl (NM_011562; Ifc =
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processes; major determinant crucial to palatogenéBinnset al, 2009; Dimmeret al, 2012).
Besides,Serpina4-psland Tdgfl are also involved in apoptotic processes (Biehsal, 2009;
Bustoset al, 2009; Dimmeet al, 2012).

A further down-regulated gene transcript by PCB W&&1gfopl (NM_008341; Ifc = -3.754). The
encoded protein is implicated in insulin receptgnaling pathways and is further proposed to be
involved in regulation of cell growth and tissugyeeeration (Binngt al, 2009; Dimmeret al,
2012). With respective proteins supposedly playoigs in cell cycle regulation or in formation of
cell junctions, Rabgapl (NM_001033960; Ifc = -3.470), antRP23-100C5.8(NM_197945;

Ifc = -3.419; encoding ProSAPIP1 protein) were agwtime Top 20 of down-regulated genes by
PCB 156 (Binnt al, 2009; Dimmeet al, 2012).

Down-regulated DEAD (Asp-Glu-Ala-Asp) box polypegdi 25 Ddx25 NM_013932;

Ifc = -3.410), and ‘probable’ ATP-dependent RNA ibae DEAD box protein 5Ddx5
ENSMUST0000010677%c = -3.714) (‘probably’) encode RNA helicasa®rh the DEAD-box
family, which use energy from ATP hydrolysis an@ associated with many processes ranging
from RNA synthesis to RNA degradation. ConnectiérD&AD-box proteins to these processes
includes p53-dependent apoptosis (DDX5, e.g.), temamune response (esp. DDX1, DDX3,
DDX5, DDX9, DDX17, and DDX41), and regulation of EERdependent transcription (DDX17,
e.g) (Batest al, 2005; Fuller-Pace, 2013; Rocak and Linder, 2@aylatet al, 2008; Worthham

et al, 2009).

Including mentioned members of the Top 20-list,esaVDEAD-box protein gene transcripts were
affected by PCB 156-treatment: six were up-regdlgidx51, NM_027156; Ifc = 1.821Ddx54
NM_028041; Ifc = 1.435Ddx20 NM_017397; Ifc = 1.4Ddx41 NM_134059; Ifc =1.274Ddx27,
NM_153065; Ifc = 1.106;Ddx21 NM _019553; Ifc = 1.078), and four were down-reget
(ENSMUSTO00000106778Ddx5), Ifc = -3.714; Ddx25 NM_013932; Ifc = -3.410;Ddx5,
NM_007840; Ifc = -2.058Ddx1, NM_134040; Ifc = -1.21) within set cutoff-values.

Table 38 shows TopGO results with respect to dosgulated genes by PCB 156.
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Table 38: Mouse whole genome microarray analysis — P&O analysis (PCB 156): Fisher’'s exact test. Top 20
GO terms identified by the classic algorithm for soring GO terms for enrichment regarding down-regulaed
genes. Mouse liver, PCB 156 (150000 pg/kg bw, thréays). Top five GO terms are indicated in bold.

PCB 156

sign./annot.

genes Raw p-value

regulation of RNA metabolic process G0:0051252 383478 1.8E-08
regulation of nitrogen compound metabolic process G:0051171 434 | 4055 4.0E-08
transcription, DNA-dependent G0:0006351 382 /3503 4.1E-08
regulation of gene expression G0:0010468 424 ] 3952 4.5E-08
RNA biosynthetic process GO0:0032774 382/ 3507 4:78
regulation of nucleobase-containing compound mdimpo.  G0O:0019219 429/ 4018 6.4E-08
regulation of biosynthetic process G0:0009889 43036 8.0E-04
regulation of transcription, DNA-templated G0:00863 370/ 3402 9.2E-0B
regulation of RNA biosynthetic process G0:2001141 033403 9.5E-08
regulation of cellular biosynthetic process GO:(8 425/ 3993 1.1E-0f
regulation of cellular macromolecule biosynthetiogess G0:2000112 393/3707 5.4E107
cellular developmental process G0:0048869 3521327 5.6E-07
regulation of macromolecule biosynthetic process :@BO0556 399/3789 8.7E-(7
cell differentiation G0:0030154 335/3106 8.9E-¢7
negative regulation of nitrogen compound metakalic G0:0051172 150/1208 9.7E-97
negative regulation of nucleobase-containing metaipo. G0:0045934 148 /1196 1.4E-06
negative regulation of cellular biosynthetic praces G0:0031327 155/ 1267 1.5E-96
negative regulation of biosynthetic process GO:@909 157 /1287 1.6E-0p
triglyceride biosynthetic process G0:0019432 13/5 1.6E-06
RNA metabolic process G0:0016070 443 /4300 2.1§-06

Most of the Top 20 GO terms, and especially respedop five GO terms, obtained by view on
down-regulated genes by PCB 156 were related gufation of gene expression’ (GO:0010468),
‘transcription” (DNA-dependent, GO:0006351), anedulation of RNA metabolic processes’
(GO:0051252) (see table 38). In addition, thesegsses appeared to be closely connected to each
other, indicating a quite defined mode of actiogareling inhibited processes in mouse livers.

These observations might be a result of PCB 1588 inducing effect in mouse livers, since

excessively and probably redundantly syntheziset geanscripts might be catabolized. Further,
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these results might represent a feedback-regulaften three days of the single dose treatment with

the DL-congener.

Besides, ‘triglyceride biosynthetic process’ (GA0832) as a more specified biological process
occured in the Top 20-list of GO terms obtainedimagestigation of down-regulated genes by PCB
156. Exemplarily, among significantly affected pesbannotated to this GO term (17 out of 55),
fatty acid synthaseFasn NM_007988), 1-acylglycerol-3-phosphate O-acylsfanase 6 Agpatg
NM_018743), elongation of very long chain fatty dsci2, and 4 Elovi2, NM_019423;Elovl4,
NM_148941), and acyl-CoA synthetase long-chain kammember 5 Acsl5 NM_027976) were
located.
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4.1.1.3. Mouse microarrays — Investigations amongngeners

Of particular interest with respect to understagdimechanisms of action of different DL-congeners
and potential degree of involvement of the AhR, mige an examination of mouse whole genome
microarray results among congeners. To primarilgreach to this topic, correlations of gene lists
between congeners and ‘together’ regulated genese wwestigated, as already indicated in

respective congener-specific chapters.

Table 39 (following page) gives an overview of nuarg of genes regulated by individual
congeners, as well as ‘together’ regulated genasidering several combinations. Implied cutoff
values were A 2" regarding signal intensiM,IfC | > 1 with respect to (log2) fold change Zfold
induction/repression), and p-value < 0.05, as appihroughout mouse whole genome microarray

analysis.
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Table 39: Mouse whole genome microarray analysis. Muwbers of ‘together’ regulated genes in mouse livergy
treatment with TCDD, 1-PeCDD, 4-PeCDF, PCB 118, PCB26, or PCB 156 (three days); several correlations
among congeners. TCDD-raw data by courtesy of Chriiane Lohr (Lohr, 2013). A> 2', | Ifc | > 1, p-value < 0.05.

congeneror  # of significantly congener or # of significantly congener or # of significantly
correlation affected gene: correlation affected gene: correlation affected gene:
TCDD' 125 95| TCDD &
1-PeCDD 31 37 TCDD & -
A pr
4-PeCDF 3051 2843 1-PeCDD 921 61|
PCB 118 353 363 4-PeCDF 94t 47| | TCDD &
PCB 126 2587 1767 PCB 118 291 12
5 5 PCB 118
PCB 126 641 6] PCB 126
PCB 156 2071 2093 PCB 156 93t 57] PCB 156 2% 7]
TCDD & TCDD &
1-PeCDD
4-PeCDF 1-PeCDD TCDD &
PCB 118 4-PeCDF
PCB 126 PCB 126 PCB 126
PCB 156 22 5| PCB 156 48 19| PCB 156 58 26|
1-PeCDD&
4-PeCDF 220 304, | 1:-PeCDD& 1-PeCDD&
PCB 118 44 37| PCB 118
PCB 126 1417 223 PCB 126 PCB 126
PCB 156 215t 305 PCB 156 37 32| PCB 156 1321 218
4-PeCDF& 4-PeCDF& 4-PeCDF&
PCB 118 321y 346| PCB 118
PCB 126 2229 1660] PCB 126 PCB 126
PCB 156 1884 1952 PCB 156 276 328 PCB 156 1500 1487
PCBs
PCB 118 PCB 118 PCB 126
PCB 126 314 345, | PCB 156 3051 344, PCB 156 1548 1513
PCB 118
PCB 126
PCB 156 283 332

*raw data regarding TCDD-treatment was obtainedduyrtesy of Christiane Lohr (Lohr, 2013).
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Oral treatment of mice with TCDD, 1-PeCDD, 4-PeCIPEB 118, PCB 126, or PCB 156 led to
highly diverging numbers of regulated genes inrBv@nong congeners. Ranging around 100 to 400
up-, and down-regulated genes, TCDD, 1-PeCDD, d8 RC8 regulated comparable amounts of
genes in mouse livers. By contrast, treatments #BeCDF, PCB 126, or PCB 156 affected very
high numbers of around 2000, up to more than 3@0@sg.

Overlap between TCDD-derived effects (328]) and those obtained by 1-PeCDD, or 4-PeCDF,
was by tendency most prominent among congenersyasitstill limited to around half/up to three
quarters of genes regulated by TCDD (TCDD & 1-PeCBB® 61); TCDD & 4-PeCDF: 94 47)).
The amount of accorantly regulated genes was ldnigégarding DL-PCBs and TCDD. By view on
all DL-PCBs compared with TCDD, 25 accordantly ugad 7 down-regulated genes remained,
which slightly increased by exception of PCB 1181(26]). Hence, overlap was minor for the
correlation TCDD & PCB 118 (2912)); less than 10% of PCB 118-regulated genes wereecls
affected by TCDD-treatment.

Generally, overlap between PCB 118-derived effaa$ impact of the remaining DL-compounds
was limited excepting the correlation 4-PeCDF & PUB (321 346|). Overall, 4-PeCDF-derived
effects quite well correlated with those obtainathidL-PCBs. Around 90% of genes affected by
each PCB were accordantly regulated by 4-PeCDFanse livers. Among DL-PCBs, modes of
action appeared to be fairly comparable in viemainbers and percentage of ‘together’ regulated
genes.

Correlating 1-PeCDD-impacted genes (8BJ4|) with other DL-congeners, strongest overlap was
revealed together with 4-PeCDF (22B04]). For the remaining compounds, the consent tetaled
be slightly higher than with TCDD with around twiae much ‘together’ regulated genes each.

In the attachments, the Top 20-gene lists contgiagtordantly up-, and down-regulated genes for
1-PeCDD & TCDD, 4-PeCDF & TCDD, PCB 126 & TCDD, aR€B 156 & TCDD are shown.
Further, the gene-list containing accordantly rated genes (4819|) of DL-congeners excepting
PCB 118 is found in the attachments.
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4.1.1.3.1. Mouse microarrays — ‘all’ DL-congeners

The number of genes, which were regulated by ewvemstigated DL-congener (TCDD, 1-PeCDD,
4-PeCDF, PCB 118, PCB 126, or PCB 156; ‘all’ DL-geners), was limited to 22 up-regulated
and five down-regulated genes (compare table 38pective list of genes is presented in table 40.
Raw-data on TCDD-derived effects was obtained hytesy of Christiane Lohr (Lohr, 2013).

The list of up-regulated genes impacted by ‘all’-Bangeners was headed Gyplal andCypla2
Cyplbl was missing in this table, since Ifc for PCB 118swslightly below cutoff
(Ifc (PCB 118,Cyp1bl = 0.935). The majority of regulated genes by @mpounds was related to
(xenobiotic) metabolismG@stal, Gsta2 Gstpl, Gstp2 Fmo3 Gm10639 andUgt2b395, followed by
genes involved in lipid metabolisnirfhem86b, Cyb5, CesBC015286 Apoal and Etnk2,
carbohydrate metabolic processBgKl Ugdh LOC676974 andG6pq or other cellular processes
implicating highly processive cells and metabolicalktive conditions$lc46a3andCar?2).

Fhit and Htatip2 both represent tumor suppressor genes, and werelated with apoptotic
processes (Binnst al, 2009; Dimmeeet al, 2012; Zhacet al, 2008a).

‘Dioxin’-mediated effects were further investigatby TopGO pathway analysis. By classical
enrichment analysis performed using Fisher’s etestt over-representation of GO terms within the
group of up-regulated genes was assessed. The 20 sigmificant GO terms in terms of up-
regulation by ‘all’ DL-congeners are presentedahlé 41. The GO subgraph induced by the top
five GO terms is depicted in figure 22 (for tableahd figure 22, see following pages).
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Table 40: Mouse whole genome microarray analysis. Z&tcordantly up-regulated and five down-regulated gnes
in mouse livers by treatment with DL-congeners TCDD,1-PeCDD, 4-PeCDF, PCB 118, PCB 126, or PCB 156.
Listed in descending order according to TCDD-deriveceffects. TCDD-raw data by courtesy of Christiane Lohr
(Lohr, 2013). Cutoff values: A> 2', |Ifc | > 1, p-value < 0.05.

DL-congeners

Gene
systematic name Gene description Gene name
up
9.478 NM_009992 cytochrome P450 family 1 subfarailyolypeptide 1 Cyplal
3.985 NM_009993 cytochrome P450 family 1 subfarailyolypeptide 2 Cypla2
3.582 NM_010210 fragile histidine triad gene Fhit
3.379 NM_017379 tubulin alpha 8 Tuba8
3.103 NM_027872 solute carrier family 46 member 3 Slc46a3
2.819 NM_008181 glutathione S-transferase alphéal ( Gstal
2.678 NM_016865 HIV-1 tat interactive protein 2 halog (human) Htatip2
2.518 NM_025557 Purkinje cell protein 4-like 1 Pcp4ll
2.153 NM_023440 transmembrane protein 86B Tmem86h
1.857/1.362 NM_013541 glutathione S-transferask pi Gstpl
1.853 NM_001122660 predicted gene 10639 Gm10639
1.696/1.65 NM_145603 carboxylesterase 2 Ces2
1.63 NM_198171 cDNA sequence BC015286 BC015286
1.559 NM_181796 glutathione S-transferase pi 2 Gstp2
1.481 NM_008030 flavin containing monooxygenase 3 Fmo3
1.441 NM_009150 selenium binding protein 1 Selenbpl)
1.394 NM_172881 UDP glucuronosyltransferase 2 familypeptide B35 Ugt2b35
1.391 NM_009466 UDP-glucose dehydrogenase Ugdh
1.297 NM_008182 glutathione S-transferase alphéac2) Gsta2
1.156 NM_008828 phosphoglycerate kinase 1 Pgkl
1.105 NM_025797 cytochrome b-5 Cyb5
1.093 NM_009801 carbonic anhydrase 2 Car2
down
-1.821 XM_001003154 similar to Glucose phosphaimirase 1 transcript variant 2 LOC676974
-1.425 NM_008061 glucose-6-phosphatase catalytic G6pc
113??278 NM_009692 apolipoprotein A-I Apoal
-1.113 XM_001471861 hypothetical protein LOC10004114 Etnk2
-1.103  XM_001481023  hypothetical protein LOC10004B77 Gm4635

Values b/a from oligo b/oligo a; values a-n: valaage of more than two (n) oligos.
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(1-PeCDD, 4-PeCDF, PCB 118, PCB 126, PCB 156) & DCD

GO0:0008150
biological process
0.089
23 /30655
GO:0008151 GO:0009987 GO0:0050896
metabolic process cellular process response to stimulus
5.8E-05 0.0025 0.095
18 /12490 19/17797 9 /8486
G0:0044281 GO0:0044237 GO0:0051716 GO0:0042221
small molecule metab. pr. cellular metabolic process cell. resp. to stimulus response to chemical stimulus
Zonetl 3.4E-05 0.31 2.2E-05
L2k 17/10684 616845 9/2537
GO:0006082 GO0:0042180 GO:0070887 G0:0009410
organic acid metab. pr. cellular ketone metab. pr. cell. resp. to chemical stimulus resp. to xenobiotic stimulus
5.0E-09 5.6E-09 8.3E-05 2.1E-13
9/937 97948 6/1134 6/41

.GO:00434.36 GO:0071466
oxoacid metabolic process cell. resp. to xenobiotic stimulus
4.2E-09 1.3E-13
9/918 6/38
GO0:0019752 GO:0006805
carboxylic acid metab. pr. xenobiotic metabolic process
4.2E-09 1.3E-13
9/918 6/38

Figure 22: Mouse whole genome microarray analysis FopGO analysis for ‘all’ DL-congeners (1-PeCDD,
4-PeCDF, PCB 118, PCB 126, PCB 156) & TCDD: The GO sukaph plot induced by the top five GO terms
identified by the classic algorithm for scoring GOterms for enrichment regarding up-regulated genesBoxes
indicate the five most significant GO terms. Box calr represents relative significance ranging from dek red

(most significant) to light yellow (least significat). Mouse liver; three days of treatment. TCDD-raw data
obtained by courtesy of Christiane Lohr (Lohr, 2013).
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Table 41: Mouse whole genome microarray analysis — P&O analysis for ‘all’ DL-congeners (1-PeCDD,
4-PeCDF, PCB 118, PCB 126, PCB 156) & TCDD: Fisher's aat test. Top 20 (+8) GO terms identified by the
classic algorithm for scoring GO terms for enrichmat regarding up-regulated genes; descending ordeMouse

liver, three days of treatment. Top five GO terms ae indicated in bold. TCDD-raw data obtained by courésy of

Christiane Lohr (Lohr, 2013).

(1-PeCDD, 4-PeCDF, PCB 118, PCB 126, PCB 156) & TCDD

GO term

xenobiotic metabolic process G0:0006805 I
cellular response to xenobiotic stimulus G0:0071466 Il
response to xenobiotic stimulus G0:0009410 [
small molecule metabolic process G0:0044281 v
carboxylic acid metabolic process G0:0019752 \%
oxoacid metabolic process G0:0043436 \
organic acid metabolic process G0:0006082 Vil
cellular ketone metabolic process G0:0042180 VIl
glutathione metabolic process G0:0006749 IX
xenobiotic catabolic process G0:0042178 X
peptide metabolic process G0:0006518 Xl
common myeloid progenitor cell proliferation GO:6026 XIl
neutrophil aggregation G0:0070488 Xl
negative regulation of monocyte chemotactic prefeproduction G0:0071638 Xl
regulation of neutrophil aggregation G0:2000428 XV
negative regulation of neutrophil aggregation GOm»9 XVI
regulation of peroxidase activity G0:2000468 XVII
negative regulation of peroxidase activity GO:206m4 XVII
drug metabolic process GO0:0017144 XIX
reactive oxygen species metabolic process GO:0®7259 XX
response to chemical stimulus G0:0042221 > XX
cellular metabolic process G0:0044237 > XX
metabolic process G0:0008152 > XX
cellular response to chemical stimulus G0O:0070887 > XX
cellular process G0:0009987 > XX
biological process G0:0008150 > XX
response to stimulus G0:0050896 > X%
cellular response to stimulus G0:0051716 > XX
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Viewing results on pathway analysis revealed besswent of over-represented GO terms within
the group of up-regulated genes, two biologicalcpsses issuing in two related pathways
predominated ‘dioxin-like’ effects: ‘xenobiotic nadtolic process’ (GO:0006805), and ‘carboxylic
acid metabolic process’ (GO:0019752) (figure 22).

Annotated and significantly impacted genes withpees to ‘xenobiotic metabolic process’ were
Cyplal Gstpl Gstp2 Gstal andGsta2(analyzed by six probes in total). Similar genesevas
well represented by significantly occurring annethfprobes within ‘carboxylic acid metabolic
process’: Cyplal Cypla2 Gstpl Gstp2 Gstal Ugdh Cyb5 and Htatip2. Accordingly, the
majority of GO terms obtained by pathway analyse&semMnvolved in xenobiotic or carboxylic acid
metabolism (table 41). Further correlated biologmacesses involved ‘reactive oxygen species
metabolic process’ (GO:0072593). Annotated, anchisagntly affected by ‘all DL-congeners
wereCyplal Cypla2 andGstpl

Four GO terms within the Top 20-list were implichta ‘neutrophil aggregation’ (GO:0070488), or
‘negative regulation of monocyte chemotactic protei production” (GO:0071638). Closer
investigation of annotated genes exhibited thatiBag@nce with respect to these four GO terms was
solely due to up-regulation dbstpl (analyzed by two probes in total). GSTP1 was regabto
attenuate acute inflammation in mice. In this rdg&STP1 was shown to prevent LPS-induced
TNF-a, IL-1B, monocyte chemotactic protein 1 (MCP-1), and mitrxide (NO) production (Luet

al., 2009). Relevance of an up-regulationGdtplwith respect to this, reflecting its role among a

high amount of further genes involved in metabolisseds to be considered, though.
Interestingly, the TopGO-graph regarding up-regugpteffects of ‘all DL-congeners together

almost matched the GO subgraph plot for effect®@i 126 & TCDD together. The comparison is

shortly shown in figure 23.
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(1-PeCDD, 4-PeCDF, PCB 118, PCB 126, PCB 156) & TCDD PCB 126 & TCDD
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Figure 23: Mouse whole genome microarray analysis €omparison of TopGO analysis for all DL-congeners
(1-PeCDD, 4-PeCDF, PCB 118, PCB 126, PCB 156) & TCDCLeff), and PCB 126 (right): GO subgraph plots
induced by the top five GO terms each identified byhe classic algorithm for scoring GO terms for enichment
regarding up-regulated genes. Boxes indicate thevé most significant GO terms including ranks (I-XX) Box
color represents relative significance ranging frondark red (most significant) to light yellow (leastsignificant).
Mouse liver, three days of treatment. GO term rankd-XX; XX ;XX according to table 41. TCDD-raw data by
courtesy of Christiane Lohr (Lohr, 2013).
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Even with similar ranking, the TopGO subgraph f@DD & PCB 126-‘together’ derived effects
closely resembled the TopGO subgraph induced IbyDalcongeners ‘together’. For comparison
and identification of GO terms, as well as in fig@3 coded rankings, see table 41, and figure 22.
For the study in hand, PCB 126 seems to represéptototype’ for DL-response regarding

enhancement of pathways.
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4.1.1.3.2. Mouse microarrays — TCDD & PCB 118

As indicated above, with the exception of the datren 4-PeCDF & PCB 118, smallest overlaps
between investigated DL-congeners were obtainedpas as PCB 118 was involved. Hence, the
overlap with TCDD-derived effects might potentiatigpresent one of significance understanding

AhR-dependent response with relevance for low-ggfilgands.

Comparison of up-regulating effects towards mousers regarding PCB 118-treatment with
effects induced by TCDD yielded 29 accordantly egelated genes in total. Respective gene-list,
which was sorted by TCDD-mediated effects, is feguin table 42. Raw data for TCDD’s impact
was obtained by courtesy of Christiane Lohr (L&13).
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Table 42: Mouse whole genome microarray analysis. 2§enes accordantly up-regulated in mouse livers by
PCB 118 (150000 pg/kg bw, three days), and TCDD (2%9/ug bw, three days). TCDD-raw data by courtesy of
Christiane Lohr (Lohr, 2013). Cutoff values: A> 2’, Ifc > 1, p-value < 0.05.

Gene name

Gene description

cytochrome P450 family 1 anfily a polypeptide 1
cytochrome P450 family 1 amfiliy a polypeptide 2
fragile histidine triad gene

tubulin alpha 8

solute carrier family 46 ment

glutathione S-transferaskaalp(Ya)

HIV-1 tat interactive protgihomolog (human)
Purkinje cell protein 4-lke

transmembrane protein 86B

glutathione S-transferase pi 1

NM_001122660 predicted gene 10639

PCB 118 Gene
& TCDD systematic
Ifc Ict name
7.799 9.478 NM_009992
3.311 3.985 NM_009993
1.622 3.582 NM_010210
1.654 3.379 NM_017379
2.018 3.103 NM_027872
3.998 2.819 NM_008181
1.503 2.678 NM_016865
1.398 2.518 NM_025557
2.227 2.153 NM_023440
1.775/  1.857/
2.310 1.362 NM_013541
3.631/ 1.853/
2.279 1.036
1.609 1.702 NM_007689
2.560/ 1.696/
2.621 1.650 NM_145603
2.603 1.630 NM_198171
2.027/  1.559/
1.751 1.187 NM_181796
1.194 1.481 NM_008030
1.500 1.452 NM_008183
1.014 1.441 NM_009150
1.533 1.394 NM_172881
1.897 1.391 NM_009466
1.398 1.366 NM_ 206537
2.697 1.297 NM_008182
1.096 1.156 NM_008828
1.050 1.146 NM_172928
2.095 1.105 NM_025797
1.133 1.093 NM_009801
1.296 1.088 NM_009286
1.149 1.059 NM 133738
1.234 1.048 NM 016956

chondroadherin

carboxylesterase 2

cDNA sequence BC015286

glutathione S-transferase pi 2
flavin containing monooxygena
glutathione S-transferas€mu

selenium binding protein 1

UDP glucuronosyltransferatently polypeptide B35

UDP-glucose dehydrogenase

cytochrome P450 family 2 autily ¢ polypeptide 54

glutathione S-transferase pi
glutathione S-transferaseaafo(Yc2)
doublecortin-like kinase 3
cytochrome b-5

carbonic anhydrase 2

RIKEN cDNA C730007P19 gene
anthrax toxin receptor 2

hemoglobin beta adult mitairc

Cyplal
Cypla2
Fhit
Tuba8
Slc46a3
Gstal
Htatip2
Pcp4ll
Tmema86h

Gstpl

Gm10639
Chad

Ces2
BC015286

Gstp2
Fmo3
Gstm2
Selenbp]
Ugt2b35
Ugdh
Cyp2c54
Gsta2
Pgkl
Dclk3
Cyb5
Car2
C730007P19RiH
Antxr2
Hbb-b2

Values b/a from oligo b/oligo a.

137



Results — whole genome mouse microarray analysis

Though the overlap between PCB 118-, and TCDD-ddraffects was limited regarding ‘together’
regulated genes (2912]; see table 42), various genes highly affected 6{pD were induced by
PCB 118 as well. In numbers, eleven genes outefTttp 20 genes, which were up-regulated by
TCDD-treatment, were as well induced by PCB 1l1l8ttrent: Cyplal Cypla2 Fhit, Tuba8
Slc46a3 Gstal Htatip2, Pcp4ll Tmem86ph Gstpl and Gm10639 For further information
regarding TCDD’s impact on mouse livers, see LaP01@). The twelve accordantly down-
regulated genes by treatment with TCDD or PCB I&8eesented in the attachments.

To gain a further insight into correlative impagtToiCDD together with PCB 118, pathway analysis
was applied. By classical enrichment analysis peréal using Fisher's exact test, over-
representation of GO terms within the group of egulated genes was assessed regarding PCB 118
alone, TCDD alone, and PCB 118 together with TCOECB 118 & TCDD). The obtained
subgraphs induced by the top five GO terms ea@hpeesented in figure 24. Corresponding top

five GO terms are listed in subsequent table 48téiole 43 and figure 24, see following pages).
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Figure 24: Mouse whole genome microarray analysis €omparison of TopGO analysis for PCB 118, TCDD, oPCB 118 & TCDD. GO subgraph plots induced by the
top five GO terms each identified by the classic gbrithm for scoring GO terms for enrichment regarding up-regulated genes. Boxes indicate the five masgnificant
GO terms including ranks (I-V). Box color represens relative significance ranging from dark red (mostsignificant) to light yellow (least significant).Mouse liver, three
days of treatment. GO term ranks |-V according to able 43 (following page). TCDD-raw data by courtesgf Christiane Lohr (Lohr, 2013).
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Table 43: Mouse whole genome microarray analysis — p&O analysis for PCB 118, TCDD, or PCB 118 &
TCDD: Fisher's exact test. Top five GO terms identied by the classic algorithm for scoring GO terms fo
enrichment regarding up-regulated genes; descendingrder. Mouse liver, three days of treatment. TCDDraw

data by courtesy of Christiane Lohr (Lohr, 2013).

TCDD PCB 118 PCB118

& TCDD
GO term Rank Rank Rank
xenobiotic metabolic process G0:0006805 I Il I
cellular response to xenobiotic stimulus GO0:0071466 Il 1 Il
response to xenobiotic stimulus G0:0009410 1] \% 1]
glutathione metabolic process G0:0006749 v I v
organic ether metabolic process G0:0018904 V n.a. n.a.

n.a.: not analyzed.

As visuable in figure 24 and with regard to GO teristed in table 43, most efficiently affected
pathways were accordantly regulated by PCB 118 &DQvith respect to induction of expression
of genes involved in xenobiotic metabolism in moligers. In contrast to a quite low overlap for
PCB 118 & TCDD regarding numbers of ‘together’ riegyed genes — a proportion of about 25% of
TCDD-induced genes (125 up-regulated genes by TORM) up-regulated by PCB 118-treatment
(29 ‘together’ up-regulated genes by PCB 118 & TGBDPCB 118 appeared to share relevant
properties with TCDD,; at least regarding major TCD&rived effects.

4.1.1.3.3. Mouse microarrays — ‘all’ DL-congeners @epting PCB 118

As described above, PCB 118 generally exhibiteérdimg impact on gene transcription in mouse
livers compared to the remaining DL-congeners stidn the course of present mouse whole
genome microarray experiment. Hence, and besidesstigations implementing ‘all’ DL-
congeners, PCB 118 was disregarded from one fuetke@mnination.

Pathway analysis was performed in order to gatifermation on predominating accordant modes
of action for 1-PeCDD, 4-PeCDF, PCB 126, and PCB ftdgether with TCDD. The gene-lists
containing accordantly regulated genest(48]) of DL-congeners except for PCB 118 are shown
in the attachments.
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Figure 25 represents GO subgraphs with respeatviestigations on (1-PeCDD, 4-PeCDF, PCB
126, PCB 156) & TCDD, 1-PeCDD & TCDD, 4-PeCDF & TODand PCB 156 & TCDD.
Corresponding GO terms are declared in table 4lb{ong page).

(1-PeCDD, ~PeCDF, PCB 126, PCB 15& TCDD

> XXy
> XX > XX
| / ¢
> XXp V

1-PeCDD & TCDD 4-PeCDF & TCDD PCB 156 & TCDD

Figure 25: Mouse whole genome microarray analysis €omparison of TopGO analysis for DL-congeners
(1-PeCDD, 4-PeCDF, PCB 126, PCB 156) & TCDD, 1-PeCDD &CDD, 4-PeCDF & TCDD, and PCB 156 &
TCDD: GO subgraph plots induced by the top five GO ¢rms each identified by the classic algorithm foreoring
GO terms for enrichment regarding up-regulated gens. Boxes indicate the five most significant GO terms
including ranks. Box color represents relative sigricance ranging from dark red (most significant) to light
yellow (least significant). Mouse liver, three daysf treatment. GO terms and ranks [-XX; XX;-XX4 according to
table 44. TCDD-raw data by courtesy of Christiane Loh (Lohr, 2013).
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Table 44: Mouse whole genome microarray analysis — P&O analysis for (1-PeCDD, 4-PeCDF, PCB 126,
PCB 156) & TCDD: Fisher’s exact test. Top 20 GO termsdentified by the classic algorithm for scoring GO
terms for enrichment regarding up-regulated genesgescending order. Mouse liver, three days of treatamt.
TCDD-raw data by courtesy of Christiane Lohr (Lohr, 2013).

(1-PeCDD, 4-PeCDF, PCB 126, PCB 156) & TCDD

GO term (significant/annotated genes; raw p-value)

carboxylic acid metabolic process G0:0019752 I
oxoacid metabolic process G0:0043436 I

organic acid metabolic process G0:0006082 i

cellular ketone metabolic process G0:0042180 v
small molecule metabolic process G0:0044281 \%
xenobiotic metabolic process G0:0006805 Vi
cellular response to xenobiotic stimulus GO0:0071466 Vi
response to xenobiotic stimulus G0:0009410 VIII
dibenzo-p-dioxin metabolic process G0:0018894 IX
glutathione metabolic process G0:0006749 X
monocarboxylic acid metabolic process G0:0032787 Xl
endocannabinoid signaling pathway G0:0071926 Xl
regulation of endocannabinoid signaling pathway m00124 Xl

ether metabolic process G0:0018904 XV
oxidation-reduction process G0:0055114 XV
response to chemical G0:0042221 XVI
peptide metabolic process G0:0006518 XVII
toxin metabolic process G0:0009404 XVII
response to reactive oxygen species G0O:0000302 XIX
regulation of superoxide metabolic process G0:029203 XX

cellular process G0:0009987 > XX
cellular metabolic process G0:0044237 > XX

metabolic process G0:0008152 > XX
biological process G0:0008150 > XX
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GO subgraphs demonstrated in figure 25 show greatlyrelating effects regarding most
prominently affected pathways concerning ‘togethgrregulated genes with respect to (1-PeCDD,
4-PeCDF, PCB 126, PCB 156) & TCDD, 1-PeCDD & TCREReCDF & TCDD, and PCB 156 &
TCDD. For all four investigations, the same GO temepresented the top five GO terms occurring
in only lightly divergent order, if at all. The ntosignificantly occurring GO term ‘carboxylic acid
metabolic process’ (G0O:0019752) for all four exaations, in which the remaining of the top five
GO terms issued into, included up-regulated gebygslal Gstpl Cd36 Hpgd (NM_008278),
Htatip2, Cypla2 Cth (NM_145953),Gstp2 Gstal Pkm2(NM_011099),Mgll, and Cyb5 with
respect to the investigation (1-PeCDD, 4-PeCDF, R2®& PCB 156) & TCDD.

Besides further processes related to (xenobiotetpbolism (table 44), two rather unexpected GO
terms were found, which are involved in endocarmmaidi signaling. To both occurring GO terms
(GO:0071926, and GO:2000124), two genes were atmtbtnd significantly up-regulated by the
DL-congeners 1-PeCDD, 4-PeCDF, PCB 126, and PCB: hd6noglyceride lipase Mgll,
NM_001166250), and abhydrolase domain containinABbhdg NM_025341). Both of them
encode potentially degradative enzymes for the emwabinoid 2-arachidonoyl glycerol (2-AG).
ABHD6 was reported to control accumulation andoeify of 2-AG at cannabinoid receptors, and
to be involved in macrophage activation subseqteeatdecrease of 2-AG in the cell (Alhouaytk
al.,, 2013; Marrset al, 2010; Schlosburgt al, 2010). Though obviously regulated by all DL-
congeners except for PCB 118, these observaticats toebe estimated carefully, thinking about the

dominating metabolism-related mechanisms.

Referring to the gene-lists containing accordamédgulated genes (4819]) of DL-congeners
excepting PCB 118 (see attachments; tables 6468nhdompared to the (225])-list for ‘all’ DL-
congeners (including PCB 118; table 40) investigateore proposed AhR-target genes were listed:
Cyplbl andTiparp in addition toCyplal andCypla2 which were also impacted by PCB 118.
Further genes within the (489])-list were generally involved in the same processewere those
of the (22 5))-list. Decisively different in this regard was thember of genes involved in these
processes. In addition to those tabled in the &23-list, Cd36 Hsd17b2 Hpgd, Tiparp, Mgll (up-
regulated),Pnpla3 Acly, and Acaca (down-regulated) were implicated in altered liprektabolic
processes. Additionally assigned genes led to higlignificance with respect to TopGO
investigations and to more conserved, and moreifgp&0O-subgraphs (compare figures 22 and
25), which was most prominently reflecting impadt @L-congeners on xenobiotic and lipid

metabolism.
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One further member of the AhR-gene batterie shbeldnentioned, namelixhrr (NM_009644).
This gene was not regulated by any DL-congenersinya&ted within the study in hanéhrr-
expression was analyzed by means of two probeseomicroarray slides.

Regarding one of these probes (‘A _55 P2128388)asme=d values were not significant with
respect to all set cutoffs A2, | Ifc | > 1, p-value < 0.05).

With respect to the second probe (‘A_51 P25442®3ults were below cutoff-level for signal-
intensity (A = 2°°9. Hints towards up-regulating effects fahrr by congener-treatment was given
for all DL-compounds except for PCB 118 (Ifc = B1p-value = 0.656); Ifc (TCDD) = 3.906,
Ifc (1-PeCDD) = 2.996, Ifc (4-PeCDF) = 2.89, IfcGB 126) = 1.54, and Ifc (PCB 156 = 1.912).
Regarding the FDR, the potentially up-regulatinfpet were not excluded for TCDD, 1-PeCDD,
4-PeCDF, PCB 126, or PCB 156. Raw-data for TCDRttnent was obtained by courtesy of
Christiane Lohr (Lohr, 2013).
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4.1.2. Quantitative real-time PCR -in vivo rat studies

Within the framework of SYSTEQ, rat studies, whialere constructed equivalently to mouse
studies, were performed at IRAS (Van Eeleal, 2013; Van Edeet al, 2011). Dependent on
current TEF-values, animals were exposed to vargingle doses (L, M, N, O, or P) of the core
congeners TCDD, 1-PeCDD, 4-PeCDF, PCB 118, PCB R2® 153, or PCB 156, and sacrificed
either after three, or 14 days. With regard to aysdstudies, RNA of livers of second-highest dose
groups (O-groups) and corresponding control grofipgroups) were examined via gRT-PCR
analysis. Concerning three days-studies, the fatigvgroups were analyzed: TCDD, 1-PeCDD,
and PCB 126 — K, L, M, N; 4-PeCDF - K, L, N; PCB81PCB 153, and PCB 156 — K, O. To
unravel AhR-, CAR-, and PXR-dependent effects ofgemers, focused genes investigated at TU
Kaiserslautern wer€yplal Cyp2bl andCyp3al wherebyActb (encodingp-actin) was used as

housekeeping gene.
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4.1.2.1. QRT-PCRIin vivo, rat studies —Cyplal

Figure 26 illustrates results for gRT-PCR-analysmmcerningCyplatmRNA for liver samples

derived from three days-rat studies and treatméhteore congeners.

Rat studyin vivc (three days— gRT-PCRCypla:
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Figure 26: QRT-PCR (Cyplal) rat study in vivo (three days). Rats treated with single doses of TQD 1-PeCDD,

4-PeCDF, PCB 118, PCB 126, PCB 153, or PCB 156 for #& days. Abscissa: Treatment; ordinate: Fold
induction (referred to p-actin mRNA-levels). One-way ANOVA with Dunnett’'s st test (control vs. treatment
groups); Two-tailed unpaired t-test (control vs. ongreatment group). Six animals per group.*: p-value< 0.05,

**: p-value < 0.01, ***: p-value < 0.001.

Concentration-dependentlZyplatmRNA-levels in livers increased due to exposureadé with
TCDD, 1-PeCDD, or 4-PeCDF for three days (figurg. 28ith this regard, statistically significant
(p-value < 0.05) deviation from respective conggobup was obtained for 5 pg/kg bw 4-PeCDF
(8.8+1.5-fold induction, L-group), whereas statiatly very significant (p-value < 0.00yplal
inductions were gained from 0.5 pg/kg bw TCDD (#3.8-fold, L-group), 2.5 ug/kg bw
1-PeCDD (18.4+3-fold, M-group), yielding up to 3@8.4)-fold induction with 25 pg/kg bw
4-PeCDF (N-group). In livers of rats exposed to 1@flkg bw PCB 126 (N-group), statistically
very significant (p-value < 0.01¢yplatinduction of 5.0(x3.5)-fold was revealed. Treatmeh
rats with PCB 118, or PCB 156 (150000 pg/kg bw, r@ugs) led to statistically extremely
(p-value < 0.001) significar@yplaZtinductions in livers accounting for 6.0(x1.8)-fdl@CB 118),
and 6.1(x1.0)-fold (PCB 156), respectively. No effeon CyplatmRNA-levels in livers of
PCB 153-treated rats was obtained using 150000y laytkof the congener.
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In figure 27,CyplalgRT-PCR results obtained by analysis of liversrfrmats treated with core
congeners for 14 days are compiled.

Rat studyin vivc (14 days—- gRT-PCRCypla:

60 B control groups

I TCDD 25 pg/kg bw
I 1-PeCDD 25 pg/kg bw
I 4-PeCDF 250 ug/kg bw
50 PCB 126 250 uglkg bw
B PCB 118 150000 pg/kg b
I PCB 156 150000 pg/kg b
I PCB 153 150000 pg/kg b

40
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*
0 +H t t t t t t t =1
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(referred tg-actin mMRNA-levels)

Figure 27: QRT-PCR (Cyplal) rat study in vivo (14 days). Rats treated with single doses of TCDR;PeCDD,
4-PeCDF, PCB 118, PCB 126, PCB 153, or PCB 156 for ddys. Abscissa: Treatment; ordinate: Fold induction
(referred to B-actin mRNA-levels). Two-tailed unpaired t-test (cotrol vs. treatment group). Six animals per
group.*: p-value < 0.05, ***: p-value < 0.001.

Subsequent to 14 days of exposure of rats with TGR®ug/kg bw),CyplatmRNA levels in
livers statistically significantly (p-value < 0.08ised to 11.8(x8.0)-fold (figure 27). Comparable
high standard deviation was manifested due to ixxcanimals, barely responding (0.57-, to 0.75-
fold induction). Regarding residual four animal®/platinduction on mRNA-level consistently
ranged from 14.8-, to 19.5-fold in livers. With tlexception of PCB 153, treatment with the
remaining core congeners led to statistically ewmaly significant (p-value < 0.001¢yplal
inductions in following ascending ranking order:0000 pg/kg bw PCB 118 (17.1+2.3-fold),
150000 pg/kg bw PCB 156 (19.1+6.3-fold), 25 pg/kg bPeCDD (24.8+8.1-fold), 250 pg/kg bw
PCB 126 (41.8+4.7-fold), 250 pg/kg bw 4-PeCDF (4247-fold). From statistical point of view,
exposure to PCB 153 (150000 pg/kg bw) caused signif (p-value < 0.05) decrease@yplal
MRNA-levels to 0.4(x0.1)-fold in rat livers.
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4.1.2.2. QRT-PCR (n vivo, rat) — Cyp2bl

Figure 28 overviews qRT-PCR-results concerrygp2bl gained from examination of livers from

rats, which were exposed to single doses of cangeaxers and sacrificed after three days.
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Figure 28: QRT-PCR (Cyp2bl) rat study in vivo (three days). Rats treated with single doses of TAQ 1-PeCDD,

4-PeCDF, PCB 118, PCB 126, PCB 153, or PCB 156 for #& days. Abscissa: Treatment; ordinate: Fold
induction (referred to p-actin mRNA-levels). One-way ANOVA with Dunnett's pst test (control vs. treatment
groups); Two-tailed unpaired t-test (control vs. ongreatment group). Six animals per group.*: p-value< 0.05,

***: p-value < 0.001.

Slight increase o€Cyp2bXmRNA-levels in rat livers (figure 28) was obtainafier three days of
treatment with TCDD (2.5 pg/kg bw; 3.1+2.8-fold).CDD’s impact was not considered
statistically significant (P > 0.05). No distincé\dation from control groups was received due to
exposure to 1-PeCDD (0.5-10 pg/kg bw), or 4-PeCBEY png/kg bw) in tested ranges of doses.
Along individuals with values in general ranging@and those of respective control group, PCB 126
in total led to light reduction o€yp2bXmRNA, whereas from statistical point of view, 2§/kg

bw PCB 126 caused significant (p-value < 0.05) elese (0.4+0.2-fold) of respective gene
transcription. Regarding these effects, no conaéotr-dependency was indicated.

PCB 118, PCB 153, or PCB 156 inducggh2bXmRNA in livers of treated rats (150000 pg/kg bw
each). Concerning PCB 156, statistically significgnvalue < 0.05) value of 626.1(+381.8)-fold
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was gained, while PCB 153 statistically extremeignsicantly (p-value < 0.001) increased
Cyp2bXmRNA to 1065.5(x272.0)-fold. In consequence ofighhstandard deviation, PCB 118'’s
effect (680.3£639.4-fold) statistically was not dmapized. The high standard deviation came about
considerable differential responses, in the cowfsévo of six animals intensely reacting from
1290.2-, to 1824.6-fold induction. Effect of PCB8ltbwards remaining four animals ranged from
198.5-, to 262.0-foldCyp2bZinduction in livers.

In figure 29, gRT-PCR results concerning effecteafe congeners oB@yp2blin livers of treated
rats (14 days) are displayed.
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Figure 29: QRT-PCR (Cyp2bl) rat study in vivo (14 days). Rats treated with single doses of TCDR;PeCDD,
4-PeCDF, PCB 118, PCB 126, PCB 153, or PCB 156 for ddys. Abscissa: Treatment; ordinate: Fold induction
(referred to B-actin mRNA-levels). Two-tailed unpaired t-test (cotrol vs. treatment group). Six animals per
group.*: p-value < 0.05, **: p-value < 0.01, ***: pvalue < 0.001.

Subsequent to 14 days of TCDD-exposure (25 pg/ky, IsWight, statistically not significant
Cyp2btinduction in rat-livers averaging 4.0(x7.0)-foldasr examined (figure 29). This induction
cohered with a discordant value belonging to onmal which accounted for 19.5-fold induction,
whereas levels of the remainder ranged from 0034,.6-fold induction. In mouse liver§yp2bt
MRNA-levels due to 1-PeCDD-exposure (25 pug/kg bw+0.1-fold) did not differ distinctly from

respective control group.
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Regarding 4-PeCDF, or PCB 126 (250 ug/kg bw edgt deduction (0.2+0.1-fold) o€yp2bt
MRNA was received. Two-tailed p-value of applieghained t-tests was 0.0731 for both congeners,
which statistically was considered not quite sigaifit. Doses of 150000 pg/kg bw of PCB 118,
PCB 153, or PCB 156 inducé&tiyp2btlevels in rat livers. Statistically significant-¢alue < 0.05)
value of 127.3(x93.5)-fold was obtained regardigBP156, whereby PCB 153 led to statistically
very significant (p-value < 0.01¢yp2bZinduction of 462.1(x213.5)-fold, and PCB 118 ymid
statistically extremely significant (p-value < 01Q0increase of Cyp2bImRNA-levels of
65.8(x17.4)-fold in rat livers.
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4.1.2.3. QRT-PCR (n vivo, rat) — Cyp3al

Figure 30 overviews qRT-PCR-results concern@ygp3atmRNA in livers of rats, which were
exposed to single doses of TCDD, 1-PeCDD, 4-PeB 118, PCB 126, PCB 153, or PCB 156

for three days.

Rat studyin vivc (three days — aRT-PCRCyp3a:

60

I TCDD
50 B 1-PeCDD
I 4-PeCDF
PCB 126
I PCB 118
40- B PCB 156
[ PCB 153

30

Fold induction
(referred tg-actin mRNA-levels)

20

104

S S S K & S Qf &0
\e§\® o S § \Q\kg0 O \1—‘§§ S \19 » @0&\ L Q‘&&Q SO
\‘6 Q& 2o% QQQ & Q%‘\‘go@ N S \?‘g L A Q¥ SN
O&Q an Ny o TV 06‘ ® RS & S & QQQ & QQQ
N N N

Figure 30: QRT-PCR (Cyp3al) rat study in vivo (three days). Rats treated with single doses of T 1-PeCDD,

4-PeCDF, PCB 118, PCB 126, PCB 153, or PCB 156 for #®& days. Abscissa: Treatment; ordinate: Fold
induction (referred to p-actin mRNA-levels). One-way ANOVA with Dunnett's pst test (control vs. treatment
groups); Two-tailed unpaired t-test (control vs. ongreatment group). Six animals per group.*: p-value< 0.05,

**: p-value < 0.01, ***: p-value < 0.001.

Cyp3atmRNA was marginally induced in rat livers subsegu® TCDD-exposure (figure 30).
Statistically very significant (p-value < 0.01), significant (p-value < 0.05) values were obtained
using 2.5 pg/kg bw TCDD (2.6+1.1-fold), or 10 pg/ky TCDD (2.2+1.0-fold), respectively.
Highest analyzed dose groups (N-groups) of 1-PeCidid,4-PeCDF led to slight, statistically very
significant (p-value < 0.01LCyp3atinductions of 2.0(x0.4)-fold (10 pg/kg bw 1-PeCD@nd
2.4(x0.8)-fold (25 pg/kg bw 4-PeCDF). Also, samptdEsthe N-group for PCB 126-treatment
(100 pg/kg bw) showed slight, statistically sigcednt (p-value < 0.05Lyp3atinduction in rat
livers, accounting for 5.3(x5.1)-fold. Respectaldandard deviation was originated from a
discordant value belonging to one animal (16.2-fiolduction), whereby five animals exhibited

Cyp3alvalues ranging from 1.1-, to 6.6-fold in livers.
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Treatment of rats with PCBs 118, 153, or 156 (18000/kg bw each) led to increase@fp3alt
MRNA-levels in livers. With respect to PCB 118 tistecally significant (p-value < 0.05) value of
9.1(x4.9)-fold was obtained. PCB 156 statisticallgry significantly (p-value < 0.01) induced
Cyp3al 9.8(+4.9)-fold, whereas PCB 153 statistically eriely significantly (p-value < 0.01)
enhancedCyp3atmRNA-levels (9.7£2.6-fold) compared to respecteatrol group.
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In figure 31, results of gRT-PCR analysis regardiyp3aland 14 days-studies with rats exposed

to single doses of core congeners are depicted.
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Figure 31: QRT-PCR (Cyp3al) rat study in vivo (14 days). Rats treated with single doses of TCDDR;PeCDD,
4-PeCDF, PCB 118, PCB 126, PCB 153, or PCB 156 for ddys. Abscissa: Treatment; ordinate: Fold induction
(referred to B-actin mRNA-levels). Two-tailed unpaired t-test (catrol vs. one treatment group). Six animals per
group.*: p-value < 0.05, **: p-value < 0.01, ***: p-value < 0.001.

Throughout core congeners, light inducing effeats GQyp3atmRNA-levels in rat livers were
obtained subsequent to 14 days of single dose-axp®gfigure 31). Smallest effects, which were
statistically significant (p-value < 0.05), werehaved due to TCDD-, 1-PeCDD-, 4-PeCDF-, or
PCB 126-treatment, and accounted for 2.5(x1.1)-f®28 ung/kg bw TCDD), 3.1(x1.5)-fold
(25 pg/kg bw 1-PeCDD), 3.2(x1.7)-fold (250 pg/kg 8vPeCDF), or 2.6(+0.8)-fold (250 pg/kg bw
PCB 126), respectively.

Slightly higher Cyp3aZtinducing effects were gained by use of 150000 gdiw of PCB 118,
PCB 153, or PCB 156. PCB 153 led to statisticatiypisicantly (p-value < 0.05) enhanc&yp3al
MRNA-levels of 3.9(x1.7)-fold in rat livers, whegedreatment with PCB 156 statistically very
significantly (p-value < 0.01) induce@yp3alto 3.9(x1.7)-fold. From statistical point of view,
extremely significantly (p-value < 0.001) increaseomber ofCyp3algene transcripts in rat livers
(3.3+0.7-fold) were gained with PCB 118.
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4.2.1n vitro — Liver Cell Systems
4.2.1. Alamar Blué assay

Before testing compounds regarding their AhR-indeng potential, substances were profiled with
respect to cytotoxity. For this purpose, the AlarBaue® assay was performed after primary rat
hepatocytes as wells as H4IIE cells were incubaiiéid compounds for 24 h. Statistically, saponin
(0.1%), which was used as positive control for tyte effects (reviewed in Podolagt al, 2010),
extremely significantly (p-value < 0.0001) reducsal viability to 2.0+2.3% (n = 47) in H4IIE
cells, and to 0.50+0.46% (n = 48) in Sprague Dawpeynary rat hepatocytes, respectively.
Viabilities are displayed in per cent related tpapdant solvent controls (DMSO 0.1%). Figure 32

overviews Alamar Blugassay results regarding H4IIE cells treated wilbPs for 24 h.
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Figure 32: Alamar Blue® assay H4IIE. Cells treated with PCDDs for 24 h. Absissa: Concentration (M);
ordinate: Viability (%). Viabilities displayed relative to respective solvent controls (DMSO 0.1%). Reilts from
at least three independent experiments each. One-w&ANOVA with Dunnett’'s post test (control vs. treatments).
**: p-value < 0.01.

Incubation with TCDD or 1-PeCDD for 24 h led to eydotoxic effects in H4IIE cells (figure 32) in
applied concentrations (100 pM-10 nM). For both-Hy&DD and 1,4,6-HpCDD, minor but

statistically very significant (p-value < 0.01) otaxic effects were determined in used range of
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concentrations. 1,6-HXCDD maximally reduced viapiliof H4IIE cells to 87,2(x2.8)%
(2 nM 1,6-HxCDD) after 24 h. 1,4,6-HpCDD-treated|H4cells were viable from 84.1(x2.4)% to
87.3(x2.7)% (5-456 nM 1,4,6-HpCDD). Concerning H¥cDD, as well as 1,4,6-HpCDD,

determined cytotoxicities in H4lIE cells showedaumcentration dependence.

In figure 33, Alamar BIuB assay results for H4IIE cells treated with PCOE4 ) are summarized.
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Figure 33:Alamar Blue® assay H4IIE. Cells treated with PCDFs for 24 h. Alssa: Concentration (M); ordinate:
Viability (%). Viabilities displayed relative to re spective solvent controls (DMSO 0.1%). Results fromat least
three independent experiments each. One-way ANOVA ith Dunnett's post test (control vs. treatments).
*: p-value < 0.05; **: p-value < 0.01.

TCDF-incubated HA4IIE cells possessed statisticgtipificant (p-value < 0.05) and very significant
(p-value < 0.01) reductions of viability (figure )33The significant effect (500 nM TCDF)
amounted to 87.8(x3.6)%, whereas very significayibtoxicities accounted for 84.3(+4.1)% to
85.8(x3.4)% viable cells (1-100 nM TCDF). Mentionegtotoxicities showed no concentration
dependence. The highest used TCDF concentraticghr(®PB was not cytotoxic in this cell system,
as well. With regard to 1,4,6-HpCDF, incubationhwl nM for 24 h resulted in a statistically
significant (p-value < 0.05) reduction of cell vility to 87.0(x4.1)%. However, higher
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concentrations of this compound showed no cytoityxidlo cytotoxic effects in H4IIE cells were

revealed subsequent to cell-treatment with 4-Pe@DE,4-HXCDF, respectively.

Figure 34 compares Alamar Bfi@ssay results with respect to H4IIE cells, whickravtreated
with PCBs for 24 h.
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Figure 34: Alamar Blue® assay H4IIE. Cells treated with PCBs for 24 h. Absssa: Concentration (M); ordinate:
Viability (%). Viabilities displayed relative to re spective solvent controls (DMSO 0.1%). Results fronmat least
three independent experiments each. One-way ANOVA itth Dunnett’'s post test (control vs. treatments).
*: p-value < 0.05.

Figure 34 reveals no statistically significant cemication-dependent effects on viability in H4lIE
cells resulting from PCBs in used range of conegiuins after 24 h of treatment. For PCB 126, a
statistically significant (p-value < 0.05) cytotoxeffect (90.5(x3.9)% viable cells) was found for
the lowest determined concentration (5 nM). Incidmatvith PCB 77 in concentrations between
5 nM and 1 puM statistically significantly (p-valse0.05) reduced cell viability to a minimum of
84.0(x11.0)%. PCBs 105, 118, 153, or 156 did notxshny cytotoxic effect on H4IIE cells in the
Alamar BIu€ assay.
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Figure 35 illustrates Alamar Blfieassay results regarding Sprague Dawley primarigpatocytes

treated with PCDDs for 24 h.
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Figure 35: Alamar Blue® assay PRH. Cells treated with PCDDs for 24 h. Ab&sa: Concentration (M); ordinate:
Viability (%). Viabilities displayed relative to re spective solvent controls (DMSO 0.1%). Results fromat least
three independent experiments each. One-way ANOVAIth Dunnett’s post test (control vs. treatments).

Incubation with TCDD, 1-PeCDD, 1,6-HxCDD, or 1,4%CDD did not lead to any statistically

significant cytotoxic effect in primary rat hepaytes attained from male Sprague Dawley rats
(figure 35).
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Alamar Blué€ assay results concerning Sprague Dawley primanhepatocytes incubated with

PCDFs for 24 h are portrayed in figure 36.

[T TCDF
[ 4-PeCDF
120 | g 1,4-HXCDF

I 1,4,6-HpCDF

100 - i T control
80 —
40 —
20 —
0 — t t ; !

1E-09 5E-09 1E-08 5E-08 1E-01.58E-07 3E-07 5E-07 9.84E-07
Concentration (M)

Viability (%)
(2]
T

Figure 36: Alamar Blue® assay PRH. Cells treated with PCDFs for 24 h. Ab&sa: Concentration (M); ordinate:

Viability (%). Viabilities displayed relative to re spective solvent controls (DMSO 0.1%). Results fromat least
three independent experiments each. One-way ANOVA ith Dunnett's post test (control vs. treatments).
*: p-value < 0.05; **: p-value < 0.01

Figure 36 bears no statistically significant corication-dependent effect on viability of primary ra
hepatocytes subsequent to incubation with polyaidded dibenzofurans for 24 h. However,
several TCDF-concentrations led to statisticallgngicant incidences. The maximum effect
(p-value < 0.01) added up to 85.3(x4.7)% viabldsc&r 500 nM TCDF. In turn, the highest
TCDF-concentration 984 nM did not impact any stai#d relevance regarding cytotoxicity in
Alamar Blué€ assay. The same applied to 4-PeCDF, 1,4-HxCDRedisas 1,4,6-HpCDF for all

examined concentrations.
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Figure 37 illustrates Alamar Blfleassay data received from PCB-incubated Spragueleépaw

primary rat hepatocytes.
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Figure 37: Alamar Blue® assay PRH. Cells treated with PCBs for 24 h. Absaa: Concentration (M); ordinate:
Viability (%). Viabilities displayed relative to re spective solvent controls (DMSO 0.1%). Results fromat least
three independent experiments each. One-way ANOVAitlhh Dunnett’s post test (control vs. treatments).

No statistically significant cytotoxic effect is pieted in figure 37. Incubation of primary rat
hepatocytes with PCBs 77, 105, 118, 126, 153, 6rdi& not affect cell viability in the present test
system.

4.2.2. Ethoxyresorufin Deethylase (EROD) assay and Wesn Blot

Defining congeners’ AhR-interacting properties toagH4I1E cells and Sprague Dawley primary
rat hepatocytes after 24 h of exposure, CYP1lA-itiduncwas examined. To approach to this
objective, CYP1Al- and CYP1A2-induction was studigsihg EROD assay. Besides, CYP1Al
protein levels were analyzed semi-quantitativelya WVestern Blotting. Up to 13 diverse
concentrations of congeners were analyzed to ymddcentration-response-relations, which

supposed to enable comparisons both among compauddsith TCDD-derived effects.
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4.2.2.1. EROD assay and Western Blot — H4IIE cells

For measurement of CYP1Al and CYP1A2-induction ostgin level by use of Western Blotting

as well as EROD-induction, TCDD (1 nM) served asifie control for AhR-dependent enzyme-
induction in H4IIE cells. With respect to Westerlot3, VDAC was measured as loading control in
microsomes derived from treated H4IIE cells. FroRROD-activities induced by congeners,

background levels (DMSO 0.1%) were subtracted.

In figure 38, the concentration-response slopestiating EROD induction in H4IIE cells
subsequent to 24 h of incubation with TCDD is compato a correspondent representative

CYP1Al-Western Blot.
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Figure 38: EROD assay and Western Blot H4IIE (). Cdé treated with TCDD for 24 h. Concentration (M)

logarithmically plotted against EROD-activity (pmol resorufin/min*mg protein). EC20-level (86.0 pmol

resorufin/min*mg protein) represents 20% of TCDD-induced maximum response. Exemplary CYP1Al-and
VDAC-Western Blot from microsomes. Results from atéast three independent experiments each.

To generate a concentration-response slope congeffCDD-derived EROD-inducing effects in

H4IIE cells, concentrations from 5*18to 10° M were incubated for 24 h (figure 38).
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Wwith 5*10* M TCDD, EROD-activity in H4IIE cells basically reasmed at background level
(0.6+0.9 pmol resorufin/min*mg protein). From ¥0M TCDD, a slight (7.7+4.3 pmol
resorufin/min*mg protein), followed by an exponahtincrease of EROD-induction was given.
Hence, 5*10> M TCDD led to an EROD-activity of 76.7(+39.0) pnrelsorufin/min*mg protein in
HA4IIE cells subsequent to 24 h of incubation. Statally (One-way ANOVA with Dunnett’s post
test; control vs. treatments), a significant insea(p-value < 0.05) of EROD-activity
(232.6£79.3 pmol resorufin/min*mg protein) compatedcontrol (DMSO 0.1%, not shown) was
observed for 18 M TCDD. This significance, which was accompanied tkansition from an
exponential to a logarithmical ascent of curve,spdsinto a statistically very significant value
(p-value < 0.05) for 2.5*18" M TCDD with 354.3(x122.4) pmol resorufin/min*mg giein.
Concentration-dependently, the increase of EROMgcpursued, until a plateau was reached at
429.8(+21.4) pmol resorufin/min*mg protein, givery bhe maintained concentration-response
slope. The TCDD-derived EC50 amounted to 9.49(*I0I*? M TCDD under present conditions.
20% of maximum effect was calculated for 3.80*4® TCDD. The respective EROD-activity of
86.0 pmol resorufin/min*mg protein was defined a82B-level and used for further EROD-
investigations with H4IIE cells. Per definition, REralues (REP (EC20); REP (EC50)) for TCDD

with respect to EROD-induction were 1.

The Western Blot membrane pictured in figure 38stitutes a representative example of four
independent experiments. H4IIE cells were treatdt eight different concentrations of TCDD,
varying from 5*10"* M to 10° M. The loading control VDAC (32 kDA) consistentlyas measured
regularly for each incubation. Isolated microsoroestained no detectable CYP1Al-protein from
solvent control (DMSO 0.1%) to 5*1 M TCDD.

By use of 13° M TCDD, the protein CYP1A1 (56 kDa) marginally @@aped on the membrane.
With greater concentrations of TCDD, the CYP1lAldmremerged more pronounced, which
balanced at a maximal level for the highest testettentrations, 5*I1®M and 10° M TCDD.

Comparing both methods for verification of CYP1A mmotein level in H4IIE cells, different limits
for detection were indicated by use of TCDD. EMeough a statistically relevant EROD-induction
was seen from 18 M TCDD, an obvious increase of EROD-activity waisep even with
concentrations from around 5*#®M TCDD, whereas for Western Blotting, CYP1A1 wast n
detectable below ¥ M TCDD in the present test system.
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Figure 39 compares EROD-induction in H4IIE cell&da treatment with 1-PeCDD, 1,6-HxCDD,
or 1,4,6-HpCDD for 24 h with TCDD-derived effecBesides, representative examples of Western
Blot membranes, which semi-quantitatively show CXP-nduction in microsomes obtained from
HA4IIE cells incubated with 1-PeCDD, 1,6-HxCDD, o#,6-HpCDD, are presented in figure 39.
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Figure 39: EROD assay and Western Blot H4lIE (Il). Céds treated with TCDD, 1-PeCDD, 1,6-HxCDD, or
1,4,6-HpCDD, 24 h. Abscissa (logarithm.): Concenttéon (M); ordinate: EROD-activity (pmol resorufin/mi n*mg
protein). EC20-level represents 20% of TCDD-inducednaximum response. Exemplary CYP1Al-and VDAC-
Western Blots from microsomes. Results from at leashree independent experiments each.

Tested 1-PeCDD concentrations for EROD assay w&tétd 5*10'° M. Subsequent to incubation

of 102 M 1-PeCDD for 24 h, EROD-activity (3.8+3.4 pmolsceufin/min*mg protein) mostly

remained at background level (figure 39). From 2(6* M 1-PeCDD, an initial slow increase of

active CYP1A advanced exponentially with higheraartrations. On account of this, statistically
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very significant (p-value < 0.01; One-way ANOVA twiDunnett's post test; control vs. treatments)
distinctions compared to solvent control (DMSO 0,186t shown) appeared from 2.5%10to
5¥10%° M 1-PeCDD (426.1+103.7 pmol resorufin/min*mg pinje According to the obtained
concentration-response slope, EC50 for 1-PeCDD#@riEROD-induction in H4IIE cells was
1.62*10™(+1.52*10%®) M 1-PeCDD, which led to a REP (EC50) of 0.58. Tadculated EC20
value was 5.98*1¢" M, which brought forth a REP (EC20) of 0.64 foP&CDD. The maximum
extent of EROD-activity induced by 1-PeCDD (437.28Lpmol resorufin/min*mg protein) highly

correlated with the TCDD-derived upper level (4228.4 pmol resorufin/min*mg protein).

Compared to TCDD- and 1-PeCDD-derived curves reflgcEROD-induction in H4IIE cells,
curves obtained by 1,6-HxCDD, or by 1,4,6-HpCDD evsparsely shifted to higher concentrations.
Lowest concentrations leading to statistically vsignificant (p-value < 0.01) increases of EROD-
induction were 10° M 1,6-HxCDD (248.2+75.6 pmol resorufin/min*mg pedt), or 2.5*10°° M
1,4,6-HpCDD (242.3+62.6 pmol resorufin/min*mg priaje respectively.

In a concentration-range from 5*¥0M to 5*10° M, upper limits of EROD-induction were
accomplished for both the six-and the seven-foldraie-substituted dioxin. Upper asymptotes of
sigmoid curves counted to 391.7(x28.1) pmol resohmin*mg protein for 1,6-HxCDD, and to
333.8(x13.1) pmol resorufin/min*mg protein for B4IpCDD. In correspondence to similar
concentration-response slopes, EC50-values of ttasgeners lay close together and amounted to
8.25*10M(+1.69*10) M 1,6-HxCDD, or 1.43*13%+1.64*10') M 1,4,6-HpCDD. Respective
REPs (EC50) were 0.12 (1,6-HxCDD), and 0.066 (1Hp&€DD). Related instances were given for
EC20-values, which added up to 3.88*t0M 1,6-HxCDD, or 7.98*13* M 1,4,6-HpCDD, and
correlated with REPs for EC20 of 0.10 (1,6-HxCDand 0.048 (1,4,6-HpCDD), respectively.

Although transported slightly to higher concentra, the run of the EROD-induction
concentration-response curve belonging to 1-PeCBiber reflected the TCDD-derived curve
regarding ascent and value of the upper asympidantioned shift to higher concentrations
appeared more prominent for six-and seven-foldratdesubstituted dioxins. Regarding analyzed
congeners, a higher number of chlorine-substituentselated with a higher extent of shift to
higher concentrations, deriving the most promingffect for six chlorine-substituents instead of
five. Furthermore, upper limits of EROD-inductian H4IIE cells lay in an order of magnitude for
all tested dioxins, whereas along with loweringagify of compounds, the potency decreased with

increasing number of chlorine-substituents.
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Exemplary Western Blot membranes obtained aftetyaisaof microsomes gained by dioxin-
incubated HA4IIE cells showed consistent appearafdéDAC-loading controls (32 kDa) for all
plotted samples. Distinct CYP1Al-inductions (56 KkDwere seen for positive controls
(TCDD 10° M). From solvent control (DMSO 0.1%) to a 1-PeCBd@ncentration of 5*18* M, no
CYP1A1 protein was detectable, whereas a minimalidtion initiated with 18* M 1-PeCDD.
From 5*10™ M to 5*10'° M of the congener, an almost indistinguishablerdegf CYP1A1-
induction was manifested. In contrast, for both-Hy&DD and 1,4,6-HpCDD, compound
concentrations of 5*I8' M led to a minor CYP1A1l-induction detectable vise$tern Blotting,
which initially increased using 8 M of respective congener, and reached maximuridavithin

a concentration range of 51®M to 5*10° M.

The progressivity of concentration-dependent CYRilliction was more pronounced by use of
1,6-HxCDD compared to 1,4,6-HpCDD. Maximum effedtse to PCDD-exposure to H4IIE cells
induced CYP1Al-protein levels possessing similderts compared to TCDD-controls. Regarding
required concentrations of 1-PeCDD, 1,6-HxCDD, ¢t,8-HpCDD, a light correlation between
passing the EC20-level of EROD-induction and detglet CYP1Al-protein in Western Blot was

observed.
Both used methods gave comparable ranges of PCDBeotrations for relevant, and according to

EROD-measurement, even statistically relevant,l$e0CYP1A(1)-protein in H4IIE cells:
10*-2.5*10"* M 1-PeCDD; 5*10-10%° M 1,6-HxCDD; and 5*13'-2.5*10"° M 1,4,6-HpCDD.
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Following figure summarizes results for EROD-indoctand appendant CYP1Al-Western Blots

obtained after analyzing effects of PCDFs on H4léHs.
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Figure 40: EROD assay and Western Blot H4IIE (lll). Cells treated with TCDD, TCDF, 4-PeCDF, 1,4-HxCDF,
or 1,4,6-HpCDF for 24 h. Abscissa (logarithm.): Cocentration (M); ordinate: EROD-activity (pmol

resorufin/min*mg protein). EC20-level represents 2@ of TCDD-induced maximum response. Exemplary
CYP1Al-and VDAC-Western Blots from microsomes. Restg from at least three independent experiments each

Studying PCDFs regarding their EROD-inducing prapsrafter 24 h, EROD-activity in H4IIE

cells increased in concentration-dependent manasrg,has been shown for TCDD. Referring to

run and their position on the abscissa, the conagon-response slope received for 4-PeCDF
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represented the most accordant of the curves f@H3Ccompared to the TCDD-derived curve
(figure 40). Subsequent to a slight increase of BRtivity along with lowest used concentrations
(10"-10"* M 4-PeCDF), the increase amplified to 64.6(+348)ol resorufin/min*mg protein for
5¥10"? M 4-PeCDF, and was followed by statistically veignificant (p-value < 0.01, One-way
ANOVA with Dunnett’'s post test; control vs. treatmi€ EROD-inducing values starting from
10 M 4-PeCDF with 150(+65.9) pmol resorufin/min*mgppein. The growth of EROD-induction
asymptotically reached maximum levels of 368.7(#)1@mol resorufin/min*mg protein at around
10"°-10° M 4-PeCDF.

EC50 was 1.43*18"(+1.73*10") M 4-PeCDF, whereas the EC20 value at 86 pmol
resorufin/min*mg protein was calculated as 5.92*4M 4-PeCDF. Corresponding REPs were
0.67 (REP (EC50)), and 0.64 (REP (EC20)).

Considering the constraint of a shift to higher aamtrations, a similar run of the concentration-
response slope was obtained by use of 1,4-HxCDd#is8tally very significant (p-value < 0.01)
values were gained from 5*1® M of the compound, and the upper asymptote legathed
341.8(x£22.7) pmol resorufin/min*mg protein.

EC values, which both varied to an extent of adiaof ten to higher concentrations compared to
the pentafuran’s EC values, were 9.48*4@1.52*10') M 1,4-HxCDF for EC50, and
4.16*10™ M 1,4-HxCDF for EC20. Respective REPs were 0.108650, and 0.091 referring to
EC20.

The concentration-response slope gained by usgl@-HpCDF was shifted approximately another
factor of ten to higher concentrations comparedthi® hexafuran’s. With this regard, REPs
expressing EROD-inducing properties of the heptafuwere 0.015 (REP (EC50); EC5O0:
6.25¥10'%+9.24*10') M 1,4,6-HpCDF), and 0.010 (REP (EC20); EC20: 3102° M
1,4,6-HpCDF).

Statistically very significant EROD-inductions (plue < 0.01) were obtained with
5¢10"° M 1,4,6-HpCDF (115.9+18.8 pmol resorufin/min*mgpfein). Furthermore, the maximally
achieved EROD-activity received by treating H4llElle with 1,4,6-HpCDF for 24 h was

289.4(x11.9) pmol resorufin/min*mg protein.

In contrast, the concentration-response curve datfrom incubation of H4IIE cells with TCDF
differed concerning growth und run from the TCDD+ded curve, as well as from the curves of

the other tested furans. The flatter ascent ofeslopmbined with an upper asymptotic level of
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400.5(+12.3) pmol resorufin/min*mg protein led to EC50 value of 4.12*1(+8.81*10"%) M
TCDF, and an EC20 of 8.34*1HM TCDF. Yielded REPs were 0.023 (EC50), and 0.(E620),
respectively. Statistically very significant incses of EROD-activities (p-value < 0.01) from
solvent control (DMSO 0.1%, not shown) were indicafrom 5*10'° M TCDF and 232.2(+73.7)

pmol resorufin/min*mg protein.

Regarding exemplary CYP1A1 Western Blots picturedigure 40, the protein VDAC (32 kDa)
served as loading control and was detected ratméwrmly for all analyzed microsomes. Positive
controls (TCDD 1 nM) showed intense bands of CYP-pidtein (56 kDa) in each case.

Light CYP1Al-bands were detected for 0 M TCDF, 5*10'-10™ M 4-PeCDF,
10'° M 1,4-HXCDF, or 5*10°10° M 1,4,6-HpCDF. These findings as well as subseguen
exponential increases of CYP1Al-band-intensitieshwhigher concentrations for 4-PeCDF,
1,4-HxCDF, or 1,4,6-HpCDF mirrored conditions fares in EROD-measurements. Furthermore,
listed concentrations of PCDFs generating light CXP-bands approximated respective EC20-
values. Highest tested concentrations of congerggpicted CYP1Al-band-intensities in
comparable extents to those of positive controls.

Maximum and barely indistinguishable CYP1Al-indoos were gained using following
concentrations of compounds: @0’ M TCDF, 5*10*:-10° M 4-PeCDF, 5*13%10° M
1,4-HXCDF, or 5*10-5*10® M 1,4,6-HpCDF.

On the whole, among tested PCDFs, microsomes @ualny incubation of H4IIE cells with
1,4-HxCDF established minor CYP1Al-band-intensittesrelating with an overall lower protein
content of samples indicated by slight VDAC-ban@sflecting results of EROD-measurements,
analysis of microsomes from TCDF-treated H4IIE selkhibited less rapid exponential increases
of CYP1A1l-band-intensities compared to resultsiolethby TCDD or previously discussed furans,
visible in an exemplary Western Blot membrane guife 40. Mentioned increases proceeded over a
concentration-range of 810% M TCDF, whereas such increases were completednadtthalf-

logarithmical modification of concentrations regagithe other PCDFs.
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In figure 41, results for EROD measurement and CARWestern Blotting using noartho-
substituted PCBs (PCB 77, or PCB 126), or the mumioe-substituted PCB 156 compared to
TCDD-derived effects towards H4IIE cells are coragil
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Figure 41: EROD assay and Western Blot H4lIE (1V). Cdk treated with TCDD, PCB 77, PCB 126, or PCB 156
for 24 h. Abscissa (logarithm.): Concentration (M);ordinate: EROD-activity (pmol resorufin/min*mg prot ein).
EC20-level represents 20% of TCDD-induced maximum rgmonse. Exemplary CYP1Al-and VDAC-Western
Blots from microsomes. Results from at least threendependent experiments each.

Studying PCB-mediated EROD-activities in H4IlIE eellPCB 126 most notably exhibited
conformable characteristics compared to effectsaad by TCDD (figure 41). Application of this
3,3,4,4’,5-pentaCB led to concentration-depende&ROD-induction in sigmoid manner subsequent
to 24 h of incubation. Passing statistically siguifit (p-value < 0.05; I M PCB 126,
230.6£104.9 pmol resorufin/min*mg protein; One-walOVA with Dunnett’'s post test; control

vs. treatments), and successive statistically veignificant (p-value < 0.01) values from

169



Results 4n vitro liver cell systems

5¢10° M PCB 126 with 350.1(¥103.9) pmol resorufin/min*mgrotein, EROD-induction

culminated in an asymptotic level of 369.1(x11.5)gb resorufin/min*mg protein. Deduced from
the concentration-response slope, EC50 was 8.18ttD.12*10'%) M PCB 126, whereas EC20
value was 4.12*1%" M PCB 126 with corresponding REPs of 0.12 (REPF®&{; and 0.092 (REP
(EC20)), respectively.

Transported to higher concentrations combined witihift to lower maximum EROD-activities of
179.7(x5.0) pmol resorufin/min*mg protein, treatrhemith PCB 77 engendered an EC50 of
7.30%10%(%5.21*10% M PCB 77, and an EC20 of 6.69*10M PCB 77. Respective REPs were
0.00013 (REP (EC50)), and 0.000057 (REP (EC20)¢ &fs3,3',4,4'-tetraCB scored statistically
very significant (p-value < 0.01) EROD induction®orfi 5108 M PCB 77 (60.6+9.5 pmol
resorufin/min*mg protein) to I0M PCB 77 (177.9+13.8 pmol resorufin/min*mg prodein

Yielding similar potency but higher efficacy, inatlon with PCB 156 afforded an EC50 of
1.87*107(+2.08*10%) M PCB 156, and an EC20 of 8.13*40M PCB 156 in H4IIE cells.
Associated REPs were 0.000051 for EC50, and 0.00t34=C20.

Statistically very significant (p-value < 0.01) deons from solvent control (DMSO 0.1%, not
shown) were available from 5*10to 10° M PCB 156, preceding a statistical significant
(p-value < 0.05) value of 197.0(x112.0) pmol reiofmin*mg protein for 2.5*10 M PCB 156.
Focusing on the concentration-response slope gdipese of PCB 156 and EROD measurement,
the upper asymptote was not yet reached under iexgratal conditions. Anyhow, according to
progress of EROD-induction, the degree of logaridanascent initially lowered from around
5*107 M PCB 156, mathematically indicating the approaghasymptote. Applying sigmoid fitting

extrapolated an upper asymptotic level of 342.1(&LBmol resorufin/min*mg protein.

VDAC-loading controls (32 kDa) on Western Blot meanes obtained by analysis of microsomes
from HA4IIE cells incubated with PCBs for 24 h apmehconsistently (figure 41). Furthermore,
microsomes from positive control-treated (TCDD 1)iN4IIE cells engendered distinct CYP1A1-
protein-bands (56 kDa).

Light CYP1A1l-bands were detected due to impact 'd05-10%° M PCB 126, 5*13-10" M
PCB 77, or 10 M PCB 156, which constituted ranges of concertratiorrelating with respective
EC20 values for EROD-induction. With this regafte shift amounted to three orders of magnitude
concerning varying efficacies between PCB 77 and A6, observed by means of EROD-

measurement, was reinforced by Western Blottingiewise, effects of PCB 77, or PCB 156
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approximated implying a slightly higher potencyREB 77 in terms of both methods measuring
CYP1A-protein. Light CYP1Al-inductions concentratidependently merged into stronger
protein-bands from 5*18 M PCB 126, 510 M PCB 77, or 5*10 M PCB 156, comparable
regarding extent to those affected by positive msi{ TCDD 1 nM).

Mono-ortho-substituted PCBs 105, or 118, as well as the NOBR53 were analyzed regarding
their CYP1A-affecting properties towards H4IIE eellConsequential results for EROD-

measurements and CYP1Al-Western Blots are asselinbiiggire 42.
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Figure 42: EROD assay and Western Blot H4IIE (V). Ced treated with TCDD, PCB 105, PCB 118, or PCB 153
for 24 h. Abscissa: Concentration (M); ordinate: ERM-activity (pmol resorufin/min*mg protein). EC20-level
represents 20% of TCDD-induced maximum response. Exeguary CYP1Al-and VDAC-Western Blots from
microsomes. Results from at least three independemtxperiments each. One-way ANOVA with Dunnett's pds
test (control vs. treatment groups); Two-tailed unpa&ed t-test (control vs. TCDD 1 nM; n = 42).
**: p-value < 0.01; ***: p-value < 0.0001.
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In figure 42, effects of the positive control TCOD nM) on EROD-activity in H4IIE cells are
illustrated. Average EROD-induction value was 40@2) pmol resorufin/min*mg protein (n = 42)
after 24 h, which statistically was considered exiely significant (p-value < 0.0001) compared to
solvent-control (DMSO 0.1%).

Mono-ortho-substituted PCB 105 had no influence on EROD-agtivom 10'° to 10’ M of the
compound. Using 5*I0 M of the 2,3,3'.4,4'-pentaCB, EROD-activity sligjtincreased to
2.8(x1.6) pmol resorufin/min*mg protein. Mentionéacrease enforced with the highest tested
concentration of 1® M PCB 105, possessing a statistically very sigaift (p-value < 0.01)
EROD-induction of 11.5(x6.2) pmol resorufin/min*mpgrotein compared to solvent control
(DMSO 0.1%). Although marginally exhibiting highefficacy, related conditions were obtained
testing monaoartho-substituted PCB 118 on HA4IIE cells, whereby stiaadly very significant
(p-value < 0.01) EROD-levels were yielded from 5%16 10° M 2,3,4,4’,5-pentaCB amounting to
10.1(%4.2), and 13.6(£5.0) pmol resorufin/min*mgot@in, respectively. Assaying mowotho-
substituted PCBs 105, or 118 under present conditiminor effects on EROD-activity remaining
explicitly below EC20-level (86.0 pmol resorufinfmimg protein) were gained.

NDL-PCB 153 (2,2',4,4’,5,5'-hexaCB) had no effeat EROD levels in any of the administered
concentrations ranging from 1®to 10° M PCB 153.

Western Blots of microsomes from PCB-treated H4idlls revealed a consistent appearance of
VDAC-loading controls (32 kDa) for each plotted sden(figure 42). Analysis of microsomes from
H4IIE cells incubated with the positive control (DD 1 nM) additionally resulted in pronounced
CYP1Al-protein-bands (56 kDa). For PCB 105, 1181988, no CYP1Al-protein was detectable
via Western Blotting in tested range of concentrati(10:°-10° M).
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4.2.2.2. EROD assay liver cell systems — summary H&lkells

Table 45 summarizes results obtained by analysisH®fiE cells regarding EROD-inducing
properties of 14 congeners. EC50- and EC20-valsesefl as correspondent REPs are opposed to
current TEFs from 2005 (Van den Bexal, 2006).

Table 45: EC50-, and EC20-values and respective RERerived from EROD-measurements with H4IIE cells
subsequent to incubation with 14 congeners for 24 dompared to WHO-TEFs (Van den Berget al., 2006).

= EC50 (M) REP (EC50)  EC20 (M) REP(EC20) WHO-TEF

(2005)
TCDD 9.49E-12 1 3.80E-12 1 1
1-PeCDD 1.62E-11 0.58 5.98E-12 0.64 1
1,6-HXCDD 8.25E-11 0.12 3.88E-11 0.10 0.1
1,4,6-HpCDD 1.43E-10 0.066 7.98E-11 0.048 0.01
TCDF 4.12E-10 0.023 8.34E-11 0.046 0.1
4-PeCDF 1.43E-11 0.67 5.92E-12 0.64 0.3
1,4-HXCDF 9.48E-11 0.10 4.16E-11 0.091 0.1
1,4,6-HpCDF 6.25E-10 0.015 3.72E-10 0.010 0.01
PCB 77 7.30E-08 0.00013 6.69E-08 0.000057 0.0001
PCB 126 8.18E-11 0.12 4.12E-11 0.092 0.1
PCB 105 0.00003
PCB 118 0.00003
PCB 156 1.87E-07 0.000051 8.13E-08 0.000047 0.00003
PCB 153 .
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4.2.2.3. EROD assay and Western Blot — primary rat hpatocytes

For analysis of selected congeners’ effects on GQYBad protein-level, primary rat hepatocytes
(PRH) were obtained from male Sprague Dawley rat®raing to Seglen (1972). Subsequent to
cultivation, cells were incubated with compoundsZé h. TCDD (1 nM) served as positive control
for AhR-dependent CYP1A-induction in primary ratphatocytes with respect to both EROD-
measurements and Western Blotting. Referring tdatter, VDAC was detected as loading control
in microsomes derived from treated hepatocytesve®dicontrol-accompanied background levels
(DMSO 0.1%) were subtracted from EROD-activitieduoed by congeners.

In figure 43, results for EROD-measurements obthimeincubation of PRH with TCDD, arranged

with a correspondent representative CYP1Al-Wedoh are assembled.
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Figure 43: EROD assay and Western Blot PRH (I). Cell treated with TCDD for 24 h. Concentration (M)

logarithmically plotted against EROD-activity (pmol resorufin/min*mg protein). EC20-level (41.7 pmol

resorufin/min*mg protein) represents 20% of TCDD-induced maximum response. Exemplary CYP1Al-and
VDAC-Western Blot from microsomes. Results from thre independent experiments each.
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To develop a concentration-response-relationshgarceng TCDD’s EROD-inducing properties
towards Sprague Dawley primary rat hepatocytes afteh, TCDD-concentrations from 1M to
10® M were investigated (figure 43). Subsequent tdighisincrease within a concentration-range
of 10*10% M TCDD, an exponential increase of EROD-inductizas present as far as a
conversion into a logarithmical ascent followedam 5*10'>10*° M TCDD. Converging to an
upper asymptote from ca. 5*1bM TCDD, EROD-levels of 208.5(+3.6) pmol resorufinh*mg
protein were approached. Summarized, the concemtrdépendent increase of EROD-activity in
PRH due to incubation with TCDD constituted a sigimon of curve.

Received EC50 was 2.28*1§+2.39*10%% M TCDD. Obtained EC20-level, representing 20% of
maximum induction by TCDD, was 41.7 pmol resorufim*mg protein, while appendant EC20
was calculated as 4.14*1OM TCDD. Per definition, REP-values were 1 in eaabe.

Statistically very significant deviations (p-valge0.01) from solvent control (DMSO 0.1%, not
shown) were vyielded from 5*18 M to 10®° M TCDD scoring from 135.6(+34.6) pmol
resorufin/min*mg protein to 196(F72.4) pmol resorufin/min*mg protein (One-way ANOMW#th

Dunnett’s post test; control vs. treatments).

Exemplary Western Blot membrane in figure 43 coswati results from three independently
implemented repetitions and showed consistent oegoe of VDAC-loading controls (32 kDa) for
all samples. Starting from microsomes obtained hgulbation of PRH with solvent-control
(DMSO 0.1%) for 24 h, and followed by samples freatment with 18*10** M TCDD, no
further protein-band was detectable on membranes.

Initiated from 5*10"* M TCDD, a concentration-dependently amplifying eprance of CYP1A1-
protein (56 kDa) was measured. Progressivity of tpiotein’'s appearance ended in almost
indistinguishably occurring CYP1A1-band-intensitfeem about 13°5*10%° M to 10° M TCDD.
The initial band of CYP1A1-protein for treatmenthvb*10*? M TCDD highly correlated with the
EC20 (4.14*10° M TCDD) obtained by EROD-measurements. Furthee, tinge of TCDD-
concentrations regarding enhancement of CYP1Aleprand subsequent indistinguishable band-
intensities approximated the run of EROD-inductsassociated concentration-dependent sigmoid

curve.
Usage of TCDD (1 nM, 24 h) as positive control faorther investigations resulted in ascent of

EROD-activity in statistically extremely significa(p-value < 0.0001) manner to 162(x37) pmol
resorufin/min*mg protein (Two-tailed unpaired t#¢sontrol vs. TCDD 1 nM; n = 43) in PRH.
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An assembly of results from EROD-measurements &¥id1@1-Western Blots referring to 24 h of
incubation of PRH with 1-PeCDD, 1,6-HxCDD, or 146CDD, compared to TCDD-derived
EROD-induction, is shown in figure 44.
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Figure 44. EROD assay and Western Blot PRH (ll). Cedl treated with TCDD, 1-PeCDD, 1,6-HxCDD, or
1,4,6-HpCDD for 24 h. Abscissa (logarithm.): Concdmation (M); ordinate: EROD-activity (pmol
resorufin/min*mg protein). EC20-level represents 2@ of TCDD-induced maximum response. Exemplary
CYP1Al-and VDAC-Western Blots from microsomes. Restg from three independent experiments each.

Incubation of PRH with PCDDs resulted in EROD-intilies in concentration-dependent manners
(figure 44). Comparing the TCDD-derived curve tteefs caused by 1-PeCDD, the combination of
an exponential ascent of EROD-activity slightly fed to higher concentrations

(10'%10™ M 1-PeCDD) with a lightly enhanced gradient in ibgarithmical part of the slope,
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whereas the upper asymptotic level of 203.7(x8Mplpresorufin/min*mg protein was reached
around 5*101%-10° M 1-PeCDD, highly correlating with the TCDD-gainadymptote. Since the
logarithmical section of curve was slightly shiftexdhigher concentrations, EC50 for 1-PeCDD of
5.73*10M(+1.21*10™) M led to a correspondent REP (EC50) of 0.40. H@20-level of 41.7
pmol resorufin/min*mg protein was accomplished witl32*10'* M 1-PeCDD, bearing a REP
(EC20) of 0.31. Statistically very significant (pdue < 0.01; One-way ANOVA with Dunnett’s
post test; control vs. treatments) EROD-inductiarese present from 5*1% M 1-PeCDD with

90.5(x25.3) pmol resorufin/min*mg protein.

Transported about one order of magnitude to higbacentrations, incubation with 1,4,6-HpCDD
brought forth a sigmoid regarding EROD-induction RRH, comprising a logarithmical ascent
approximately reflecting conditions in the TCDD-ded slope. Yielding an upper EROD-inducing
level of 193.6(£6.5) pmol resorufin/min*mg proteithe curve passed through an EC20 of
1.38*10° M (REP (EC20): 0.030), and an EC50 of 6.13*4®1.05*10'9 M
(REP (EC50): 0.037). From 5*8 M 1,4,6-HpCDD (88.7+7.6 pmol resorufin/min*mg pean),
induced EROD-activities were considered statidiiozry significant (p-value < 0.01).

Closely located to the 1,4,6-HpCDD-derived conaiun-response curve, whereby connected
with flatter ascent of slope lightly moved to lowewncentrations and establishing efficacy to a
lesser extent, usage of 1,6-HXCDD led to statiyicgery significant (p-value < 0.01) EROD-
inductions in PRH from 5*1&" M of the congener (38.2+2.8 pmol resorufin/min*moptein).
Reaching an asymptotic value of 162.8(x9.1) pmasorefin/min*mg protein, EC50 for
1,6-HxCDD scored 1.98*18(+5.32*10%) M, correlating to a REP (EC50) of 0.12. EC20
amounted to 5.14*18 M 1,6-HxCDD, affording a REP (EC20) of 0.081.

Western Blot membranes, exemplarily pictured inurfig 44, revealed reasonably uniformly
occurring protein-bands constituting loading colstrf®/DAC, 32 kDa). Examination of positive
controls from microsomes of PRH incubated with TCDnM, 24 h) resulted in appearances of
obvious bands (56 kDa) representing CYP1Al-protéleing PCDDs, respective microsomes
revealed slight CYP1Al-protein-bands from'$%*10** M 1-PeCDD, 5*10* M 1,6-HxCDD, or
5¢10"°M 1,4,6-HpCDD. Growing band-intensities within rasgof about two orders of magnitude
in concentration were followed by stable CYP1Al-damtensities for around 1910° M 1-
PeCDD, 1¢-3*10®M 1,6-HxCDD, or 1-10"M 1,4,6-HpCDD.
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Any finding regarding CYP1A-inducing properties BCDD-concentrations closely resembled
among both examined methods, most significantlyngotorrelations between EROD’s EC20-

values and initial CYP1A1l-protein-bands.

In figure 45, results for EROD-measurements andt@viesBlotting derived by incubation of PRH

with PCDFs are shown.
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Figure 45: EROD assay and Western Blot PRH (l11). Cd$ treated with TCDD, TCDF, 4-PeCDF, 1,4-HxCDF, or
1,4,6-HpCDF for 24 h. Abscissa (logarithm.): Concdmation (M); ordinate: EROD-activity (pmol
resorufin/min*mg protein). EC20-level represents 2@ of TCDD-induced maximum response. Exemplary
CYP1Al-and VDAC-Western Blots from microsomes. Restg from three independent experiments each.
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Measuring EROD-activity in PRH due to 4-PeCDF-inatidn, subsequent to a rapid, but compared
to effects caused by TCDD delayed, exponentialeiment, the logarithmical growth of EROD-
values implied the steepest ascent among resuwite@lin figure 45, including the TCDD-derived
concentration-response-relationship. From 5*10M 4-PeCDF and 46.1(+8.3) pmol
resorufin/min*mg protein, statistically very sigicént (p-value < 0.01; One-way ANOVA with
Dunnett’s post test; control vs. treatments) ER@8uctions were obtained.

The sigmoid curve passed an EC20 of 4.50*10 4-PeCDF (REP (EC20): 0.092), and an EC50-
value of 1.12*10%+6.52*10'%) M 4-PeCDF (REP (EC50): 0.20), approaching an gsyta of
194.1(£2.7) pmol resorufin/min*mg protein, whictylalose to TCDD’s asymptote regarding both

value of abscissa and value of ordinate.

The concentration-response slope referring to X@bF’s properties towards PRH was proceeded
about one order of magnitude to higher concentratmompared to the curve obtained by TCDD,
but revealed similar degree of ascent within tlgatahmical section.

Values from 13° M 1,4-HxCDF and 37.6(+13.7) pmol resorufin/min*mgptein were considered
statistically very significant (p-value < 0.01), @rfeas upper asymptotic level was 136.6(x3.3) pmol
resorufin/min*mg protein. 1,4-HxCDF'’s sigmoid curirgersected the EC20-level at 1.25*M,

and EC50-value was 2.71*1{+2.83*10%") M 1,4-HxCDF, correspondent to REPs of 0.033
(REP (EC20), and 0.084 (REP (EC50), respectively.

Transferred another order of magnitude to higherceatrations, 1,4,6-HpCDF led to a sigmoid
regarding EROD-inducing properties in PRH with lestense ascent compared to the TCDD-
derived slope. Initial statistically very signifitia(p-value < 0.01) deviations from solvent control
(DMSO 0.1%, not shown) were present from 5*40M 1,4,6-HpCDF (41.3+2.8 pmol
resorufin/min*mg protein), closely followed by aloalated EC20 of 5.74*18 M 1,4,6-HpCDF,
which associated a REP (EC20) of 0.0072. EC50 dcbr1*10%(+1.05*10'% M 1,4,6-HpCDF,
revealing a REP (EC50) of 0.016. Maximum EROD-irtds obtained by 1,4,6-HpCDF in PRH

were 136.7(x1.9) pmol resorufin/min*mg protein.

Possessing an even flatter ascent across the @atireentration-response curve, TCDF led to
statistically very significant (p-value < 0.01) ER@ctivities from 10" M TCDF with 34.4(+9.9)
pmol resorufin/min*mg protein. Running through anC#® of 2.49*10% M TCDF
(REP (EC20): 0.17), and an EC50 of 8.89*4@2.93*10") M TCDF (REP (EC50): 0.26), upper
limit of EROD-induction by TCDF was 137.5(+£9.4) phmesorufin/min*mg protein.
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According to Western Blot analysis representeddare 45, detection of VDAC-loading-controls
(32 kDa) was considered as constant. Microsomesiraat by PRH incubated with TCDD 1 nM
for 24 h served as positive controls, and broughtihfconsiderable bands indicating the protein
CYP1A1 (56 kDa).

Correlating with EROD-derived EC20-values, init¥YP1Al-protein-bands slightly appeared by
use of 10* M TCDF, 5*10* M 4-PeCDF, 18° M 1,4-HXCDF, or 13°5*10%°M 1,4,6-HpCDF.
Further strengthening of CYP1Al-band-intensitiesthwhigher concentrations of congeners
proceeded in course of around two orders of madaitn concentration.

Blotting of microsomes from hepatocytes exposed highest concentrations of PCDFs
(10® M TCDF, 10°-10® M 4-PeCDF, 18-5*10® M 1,4-HxCDF, or 16-*10" M 1,4,6-HpCDF)

revealed thick CYP1A1l-protein-bands comparable eoring extent to those of positive controls.
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The monoertho-substituted PCB 156, as well as maho-substituted PCBs 77, or 126, were
examined regarding their CYP1A-inducing properties PRH and contrasted with TCDD-
originated characteristics. Results of EROD-measards and CYP1Al-Western Blots are

summarized in figure 46.
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Figure 46: EROD assay and Western Blot PRH (IV). C# treated with TCDD, PCB 77, PCB 126, or PCB 156
for 24 h. Abscissa (logarithm.): Concentration (M);ordinate: EROD-activity (pmol resorufin/min*mg prot ein).
EC20-level represents 20% of TCDD-induced maximum rgmnse. Exemplary CYP1Al-and VDAC-Western
Blots from microsomes. Results from three independémxperiments each.

In an almost parallel course, quite accurately tstiifone order of magnitude to higher
concentrations, the sigmoid curve describing CYRiducing effects in PRH due to incubation
with PCB 126 for 24 h reached an upper asymptetiell of 162.8(x5.8) pmol resorufin/min*mg
protein (figure 46). Considering statistical relega, a significant (p-value < 0.05; One-way
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ANOVA with Dunnett's post test; control vs. treatm®) value of 56.2(x16.3) pmol
resorufin/min*mg protein using 18 M PCB 126 was followed by very significant (p-valg 0.01)

inductions from 5*13° M PCB 126 (115.9+25.1 pmol resorufin/min*mg prajei EC20-value
scored 7.20*18* M PCB 126, and EC50 was 2.11*1%+5.11*10™) M PCB 126, constituting
respective REPs of 0.058 (REP (EC20)), and 0.1P(EEC50).

A farther transfer of curve of about two ordersnmgnitude on the x-axis in combination with a
flatter degree of ascent pictured concentratioreddpnt EROD-induction due to PCB 77 in PRH.
Passed EC20- and EC50-values of 9.63*1B1 PCB 77 (REP (EC20): 0.00043), and
1.22*10%+1.56*10% M PCB 77 (REP (EC50): 0.0019), respectively, astatically margined
94.0(x2.7) pmol resorufin/min*mg protein. PCB 7@ & statistically very significant (P<0.01)
deviations from 5*18 M (29.5+6.7 pmol resorufin/min*mg protein) regargi EROD-activity in
PRH.

Furthermore, slightly moved to higher concentratiobut with respect to the curve derived by
PCB 77 exhibiting a steeper ascent, treatment RAIB 156 resulted in a concentration-response
slope yielding an asymptote, mathematically indidadue to reducing degree of ascent for around
5%107-10° M PCB 156, of 146.1(+16.7) pmol resorufin/min*mmfein of EROD-activity in PRH.
Attaining statistically very significant (p-value &01) EROD-values from 7.5*TOM PCB 156
(64.8+42.1 pmol resorufin/min*mg protein), the sigjch ran through an EC20 of 3.85*iav
PCB 156 (REP (EC20): 0.00011), and an EC50 of 1L@4%4.16*10% M PCB 156
(REP (EC50): 0.00018).

Focusing on exemplary Western Blot membranes iaréigl6, loading controls (VDAC, 32 kDa)
were detected in consistent manner. Bold CYP1Aiemebands (56 kDa) were visible analyzing
positive controls gained by microsomes from TCDé&ated (1 nM, 24 h) PRH.

with 10%-5*10°® M PCB 77, 5*10* M PCB 126, or 5*18 M PCB 156, light CYP1Al-bands
appeared on Western Blot membranes, linking res@eatoncentrations to EC20-values of
congeners in EROD-measurements. Subsequent taccantderoughout 1-1.5 orders of magnitude
of PCB 77-, PCB 126-, or PCB 156-concentration, CXP-band-intensities succeeded proportions
comparable to those of TCDD-positive controls (5*10° M PCB 77, 10-10’ M PCB 126, or
5*107-10° M PCB 156).
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In figure 47, EROD-assay- and Western Blot-resdésved by analysis of NDL-PCB 153, and
mono-ortho-substituted PCBs 105, or 118, on PRH are conttaste
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Figure 47: EROD assay and Western Blot PRH (V). Cdltreated with TCDD, PCB 105, PCB 118, or PCB 153
for 24 h. Abscissa (logarithm.): Concentration (M);ordinate: EROD activity (pmol resorufin/min*mg prot ein).

EC20-level represents 20% of TCDD-induced maximum rgmnse. Exemplary CYP1Al-and VDAC-Western
Blots from microsomes. Results from three independémxperiments each.

Incubation of PRH with monoftho-substituted PCB 105 for 24 h led to a slight iases of
EROD-activity from about 5*18M (8.0+0.6 pmol resorufin/min*mg protein), whichieanced and

yielded statistically very significant (p-value <0Q; One-way ANOVA with Dunnett’'s post test;
control vs. treatments) EROD-induction levels frafi” M PCB 105 with 18.2(x5.4) pmol
resorufin/min*mg protein (figure 47). Using higheststed concentration of £0M PCB 105,

184



Results 4n vitro liver cell systems

maximum EROD-activity of 46.2(x11.3) pmol resordfimn*mg protein was achieved. Due to
polynomial fitting, an EC20 of 7.86*10M PCB 105 was evolvable, corresponding to a REP
scoring 0.0000053.

Comparable findings were obtained by analysis oBPI18-derived EROD-inducing effects,
whereby polynomial fitting generated a concentratiesponse-relationship positioned slightly
below PCB 105's fit.

Subsequent to slightly increasing EROD-activitiesnf 5108 M PCB 118 (8.0+0.6 pmol
resorufin/min*mg protein), statistically very sigioant (p-value < 0.01) enzyme-inductions were
gained from 5*10 M PCB 118 amounting to 25.8(x8.1) pmol resorufimtmg protein.
Maximally reached EROD-activity examining 40 PCB 118 amounted to 38.0(+16.3) pmol
resorufin/min*mg protein. Being located minimallypave this highest concentration, deduced
EC20 was 1.25*18 M, correlating with a REP of 0.0000032.

Compared to effects caused by PCB 105, EC20 atdtstally relevant values due to treatment of
PRH with PCB 118 were transferred about half arioad magnitude to higher concentrations.

Focusing on Western Blot membranes obtained byysisabf microsomes from primary rat
hepatocytes exposed to PCBs 105, or 118, both audes slightly induced CYP1Al-protein
(56 kDa) using 5*10 M of respective congener, sparsely intensifyinthvtio® M. As well as for
the exemplary Western Blot-membrane referring toBPT53, membranes showed regularly
occurring bands indicating the VDAC-loading-conti@2 kDa). Constantly, TCDD-positive-
controls generated distinct CYP1Al-bands. Regardid -PCB 153, effects on CYP1A-levels
were observed attempting neither method.
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4.2.2.4. EROD assay liver cell systems — summary prary rat hepatocytes

In table 46, EC-values and correspondent REPs raditaby EROD-measurements in Sprague
Dawley primary rat hepatocytes exposed to polydmted dibenzg-dioxins, polychlorinated
dibenzofurans, or polychlorinated biphenyls, armpared to current TEF (2005)-values (Van den
Berg et al., 2006).

Table 46: EC50-and EC20-values and respective REPs rded from EROD-measurements with PRH
subsequent to incubation with 14 congeners for 24 dompared to WHO-TEFs (Van den Berget al., 2006).

PRH EC50 (M) REP (EC50)  EC20 (M) REP (EC20) WHO-TEF
B (2005) |
TCDD 2.28E-11 1 4.14E-12 1 1
1-PeCDD 5.73E-11 0.40 1.32E-11 0.31 1
1,6-HXCDD 1.98E-10 0.12 5.14E-11 0.081 0.1
1,4,6-HpCDD 6.13E-10 0.037 1.38E-10 0.030 0.01
TCDF 8.89E-11 0.26 2.49E-11 0.17 0.1
4-PeCDF 1.12E-10 0.20 4.50E-11 0.092 0.3
1,4-HXCDF 2.71E-10 0.084 1.25E-10 0.033 0.1
1,4,6-HpCDF 1.41E-09 0.016 5.74E-10 0.0072 0.01
PCB 77 1.22E-08 0.0019 9.63E-09 0.00043 0.0001
PCB 126 2.11E-10 0.11 7.20E-11 0.058 0.1
PCB 105 7.86E-07|  0.0000053 0.00003
PCB 118 1.25E-06]  0.0000032 0.00003
PCB 156 1.24E-07 0.00018 3.85E-08 0.00011 0.00003
PCB 153 -
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4.2.2.5. EROD assay liver cell systems — H4IIE cells. PRH

Summarizing EROD assay results derived from botdus/er cells systems, varying EROD-
inducing properties using primary rat hepatocytes,the cell-line H4IIE, were remarkable.
Exemplarily, in figure 48, sigmoid curves refle¢fieROD-inducing effects of TCDD in both cell

types are contrasted.
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Figure 48: EROD assay H4IIE vs. PRH. Cells treated wh TCDD for 24 h. Abscissa (logarithm.):
Concentration (M); ordinate: EROD-activity (pmol resorufin/min*mg protein). Results from three independent
experiments each.

The exponential increase of EROD-activity using [d®DD-concentrations comprised an equal
range of concentration (65*10*2 M) for both cell systems displayed in figure 48.

Yet, differences concerning degree of exponentiatdase existed, with H4lIE-cells revealing a
higher extent accompanied by a slightly soonersitenm into the logarithmical section of the curve.
This logarithmical segment furthermore exhibitedtaeper ascent using H4llE-cells instead of
PRH. In addition, the upper asymptote of the sighmirve was both reached with about 0.5 orders
of magnitude lower TCDD-concentration, and, mosthagkably, at a higher absolute level.
Precisely, the maximum EROD-level due to TCDD-tmeait doubled switching from PRH to
HA4IIE cells. Taken together, mentioned deviatiohsigmoid curves were associated with varying
EC-values. Whereas EC20-values for TCDD differesg han ten percent, the shift regarding EC50
appeared more prominent, being twice as high fdd B&mpared to H4IIE.
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Throughout tested compounds, differing propertmgards H4lIE-cells and PRH explained above
emerged by trend. Exceptionally, moadho-substituted PCBs 105, or 118 yielded minor EROD-
inductions in H4lIE-cells barely distinguishablerin background levels, whereat EROD-activities

due to these PCBs at least reached the respe@@i2@-Evel in primary rat hepatocytes.

Table 47 overviews REPs acquired by EROD-measuresmasing H4IIE cells or primary rat
hepatocytes, and opposes these to valid WHO-TERs 2005 (Van den Bergt al, 2006).

Table 47: REPs derived from EROD-measurements with PR and H4IIE cells subsequent to incubation with
14 congeners for 24 h compared to WHO-TEFs (Van deBerg et al., 2006).

REP (EC50) REP (EC50) REP (EC20) REP (EC20) WHO-TEF
PRH H4IIE PRH H4IIE (2005)

TCDD 1 1 1 1 1
1-PeCDD 0.40 0.58 0.31 0.64 1
1,6-HxCDD 0.12 0.12 0.081 0.10 0.1
1,4,6-HpCDD 0.037 0.066 0.030 0.048 0.01
TCDF 0.26 0.023 0.17 0.046 0.1
4-PeCDF 0.20 0.67 0.092 0.64 0.3
1,4-HxCDF 0.084 0.10 0.033 0.091 0.1
1,4,6-HpCDF 0.016 0.015 0.0072 0.010 0.01
PCB 77 0.0019 0.00013 0.00043 0.000057 0.0001
PCB 126 0.11 0.12 0.058 0.092 0.1
PCB 105 0.0000053 0.00003
PCB 118 0.0000032 0.00003
PCB 156 0.00018 0.000051 0.00011 0.000047 0.00003
PCB 153 -
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4.2.3.I1n vitro Liver Cell Systems — gRT-PCR

To approach to the objective to distinguish praperof chlorinated compounds, besides enzyme-
activity measurements and protein analysis, ingasns on mRNA-level were processed. Even
though gene transcription is necessarily requimdtranslation, the presence of mRNA in a cell
merely constitutes a sufficient condition for tramising mMRNA to protein. Confining strategy to
protein analysis might implicate losses on infolioratregarding potency and/or efficacy of
substances. Hence, several genes were examine®NA#evel to focus congeners’ impact on the

fundamental process of gene transcription in logdr systems.

4.2.3.1. QRT-PCRIin vitro — TCDD & eight potential target genes

Based on several investigations within the SYSTEG)egt, eight potential AhR-target genes were
chosen. Genes supposed to be determined were #¢mzseling CYP1Al, CYP1A2, CYP1B1,
AhRR, ALDH3Al, CD36, HSD17B2, and TIPARP. For thpsirpose, H4IIE cells as well as
primary rat hepatocytes were incubated with eigifiéint TCDD-concentrations for 24 h. Yielded
MRNA was transcribed to cDNA and analyzed by gqR'RRGing SYBRGreen, wherebACTB

encoding3-actin served as housekeeping gene.
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4.2.3.1.1. QRT-PCRn vitro — Cyplal, Cypla2, Cyplbl

Focused CYP-enzymes, whose gene transcripts weesuresl via qRT-PCR, wer€yplal
Cypla2 andCyplbl Effects of TCDD on respective mRNA-levels in PR#,H4IIE cells after
24 h of incubation are overviewed in figure 49.
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Figure 49: QRT-PCR (Cyplal, Cypla2, Cyplbl) H4IIE vs. PRH. Cells treated with TCDD for 24 h. TCLD-
concentration (M) plotted against fold induction (referred to p-actin mRNA-levels). Results from four
independent experiments each. One-way ANOVA with Danett's post test (control vs. treatments).
*: p-value < 0.05; **: p-value < 0.01.

Slight Cyplatinductions in H4IIE cells on mRNA-level (figure ¥9vere detectable from
102 M TCDD (18.0+11.0-fold), getting more prominenprin 5*10** M (354.1+144.9-fold).
Concentration-dependently increasing, fold inductreached statistically very significant upper
values (p-value < 0.01) from 5*1$10° M TCDD with 3544.8(+543.8)-4626.8(+1594.4)-fold
enhanced mRNA-levels.

In contrast, maximum effects analyzing PRH were .0@54.0)-fold CyplaZtinductions
(5*10"° M TCDD), concentration-dependently increasing fr6ti0'* M TCDD (23.6+8.8-fold).
Statistically very significant (p-value < 0.00yplaltinductions in PRH were obtained from
10°M TCDD (82.3+22.8-fold).
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Regarding enhancement and highest mRNA-lev@igylatfold inductions measured in H4IIE
cells were shifted about 0.5-1 order of magnitugléotver concentrations, and in around 30-fold
higher extent than in PRH.

In contrast, CyplblgRT-PCR-measurements resulted in a reverse ordecetning yielded
efficacies in liver cells systems. Using PRH, hgthand statistically very significant inductions
(p-value < 0.01) of 532.5(+258.3)-759.1(+229.2)dfakere gained with 5*18-10° M TCDD.
More than five times lower upper induction-levessafistically very significant; p-value < 0.01)
were obtained in H4IIE cells testing a TCDD-concation-rage of 513*-10° M (126.3(+49.4) to
138.9(x74.9)-fold induction). Progress Glyplbtinduction retained in concentration-dependent
manner for both cell systems, distinctly increadiegn 5*10% to 10** M TCDD (H4IIE), or from
10 to 5*10™ M TCDD (PRH), representing potencies about 0.5depof magnitude higher in
HA4IIE cells than in PRH.

RegardingCypla2mRNA-levels, smallest concentration-dependentctffeamong focused CYP-
enzymes were obtained, yielding statistically veignificant (p-value < 0.01) inductions scoring
16.2(+9.6)-, and 19.0(+11.4)-fold in PRH using 5*¢M, or 10° M TCDD.

Being around twice as efficient in H4lIE cells, TDDed to statistically very significant elevations
(p-value < 0.01) accounted for 42.1(x25.7)- to 4528.0)-fold within a concentration-range of
5¢10"-10° M TCDD. Statistically significant (p-value < 0.05glue of 41.4(+21.5)-fold was
measured incubating H4IIE cells withfovi TCDD.

Constantly, TCDD-derived potencies regarding exah@yp mRNA-levels were greater in H4IIE

cells than in PRH. Analogical findings were obtairemparing TCDD'’s efficacies towards liver

cell models, exceptinGyplbtinductions, being more excessive in PRH.
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4.2.3.1.2. QRT-PCRn vitro — Ahrr

In figure 50, qRT-PCR-data concerning TCDD-treaR®eH, or H4IIE cells and corresponding

Ahrr-mRNA-levels are summarized.
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Figure 50: QRT-PCR (Ahrr) H4IIE vs. PRH. Cells treated with TCDD for 24 h. TDD-concentration (M)
plotted against fold induction (referred to p-actin mRNA-levels). Results from three independenéxperiments
each. One-way ANOVA with Dunnett’s post test (conwl vs. treatments). *: p-value < 0.05; **: p-value< 0.01.

Incubation with TCDD for 24 h led to a concentratidependent enhancementAiRRMRNA-
levels in PRH (figure 50). Beginning from 30 M TCDD, increase progressed passing a
statistically significant (p-value < 0.05) value ©72.9(+134.6)-fold (5*18° M TCDD), and
achieved maximal, statistically very significanty@ue < 0.01) induction of 175.8(x104.8)-fold
(10° M TCDD). Sigmoid fitting (not shown) educed an BO& 1.79*10™°(+4.16*10%) M TCDD,

and respective upper asymptotic value was 183.1(3-18Id.

Usage of H4IIE cells, response with regardtor-induction on mRNA-level was absent by use of
tested TCDD-concentrations (1810° M).
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4.2.3.1.3. QRT-PCRn vitro — Aldh3al

Results of gqRT-PCR-investigations regardiiigh3alin PRH, or H4lIE subsequent to treatment
with TCDD for 24 h are compiled in figure 51.
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Figure 51: QRT-PCR (Aldh3al) H4IIE vs. PRH. Cells treated with TCDD for 24 h. TCOD-concentration (M)
plotted against fold induction (referred to p-actin mRNA-levels). Results from four independentexperiments
each. One-way ANOVA with Dunnett’'s post test (conwol vs. treatments). *: p-value < 0.05; **: p-value< 0.01.

Concentration-dependenthpldh3atmRNA-levels in H4IIE cells increased after incubatwith
TCDD (figure 51). Statistically relevant (p-value €.05) inductions were obtained with
5¥10"%10° M TCDD, scoring 33.3(+33.1)-32.0(+15.7)-fold.

With more than 10-fold higher efficacy, revealediuotions in PRH due to TCDD-exposure
(5*10%°-10° M) amounted to statistically very significant (plve < 0.01) values of
3134.1(+2373.0)-, and 5093.4(+2302.2)-fold.

Progress of mMRNA-level-enhancement proceeded rdedraimong both tested cell-types, implying

conformable potencies responding to TCDD.
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4.2.3.1.4. QRT-PCRn vitro — Cd36

Presented qRT-PCR-results in figure 52 displaytisedaCd36mRNA-levels obtained from H4IIE
cells or PRH after 24 h of TCDD-exposure.
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Figure 52: QRT-PCR (Cd36) H4IIE vs. PRH. Cells treated with TCDD for 24 h. TCDD-concentration (M)
plotted against fold induction (referred to B-actin mRNA-levels). Results from three independenéxperiments
each. One-way ANOVA with Dunnett’s post test (contl vs. treatments).

Incubation of H4IIE cells, or PRH, with TCDD in ange of concentration of 1810° M, led to

no deviations regarding count of mMRNA-transcridtthe gene encodinGd36compared to control
(figure 52).
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4.2.3.1.5. QRT-PCRn vitro —Hsd17b2

Assembly of gRT-PCR-results obtained by analysigesfe-transcripts encoditgd17b2in PRH,
and H4IIE cells treated with TCDD for 24 h is showrfigure 53.
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Figure 53: QRT-PCR (Hsd17b2) H4IIE vs. PRH. Cells treated with TCDD for 24 h. TCDD-concentration (M)
plotted against fold induction (referred to p-actin mRNA-levels). Results from three independenéxperiments
each. One-way ANOVA with Dunnett’s post test (contl vs. treatments). *: p-value < 0.05.

Incubation of PRH with TCDD resulted in concenwatdependently increasindgsd17b2mRNA-
levels after 24 h (figure 53). Comparably light anbement peaked with the highest tested TCDD-
concentration of 1® M at a statistically significant (p-value < 0.08lue of 16.0(+10.9)-fold

induction.
In contrast, TCDD-exposure to H4IIE cells led to statistically relevant deviation of respective

MRNA-levels from controls. Slight concentration-dagent increase in H4IIE cells maximally
achievecHsd17b2induction of 9.0(+6.9)-fold using oM TCDD.
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4.2.3.1.6. QRT-PCRn vitro - Tiparp

Subsequent figure gives summary of results conegrmeasurement dfiparp-mRNA-levels in
PRH, or H4lIE-cells exposed to TCDD for 24 h (figus4).
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Figure 54: QRT-PCR (Tiparp) H4IlIE vs. PRH. Cells treated with TCDD for 24 h. TAD-concentration (M)
plotted against fold induction (referred to p-actin mRNA-levels). Results from four independenexperiments
each. One-way ANOVA with Dunnett’s post test (conwl vs. treatments). *: p-value < 0.05; **: p-value< 0.01.

Consequence of incubation with TCDD for 24 h wa®acentration-dependent increasd gdarp-
mRNA-levels in PRH (figure 54). Slightly enhancifigm 5*10**M TCDD, fold induction gained
statistically significant (p-value < 0.05; ¥ M TCDD, 7.6+1.2-fold) value, and reached
statistically very significant (p-value < 0.01) gbts of 15.1(x2.4)-, and 17.9(£7.7)-fold from
5*10"°to 10° M TCDD.

Sigmoid fitting (not shown) generated an EC50 &f1110*%(+2.93*10) M TCDD, and an upper
limit of 18.4(+£0.9)-fold induction.

Count of gene-transcripts accordingTiparp was not affected concentration-dependently in B4l

cells due to TCDD-exposure. However, a slight,igtiaglly significant (p-value < 0.05) fold
induction of 4.6(+2.5) was attained using 5*4® TCDD.
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4.2.3.2. QRT-PCRIn vitro — core congeners & four potential AhR-target genes

Based on findings derived from gRT-PCR-analysisardigpg impact of TCDD on eight potential
AhR-target genes in PRH and H4IIE cells, a furtbgection was made due to responsiveness and
concentration-dependence in both tested liversysdtems. HenceZyplal Cypla2 Cyplbl and
Aldh3al were chosen, and effects of core congeners (TCDBeCDD, 4-PeCDF, PCB 118,
PCB 126, PCB 153, and PCB 156) on both H4IIE @lld PRH were investigated via g-RT-PCR.

4.2.3.2.1. QRT-PCR HA4IIE cells €yplal

In figure 55, impact of TCDD, 1-PeCDD, or 4-PeCDi@yplatmRNA-levels in H4IIE cells are

contrasted. Cells were incubated with compound&4ahn.

H4I1E — aRT-PCR Cypla: (I)
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Figure 55: QRT-PCR (Cyplal) H4IIE (). Cells treated with TCDD, 1-PeCDD, or 4PeCDF for 24 h.
Abscissa (logarithm.): Concentration (M); ordinate: Fold induction (referred to B-actin mRNA-levels).
EC20-level represents 20% of TCDD-induced maximum rgmnse (865-fold). Results from at least three
independent experiments each.

QRT-PCR-measurements regarding effects of TCDDeQHBD, or 4-PeCDF ofyplalrevealed
guite comparable output among these congenergéfigh). Concentration-dependently, incubation

with each substance for 24 h led to an increaselafive CyplatmRNA-levels in H4IIE cells,
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asymptotically yielding maximum levels, and accogly outlining sigmoid curves. Upper
asymptote obtained subsequent to TCDD-exposurel@2i6.3(+188.0)-fold, bearing an EC20-level
of 865-fold, and a correspondent EC20 of 6.76%10 TCDD. Respective EC50 amounted to
1.55*10%(+2.92*10%3 M TCDD.

Statistically very significant (p-value < 0.01; Oway ANOVA with Dunnett’'s post test; control
vs. treatments) deviations from solvent control (™ 0.1%, not shown) were present from
5*10'M TCDD (3544.8+543.8-fold).

Being almost as potent as was TCDD, 4-PeCDF gaamedC50 of 1.51*16'(+3.46*10%%) M
(REP (EC50): 1.0), and was furthermore about tanceet less efficient, compared to TCDD’s
properties (upper asymptote (4-PeCDF): 3841.6+1f8d. Calculated EC20 scored 7.99*£M
4-PeCDF, correlating with a REP (EC20) of 0.85.

Statistically significant (p-value < 0.05) value svaccomplished with 18 M 4-PeCDF
(1308.8+£630.9-fold), followed by statistically vesygnificant (p-value < 0.01) inductions starting
from 5*10°M 4-PeCDF (3204.8+436.2-fold).

1-PeCDD attained further, slightly lower potencielging an EC50 of 2.46*18(+1.62*10%%) M
1-PeCDD, corresponding with a REP (EC50) of 0.63tl& other hand, accompanied by a slightly
steeper ascent in the logarithmical segment of dimve, maximumCyplatinduction due to
1-PeCDD-incubation in H4IIE cells amounted to 5@¢575.6)-fold, which was more than 15%
higher compared to the TCDD-derived maximum. Réfecthe lightly delayed ascent, EC20
scored 9.80*18? M 1-PeCDD and resulted in a REP (EC20) of 0.69.

Statistically very significant (p-value < 0.00yplatinductions were obtained from 5*1OM
1-PeCDD (3826.9+1285.8-fold).

198



Results 4n vitro liver cell systems

A comparison of gRT-PCR-results analyzing effe¢t®GB 118, PCB 126, PCB 153, PCB 156, or
TCDD onCyplatmRNA in H4IIE cells is imaged in figure 56.
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Figure 56: QRT-PCR (Cyplal) H4IIE (Il). Cells treated with TCDD, PCB 118, PCB 126 PCB 153, or PCB 156
for 24 h. Axes with varying scales. Abscissae (logdim.): Concentration (M); ordinates: Fold inducti on

(referred to p-actin mMRNA-levels). EC20-level represents 20% of TCD-induced maximum response (865-fold).
Results from at least three independent experimentsach.

Shifted around one order of magnitude to higheceatrations compared to TCDD-derived effects,

concentration-dependent increaseQyfplatmRNA-levels in H4IIE cells due to incubation with

PCB 126 appeared in sigmoid manner (figure 56).
EC50 was 1.14*18°(+1.96*10™) M PCB 126, bringing forth a REP (EC50) of 0.14ereas
upper asymptote lay at 2672.5(x134.0)-fold indugtioonsequently exhibiting almost 40% lower
efficacy than TCDD. Ascending in lightly less exteBC20-level was reached with 7.86*£0M
PCB 126 (REP (EC20): 0.086).
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Statistically very significant increases 6fplatmRNA were obtained from 18 M PCB 126
(1197.9£216.7-fold; p-value < 0.01; One-way ANOVAithw Dunnett's post test; control vs.

treatments).

Contrasted with PCB 126, the additionally substiluthlorine atom at position 2 in PCB 156 led to
a further shift on the abscissa of around threersrdf magnitude. Respective EC50 accounted for
8.01*10%(+2.59*10% M PCB 156, revealing a REP (EC50) of 0.00019. ium along an even
steeper ascent compared to the TCDD-curve, ther dippe of sigmoid scored 2612.6(+100.6)-fold
induction, scaling consistent efficacy of PCBs a42@ 156.

An EC20 of 7.60*1¢ M PCB 156 rendered a REP (EC20) of 0.000089, wiyeséatistically very
significant (p-value < 0.01Cyplatinductions were gained beginning with™201 PCB 156
(2504.0+679.2-fold).

Due to minor effects towards H4IIE cells, PCB 1fh8tced modifications were hidden in the main
diagram in figure 56. With the aid of varied scglian additional display detail elaborategpblal
induction referable to PCB 118-exposure.

Among tested concentrations, slight increase of mfRels was obtained for 5*10M PCB 118
(14.5+3.9-fold), enhancing with the highest concatiin of 10° M PCB 118 to 20.3(+6.8)-fold.
Noted values statistically very significantly (phva < 0.05) differed from solvent control (DMSO
0.1%, not shown). Hypothetically constructing PCB3from PCB 156, under abstraction of the
chlorine substituent at position 3, led to inacitelty concerning EC50-, as well as EC20-values

under present conditions.

CyplatmRNA in HA4IIE cells remained at base levels a#ipplication of PCB 153 throughout
tested concentrations (5*2A.0° M).
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4.2.3.2.2. QRT-PCR H4IIE cells Cypla2

Investigations ofCypla2mRNA in H4IIE cells affected by core congeners avevaluated and

summarized in figure 57.
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Figure 57: QRT-PCR (Cypla2) H4IIE. Cells treated with TCDD, 1-PeCDD, 4-PeCDF, BB 118, PCB 126,
PCB 153, or PCB 156 for 24 h. Abscissa (logarithm.Concentration (M); ordinate: Fold induction (referr ed to
p-actin mRNA-levels). EC20-level represents 20% of TCD-induced maximum response (8.77-fold). Results
from at least three independent experiments each.

As seen in figure 57, incubation of H4IIE cells wiTCDD led to a concentration-dependent
increase ofCypla2mRNA in sigmoid manner. Running through an EC2@.d46*10** M TCDD,
and an EC50 of 1.02*18(+8.46*10"% M TCDD, an asymptote limited maximum inductiondé

at 43.9(x0.8)-fold.

Statistically significant (p-value < 0.05; One-wANOVA with Dunnett’s post test; control vs.
treatments)Cypla2induction was obtained for 1 M TCDD (41.4+21.5-fold). Statistically very
significant (p-value < 0.01) values were presemnt5t10* M TCDD (42.1+25.7-fold), and from
5+*10"° M TCDD.

Attention should be paid to the lower limit of TCBi2rived effects orCypla2zmRNA-levels,
which with 7.8(x0.9)-fold induction lay quite higdnd additionally very close to the appropriate
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EC20-level of 8.77-fold. Concurring with all othisted compounds’ lower limits, which lay in a

range of 0.6-2.4-fold induction, a reduction of geners’ EC20-REPs was affected.

Treatment with 4-PeCDF caused concentration-depeiydacreased formation @yplazmRNA

in H4lIE cells, whereas the appendant sigmoid floncteatured shorter and lightly flatter ascent in
the logarithmical part of the curve compared to TR D-derived.

Furthermore, the slope was transferred to higheceatrations almost by a factor of two, revealing
an EC50 of 1.79*18%+3.83*10%®) M (REP (EC50): 0.57) and yielding an upper linoit
28.3(x1.3)-fold induction. Associated with a lovextent regarding exponential ascent initiating the
sigmoid, EC20-level was crossed with 9.94*4™ 4-PeCDF (REP (EC20): 0.22).

Statistically very significant (p-value < 0.01) doinduction was gained from 5*1& M 4-PeCDF
(23.9+9.5-fold). Contrasted with TCDD, 4-PeCDF reradl about 35% less efficacy and around
40-80% (depending on the focused segment of clege)potency towards H4IIE cells after 24 h of

incubation.

Using 1-PeCDD, revealed concentration-responseecoownicerningCyplazinduction on mRNA-
level spanned a shorter excerpt on the ordinatddipig an upper asymptote at 21.7(x1.1)-fold
induction. Hence being about 50% less efficienhth@DD, relative potency referring to EC-levels
added up to REP (EC50): 0.76 (EC50: 1.35*#®.88*10%2 M 1-PeCDD), or REP (EC20): 0.19
(EC20: 1.16*10" M 1-PeCDD). Lying close together, depicted EC-ealueflected a run of curve
located close to the 4-PeCDF-derived, which waghii delayed regarding initiation of ascent,
combined with the steepest incline of slope amestetd compounds.

Statistically very significant (p-value < 0.05) detvons of Cypla2mRNA-levels compared to
control (DMSO 0.1%, not shown) were obtained frorfl(B™* M 1-PeCDD (22.0+5.9-fold

induction).

Moved to higher concentrations more than one oafemagnitude, and proceeding less steep
ascending, the concentration-response curve beigngi PCB 126’s effects o8ypla2zmRNA-
levels in H4IIE cells asymptotically reached 19B@)-fold induction, thus being slightly less
efficient than 1-PeCDD.

EC50 was 1.08*1¢0(+2.35*10'") M PCB 126, whereas EC20 scored 8.98%10/ PCB 126,
corresponding to respective REPs of 0.095 (REP (pCand 0.024 (REP (EC20)). Statistically
very significant (p-value < 0.01Cypla2inductions were present from 1M PCB 126
(9.8+1.7-fold).
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Following a further shift about three orders of mi&igde on the x-axis, the sigmoid representing
concentration-dependent increas€gpla2mRNA-levels in H4IIE cells due to PCB 156-exposure
delineated.

Ascending in comparable degree to the TCDD-derowggte within the logarithmical section, upper
asymptotic value approached 44.3(x0.5)-fold indugtdepicting TCDD-equivalent efficacy. EC50
amounted to 9.09*1#+1.83*10% M PCB 156, whereas EC20 scored 5.12*1d PCB 156,
revealing corresponding REPs of 0.00011 (REP (EC&8d 0.000042 (REP (EC20)).

Statistically significant (p-value < 0.05}ypla2induction was obtained for TOM PCB 156
(26.2+6.5-fold), followed by statistically very sificant deviations from 5*10 M PCB 156
(44.7+£21.2-fold; p-value < 0.01).

Subsequent to incubation of H4IIE cells with PCEB14r PCB 153, relative quantity @fypla2

MRNA remained on levels indistinguishable from #ho$ solvent control.
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4.2.3.2.3. QRT-PCR H4IIE cells -Cyplbl

In figure 58, effects of core congeners@yplbImRNA-levels in H4IIE cells measured by qRT-
PCR are compiled.
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Figure 58: QRT-PCR (Cyplbl) H4IIE. Cells treated with TCDD, 1-PeCDD, 4-PeCDF, EB 118, PCB 126,
PCB 153, or PCB 156 for 24 h. Abscissa (logarithm.Concentration (M); ordinate: Fold induction (referr ed to
p-actin mRNA-levels). EC20-level represents 20% of TCD-induced maximum response (27.2-fold). Results
from at least three independent experiments each.

CyplbZinduction in H4IIE cells due to TCDD-exposure icalied in figure 58 described a
concentration-dependent increase asymptoticallytdomat 135.8(x1.3)-fold induction. Sigmoid
curve ran through an EC20 of 9.76"fOM at 27.2-fold induction, and an EC50 of
1.75*10"%(+8.41*10%) M TCDD. Statistically very significant (p-valueG:01; One-way ANOVA
with Dunnett’s post test; control vs. treatmentsyidtions from solvent control (DMSO 0.1%, not
shown) were achieved from 5*1bM TCDD (126.3+49.4-fold).

The sigmoid curve figurin@€yplbtmRNA-enhancing impact of 1-PeCDD ran through ti@2@-
level at a point very close to the TCDD-derivedveyrprecisely at 9.96*1% M, affording a
REP (EC20) of 0.98. Since 1-PeCDD with maximal rtchn of 186.5(x14.2)-fold yielded higher
efficacy (ca. 35%), and the slope ascended to tgligless extent, EC50 accounted for
3.60*10(+1.04*10) M 1-PeCDD, generating a respective REP (EC50)48.
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From 5*10™ M 1-PeCDD (123.6+33.1-fold), statistically vergsificant (p-value < 0.01¢yp1bt

inductions were obtained.

At 1.04*10™ M, as well crossing the EC20-level close to TCDBigmoid curve, treatment of
H4IIE cells with 4-PeCDF engendered a REP (EC200.68 regardingCyplbZinduction on
MRNA-level. Describing a flatter curve, sigmoidtifig unveiled an upper asymptotic value of
184.0(x23.3)-fold induction due to 4-PeCDF-exposbeing related to 1-PeCDD’s upper induction
level. EC50 scored 9.50*T¢(+3.82*10™) M 4-PeCDF, corresponding to a REP (EC50) of 0.18.
Statistically, significant (p-value < 0.05Jyplbtinduction was obtained by use of fOM
4-PeCDF, amounting to 95.2(+37.5)-fold, whereay wggnificant (p-value < 0.01) inductions were
present from 5*10° M 4-PeCDF.

Proceeding rather parallel to the 1-PeCDD-derivedves, the concentration-response curve
depicting increase o€yplbImRNA-levels in H4IIE cells due to PCB 126-influenwas shifted
almost one order of magnitude to higher conceinati Respective EC50 was
2.46*10'%+5.11*10™) M PCB 126 (REP (EC50): 0.071), whereas EC20 \whl6igt9*10™ M
PCB 126, providing a REP (EC20) of 0.15. From statal point of view, very significar€@yplbt
inductions were gained beginning with 50 PCB 126 at 138.5(+44.7)-fold (p-value < 0.01).

Contrasting with results for TCDD, 1-PeCDD, 4-PeCiF PCB 126, the sigmoid describing
Cyplbztinducing effects of PCB 156 was both transferredhigher concentrations and yielded a
lower asymptotic level at 87.8(x0.7)-fold inductioBeing hence about 35% less efficient than
TCDD, relative potencies of PCB 156 regardidgplbtinduction in H4IIE cells based on EC-
values were 0.00012 (EC20: 8.41¥M PCB 156), and 0.00019 (EC50: 9.21%#5.68*10° M
PCB 156). Statistically very significant (p-value0<01) deviations from control were given from
5%10' M PCB 156 (88.5+34.6-fold induction).

Incubation with PCB 118 led to mind@@yplbtinduction in H4IIE cells after 24 h. Usage of
5¢10° M PCB 118 caused slight, but statistically sigmfit increase to 2.5(+1.1)-foldyplbt
MRNA-levels (p-value < 0.05). Under present coods, maximal and statistically very significant
value was reached with 20 PCB 118 and scored 3.0(x0.7)-fold induction éue < 0.01).

PCB 153 did not affectCyplbXmRNA-levels in HA4IIE cells within the tested rangd
concentration (5*18-10° M PCB 153).
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4.2.3.2.4. QRT-PCR HAIIE cells -Aldh3al

An assembly of qRT-PCR results regarding impactaré congeners aldh3atmRNA-levels in
HA4IIE cells is pictured in figure 59.
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Figure 59: QRT-PCR (Aldh3al) H4IIE. Cells treated with TCDD, 1-PeCDD, 4-PeCDF, BB 118, PCB 126,
PCB 153, or PCB 156 for 24 h. Abscissa (logarithm.Concentration (M); ordinate: Fold induction (referr ed to
p-actin mRNA-levels). EC20-level represents 20% of TCD-induced maximum response (6.58-fold). Results
from at least three independent experiments each.

Concentration-dependent effects of TCDD Alh3atmRNA-levels in H4IIE cells comprised
elevated standard deviations (figure 59). Anywagcpss of enhancement approved sigmoid fitting
and revealed an EC50 of 8.03*f(#+3.79*10'") M TCDD, and an upper asymptote at
32.9(x0.7)-fold induction. 20% of TCDD-induced maxim response was Yyielded with
3.76*10™ M TCDD, and respective EC20-level cut the ordirité.58-fold induction.

Statistically significant (p-value < 0.05; One-wANOVA with Dunnett's post test; control vs.
treatments) increase #idh3atmRNA was obtained for 51 M TCDD (33.3+33.1-fold), and
10° M TCDD (32.0+15.7-fold).

Exhibiting a flatter ascent in the logarithmicabgseent, the concentration-response curve derived
by 1-PeCDD-exposure gained an upper limit of 2Q&}¥fold induction and an EC50 of
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1.06*10%° M 1-PeCDD (REP (EC50): 0.76) regardialgh3atmRNA-levels in H4IIE cells. EC20
scored 5.74*18' M 1-PeCDD, accompanying a REP (EC20) of 0.66.

Relevant data concerning statistical analysis wétained for 13° M 1-PeCDD (p-value < 0.05),
and beginning from 5*1& M 1-PeCDD (p-value < 0.01; 20.4+2.9-fold inducfion

Presumably being located within the upper sectiothe logarithmical part of curve testing up to
10° M 4-PeCDF, sigmoid fitting under weighting of stiand deviations extrapolated an upper
value regardind\ldh3aZ%induction of (32.3+12.5)-fold for this congenerefRrring sigmoid implied
an EC20 of 5.03*1%" M 1-PeCDF, and an EC50 of 1.59*1{#1.07*10%% M 1-PeCDF, leading
to REPs of 0.75 (REP (EC20)), and 0.50 (REP (EC50))

Statistically very significant deviations (p-valge0.01) from solvent-control (DMSO 0.1%, not
shown) were gained for 5*18 M 4-PeCDF (24.8+12.4-fold), and $0M 4-PeCDF, scoring
31.2(+11.0)-fold.

Ascending an even flatter slope, sigmoid functitinsirating PCB 126-induced increase of
Aldh3atmRNA-levels approached an asymptote at 16.5(#dld)induction. Being about half as
efficient as TCDD, relative potencies based on Bwes scored 0.052 (REP (EC50)), regarding an
EC50 of 1.55*10(+7.28*10'% M PCB 126, and 0.042 (REP (EC20)), respecting B0 of
8.88+10'°M PCB 126.

Statistically very significant (p-value < 0.01) uetion of Aldh3atmRNA in H4IIE cells was
present from 5*18° M PCB 126, amounting up to 12.7(+2.5)-fold €101 PCB 126).

Depicting an approximately parallel course, thenmg delineating concentration-response
relations ofAldh3atinduction in H4IIE cells due to PCB 156-exposuraswshifted about two
orders of magnitude to higher concentrations coegpém the PCB 126-derived. Respective EC50
was 1.95*10(+1.44*10") M PCB 156, and REP (EC50) scored 0.00041. EC2éHlwas crossed
with 2.40*10° M PCB 156 (REP (EC20): 0.00016), and upper linidled up to 11.1(+3.2)-fold
induction ofAldh3al

Statistically relevant values were obtained for *MM PCB 156 (p-value < 0.05; 7.9+4.0-fold),
and 10° M PCB 156 (p-value < 0.01), yielding 10.1(+6.8)efinduction.

Regarding PCB 118, or PCB 153, no effects Aldh3atmRNA-levels in H4IIE cells were

determined after 24 h of incubation.
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4.2.3.2.5. QRT-PCR HA4IIE cells — summary

Table 48 assembles gRT-PCR results regarding aorgeners’ effects on transcription of genes
encoding CYP1Al, CYP1A2, CYP1B1, or ALDH3AL in HEllcells. EC-values and respective
REPs are contrasted with current WHO-TEFs from 20@5 den Berget al, 2006).

Table 48: EC50-, EC20-values and respective REPs degiy from qRT-PCR analysis Cyplal, Cypla2, Cyplbl,
Aldh3al) with H4IIE cells subsequent to incubation with coe congeners for 24 h compared to WHO-TEFs (Van
den Berget al., 2006).

H4I1E EC50 (M) REP (EC50) EC20 (M) REP (EC20) WHO-TEF
(2005)
Cyplal
TCDD 1.55E-11 1 6.76E-12 1 1
1-PeCDD 2.46E-11 0.63 9.80E-12 0.69 1
4-PeCDF 1.51E-11 1.0 7.99E-12 0.85 0.3
PCB 126 1.14E-10 0.14 7.86E-11 0.086 0.1
PCB 118 0.00003
PCB 156 8.01E-08 0.00019 7.60E-08 0.000089 0.00003
PCB 153 ;
Cypla2
TCDD 1.02E-11 1 2.16E-12 1 1
1-PeCDD 1.35E-11 0.76 1.16E-11 0.19 1
4-PeCDF 1.79E-11 0.57 9.94E-12 0.22 0.3
PCB 126 1.08E-10 0.095 8.98E-11 0.024 0.1
PCB 118 0.00003
PCB 156 9.09E-08 0.00011 5.12E-08 0.000042 0.00003
PCB 153 ;
Cyplbl
TCDD 1.75E-11 1 9.76E-12 1 1
1-PeCDD 3.60E-11 0.49 9.96E-12 0.98 1
4-PeCDF 9.50E-11 0.18 1.04E-11 0.93 0.3
PCB 126 2.46E-10 0.071 6.49E-11 0.15 0.1
PCB 118 0.00003
PCB 156 9.21E-08 0.00019 8.41E-08 0.00012 0.00003
PCB 153 -
Aldh3al
TCDD 8.03E-11 1 3.76E-11 1 1
1-PeCDD 1.06E-10 0.76 5.74E-11 0.66 1
4-PeCDF 1.59E-10 0.50 5.03E-11 0.75 0.3
PCB 126 1.55E-09 0.052 8.88E-10 0.042 0.1
PCB 118 0.00003
PCB 156 1.95E-07 0.00041 2.40E-07 0.00016 0.00003
PCB 153 -
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4.2.3.2.6. QRT-PCR primary rat hepatocytes €yplal

QRT-PCR results according to incubation of PRH wWi@DD, 1-PeCDD, or 4-PeCDF for 24 h and
affectedCyplatmRNA-levels are presented in figure 60.
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Figure 60: QRT-PCR (Cyplal) PRH (I). Cells treated with TCDD, 1-PeCDD, or 4-BCDF for 24 h.
Abscissa (logarithm.): Concentration (M); ordinate: Fold induction (referred to p-actin mRNA-levels). EC20-
level represents 20% of TCDD-induced maximum respoms(26.8-fold). Results from at least three indeperedt
experiments each.

Concentration-dependent increase @QfplatmRNA-levels in PRH (figure 60) due to TCDD-
exposure for 24 h delineated a sigmoid course. Unest conditions, maximal effects were
confined to 134.1(x10.0)-fold induction. ConsequentEC20-level amounted to 26.8-fold
induction, implicating an EC20 of 1.78*1d M TCDD. EC50 was 6.94*18(+1.99*10™) M
TCDD. Statistically very significant (p-value < @;00ne-way ANOVA with Dunnett’'s post test;
control vs. treatmentsfyplalelevations were obtained beginning fromdiM TCDD with
82.3(x22.8)-fold induction.

Increasing with slightly lower concentrations comgghto TCDD, the concentration-response curve
representing 1-PeCDD’s effects oByplatmRNA cut the EC20-level with 1.25*T0 M
1-PeCDD, generating a REP (EC20) of 1.4. Accompmhhiea flattened ascent in the logarithmical
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segment, and passing an EC50 of 3.45*£7.32*10') M 1-PeCDD, the sigmoid approached
94.2(x3.3)-fold induction, evincing about 70% of DD’'s efficacy. REP (EC50) expressed a
potency of 2.0 in relation to TCDD.

Statistically significant (p-value < 0.05) deviatierom solvent control (DMSO 0.1%, not shown)
was obtained with I8 M 1-PeCDD, (26.3+8.5-fold) whereas from 5*f0M 1-PeCDD,
statistically very significant (p-value < 0.01) unctions up to 96.2(+17.1)-fold were yielded.

Slightly shifted to higher concentrations, the siign curve illustrating concentration-
responsiveness regardii@yplatmRNA in PRH due to 4-PeCDF-treatment reached t62CE
level at 3.73*10* M 4-PeCDF (REP (EC20): 0.48) and yielded 116.8¥8ld induction. Hence,
4-PeCDF'’s efficacy was situated lower than TCDIDist higher than 1-PeCDD’s. EC50 amounted
to 1.25*10'%+1.90*10*) M 4-PeCDF, revealing a REP (EC50) of 0.56.

From statistical point of view, 4-PeCDF led to sigant (P< 0.05)Cyplatinduction using
5¥10'° M of the congener (87.9+24.5-fold), and very sigifit (p-value < 0.01) inductions from
10"°M 4-PeCDF (107.9+48.6-fold) in PRH after 24 h ofubation.
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Figure 61 presenSyplalgRT-PCR results referable to incubation of PRHWICDD, PCB 118,
PCB 126, PCB 153, or PCB 156 for 24 h.
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Figure 61: QRT-PCR (Cyplal) PRH (ll). Cells treated with TCDD, PCB 118, PCB 126PCB 153, or PCB 156 for
24 h. Abscissa (logarithm.): Concentration (M); ordnate: Fold induction (referred to p-actin mRNA-levels).
EC20-level represents 20% of TCDD-induced maximum rgmnse (26.8-fold). Results from at least three
independent experiments each.

Treatment of PRH with PCB 126 led to concentratiependently increasin@yplatmRNA-
levels (figure 61). Compared to TCDD'’s effects,nsagd fitting generated a curve exhibiting a less
steep slope across the entire graph, further wenesf about 1.5 orders of magnitude to higher
concentrations. This shift respecting the middle tfe curve implied an EC50 of
1.10*10°%+4.50*10% M PCB 126 (REP (EC50): 0.063). EC20-level was ssenl with
7.28*10 M PCB 126, bringing forth a REP (EC20) of 0.24. Xifaally achievedCyplat
indcution in PRH due to PCB 126-treatment was 148.9)-fold under present conditions.
Statistically very significant (p-value < 0.01; Oway ANOVA with Dunnett’'s post test; control
vs. treatments) deviations from control (DMSO 0.1, shown) were given from £M PCB 126
(104.3+24.4-fold).
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Shifted about three orders of magnitude to higlmrcentrations and attaining almost 20% less
efficacy scoring 109.3(%5.7)-fold induction compadute the curve derived by TCDD-exposure, the
sigmoid reflecting PCB 156-induced effects impled EC50 of 7.61*18(+9.12*10% M PCB 156
(REP (EC50): 0.00091). EC20 amounted to 4.64*1d PCB 156, revealing a respective
REP (EC20) of 0.00038.

Statistically very significant (p-value < 0.0Cyplatinductions in PRH due to PCB 156-treatment
were gained from I0M PCB 156 (73.9+7.5-fold). Comparing PCB 156 toBP126, the additional
chlorine atom in position 2 led to decreased potd@e3 orders of magnitude), as well as reduced

efficacy (75%) regardin@yplatinduction in PRH.

CyplatmRNA-levels lightly increased beginning with aroubh0’ M PCB 118 (3.5+2.1-fold), by
exponential enhancement reaching statistically \@gnificant values from 5*10 to 10° M
PCB 118, not exceeding 29.0(x8.1)-fold inductionvgiue < 0.01). By means of polynomial
fitting, an EC20 of 7.62*10 M PCB 118 was established, correspondent to a fEER20) of
0.000023.

RespectingCyplatinduction in PRH, hypothetical abstraction of ttfdorine atom in position 3
implicated decreased potency (~1.5 orders of madeitegarding EC20-values) and, under given
test conditions, a lack of knowledge regarding mmeati effects and accessible EC50, comparing
PCB 118 with PCB 156.

Contrasting PCB 118 to PCB 126, potency loweredutdoorders of magnitude (applying EC20-

values) along with a theoretical exchange of chisgubstituents from position 3 to 2.

No effect onCyplatmRNA-levels was obtained due to PCB 153-expos&ta(®-10° M) to
PRH.
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4.2.3.2.7. QRT-PCR primary rat hepatocytes €ypla2

In figure 62, gRT-PCR results regardi@gpla2mRNA and effects of core congeners after 24 h of

incubation towards PRH are summarized.
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Figure 62: QRT-PCR (Cypla2) PRH. Cells treated with TCDD, 1-PeCDD, 4-PeCDF, € 118, PCB 126,
PCB 153, or PCB 156 for 24 h. Abscissa (logarithm.Concentration (M); ordinate: Fold induction (referr ed to
p-actin mRNA-levels). EC20-level represents 20% of TCD-induced maximum response (3.28-fold). Results
from at least three independent experiments each.

Increase ofCyplaZzmRNA in PRH due to TCDD-treatment indicated a @nitation-response-
relationship in sigmoid manner (figure 62). Corm@spent fitted curve passed an EC50 of
1.03*10"%+3.28*10%) M TCDD and was asymptotically limited at 16.4(&)tfold induction. 20%

of maximum induction (3.28-fold) was obtained w294*10** M TCDD.

Regarding statistical aspects, very significanvgpse < 0.01; One-way ANOVA with Dunnett’s
post test; control vs. treatment§ypla2inductions were gained using5*10° M TCDD
(<19.0+11.4-fold).

Slightly orientated to lower concentrations, thgnsoid depicting 1-PeCDD’s effects @ypla2
MRNA in PRH exhibited a slightly flattened ascemtl @pproached an asymptote at 14.1(+0.8)-fold

induction. EC50 accounted for 4.91*¥(+1.61*10*) M 1-PeCDD, whereby EC20 scored

213



Results 4n vitro liver cell systems

8.40*10™ M 1-PeCDD. Respective REPs amounted to 2.1 (REP5®, and 3.5 (REP (EC20)).
Statistically significant (p-value < 0.08)ypla2induction of 7.5(x0.8)-fold was yielded with
5¢10* M 1-PeCDD, and very significant (p-value < 0.013lues, beginning from 1§ M
1-PeCDD, achieved up to 15.6(x3.1)-fold induction.

Thus, compared to TCDD, 1-PeCDD manifested sligluiyer (~15%) efficacy towards PRH, but

higher potency according to revealed REPs.

Transferred about one order of magnitude to higtmrcentrations (REP (EC50): 0.13), and
furthermore showing less ascent, the sigmoid culigplaying effects of 4-PeCDF ddypla2
mRNA ran through an EC50 of 7.84*1%+1.89*10') M 4-PeCDF, and yielded an upper level at
14.0(x0.9)-fold induction, representing an efficaegual to 1-PeCDD’s. EC20-level was cut at
7.55*10* M 4-PeCDF, generating a REP (EC20) of 0.39.

Statistically, values regarded significant (p-vaki€®.05), and very significant (p-value < 0.01),
were obtained by use of M 4-PeCDF (8.2+4.3-fold), and from 5*£a10® M 4-PeCDF (up to
12.2+4.7-fold), respectively.

Ascending in comparable extent, but shifted aboet arder of magnitude to higher concentrations
regarding EC50 (7.19*1%5.55*10° M PCB 126), the concentration-response curve titisg
PCB 126’sCypla2inducing effects gained around 40% greater efficd®.6+2.0-fold) than did
4-PeCDF. Calculated EC20 was 9.37*t0M PCB 126. REPs representing potencies relative to
TCDD accounted for 0.31 (REP (EC20)), and 0.014 RREC50), whereas PCB 126 yielded
almost 20% higher efficacy than TCDD.

Due to comparatively high standard deviations,istteally significant (p-value < 0.05ypla2
induction of 19.3(+14.4)-fold was given with 101 PCB 126.

With respect to effects of PCB 156, incubation &@HP with this compound led t€ypla2
induction on mMRNA-level in a concentration-deperidaeanner, apart from a slightly steeper slope
resembling the TCDD-derived sigmoid, but locategiragimately three orders of magnitude at
higher concentrations. EC50 scored 7.79(#6.14*10%) M PCB 156, revealing a REP (EC50) of
0.0013. Upper asymptote lay at 13.8(x0.5)-fold rtchn, implying efficacy similar to 4-PeCDF’s,
or PCB 126's. The curve crossed the EC20-level itt6*10° M PCB 156, revealing a REP
(EC20) of 0.00057.

Respecting statistical analysis, PCB 156-conceatrstbeginning from 10M (10.4+4.1-fold) very
significantly (p-value < 0.01) inducdtiypla2
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Due to minor potency of PCB 118 to indu€gpla2in PRH within 24 h and tested range of
concentration, only an initiating exponential caurs increase was examined. Polynomial fitting
unveiled an EC20 of 3.16*10M PCB 118, respecting a REP (EC20) of 0.000093)che

extrapolating more than four orders of magnitudsée potency of PCB 118 compared to TCDD’s.
Statistically, testing 16 M PCB 118, theCypla2induction amounting to 6.5(+4.2)-fold was

regarded significant (p-value < 0.05).

PCB 153 showed n@ypla2induction accessible via qRT-PCR measurementsrisMaRH under

present test conditions.

4.2.3.2.8. QRT-PCR primary rat hepatocytes €yplbl

Results of gRT-PCR-analysis regardidgplblin PRH incubated with core congeners for 24 h are

compiled in figure 63.
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Figure 63: QRT-PCR (Cyplbl) PRH. Cells treated with TCDD, 1-PeCDD, 4-PeCDF, € 118, PCB 126,
PCB 153, or PCB 156 for 24 h. Abscissa (logarithm.Concentration (M); ordinate: Fold induction (referr ed to
p-actin mMRNA-levels). EC20-level represents 20% of TCD-induced maximum response (153-fold). Results from
at least three independent experiments each.

215



Results 4n vitro liver cell systems

Incubation of PRH with TCDD led to a concentratdependently increasing level &fyplbt
MRNA (figure 63). The respective sigmoid comprisedsteep slope, ran through an EC50 of
2.91*10*°(+3.68*10%) M TCDD, and yielded maximal effects of 765.8(x8gfold induction.
EC20, which crossed an induction-level of 153-foltcounted for 1.38*18 M TCDD.
Considering statistical aspects, very significgnavélue < 0.01; One-way ANOVA with Dunnett’'s
post test; control vs. treatmentSyplbtinductions from 5*13° M TCDD (532.5+258.3-fold)

were emphasized.

Comparing these findings with 1-PeCDD-affected mRiE¥els in PRH, the sigmoid illustrating
CyplbZinduction depicted a lightly less steep ascent r@gghing an asymptote at
714.9(£52.0)-fold converging to the TCDD-derived pap level. EC50 amounted to
5.98*10%°(+1.29*10'% M 1-PeCDD, revealing a REP (EC50) of 0.49, wher&C20 scored
1.97*10%° M 1-PeCDD, yielding a REP (EC20) of 0.70.

Statistically significant (p-value < 0.08)yplbtinductions were obtained with 5*1®to 10° M
1-PeCDD, and very significant (p-value < 0.01) ef$eof up to 685.4(x115.7)-fold were given with
5*10°-10° M 1-PeCDD.

With regard to TCDD’s sigmoid, the curve reflectimgpact of 4-PeCDF oRyplblin PRH was
transferred about one third order of magnitudeighér concentrations, and possessed an EC50 of
8.57*10%°(+5.73*10) M 4-PeCDF (REP (EC50): 0.34), reaching up to 5@85.0)-fold
induction. Hence affording about 30% lower efficalsgn TCDD, treatment of PRH with 4-PeCDF
disclosed an EC20 of 5.83*1OM 4-PeCDF and a correspondent REP (EC20) of 0.24.

Statistically relevant were very significant (pwal < 0.01) deviations from control samples
(DMSO 0.1%, not shown) starting from 10V 4-PeCDF (301.3+122.6-fold) with respect to
CyplbZinduction.

In contrast to TCDD-derived concentration-responseve, the sigmoid displaying PCB 126’s
impact on CyplbEmRNA-levels was shifted about one order of maglgtuto higher
concentrations, slightly surpassing TCDD’s uppevelewith maximally 795.3(x15.5)-fold
induction. Assigned EC50 was 3.63*¥85.09*10%% M PCB 126 (REP (EC50): 0.080), whereas
EC20-level was cut with 1.47*18 M PCB 126, revealing a REP (EC20) of 0.094.

From 10° M PCB 126 (665.3+197.4-fold), statistically vengrficant (p-value < 0.01Cyplbt

inductions were obtained in PRH.
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Minor efficacy of PCB 156 towardSyplbtinduction on mRNA-level led to a flat sigmoid cerv
distinctly lying below the EC20-level. Upper asywiet yielded 65.6(x1.8)-fold induction,
indicating more than 90% less efficacy than TCDDheweas potency referring to EC50
(1.10*10"+7.34*10° M PCB 156) accounted for 0.0026 (REP (EC50).

Statistically significanCyp1bztinduction in PRH was obtained for 5*1.0° M PCB 156 scoring
62.4(+48.1)-68.8(x44.0)-fold (p-value < 0.01).

In tested concentrations, PCB 118 led to marginaleiase ofCyplbXmRNA in PRH after 24 h.
From statistical point of view, significant (p-vals 0.05) deviation from control was obtained with
5*107 M PCB 118 (2.6+1.1-fold), whereby very significarthancement using £ PCB did not
exceed (3.4+0.6)-fold induction (p-value < 0.01).

NDL-PCB 153 did not alteCyplbtmRNA-levels in PRH within 24 h and applied range o
concentration (5*18-10° M PCB 153).
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4.2.3.2.9. QRT-PCR primary rat hepatocytes -Aldh3al

QRT-PCR results focusingldh3aland analysis of PRH incubated with core congef@r24 h

are diagramed in figure 64.
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Figure 64: QRT-PCR (Aldh3al) PRH. Cells treated with TCDD, 1-PeCDD, 4-PeCDF, EB 118, PCB 126,
PCB 153, or PCB 156 for 24 h. Axes with varying scale Abscissae (logarithm.): Concentration (M); ordirates:
Fold induction (referred to p-actin mRNA-levels). EC20-level represents 20% of TEBD-induced maximum
response (859-fold). Results from at least threedependent experiments each.

Concentration-dependent increase Altlh3al due to TCDD-treatment for 24 h was highly
responsive in PRH, revealing a sigmoid functionjolwilcomprised a steep slope and approached
4293.6(+446.6)-fold induction (figure 64). Passed5B amounted to 2.41*1§(+9.16*10"Y) M
TCDD, and the EC20-level of 859-fold induction kedan EC20 of 1.24*1¢ M TCDD.

From statistical point of view, very significant-(alue < 0.01; One-way ANOVA with Dunnett’s
post test; control vs. treatments) enhancementldh3atmRNA-levels was obtained from
5¥10° M TCDD (3134.1+2373.0-fold).

218



Results 4n vitro liver cell systems

Concentration-dependeAtdh3atinduction in PRH by 1-PeCDD described a coursé \sitghtly
lower degree of ascent. Fitted sigmoid implicatedE€50 of 7.71*18%+7.05*10") M 1-PeCDD
(REP (EC50): 0.31), and an upper asymptote at 4{8044.7)-fold induction.

Statistically significant value was indicated with0° M 1-PeCDD (1661.0+453.9-fold;
p-value < 0.05), whereas from 5*10M 1-PeCDD (2300.0+74.3-fold), very significaAtdh3at
inductions were obtained (p-value < 0.01). EC2@lavas crossed with 2.72*1® M 1-PeCDD,
bringing forth a REP (EC20) of 0.46.

4-PeCDF led to concentration-dependent increasgldii3atmRNA-levels in PRH indicating a
sigmoid manner, although under test conditions,euppduction limit was not reached yet.
Assuming that 4-PeCDF'’s properties would not excBE®D'’s efficacy, sigmoid fitting revealed
an EC50 of 2.55*18x*1.34*10'% M 4-PeCDF, corresponding to a REP (EC50) of 0.094
REP (EC20) added up to 0.17, calculated by an EBE2ZB5*10'° M 4-PeCDF.

Statistically significant (p-value < 0.08)dh3aZkinduction of 1145.4(x477.1)-fold was gained with
10° M 4-PeCDF, and very significant (p-value < 0.0Blues were examined from 5*10M
4-PeCDF (2786.5+943.4-fold).

Providing an around 1.5 orders of magnitude legsetency than TCDD based on REPs
(REP (EC50): 0.055; REP (EC20): 0.043), the sigmeiflecting Aldh3atinducing effects by
PCB 126 approximated an upper level at (2541.24761@ induction, implying an efficacy of the
compound about 60% of TCDD’s. Respective EC50 stdr87+10°(+9.43*10% M PCB 126,
and EC20 amounted to 2.90*1 PCB 126.

Starting from 10 M PCB 126, and 2015.4(+244.0)-fold induction, istitally very significant

elevation ofAldh3atmRNA-levels was obtained (p-value < 0.01).

PCB 156 affected transcription of gene encoding ABB1 in concentration-dependent, sigmoid
manner, revealing almost three orders of magnitader potency compared to TCDD. Yielding
minor efficacy among tested compounds, sigmoidjgenmsymptote approached 329.3(+38.0)-fold
induction. Hence, rendering less than 10% of TCDé&fficacy, EC20-level of 859-fold induction
was not achieved. EC50 scored 9.09%H2.77*10% M PCB 156, implying a REP (EC50) of
0.0026.

Statistical analysis characterizéttlh3atinduction in PRH of 219.7(x91.7)-fold due to usagfe
10" M PCB 156 as significant (p-value < 0.05), andyvsignificant from 5*10 M PCB 156
(263.4+58.9-fold; p-value < 0.01).
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Incubation of PRH with PCB 118 led to a slight cemication-dependent increase Allh3at
mRNA-levels adding up to 15.8(x13.4)-fold inductiomith 5*10° M PCB 118, yielding
statistically significant value of 37.6(+23.4)-foltbsting the highest concentration of °1M

PCB 118.

Aldh3atmRNA-levels in PRH treated with PCB 153 for 245110°-10° M PCB 153) remained

indistinguishable from those of solvent controls.
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4.2.3.2.10. QRT-PCR primary rat hepatocytes — summary

Table 49 summarizes QRT-PCR results concerningdigfacore congeners on the ge@@&P1A1
CYP1A2 CYP1B1 andALDH3Alin PRH. Obtained EC20-, and EC50-values and coorating

REPs are collated and compared to WHO-TEFs frond 20@n den Ber@t al, 2006).

Table 49: EC50-, EC20-values and respective REPs degiy from qRT-PCR analysis Cyplal, Cypla2, Cyplbl,
Aldh3al) with PRH subsequent to incubation with core congeers for 24 h compared to WHO-TEFs (Van den

Berg et al., 2006).

PRH EC50 (M) REP (EC50) EC20 (M) REP (EC20) WHO-TEF
(2005)
Cyplal
TCDD 6.94E-11 1 1.78E-11 1 1
1-PeCDD 3.45E-11 2.0 1.25E-11 1.4 1
4-PeCDF 1.25E-10 0.56 3.73E-11 0.48 0.3
PCB 126 1.10E-09 0.063 7.28E-11 0.24 0.1
PCB 118 7.62E-07 0.000023 0.00003
PCB 156 7.61E-08 0.00091 4.64E-08 0.00038 0.00003
PCB 153 -
Cypla2
TCDD 1.03E-10 1 2.94E-11 1 1
1-PeCDD 4.91E-11 2.1 8.40E-12 35 1
4-PeCDF 7.84E-10 0.13 7.55E-11 0.39 0.3
PCB 126 7.19E-09 0.014 9.37E-11 0.31 0.1
PCB 118 3.16E-07 0.000093 0.00003
PCB 156 7.79E-08 0.0013 5.15E-08 0.00057 0.00003
PCB 153 -
Cyplbl
TCDD 2.91E-10 1 1.38E-10 1 1
1-PeCDD 5.98E-10 0.49 1.97E-10 0.70 1
4-PeCDF 8.57E-10 0.34 5.83E-10 0.24 0.3
PCB 126 3.63E-09 0.080 1.47E-09 0.094 0.1
PCB 118 0.00003
PCB 156 1.10E-07 0.0026 0.00003
PCB 153 -
Aldh3al
TCDD 2.41E-10 1 1.24E-10 1 1
1-PeCDD 7.71E-10 0.31 2.72E-10 0.46 1
4-PeCDF 2.55E-09 0.094 7.35E-10 0.17 0.3
PCB 126 4.37E-09 0.055 2.90E-09 0.043 0.1
PCB 118 0.00003
PCB 156 9.09E-08 0.0026 0.00003
PCB 153 -
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4.2.3.2.11. QRT-PCR H4IIE vs. QRT-PCR PRH — summary

Figure 65 compares gRT-PCR results@yplal Cypla2 Cyplbl andAldh3alregarding TCDD-

treatment of H4IIE to respective results concerriiRH.
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Figure 65: QRT-PCR (Cyplal, Cypla2, Cyplbl, Aldh3al) H4IIE vs. PRH. Cells treated with TCDD for 24 h.
Axes with varying scales. Abscissae (logarithm.): @hcentration (M); ordinates: Fold induction (referred to
p-actin mRNA-levels). Results from four independenéexperiments each.
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Contrasting effects of€yplalin H4IIE cells with impact orAldh3alin PRH by means of gRT-
PCR measurements (figure 65), TCDD-treatment yemmmparable efficacy but almost 1.5 orders
of magnitude lower potency (RERyplal(H4IIE)/ Aldh3al(PRH)]: 0.064). Similar findings, but
extenuated regarding differing potencies [REp1b1(H4IIE)/Cyplal(PRH): 0.25] were obtained
comparing Cyplbl (H41IE) with Cyplal (PRH). Further correlation was indicated between
TCDD'’s efficacy towardCypla2 andAldh3alin H4IIE cells, where measured upper induction
limits lay close together.

Focusing TCDD'’s efficacy in both liver cell systeinsgeneral, impact o@yplal or Cypla2was
higher in H4IIE cells compared to PRH, whereas eomagCyplbl or Aldh3al, TCDD-treatment
yielded greater efficacy in PRH than in H4lIE ceRanking order of TCDD-yielded efficacies in
total was

Cyplal(H4lIE) = Aldh3al(PRH) >>Cyplb1(PRH) >>Cyplb1(H4IIE) = Cyplal(PRH)

> Cypla2(H4IIE) > Aldh3al(H4IIE) > Cypla2(PRH),

regarding treatment of cells for 24 h under presesttconditions.

Taking account of relative potencies regardingirth EC-values, TCDD constantly revealed
higher potency towards H4IIE cells compared tarntpact on PRH. With this regard, contrasting
EC-values for all genes among each other, REPsIEH2RH) were consistently below 1.
Exceptions of this outcome, whereat TCDD’s efficaggs situated conversely, were received
considering subsequent potencies in descending:orde

REP (EC20) Aldh3al(H4IIE)/ Cyplal(PRH)]: 2.12,

REP (EC20)Aldh3al(H4IIE)/ Cypla2(PRH)]: 1.28,

REP (EC50) Aldh3al(H4lIE)/ Cyplal(PRH)]: 1.16.

Comparing impact on same genes in different cedtesys, a ranking order regarding degree of
distinction between cell systems and respective(=@bues of

REP [Cyp1b1(H4IIE/PRH): 0.060] > REPGypla2(H4lIE/PRH): 0.10]

> REP Cyplal(H4IIE/PRH): 0.060] > REPAldh3al(H4lIE/PRH): 0.33] was obtained.

With respect to EC20-values, similar ranking ondes established:

REP [Cyplbl(H4IIE/PRH): 0.071] > REPGypla2(H4IIE/PRH): 0.073]
> REP pldh3al(H4IIE/PRH): 0.30] > REPGyplal(H4IIE/PRH): 0.38].

223



Results 4n vitro liver cell systems

REPs (H4lIE/PRH) concerning EC50-values scored from

0.035 (REP Cypla2(H4IIE)/ Cyplb1(PRH)]) to

0.78 (REP Aldh3al(H4IIE)/ Cypla2(PRH)]), whereas regarding EC20-values, REPs hitgen
0.016 (REP Cypla2(H4IIE)/ Cyplb1(PRH)]) to

0.55 (REP Cyplbl(H4IIE)/ Cypla2(PRH)]).

Assessed based on EC50-values, responsivity osdegnning with lowest TCDD-concentrations
ranked from

EC50 Cypla2H4IIE) < EC50 CyplalH4IIE) < EC50 Cyplb1H4IIE) < EC50 CyplalPRH)

< EC50 Aldh3alH4IIE) < EC50 Cypla2PRH) < EC50Aldh3alPRH) < EC50 Cyplb1PRH).

Responsivity regarding EC20-values rated

EC20 Cypla2H4IIE) < EC20 CyplalH4IIE) < EC20 Cyplb1H4IIE) < EC20 CyplalPRH)
< EC20 Cypla2PRH) < EC20AIdh3alH4IIE) < EC20 Aldh3alPRH) < EC20Cyplbl1PRH).
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An assembly of REPs obtained by gRT-PCR analysis W#IIE cells and PRH is compared to
current WHO-TEFs from 1005 in table 50 (Van dendgB=ral, 2006).

Table 50: REPs derived from gRT-PCR measurements witPRH and H4IIE cells subsequent to incubation with
core congeners for 24 h compared to WHO-TEFs (Van deBerg et al., 2006).

QRT-PCR REP (EC50) REP (EC50) REP (EC20) REP (EC20) WHO-TEF
pRH H4IlE pRH H4IIE (2005)
Cyplal
TCDD 1 1 1 1 1
1-PeCDD 2.0 0.63 1.4 0.69 1
4-PeCDF 0.56 1.0 0.48 0.85 0.3
PCB 126 0.063 0.14 0.24 0.086 0.1
PCB 118 0.000023 0.00003
PCB 156 0.00091 0.00019 0.00038 0.000089 0.00003
PCB 153 ]
Cypla2
TCDD 1 1 1 1 1
1-PeCDD 2.1 0.76 3.5 0.19 1
4-PeCDF 0.13 0.57 0.39 0.22 0.3
PCB 126 0.014 0.095 0.31 0.024 0.1
PCB 118 0.000093 0.00003
PCB 156 0.0013 0.00011 0.00057 0.000042 0.00003
PCB 153 -
Cyplbl
TCDD 1 1 1 1 1
1-PeCDD 0.49 0.49 0.70 0.98 1
4-PeCDF 0.34 0.18 0.24 0.93 0.3
PCB 126 0.080 0.071 0.094 0.15 0.1
PCB 118 0.00003
PCB 156 0.0026 0.00019 0.00012 0.00003
PCB 153 -
Aldh3al
TCDD 1 1 1 1 1
1-PeCDD 0.31 0.76 0.46 0.66 1
4-PeCDF 0.094 0.50 0.17 0.75 0.3
PCB 126 0.055 0.052 0.043 0.042 0.1
PCB 118 0.00003
PCB 156 0.0026 0.00041 0.00016 0.00003
PCB 153 -
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Throughout tested core congeners, differing progerin particular regarding responsiveness
towards H4llE-cells and PRH explained above for DCEBmerged by trend for 1-PeCDD,
4-PeCDF, and PCB 126 (table 50).

Comparing impact on same genes in different cedtesys, comparable findings as revealed for
TCDD were obtained concerning 1-PeCDD, 4-PeCDFPGB 126, revealing higher potency
towards H4IIE cells compared to its effect on PRWth this regard, contrasting EC-values for all
genes among each other, REPs (H4IIE/PRH) were stensly below 1, involving exceptionally
higher potency of 1-PeCDD regardi@ypla2(REP EC20 1-PeCDDdypla2(H4IIE/PRH): 1.4]),
and of 4-PeCDF towards PRH regarding Cyplal than in H4llE
(REP EC20 PCB 1260yplal(H4IIE/PRH): 1.1)).

1-PeCDD revealed potency comparable to TCDD's, igginhe lowest among examined genes
concerningAldh3alwith a REP (EC50) of 0.31. Excepti@yplal andCypla2in PRH, 1-PeCDD
yielded higher potency than TCDD. In general, 1-BBG efficacy approached TCDD's, but with
respect taCyplal andCypla2in PRH, orCypla2 andAldh3alin H4IIE, the congener attained
lightly lower efficacy than TCDD. In contrast, 1-®BD was more efficient regardir@yplal and
Cyp1blin H4IIE cells compared to TCDD.

Except for its impact o@yplalin H4IIE cells (REP (EC50): 1.0), 4-PeCDF attaiséightly lower
potency than TCDD, accomplishing REPs of 0.094 (REE50), Aldh3al PRH) at the least.
4-PeCDF's efficacy tended to approach TCDD’s efficaegardingAldh3al (H4IIE, PRH), and

Cyplblin H4IIE cells, but revealed lightly lower efficaconcerning remained genes in both cell
types.

Deriving still less potency, PCB 126 yielded REBsrgg from 0.014 (REP (EC5@ypla2 PRH)

to 0.31 (REP (EC20)Cypla2 PRH). By trend achieving efficacy comparable toDICs
(PRH: Cyplal Cypla2 Cyplbl HA4IIE: Cyplb), lower efficacy of PCB 126 was received
concerningAldh3al(H4IIE, PRH),Cyplal(H4IIE), andCypla2(H4IIE).

Responsivity of liver cell systems due to PCB 156Gdbation differed from those of TCDD or
previously described core congeners. Assessed lasdeiC50-values, responsiveness of genes
beginning with lowest PCB 156-concentrations rankech

EC50 CyplalPRH) < EC50Cypla2PRH) < EC50CyplalH4IIE) < EC50 Cypla2H4IIE)

= EC50 Aldh3alPRH) < EC50Cyp1b1H4IIE) < EC50 Cyplb1PRH) < EC50Aldh3alHA4IIE).
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Overall, deviation of PCB 156’s EC50-values, whid¢hy close together, ranged from
7.61*10° M PCB 156 (EC50QyplalPRH)) to 1.95*10 M PCB 156 (EC50Aldh3alH4IIE)).
This contrasted with effects induced by TCDD, wh&s&0-values comprised an about one order
of magnitude wider range of concentration.

Comparing impact on same genes in different ced#itesys, except for REP (EC5@yplbl
(REP EC50 PCB 1560yplbl (H4IIE/PRH): 0.83]), potency attained by PCB 15@&swhigher
towards PRH than in H4IIE cells, consistently réaglin REPs (H4lIE/PRH» 1. According to
these findings, PCB 156 revealed higher potencyatdss PRH, which was even accompanied by
efficacies comparable to TCDD'’s regardi@gplal andCypla2

Controversially, mRNA-levels ofCyplbl and Aldh3alin PRH were marginally affected by
PCB 156 and yielded less than 10% of TCDD’s effjgawence retaining below corresponding
EC20-levels. Regarding H4IIE cells, depending aspeetive genes, PCB 156 gained 34-65% of
TCDD'’s efficacy Cyplal Cyplbl Aldh3al), whereaCypla2in H4IIE was equally efficiently
affected by PCB 156 than by TCDD.

So far, core congeners induced gene transcriptigoresent liver cell systems in sigmoid manner,
whereas DL-PCB 118 in tested range of concentratidrup to 16 M PCB 118 comparably led to
minor effects within 24 h of incubation.

Slightly increasing mRNA-levels in PRH beginningorft 0.44% Cyplb), over 0.88% of
maximum TCDD-induced response féddh3al PCB 118-derived effects initially trespassed
respective EC20-level at 21.6%yplald, and culminated in maximal effects regardidgpla2
yielding 39.9% of TCDD’s maximum respons@yplalin H4IIE cells was slightly affected
(0.47%) by PCB 118, which was closely followed bieets onCyplbl accomplishing 2.2% of
TCDD’s upper limit.

With respect toCyplaz and Aldh3alin H4IIE cells, response due to PCB 118-treatmeas

absent under given test conditions.

Incubation with NDL-PCB 153 did not modify mRNA-lel¢ of tested genes in both used liver cell

systems.

227






Results — PBMCs

4.3.1n vitro investigations using human PBMCs

In order to gain information on potential impactT®DD on cells of the immune system, freshly
isolated primary human PBMCs were exposed to tmepooind. After characterization of applied
cells by flow cytometry and subsequent incubationZ4 h in presence or in absence of a defined
stimulus, mRNA of cells was isolated and invesegaby use of whole genome microarray
experiments as well as gRT-PCR. Aim of these exatitins was to presumably disclose TCDD’s
mechanism(s) and mode(s) of action towards thesmiime cells and to identify possible overlap(s)
with genes identified by mouse whole genome mieeyaanalysis. Such observations could help
understanding TCDD’s immunotoxic effects and thie if the AhR in this regard, and might be
feasible in view of a future establishment of pais@movel biomarker(s).

4.3.1. Characterization of PBMCs by Flow Cytometry

Freshly isolated human PBMCs from four individuaisre analyzed by means of flow cytometry
(BD FACSCanto Il, BD Biosciences, Heidelberg, Gemgjain order to gain an insight into the
composition of obtained cell suspensions.

Using monoclonal antibodies specifically binding &OCD19, or CD14 on the surface of cells,
definite subsets of cells were identified as T Iyiogytes (CD3), B lymphocytes (CD19, or
monocytes/macrophages (CD)L4

Cell populations were identified per forward scat(€SC)/sideward scatter (SSC) dot blots
according to their properties regarding cell sie&¢) and granularity (SSC). In figure 66, an
exemplary dot plot for a flow cytometric analysfdr@shly isolated human PBMCs is presented.
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Figure 66: FACS analysis. Dot plot obtained by measement of human PBMCs; FSC plotted against SSC. Two
populations of cells were identified: PBMC subset 1(80.9%), and PBMC subset Il (10.1%). Sample from
individual 2 (male). 10,000 events. Threshold coun20,000.

As exemplarily shown in figure 66, two obvious ptgtions of cells were identified by view on dot
plots during FACS measurement of PBMCs.

A first subset of cells (‘PBMC subset I') represshtaround 80% of sample particles analyzed by
the flow cytometer. According to measured inteasifior FSC and SSC, cells’ properties added up
to comparably low size and granularity, as compdeethe second population of cells (‘(PBMC
subset II'). This population accounted for abou¥al®f 10,000 events measured in total. Cell debris
and other particles of smaller size and of low glarty constituted the majority of the remaining
10%. A few single events detected at higher leveisFSC and SSC might indicate scattered
neutrophiles and/or granulocytes.

Proportions ranged from around 72 to 90% for PBMBsst | and from 5 to 16% for PBMC subset
Il of totally measured events. There was no gesgecific significant difference between samples

from male and female individuals.
By means of specifically binding monoclonal antitesdand flow cytometry, CO3, CD19-, or

CD14-cells were identified within the two population8MC subset | and Il. Figure 67
exemplarily shows verifications of CD3 and CD19-cells.
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Figure 67: FACS analysis. Histograms (l) obtained ¥ measurement of human PBMCs treated with antibodie
Relative fluorescence units (RFU; APC) logarithmicly plotted against number of cells exhibiting respctive
fluorescence intensity. CD3-cells (left, light blue), and CD19-cells (right, light blue), plus respective isotyp
control (IgG4, k; red). Relative frequencies within parent cell subets and median APC-values shown in legends.
Samples from individual 4 (female). 10’000 eventsaeh. Threshold count: 20,000.

For exclusion and hence implication of yet emergemt-specific binding of antibodies, cells were
exposed to respective isotyp control antibodie§; g in case of CD3-, and CD19-antibodies.
Relative fluorescence units (RFUs) were plotted hastograms versus those obtained by
measurement of CD3-, or CD19-stained cells (figev@. Occurring with diverging frequence,
RFUs of both CD3-, and CD19-antibody-stained celisre shifted to great extent to higher
fluorescence intensities (more than 10,000 eaght blue) compared to cells stained with isotyp
control antibody (median APC-A: 50, red). Among géas from individualsSARFUs ranged from
8,300 to 28,000 for CD3stained cells, and from 4,100 to 21,000 for CD4ined cells.

CD3'-cells represented around three quarters of PBM&Bedul (‘frequ. of parent), which itself
represented around three quarters of the total atrafuparticles measured by the flow cytometer
each sample. CD1Igells were present to a lower extent, accountmgaffound 5% of PBMC
subset I.

With respect to the whole flow cytometry experimemtoportions of CD3cells within PBMC

subset | ranged from 70 to 87%, whereas proporidrD19-cells within PBMC subset | ranged
from 4 to 7%.
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In figure 68, an example for the characterizationC®14 -cells within freshly isolated human
PBMC:s is illustrated.

Subset Hame | Freq. of Parent| Median : APC-A
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Figure 68: FACS analysis. Histogram (Il) obtained ly measurement of human PBMCs treated with antibodie
Relative fluorescence units (RFU; APC) logarithmiclly plotted against number of cells exhibiting respctive
fluorescence intensity. CD1%cells (light blue), plus respective isotyp controflgG.,, k; red). Relative frequencies
within parent cell subsets and median APC-values stwn in legend. Samples from individual 4 (female).
10,000 events each. Threshold count: 20,000.

Figure 68 represents a typical histogram obtainedhbasurement of CDI4ells within isolated
PBMC-suspension. CDI4ells were located within PBMC subset Il to arodtdo, and the shift
to greater RFU-values compared to required isotyptrol (IgGs, k) measurement amounted to
about 4,000. Dependent on the individuARFUs ranged from around 4,000 to 11,000 for
characterization of CDT4cells without gender-specific differences.

Frequency of CD14cells within PBMC subset Il accounted for 81-98%otighout the complete
FACS analysis.

Taken together, yielding 1.2 (+0.5)*1@ells/mL blood, obtained PBMC-suspensions, whictew
used for further gene expression measurements, titved of 70 (+12)% CD3cells
(T lymphocytes), 6.0 (#1.0)% CD1gells (B lymphocytes), and 10 (¥3)% CDieells
(monocytes/macrophages).

232



Results — PBMCs

4.3.2. Human whole genome microarray analysis

Freshly isolated and characterized human PBMCs osatpof 70 (+12)% CD3cells, 6.0 (+1.0)%
CD19-cells, and 10 (x3)% CDI4cells, were exposed to either TCDD alone (10 nMDIDJ,
TCDD and LPS (10 nM TCDD + 1 pug/mL LPS), or TCDDndamined with PHA (10 nM TCDD +
1.5% PHA) for 24 h, corresponding to control treants (DMSO 0.1%; 1 pg/mL LPS; 1.5% PHA).
Subsequently, mRNA was isolated and checked ongritye (2100 Bioanalyzer, Agilent
Technologies GmbH, Waldbronn, Germany), and twaicahicroarray-based gene expression
analysis was perfomed applying Human GE 4x44K vzrbérray Kits (Agilent Technologies
GmbH, Waghaeusel-Wiesental, Germany) by implememaif dye-swop procedures to reduce
potential artifactual effects due to diverging dyeoperties. Data normalization and statistical
analyses were performed using Bioconductor R paxKagima (Smyth, 2004). Results were
filtered by cutoff values for signal intensity A2’, logarithmic (log2) fold changdalfc | >1, and
p-value < 0.05.

4.3.2.1. Principal component analysis

An initial step examining microarray data was repreed by view on principal component analysis
(PCA). By clustering of information to reduce ddimensionality, a first insight into identification

of general properties of individual samples wasthby this method.
In figure 69 (following page), PCA-results concaignihuman whole genome microarray analysis

and effects of TCDD alone, TCDD + LPS, or TCDD +A°Bin gene expressian vitro in human
PBMCs are presented.
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Figure 69: PCA human whole genome microarray analys (human primary PBMCs, in vitro, 24 h, n = 4).
Examination of RNA from human PBMCs treated with TCDD (light green), TCDD + LPS (red), or TCDD +
PHA (yellow), focusing on treatment groups (left)and individuals (right; green: individual 1 (female, f); pink:
individual 2 (male, m); orange: individual 3 (m), Hue: individual 4 (f)). 3D scatter plot view of dak with respect
to their correlation to the first three principal components (PC1-3).

Presented PCA-results focused on different treatmpeups (left, figure 69) and individuals (right,
figure 69). Among treatment groups (light greernd,rand yellow colored), the clustering of
principal components appeared limited. Treatmerth WiCDD + PHA (yellow) or with TCDD
alone (light green) to lightly lesser extent, stigltontrasted with the treatment TCDD + LPS (red).
Inter-individual differences obviously emerged &farence to the image on the right hand side in
figure 69.

By view on these PCA results, individual 4 (f) diged most significantly from the other
individuals, indicating to represent an explicitlmr. Closer examinations of raw data led to the
conclusion to discard individual 4 from most ofther investigations of the microarray analysis, as
corresponding results differed greatly from induads 1, 2, and 3, even if taking account of
considerable present inter-individual differencegrall. Though a reduction of sample size was
implied by this decision, it was an important ooeenforce from both statistical and biological
point of view, in order to improve relevance ofaatgarding the complete human whole genome

microarray experiment.
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4.3.2.2. Human whole genome microarray analysis —galated genes

Three treatment groups(vitro for 24 h) were investigated by whole genome migeyaanalysis
of human PBMCs: TCDD (10 nM), TCDD+LPS (10 nM TCBDL pg/mL LPS), or TCDD+PHA
(10 nM TCDD + 1.5% PHA). The analysis was prepdedlirect, internal correlation of treatment
on control samples, whereas respective mRNA waairsdd from PBMCs treated with either the
solvent (DMSO 0.1%), or respective stimulus (1 plgltPS, or 1.5% PHA).

As indicated in preceding chapter, considerablerimtdividual differences were revealed by whole
genome investigations. Hence, data was not analghaohlly, as it was carried out regarding
mouse whole genome microarrays. Still, if settidgntical cutoff criteria as for the mouse whole
genome microarray experiment (logarithmic (log2)dfahange |Ifc| > 1, p-value < 0.05;

corrected by false discovery rate (FDR) using tlejBmini-Hochberg method (Benjamini and
Hochberg, 1995), A-mean valze2’), no single gene was affected by two out of threatments,

namely TCDD, as well as TCDD+LPS, for neither upgr down-regulation regarding both
treatments. With respect to treatment of human PBM&h TCDD+PHA, 16 genes were up-, and

three genes were down-regulated within these clea#ls.

In order to gain an insight with respect to pot@n&ndencies of TCDD or TCDD+LPS-treatment-
derived effects on gene expression in human PBMG@s, of the cutoffs was eased. The false
discovery rate (FDR), representing a method fontifieation of false positive hypotheses, was
disregarded to approach to this objective (Benjamuna Hochberg, 1995). The remaining cutoffs
(|tfc | =1, p-value < 0.05, A-mean valze2) were maintained.

235



Results — PBMCs

4.3.2.3. Human whole genome microarray analysis — TCDD

If FDR was disregardedin vitro treatment of human PBMCs with TCDD (10 nM, 24 h)
tendencially led to up-regulation of seven genesl @ down-regulation of twelve genes,

respectively. These genes are listed in table 51.

Table 51: Human whole genome microarray analysis. Upand down-regulated genes in human PBMCs treated
with TCDD (10 nM), in vitro, 24 h, n = 4. Descending order each. Cutoff value& > 27, Ifc> 1, p-value < 0.05.
FDR disregarded.

Gene
lfc Systematic name Gene description Gene name
up
1.798 NM_000499 cytochrome P450, family 1, subfgrajlpolypeptide 1 CYP1A1l
1.585 NM_002981 chemokine (C-C motif) ligand 1 CCL1
1.102 NM_138451 IQ motif containing D IQCD
1.055 NM_025139 armadillo repeat containing 9 ARMC9
1.042 NM_020731 aryl-hydrocarbon receptor repressor AHRR
1.023 NM_004694 solute carrier family 16 member 6 SLC16A6
1.003 NM_000160 glucagon receptor GCGR
down
-2.056 NM_001565 chemokine (C-X-C motif) ligand 10 CXCL10
-1.463 NM_001710 complement factor B CFB
-1.361 ENSTO00000449753 immunoresponsive 1 homatauée) ENST0000044975
-1.347 NM_004244 CD163 molecule CD163
chemokine (C-C motif) ligand 18
-1.344 NM_002988 (pulmonary and activation-regulated) CCL18
-1.241 NR_026875 Neuralized homolog 3 (DrosophitsBuygogene NEURL3
-1.229 NM_058173 mucin-like 1 MUCL1
-1.095/-1.035 NM_000619 interferon gamma IFNG
-1.087/-1.029 NM_006274 chemokine (C-C motif) liga® CCL19
-1.082 NM_001017986 Fc fragment of IgG high affiriv receptor (CD64) FCGR1B
-1.054 NM_006658 chromosome 7 open reading frame 16 C70rfl6
-1.053 NM 005064 chemokine (C-C motif) ligand 23 CCL23

Values b/a from oligo b/oligo a.
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Up-regulated genes by TCDD in PBMCs

Disregarding FDR-cutoff, the most effectively ugrdated gene in PBMCs responding to TCDD-
treatment for 24 h waSYP1AL(NM_000499; Ifc = 1.798). One further AhR-relategresentative
tended to be up-regulated in this reg@&HRR(NM_020731; Ifc = 1.042) (see table 51).

Chemokine (C-C motif) ligand ICCL1, NM_002981; Ifc = 1.585) encodes a cytokine repmnésg

a small glycoprotein, which is secreted by actiglalelymphocytes and possesses chemotactic
properties towards monocytes. CCL1 further bind€48 chemokine receptor 8 (CCR8) (Dimmer
et al, 2012; Miller and Krangel, 1992CCR8(NM_005201) was not affected within this study by

any treatment.

Armadillo repeat containing SARMC9 NM_025139; Ifc = 1.055) is annotated to the daHu
component ‘extracellular vesicular exosome’ (GO@IG2). This component is defined as ‘A
membrane-bounded vesicle that is released inte@xb@cellular region by fusion of the limiting
endosomal membrane of a multivesicular body with pkasma membrane’ (Binret al, 2009).
Exosomes represent small membrane vesicle (50-9thrmdiameter), which are secreted by most
hematopoietic cells (Calst al, 2005).

Another gene, which tended to be up-regulated bipDGn PBMCsin vitro, was solute carrier
family 16 member 63LC16A6 NM_0046994; Ifc = 1.023). The encoded proteinnowarboxylate
transporter 7, catalyzes the rapid transport adtesplasma membrane of many monocarboxylates
such as lactate, pyruvate, branched-chain oxo-aedsed from leucine, valine and isoleucine, and
ketone bodies such as acetoacetate, beta-hydrgxgbeind acetate (Bines al, 2009; Dimmeset

al., 2012).

Besides, glucagon recept@ddCGR NM_000160; Ifc = 1.003) was directed towards ageiation

in TCDD-exposed PBMCs. In general, encoded G-pmoteupled receptor for glucagon plays a
central role in the regulation of blood glucoseelevand glucose homeostasis. It further playse rol
in signaling via a phosphatidylinositol-calcium eed messenger system. Though known to be
expressed on mononuclear blood cells, definitgsdlef the glucagon receptor with respect to these

cells was barely examined (Binasal, 2009; Goldsteiet al, 1975).

237



Results — PBMCs

Down-regulated genes by TCDD in PBMCs

Among down-regulated genes by TCDD-treatment in &nurRBMCs (see table 51), four genes
encoded chemokines: chemokine (C-X-C motif) ligd®d(CXCL1Q NM_001565; Ifc = -2.056),
chemokine (C-C motif) ligand 18CCL18 NM_002988; Ifc = -1.344), chemokine (C-C maoitif)
ligand 19 CCL19 NM_006274, Ifc (max) = -1.087), and chemokine GOmotif) ligand 23
(CCL23 NM_005064; Ifc = -1.053). They are chemotactic Tolymphocytes (CCL10, CCL18,
CCL19, and CCL23), monocytes (CCL10, CCL23), B-lympytes (CCL19), and neutrophils
(CCL23) (Binnset al, 2009; Dimmeeet al, 2012).

Down-regulated complement factor ERB, NM_001710; Ifc = -1.463) is part of the alternate
pathway of the complement system, and has beencabgdl in proliferation and differentiation of
preactivated B-lymphocytes due to inhibitory effecdon the proliferation of preactivated
B lymphocytes (Binngt al, 2009; Dimmeeet al, 2012).

SuppressedD163 (NM_004244; Ifc = -1.347) encodes CD163, whichrespnts a hemoglobin
scavenger receptor expressed in the monocyte-maagepsystem. CD163 is an acute phase-
regulated receptor involved in clearance and endsty of hemoglobin/haptoglobin complexes as
well as in scavenging of components of damaged,calid thus is implicated in protection of
tissues from free hemoglobin-mediated oxidative aigen for instance. The receptor was discussed
to play an anti-inflammatory role correlated witlaenophage activation and response of monocytes
(Binnset al, 2009; Buechleet al, 2000; Moestrup and Mgller, 2004).

IFNG (NM_000619; Ifc (max) = -1.095) also tended todwmsvn-regulated by TCDD-treatment in
PBMCs. IFNy is produced by activated lymphocytes promoting -$pécific immune responses
including response of CTLs, potentially activategcnophages, and further was discussed to bear

antiproliferative effects on transformed cells (Dueret al, 2012; Garbet al, 1990; Jetten, 2009).

The putatively down-regulated Fc fragment of IgGghhiaffinity Ib receptor KCGR1B
NM_001017986; Ifc = -1.082) encodes the proteinhhaffinity immunoglobulin gamma Fc
receptor IB (IgG Fc receptor IB). Binding with lomaffinity to the Fc region of immunoglobulins
gamma, FCGR1B might play an important role in medras by which Fc gamma receptors
participate in the humoral immune response (Betre, 2009; Porgest al, 1992).
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Another potentially down-regulated gene listedahlé 51, chromosome 7 open reading frame 16
(C7orflg NM_006658; Ifc = -1.054), encodes a protein vgénine/threonine protein phosphatase
inhibitor activity (GO:0004865) (Binnst al, 2009; Dimmeeet al, 2012).

Down-regulated mucin-like IMUCL1, NM_058173; Ifc = 1.229) is annotated to the byotal

process ‘O-glycan processing’ (G0O:0016266), anelsted to ‘O-linked glycosylation of mucins’
(REACT_115606) (Binnst al, 2009; Dimmeet al, 2012).
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4.3.2.4. Human whole genome microarray analysis — TCDDPS

Disregarding FDRin vitro treatment of human PBMCs with TCDD (10 nM) comioirveith LPS

(1 pg/mL) resulted in three genes tendentially egutated and 15 genes tending to be inhibited

after 24 h. In table 52, respective genes are ptede

Table 52: Human whole genome microarray analysis. Upand down-regulated genes in human PBMCs treated
with TCDD (10 nM) + LPS (1 pg/mL),in vitro, 24 h, n = 3. Descending order each. Cutoff value& > 27, Ifc> 1,
p-value < 0.05. FDR disregarded.

TCDD

+ LPS
Ifc

up
1.671

1.07

1.059

down
-1.576

-1.498
-1.434
-1.397
-1.378

-1.362
-1.314
-1.279/-1.105
-1.173

-1.167

-1.152

-1.14

-1.131- (-1.002)
-1.075

-1.06

Gene
systematic name

NM_000499
NM_015508
NM_003246

NM_007286
ENST00000
449753

NM_001565
NM_005623
NM_138456

NM_002988
NM_001710
NM_006274
NM_058173
NR_026875
NM_014398
NM_005064
NM_001040058
NM_001017986
NM_004244

Gene description

cytochrome P450, family 1, subfgrajlpolypeptide 1

TCDD-inducible poly(ADP-ribose) paigrase

thrombospondin 1

synaptopodin

immunoresponsive 1 homolog (mouse)
chemokine (C-X-C motif) ligand 10
chemokine (C-C motif) ligand 8

basic leucine zipper transcripfamtor ATF-like 2
chemokine (C-C motif) ligand 18
(pulmonary and activation-regulated)

complement factor B

chemokine (C-C motif) ligak®
mucin-like 1

neuralized homolog 3 (DrosophitEudogene
lysosomal-associated membraneipr8t
chemokine (C-C motif) ligand 23

secreted phosphoiprdte

Fc fragment of IgG high affiiiv receptor (CD64)

CD163 molecule

Gene name

CYP1Al1l
TIPARP
THBS1

SYNPO

ENST0000044975
CXCL10

CCLS8

BATF2

CCL18
CFB
CCL19
MUCL1
NEURLS3
LAMP3
CCL23
SPP1
FCGR1B
CD163

Values b/a from oligo b/oligo a; values a-n: vataege of more than two (n) oligos.
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Up-regulated genes by TCDD+LPS in PBMCs

Two of three up-regulated genes in human PBMCgddeaith TCDD (10 nM) + LPS (1 png/mL)
represented AhR-responsive targ€i¥P1A1 andTIPARP(table 52).

The third gene, which was tended to be up-regulaaémhg with this experiment, was
thrombospondin 1THBS1 NM_003246; Ifc = 1.059). The protein TSP-1 représ an inhibitor of
angiogenesis, which is able to limit vessel densitpormal tissues and to reduce tumor growth.
This process, as well as related TSP-1-inducedtapigpin endothelial cells, was suggested to be
dependent on CD36 (Dawsen al, 1997; Jiméneet al, 2000). TSP-1 can further be involved in
the activation of latent TGB; and is induced at sites of tissue damage, where-occurs with
endoplasmatic reticulum (ER) stress response. TAGP-1 was reported to augment and protect
ER function, by which protein production and resioln of misfolded proteins is regulated in case
of ER stress response (Lynehal, 2012; Murphy-Ullrich and Poczatek, 2000).

SynaptopodinQYNPQ NM_007286; Ifc = -1.576) tended to be most effesdy down-regulated by
TCDD+LPS-treatment in human PBMCs. Encoded, acdBoeiated protein may play a role in
modulating actin-based shape and motility of dditdspines and is involved in synaptic plasticity
(Binns et al, 2009; Dimmeret al, 2012). Further, SYNPO recently was shown to @essed in
endothelial cells in response to laminar shearsstrand to participate in the mediation of

accompanied wound healing process (Mual, 2014).

Down-regulated genes by TCDD+LPS in PBMCs

Regarding potentially down-regulated genes by TCDBS-treatment (see table 52), several genes
encoding chemokines appeared. Besides those medtiafth respect to down-regulation by
TCDD-treatment alreadyCXCL1Q CCL18 CCL19 and CCL23, CCL8 (NM_005623; Ifc = -
1.397) occurred additionally in this regard. Enambdeonocyte chemotactic protein 2 (MCP-2)
attracts monocytes, lymphocytes, basophils andnepbils (Binnset al, 2009; Dimmeret al,
2012).

The protein encoding down-regulated basic leucippez transcription factor ATF-like BATF2
NM_138456; Ifc = -1.378) represents an activatimgtgin-1 (AP-1) family transcription factor,
which participates in the control of differentiatiof immune cells, and is an important regulator of

gene expression in leukocytes (Foledtaal, 1998). BATF2 is inducible by type | interferon,
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whereas down-regulated expression was found to dsocated with a poor prognosis in

hepatocellular carcinoma (Dimmet al, 2012; Maet al, 2011).

Further implicated with type | immunity was the fim osteopontin, which is encoded by the
down-regulated secreted phosphoprotein SPH1 NM_001040058; Ifc (max) = -1.131).
Osteopontin, which appears to be essential in #tbway leading to type | immunity, acts as a
cytokine and participates in the enhanced prodoafdFN-y and IL-12, as well as in the reduction
of IL-10 production (Binn®t al, 2009; Dimmeset al, 2012).

Lysosomal-associated membrane proteib AMP3 NM_014398; Ifc = -1.152), which was down-
regulated in the course of the study in hand by DEDPS-treatmenin vitro in PBMCs, was found
to progressively be induced during DC-differentiation protein level, as well as upon activation
with LPS, or TNFe. It was suggested that LAMP3 might impact lysosdometion after transfer of
peptide-MHC class Il molecules to the surface ofsODe Saint-Viset al, 1998). LAMP3 was
further reported to be expressed in B lymphocyteprotein level (Ducheet al, 2011).

The remaining gene€fFN, MUCL1, FCGR1B andCD163 were also implemented with respect to
potential down-regulating effects on gene expresby TCDD-treatment of PBMCs (see table 51
and corresponding text below).

4.3.2.5. Human whole genome microarray analysis — TCDPHA

With respect to treatment of human PBMCs with TCIPBHA, 16 genes were up-, and three genes
were down-regulated in due consideration of FDRic&iregarding the incubations with TCDD
alone as well as the combined incubation with TCDPS, cutoffs were chosen less stringent with

respect to disregarding FDR, this examination Wses applied regarding TCDD+PHA-treatment.
Hence, 32 up-regulated and twelve down-regulategevere obtained. Respective gene-list with

potentially up-regulated genes is shown in table\VEBues, which accomplished the more stringent

FDR-cutoff, were marked within the table.
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Table 53: Human whole genome microarray analysis. 3Bp-regulated genes in human PBMCs treated with
TCDD (10 nM) + PHA (1.5%) in vitro, 24 h, n = 3. Descending order. Cutoff values: & 27, Ifc > 1,
p-value < 0.05. *: In due consideration of FDR.

TCDD
+ PHA Gene
fc Systematic name Gene description Gene name
up

2.599 NM_000499 cytochrome P450, family 1, subfsrajlpolypeptide 1 CYP1A1*
2.342-1.259 NM_003246 thrombospondin 1 THBS1
2.225 NM_002522 neuronal pentraxin | NPTX1*
2.084 NM_020731 aryl-hydrocarbon receptor repressor AHRR*
1.936 NM_000361 thrombomodulin THBD
1.846 NM_000784 cytochrome P450, family 27, subfaiai polypeptide 1 CYP27A1*
1.734 NM_016150 ankyrin repeat and SOCS box comgiRi ASB2*

1.64 NM_015508 TCDD-inducible poly(ADP-ribose) polgrase TIPARP*
1.608-1.036 NM_000222 v-kit Hardy-Zuckerman 4 felgarcoma viral oncogene homolog KIT*
1.574-1.561 NM_000104 cytochrome P450, family bfamily b, polypeptide 1 CYP1B1*
1.55 NM_002775 HtrA serine peptidase 1 HTRA1

1.537 NM_001432 epiregulin EREG
1.477 NM_003485 G protein-coupled receptor 68 GPR68*
1.454 NM_138375 Cdk5 and Abl enzyme substrate 1 CABLES1*
1.431-1.384 NM_004994 matrix metallopeptidase %afgease B) MMP9
1.358-1.307 NM_002982 chemokine (C-C motif) ligand 2 CCL2
1.318 NM_176798 pyrimidinergic receptor P2Y P2RYG6*
1.298 NM_138356 Src homology 2 domain containing F SHF*
1.273 NM_016205 platelet derived growth factor C PDGFC
1.233 NM_002575 serpin peptidase inhibitor SERPINB2*
1.188-1.172 NM_001185156 interleukin 24 IL24
1.16 NM_130848 chromosome 5 open reading frame 20 C5orf20

1.159 NM_005767 lysophosphatidic acid receptor 6 LPARG6
1.154 NM_138788 transmembrane protein 45B TMEMA45B
1.139 NM_013451 myoferlin MYOF*

regulator of chromosome condensation (RCC1) and BTB JPOZ

1.129 NM_001268 domain containing protein 2 RCBTB2*
1.118 NM_023037 furry homolog FRY
1.082 NM_012282 KCNE1-like KCNE1L

1.06 NM_033120 naked cuticle homolog 2 NKD2*
1.04 NM_014331 solute carrier family 7 member 11 SLC7A11

1.027 NM_002993 chemokine (C-X-C motif) ligand 6 CXCL6
1.022 NM_080747 keratin 72 KRT72

Values a-n: value range of more than two (n) oligos
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Up-regulated genes by TCDD+PHA in PBMCs

Four members of a proposed AhR-gene batterie, dimduCYP1AL1(NM_000499; Ifc = 2.599),
AHRR(NM_020731; Ifc = 2.084)TIPARP(NM_015508; Ifc = 1.64), an@YP1B1(NM_000104;

Ifc (max) = 1.574), were up-regulated genes byttneat of PBMCs with TCDD+PHA (24 h), and
even were within the FDR-cutoff (table 53).

A further up-regulated gene related to responseeobiotics wasCYP27A1 (NM_000784;

Ifc = 1.846), as the encoded protein was annotateéde biological process ‘xenobiotic metabolic
process’ (GO:0006805). CYP27A1 catalyzes the $itsp in the oxidation of the side chain in sterol
intermediates, and possesses cholestanetriol 2@arggenase-, cholesterol 26-, and calcidiol 25-

hydroxylase activity (Binnst al, 2009; Dimmeeet al, 2012).

In addition toCYP1A1 AHRR TIPARR and to one gene, which as well was probably gpleged
by TCDD+LPS THBS1 NM_003246; Ifc (max) = 2.342), the genes occugyiimtable 53 were not
affected in response to the other investigated PBM&ments.

Among these genes, two chemokines were pre€#it2 (NM_002982; Ifc (max) = 1.358), and
CXL6 (NM_002993; Ifc = 1.027). Encoded chemokines attraonocytes and basophileéSGL2),
or neutrophil granulocyte<CXL6). Besides, the latter possesses antibacterialitgctigainst gram-

positive and negative bacteria.

The up-regulated genes are implicated in severdl diwerging processes. Ubiquitination and
subsequent proteasomal degradation of target psotepresents a mechanism correlated with
ankyrin repeat and SOCS box containingABB2 NM_016150; Ifc = 1.734), and naked cuticle
homolog 2 NKD2, NM_033120; Ifc = 1.06). The latter was reportedbe an inducible Wrfi#
catenin signaling pathway antagonist. V@rtAtenin signals are crucial in development and
neoplasia, and aberrant activation of the pathvgagfien correlated with overexpression of the
c-myc oncogene. Respective processes include pAdailenin promoted proliferation of cells as
well as c-Myc induced apoptosis (Binetsal, 2009; Dimmetet al, 2012; Youet al, 2002; Zenget

al., 2000; Zhanget al, 2012).

Further genes up-regulated by TCDD+PHA-treatmdated to apoptotic processes were Cdk5 and
Abl enzyme substrate ICABLES]1 NM_138375; Ifc = 1.454), Neuronal pentraxin NRTX1,
NM_002522; Ifc = 2.225), and serpin peptidase inbib(SERPINB2 NM_002575; Ifc = 1.233).
Serpin 2 represents a major product of macrophagessponse to endotoxin and inflammatory
cytokines, which is able to inhibit TNé4nduced apoptosis (Binret al, 2009; Dickinsoret al,
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1995; Dimmetet al, 2012).NPTX1further is annotated to the biological processdiutar response
to glucose stimulus’ (GO:0071333).

Glucose metabolism constitutes a regulated praocdymphocytes affecting immune cell function
and survival, and is required to maintain immunenbostasis. Beyond, pyrimidinergic receptor
P2Y (P2RY6 NM_176798; Ifc = 1.318) which was up-regulated RBMCs subsequent to
TCDD+PHA-treatment, is a gene encoding a recemiprektracellular UDP, UTP, and ATP. Its
activity is mediated by G-proteins which activatephosphatidyinositol (PI)-calcium second
messenger system.

A biological process, to whicR2RY6hence is annotated is ‘phospholipase C-activaBrgotein
coupled receptor signaling pathway’ (GO:000720Q)teRtially, if a growth factor or cytokine
binds to its receptor on a T cell’s surface, phasiglyinositol-3 kinase (PI-3K) is activated. Thus,
Pl is converted to PI 3,4,5-triphosphate (PIP3hseguently recruiting Akt to the cell’'s surface.
There it becomes activated and in turn up-regul@e8T-1 expression, glucose uptake, and

glycolysis (Binnset al, 2009; Communet al, 1996; Dimmeeet al, 2012; Maclveet al, 2008).

Among further potentially up-regulated genes by DB3PHA in PBMCs, several were of
diverging function. Serine protease HTRAL, whicherscoded by potentially up-regulated HtrA
serine peptidase HTRAL NM_002775; Ifc = 1.55), is involved in the regiida of insulin-like
growth factors (IGFs) by cleaving IGF-binding priote

Implicated in the stimulation of localized cell pferation and angiogenesis is epiregulEREG
NM_001432, Ifc = 1.537), as the encoded proteinraggnts a ligand of the EGF receptor
(Komurasakiet al, 1997).

MMP-9, which is encoded by matrix metallopeptid@s@®MP9, NM_004994; Ifc (max) = 1.431),
was proposed to play a role in leukocyte migratmm in local proteolysis of the extracellular
matrix (Tscheschet al, 1992).

Platelet derived growth factor ®DGFC, NM_016205; Ifc = 1.273), which encodes PDGF-C is
involved in wound healing in terms of inflammatigurpliferation, and remodeling, as well as in
fibrotic diseases. PDGF-C was further reportedaxtigpate in induction of liver fibrosis, steatesi
and hepatocellular carcinoma (Campleglal, 2005).

A cysteine/glutamate receptor is encoded by sotamier family 7 member 11S(CC7All
NM_014331; Ifc = 1.04). Interestingly, the gene veasotated to the biological process ‘response
to toxic substance’ (GO:0009636). The annotatios dae to findings by Flacét al. (2007). The
authors found up-regulatédC7A11mRNA-levels in acute cholera patients (Flathal, 2007).
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Thrombomodulin is a specific endothelial cell retoep which is involved in coagulation
mechanisms by reducing the amount of thrombin gaedrTHBD, NM_000361; Ifc = 1.936)
(Binnset al, 2009; Dimmeet al, 2012).

The twelve putatively down-regulated genes in PBM@sr treatment with TCDD+PHA, setting
less stringent cutoffs (FDR disregarded), is presskm table 54. Values, which accomplished the
more stringent FDR-cutoff, were marked within thblé.

Table 54: Human whole genome microarray analysis. Tvee down-regulated genes in human PBMCs treated
with TCDD (10 nM) + PHA (1.5%) in vitro, 24 h. Descending order. Cutoff values: & 27, Ifc> 1, p-value < 0.05.
*: In due consideration of FDR.

TCDD Gene
+ PHA systematic
lic Name Gene description Gene name
down
-1.61- (-1.544) NM_000619 interferon gamma IFNG
-1.285- (-1.088) NM_001955 endothelin 1 EDN1
-1.258 NM_005064 chemokine (C-C motif) ligand 23 CCL23
-1.21 NM_001955 endothelin 1 EDN1
-1.198 NM_024021 membrane-spanning 4-domains sulyfdomember 4 MS4A4A*
-1.155 NM_006658 chromosome 7 open reading frame 16 C70rfl6
-1.152 NM_001775 CD38 molecule CD38
-1.148 NM_001710 complement factor B CFB*
-1.042 NM_017414 ubiquitin specific peptidase 18 USP18
-1.023 NM_058173 mucin-like 1 MUCL1*
chemokine (C-C motif) ligand 18
-1.012 NM_002988 (pulmonary and activation-regulated) CCL18
-1.004 NM_006274 chemokine (C-C motif) ligand 19 CCL19

Values a-n: value range of more than two (n) oligos

Down-regulated genes by TCDD+PHA in PBMCs

Within the table of down-regulated genes by TCDDAP¥eatment in PBMCs (table 54), several
were also down-regulated by TCDD alone (see talilp B-NG, CCL18 CCL19 CFB, and
MUCLY, and by TCDD+LPS-treatment (see table 52) witpeesto the chemokines.
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A further down-regulated gene by TCDD+PHA-treatm&at Endothelin-1EDN-1, NM_001955;

Ifc (max) = -1.285), which was annotated to biotagiprocesses ‘protein kinase C deactivation’

(G0:0042313), and ‘nitric oxide transport’ (GO:0088). In this regard, elevated endothelin-1

levels were correlated with impaired nitric oxidenfreostasis through a PKC-dependent pathway
(Ramzyet al, 2006).

The protein encoding chromosome 7 open readingefrahC7orf16 NM_006658; Ifc = -1.155)
potentially inhibits phosphatase activities of pintphosphatase 1 (PP1) and protein phosphatase
2A (PP2A) complexes.

CD38 (CD38 NM_001775; Ifc = -1.152) is implicated in the #yesis of second messengers
(cyclic ADP-ribose and nicotinate-adenine dinudid®tphosphate) involved in glucose-induced
insulin secretion. Further, CD38 was annotatech&Mtiological process ‘positive regulation of B
cell proliferation’ (GO:0030890) since its divergirexpression in B cell chronic lymphocytic
leukemia was discussed in terms of involvemeneihproliferation (Joshet al, 2007).

Ubiquitin specific peptidase 18)6P18 NM_017414; Ifc = -1.042) is implicated in maimntaig
balance of specialized proteins. The encoded Uibloagl-terminal hydrolase 18 is involved in the
hydrolysis of ester-, thioester-, amide-, and mEptbonds formed by the C-terminal Gly of
ubiquitin (Binnset al, 2009; Dimmeet al, 2012).

The protein encoded WYS4A4A(CD20 antigen-like IMS4A4A NM_024021; Ifc = -1.198) is an
integral membrane-component, which might be invlwvesignal transduction as a component of a
multimeric receptor complexMS4A4A belongs to theMS4A gene family, of whichMS4A1
(NM_152866) encodes the B lymphocyte antigen CR@ich is indicated to be involved in the
regulation of B cell activation and proliferatioBiins et al, 2009; Dimmeret al, 2012).MS4A1
itself was not regulated by any investigated tregitihof human PBMCs in this study, whereas other
members of this gene family (27 probes presentroay sslides in total) were enormously below
cutoff-level for signal-intensity:MS4A6A (NM_152852; lfc = -1.069, A = %9, MS4A8B
(NM_031457; Ifc = -1.018, A =%, andMS4A10(NM_206893; lfc = -1.069, 9, regarding
TCDD+PHA-treatment, anMS4A2(NM_000139; lfc = -1.386, A =*%Y, MS4A3(NM_006138;

Ifc = -1.447, A = 2°9, MS4A6A(NM_152852; Ifc = 1.885, A =79, MS4A13(NM_001012417;

lfc = -1.395, A = 3%, with respect to TCDD+LPS-treatment.
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4.3.2.6. Human whole genome microarray analysis -atget’ & several genes

In a further step, human whole genome microarrag deas analyzed in terms of probale TCDD-
mediated impact on transcription of eight ‘potehtiahR-target genes GYP1Al CYP1A2
CYP1B1 AHRR TIPARP, ALDH3A1, CD36 andHSD17B2, and of several cytokine$Le, 1L4,
IL5, IL6, IL10, IL12, IL13, IL17A, IL17F, IL18, 1L21, 1L22, IL23, IFNG), and of the transcription
factor FOoxP3 FOXP3 with specific roles in T cell lineage specifiaati(reviewed in Jetten, 2009).
Further examined was the expressionTdlO2 IDO1, IDO2, and TDO degradetryptophan to
L-kynurenine and were proposed to be correlated Wity differentiation and with AhR-dependent
antitumor immune responses (Nguydral, 2010; Mezrictet al, 2010; Opitzt al, 2011).

To approach to this objective, three different edasations of human whole genome microarray
data were focused:

Firstly, presented data for n = 3 (individuals la@d 3) was further investigated with view of &es
genes. This data gives information on differentialegulated genes in response to the tree
implemented treatments: TCDD, TCDD+LPS, and TCDDAPH

Secondly, each individual (individuals 1-4) wasaeetpd separately.

The third examination combined gender-specific ltssa gain a female vs. male consideration.

Due to the limited volume of data, both the induattspecific and the female vs. male-

consideration were only realizable by consolidawbrihe three treatment groups. With respect to
these three considerations, the cutoff was easked.fdlse discovery rate (FDR), representing a
method for identification of false positive hypaotles, was disregarded (Benjamini and Hochberg,

1995). Principally, the remaining cutoffs were gdfc | > 1, p-value < 0.05, A-mean valae?’.

The data is presented in table 55. In case a \aoemplished more stringent cutoff(s), or if a ealu

was below the Ifc-cutoff or the A-mean-value cuttiie value was marked accordingly.
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Table 55: Human whole genome microarray analysis. Ipact of TCDD on eight ‘potential’ target genes, andn
genes implicated in T cell lineage specification. Batment groups: TCDD (10 nM); TCDD+LPS (1 pg/mL), and
TCDD+PHA (1.5%). Considerations: Individuals (i1-i4; treatment groups consolidated), female (f) vs. mal(m)
(treatment groups consolidated), and n = 3 (i1-3PBMCs in vitro, 24 h; up-(}), and down-regulation () of genes.
Cutoff values: A> 27, |Ifc | > 1, p-value < 0.05. FDR disregarded; *: in due coideration of FDR. Values in

brackets: below A-mean value cutoff, and/or Ifc-cubff (new cutoff | Ifc | > 0.585; 1.5-fold).

Individuals Female vs. male n=3
i1 i2(m) f m TCDD

,Target’ Genes
CYP1A1 T T T i T T* T i ™
CYP1A2 ™M Q)
CYP1B1 ) ) (1) Q) M T (1) ) T
AHRR 1 ) 1 ) 1 ) 1 ) T
TIPARP 1 ) 1 Q) T T Q) 1 ™
ALDH3A1 () ) Q)
CD36 M d) (1)
HSD1782 IO IO IO IO RO N O RO IO IO IO R O RO
Genes implicated in T cell lineage specification
IL2 () () ) Md) () () ) md) ()
IL4 () () ()
IL5 M) (1)
IL6 d) )
IL12 Md) () ™M ()
IL17A ()
IL18 () () () () () () () () ()
IL21 ) () 1)
IL23 W) ) (@)
IFNG ) () (1) (1) ! ! ! (1) !
FOXP3 ()
TDO2 @) () (6] ©) ©) @) @)

As shown in table 55, one TCDD-responsive geneuimdan PBMCs was discovered obviously,
constantly, and for each individual, namé&yP1A1 Inter-individual variations were as follows:
Ifc (i1) = 2.105, Ifc (i2) = 2.107, Ifc (i3) = 1.85 and lfc (i4) = 1.027. Apart from thafYP1B1
AHRR andTIPARPwere as well clearly induced by TCDD with divergispecifity and statistical

significance, dependent on the individual or treaitn Response with respect @YP1A2was
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minor and of low statistical relevance. TCDD-meediheffects oALDH3AL CD36 andHSD17B2

were low and undirected.

Regarding the female vs. male consideration, thie-gg@up on the most part was more responsive
compared to the female-group with respect to akkstigated genes except ®DH3AY, IL12, and
IL23. This was very likely most prominently due to efiein PBMCs from individual 4 (f). As
indicated before, this individual differed from tl¢hers to the greatest extent regarding TCDD-
dependent effects on gene expression in PBMCs.dRespwith respect to ‘potential’ AhR-target
genes generally was weaker compared to the otbefdoals, whereas regarding genes implicated
in T cell lineage specification, cells from indivial 4 slightly tended to be affected to greater

extent.

Impact of TCDD on transcription of genes involvedT cell lineage specification overall was
limited and was accompanied by moderate inter-iddad differences. Most prominently, and
throughout the whole investigation presented ihet&,IFNG was down-regulated by treatment of
human PBMCs with TCDD. Furthel.18, which encodes the formerly termed ‘IRNinducing

factor’, was also down-regulated by tendency.

TCDD’s impact onlL12-transcription appeared not clearly directional amds supposedly
dependent on the treatment: The interleukin temalgntwas up-regulated after TCDD+LPS-
treatment, and down-regulated subsequent to TCDR+iRElubation.

Regarding TCDD’s proposed impact on further intgklas, IL2 was lightly but not distinctly
directed to down-regulation. Slight indications fdown-regulation by TCDD were given with
respect tolL4, IL6, IL17A, IL21, and IL23. IL5 tended to be up-regulated by TCDD. Gene
expression oFOXP3encoding the transcription factor FoxP3 tendedeaown-regulated only in
TCDD-treated PBMCs from individual 4.

Little evidence of a TCDD-mediated dysregulatindeeff on expression oifDO2 which was

directing towards up-, or down-regulation dependenthe individual and on treatment, was given.

Probable effects on transcription of further geimaglicated in T cell lineage specificatiotL{A,
IL1B, IL10, IL13, IL17F, IL22, TGFB1, TNF, STAT3 STAT4 STATS STAT6 TBX21, GATA3
RORA andRORQ were as well investigated. These genes wereiffetehtially regulated by any
treatment, in PBMCs of any individual, or in view the female vs. male consideration,

respectively.
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4.3.2.7. Human whole genome microarray analysis —sunary

According to characterization by flow cytometry,nman PBMC-suspensions contained 70 (£12)%
CD3"-cells (T lymphocytes), 6.0 (+1.0)% CD%6ells (B lymphocytes), and 10 (+3)% CDieells
(monocytes/macrophages). These cells were treatedl@DD (10 nM), TCDD and LPS (10 nM
TCDD + 1 pg/mL LPS), or TCDD combined with PHA (bh® TCDD + 1.5% PHA) for 24 h.
Corresponding control-treatments were DMSO (0.1E8S (1 pg/mL LPS), or PHA (1.5%), to

which respective TCDD-treatment was correlated.

Inter-individual differences

Viewing whole genome microarray data obtained ®atment of freshly isolated PBMCs with
either TCDD alone, together with LPS, or togethéhWwHA, the results in total were very limited.
Results varied markedly among the four investigateldsiduals (2 f, 2 m), leading to low clusters
of accordant effects between the individuals. lis tiegard, impact induced by individual 4 (f)
differed to the greatest extent from the three roitdividuals, which was further evident in view of
the individual-specific, as well as the female wsle consideration used for closer examination of
TCDD'’s impact on several specific genes.

Efficacies regarding differential regulation of teatial’ AhR-target genes were constantly lowered
compared to those in other individuals, whereasengenes involved in T cell lineage specification
tended to be down-regulated in PBMCs from individuiaThus, corresponding data was excluded
from most of further investigations to lightly imase correlance between the individuals and to

yield statistically more reliable data.

Samples from male vs. samples from female individig

The male-group on the most part was more resporsingared to the female-group with respect
to all investigated genes except fALDH3AL IL12, and IL23. This was very likely most
prominently due to effects in PBMCs from individu&l(f). As indicated before, this individual
differed from the others to the greatest extentamgigg TCDD-dependent effects on gene
expression in PBMCs. Response with respect to rieté AhR-target genes generally was weaker
compared to the other individuals, whereas reggrdyenes implicated in T cell lineage
specification, cells from individual 4 slightly téed to be more affected
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Numbers of genes affected by TCDD and AhR-dependegenes

Setting cutoff-values as they were applied in mowkele genome microarray analysis A2,
logarithmic (log2) fold changélfc | > 1, and p-value < 0.05; in due consideration of FORly
regarding one of three treatments, namely the TOEHDA-treatment, a small amount of genes was
obtained to be significantly differentially reguddt (16 3]). Hence, one of the cutoffs was
loosened in order to gain an insight with respeqbdtential tendencies of TCDD or TCDD+LPS-
treatment-derived effects on gene expression inadmRPBMCs. The false discovery rate (FDR),
which represents a method for identification ofséalpositive hypotheses, was disregarded to

approach to this objective (Benjamini and Hochb&B§5).

By ease of this cutoff, a few genes were founddiemtially be differentially regulated in response
to the treatments with TCDD alonef(722|), as well as regarding combined treatment with
TCDD+LPS (3 15]). The number of genes affected by TCDD+PHA-treatmmcreased
(321 12]) due to this consideration. For the treatments WIEDD alone, down-regulating effects
prevailed, whereas a reversed situation was obddovehe treatment TCDD+PHA.

Among affected gene§YP1Alwas up-regulated for all three treatments. Ashierimembers of
the AhR gene battery,IPARP occurred in the list of up-regulated genes regardiCDD+LPS-
treatment, wherea®AHRR was up-regulated by TCDD alone in human PBMCs. ariéigg
incubation with TCDD+PHA, botiAHRR and TIPARP were induced. Furthe€CYP1Blwas up-
regulated with respect to TCDD+PHA-treatment.

TCDD'’s potential impact on genes involved in immuneesponse
Search of potentially relevant genes with respea better understanding of TCDD’s mode(s) of
action on cells of the immune system proved to ifigcdlt due to small amounts of relatively

diverging genes affected.

- TCDD

Taking view on unstimulated PBMCs treated with TCDDRNA of one chemokine was up-
regulated CCL1), and four (XCL1Q CCL18 CCL19 and CCL23 were down-regulated. By
tendency, chemotaxis might be affected directedntobition with respect to T lymphocytes
(CXCL1Q CCL18 CCL19 andCCL23, B lymphocytes CCL19, and neutrophilsGCL23. With
respect to chemotactic properties towards monogcytegs both enhancingCCL1) as well as
inhibiting effects were givenXCL1Q CCL23. Further paths of potentially inhibited immune
responses by TCDD included Thl-specific immune oasps and response of CTUENG),
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humoral immune response@GR1B, and macrophage activation as well as responseabcytes
(CD163. One up-regulated gene might indicate a role &DD on signaling via a
phosphatidylinositol-calcium second messenger sy§&CGR.

- TCDD+LPS

Regarding stimulation of PBMCs with LPS and conentrincubation with TCDD, the majority of
differentially regulated genes was down-regulatedt of 15 down-regulated genes, five encoded
chemokines. Besides the four chemokines as welbibeld by TCDD alone (RCL1Q CCL18
CCL19 andCCL23, CCL8was down-regulated. Altogether, down-regulatiothelse chemokines
might indicate inhibited chemotactic properties aogs T lymphocytesQCL8 CXCL1Q CCL1§
CCL19 andCCL23, B lymphocytes CCL19, monocytes CCL8 CCL23, neutrophils CCL23,

as well as basophils and eosinophT(8). Besides, possibly inhibited immune reactions ttue
TCDD-treatment might be type | immunitysPP2), humoral immune respons€GGR1B, and

macrophage activation as well as response of moes¢yD163.

- TCDD+PHA

Regarding PHA-stimulated PBMCs, several differdiytisegulated genes indicated an impact of
TCDD on apoptosisGABLES] NPTX1 SERPINB2 andNKD2). NKD2 represents an inducible
Whnt/B-catenin signaling pathway antagonist, which migiggest a role of TCDD with respect to
c-mycexpressionC-myecitself was not regulated along with the PBMC méaray experiment.

Of chemokines regulated by TCDD+PHA-treatment imhan PBMCs, two were up-regulated,
which might indicate an augmented chemotaxis towvandnocytes and basophileésdL2), and
neutrophil granulocytesX(XL6).

The down-regulated chemokines on the other hantéditirecting inhibited chemotactic properties
towards T lymphocytesQCL18 CCL19 and CCL23, B lymphocytes CCL19, as well as
monocytes and neutrophil€CL23. Further impact indicated TCDD-mediated inhibjtaffects
on Thl-specific immune responses and response b QFNG), and on the regulation of B cell
activation and proliferationMS4A4A CD38). Implicated in altered glucose-dependent immune
homeostasis wer&lPTX1] HTRAL1 and CD38 whereas up-regulateB2RY6 might reflect an

involvement in a phosphatidyinositol-calcium secomessenger system.
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TCDD'’s effect on ‘potential’ AhR-target genes in PBACs

Reflecting the eight ‘potential’ AhR-target genesvastigated along with the whole genome
micorarray experiment using human PBMC¥/P1Alproved to be constantly, although varying
with respect to efficacy of induction, up-regulatédy TCDD for all treatments (TCDD;
TCDD+LPS; TCDD+PHA) and every individual. As welearly induced by TCDD wer€YP1B1
AHRR and TIPARRP From statistic point of view, highest relevanceswattributed to the
TCDD+PHA-treatment, followed by TCDD alone fé&xHRR and the TCDD+LPS-treatment
regardingTIPARP. Whereas TCDD-mediated impact 6YP1A2expression was minor, its effects
onALDH3A1, CD36 andHSD17B2wvere low and undirected.

TCDD'’s potential impact on genes involved in T celineage specification

Accompanied by inter-individual differences, tramgtion of genes involved in T cell lineage
specification was limitedly impacted by TCDD in hamPBMCs. A bunch of involved genes
(IL1A, IL1B, IL10, IL13, IL17F, 1L22, TGFBL TNF, STAT3 STAT4 STATS STAT6 TBX2]
GATA3 RORA andRORQ was not regulated by any TCDD-treatment or in iswayvidual.

Distinct down-regulation ofFNG in response to every TCDD-treatment, as well addacies to
lightly suppressed transcription @f18 was observed. With respect th2, andIL12, inter-
individual and/or ‘inter-treatment’ differences weobtained concerning direction of differential
regulation. In generallL.2 tended to be down-regulated by TCDD, whereas wadpect to the
TCDD+LPS-treatment, as well es regarding individdaff), different probes on the microarray
slides provided evidence for both up-, and downulatgon ofIL2. Similarly, IL12 tendentially was
down-regulated by treatment of PBMCs with TCDD+PH#d within the female-group, but was
up-regulated by TCDD+LPS-treatment and showed bipiand down-regulating effects in cells
from individual 4. With generally low impact andasistical significance|L4, IL6, IL17A, 1L21,
IL23, and FOXP3tended to be down-regulated by TCDD. TranscripbL5, and TDO2 was
slightly directed towards up-regulation, though fastevery individual with respect to the lattan. |
total, TCDD’s impact on transcription of genes innfan PBMCs involved in T cell lineage

specification was minor and of statistical low sigance.

Overall, the human whole genome microarray expeartnmevestigating effects of TCDD with and
without stimuli gave an insight into probable impat the congener towards immune cells. Still,
due to the intricate situation regarding statistesl generally few effects and as well as with

respect to inter-individual differences, referredults needed to be considered critically.
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4.3.3. Quantitative real-time PCR — human PBMCs

Eight ‘potential AhR-target genes were chosen liie ttourse of SYSTEQ projec€CYP1Al
CYP1A2 CYP1B1 AHRR TIPARR ALDH3AL CD36 andHSD17B2 In addition to the global
investigations of TCDD on gene expression in freséblated human PBMCs by means of whole
genome microarray analysis, these target genesexarained by gRT-PCR.

As used for microarray analysis, treatments (2dfhterest were TCDD (10 nM), TCDD (10 nM)
+ LPS (1 pg/mL), or TCDD (10 nM) + PHA (1.5%) aslmas accordant controls; DMSO (0.1%),
LPS (1 pg/mL), or PHA (1.5%). Samples of all fondividuals, two of them female and two of
them male, were implemented and respective readte presented individually to study potential
inter-individual differences. In accordance withsebvations obtained by microarray analysis,

individual 4 (f) was excluded from statistical irstigations.

4.3.3.1. QRT-PCR human PBMCs €YP1A1l

As well-investigated AhR-target gen@YP1Alwas analyzed in cDNA-samples of PBMCs, which
were treated with either TCDD alone, with TCDD+LR#,with TCDD+PHA. Measurement of
ACTB as housekeeping gene was implemented. QRT-PCRsrashtained by measurement of

respective cDNA-samples regardi@y P1Alare presented in figure 70.
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Figure 70: QRT-PCR (CYP1A1) human PBMCs. Cells treated with TCDD (10 nM), TCD + LPS (1 pug/mL), or
TCDD + PHA (1.5%) for 24 h. Abscissa: Treatment; ordnate: Fold induction (referred to ACTB mRNA-levels).
Results from four individuals (indiv.; see legend).Two-tailed unpaired t-test (control vs. treatment goup).
Female, f; male, m. *: p-value < 0.05, ***; p-value< 0.001.
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Principally, CYP1Alwas inducible in response to treatment with TC@PDhuman PBMCs on
MRNA-level (figure 70).

Highest CYP1Alinduction was obtained by treatment of cells wit@DD+PHA, adding up to
13-fold induction for individual 3 (m), and to 1®}fold for n = 3, being statistically significant
(p-value < 0.05). Incubation of PBMCs with TCDD adoled to a maximalYP1Az%induction of
8.0-fold (individual 1, f), with a mean value fondividuals 1 to 3 of 4.4(x1.3)-fold, which
statistically was not considered significant. Amaihg three different treatments using TCDD,
transcription ofCYP1AIMRNA was least efficiently induced by TCDD+LPSat@ment, amounting
to 2.6(x1.3)-fold induction for n = 3, and maxinmyaédchieving a 3.7-fold induction for individual 1

(f).

Interestingly, expression @YP1Allightly appeared to be inhibited by treatment WRtHA (1.5%)
alone. The maximum effect (0.09-fold) was obtaingg investigation cDNA-samples from
individual 2 (m), averaging 0.1(x0.2)-fold for n3; which statistically was extremely significant
(p-value < 0.001).

Among individuals 1, 2, and 3, light inter-indivialudifferences were obtained regarding induction
of CYP1AImRNA in PBMCs in respond to TCDD. Still, fold-indiions were fairly comparable
and lay within an order of magnitude.

By contrast, the response in PBMCs obtained frodividual 4 (f) mostly distinguished from the
other individuals. Admittedly, treatment with TCDddone led to a conformableYP1AIMRNA
induction (3.2-fold), and highe€eYP1AZ%induction for individual 4 was measured in the p&m
from TCDD+PHA-treated PBMCs. Though, the latter waasably lowered (5.3-fold) compared to
the remaining individuals.

The greatest difference regarding response of PBivtDs individual 4 contrasted with individuals
1 to 3 was revealed by treatments implying LESP1ATmRNA was induced by LPS (1 pg/mL)
alone (4.3-fold), but was slightly inhibited (0.@l ‘induction’) by combined incubation with
TCDD (TCDD+LPS-treatment).
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4.3.3.2. QRT-PCR human PBMCs €YP1A2

Relative mRNA-expression levels @YP1A2were analyzed in cDNA-samples obtained from
PBMCs, which were treated with TCDD alone or in tamation with the stimuli LPS, or PHA.

ACTBserved as housekeeping gene. Results of thistigaden are presented in figure 71.
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Figure 71: QRT-PCR (CYP1A2) human PBMCs. Cells treated with TCDD (10 nM), TCID + LPS (1 pg/mL), or
TCDD + PHA (1.5%) for 24 h. Abscissa: Treatment; ordnate: Fold induction (referred to ACTB mRNA-levels).
Results from four individuals (indiv.; see legend).Two-tailed unpaired t-test (control vs. treatment goup).
Female, f; male, m. *: p-value < 0.05, **: p-value< 0.01.

Overall, responsiveness @YP1A2was limited in PBMCs with respect to given corwhs
(figure 71). Highest inductive impact was obtain®d treatment of PBMCs with TCDD+LPS,
accounting for 2.6(x0.6)-fold induction for n =Bhis effect statistically was considered significan
(p-value < 0.05).

Most responsive individuals were individual 2 reiag incubation of PBMCs with TCDD+LPS
(3.2-fold induction), and individual 1 with respeti treatment with TCDD alone (2.8-fold
induction).

Treatment with PHA alone inhibited expressiorCMP1A2mRNA in PBMC-samples from all four
individuals. Values ranged from 0.4-, to 0.06-fdldduction’, and averaged 0.2(+0.1)-fold for

n = 3, which statistically was considered very #gigant (p-value < 0.01).
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4.3.3.3. QRT-PCR human PBMCs €YP1B1

Effects of chosen treatments on human PBMCs inugiviCDD as well as LPS or PHA with
respect taCYP1Blinduction on mRNA-level were examined. Findingsaited in association with

measurement AACTBas housekeeping gene are summarized in figure 72.
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Figure 72: QRT-PCR (CYP1B1) human PBMCs. Cells treated with TCDD (10 nM), TCID + LPS (1 pug/mL), or
TCDD + PHA (1.5%) for 24 h. Abscissa: Treatment; ordnate: Fold induction (referred to ACTB mRNA-levels).
Results from four individuals (indiv.; see legend).Two-tailed unpaired t-test (control vs. treatment goup).
Female, f; male, m. *: p-value < 0.05, ***: p-value< 0.001.

CYP1BImRNA was lightly inducible in human PBMCs in tlgtudy (figure 72)CYP1BImRNA
most effectively was induced by treatment of celith TCDD+PHA. This 3.7(z0.8)-fold induction
was statistically considered significant (p-valu€.85; n = 3). Though statistically not significant
and to a quite low extent, transcription@YP1B1lwas also induced by treatment with TCDD alone
(1.8+0.5-fold), followed by combined treatment oCDD+LPS (1.4+1.1-fold).CYP1B1 was
inhibited (0.06+0.2-fold) by treatment of PBMCs WiPHA alone, implicating a statistically
extreme significance (p-value < 0.001).

Inter-individually, the strongest distinction amoagdividuals was obtained regarding individual 4
(f). With respect to TCDD+PHA-treatment, the low@stiuctive effect onCYP1Blwas yielded
among individuals (1.5-fold). Beyond, treatment PBMCs from individual 4 had a lightly
inhibitory effect (0.6-fold) onCYP1B1lgene expression in PBMCs contrasting the up-réiggla
effects in PBMCs from individuals 1 to 3.
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4.3.3.4. QRT-PCR human PBMCs -AHRR

As putative AhR-responsive representative, the Adyitessor encoded B\HRRwas implemented
in thein vitro studies studying TCDD-mediated response in hunBM®s. Gene expression was
examined and referred to measurement&©TB which served as housekeeping gene. Obtained

results are shown in figure 73.
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Figure 73: QRT-PCR (AHRR) human PBMCs. Cells treated with TCDD (10 nM), TCDD+ LPS (1 pg/mL), or
TCDD + PHA (1.5%) for 24 h. Abscissa: Treatment; ordnate: Fold induction (referred to ACTB mRNA-levels).
Results from four individuals (indiv.; see legend).Two-tailed unpaired t-test (control vs. treatment goup).
Female, f; male, m. *: p-value < 0.05.

Except for inhibition ofAHRRtranscription by PHA-treatment, no obvious or ecarsial effect on
AHRRgene expression was revealed by investigatiomosen PBMC-treatments (figure 73). Sole
statistically significant (p-value < 0.05) effecasvdue to aforementioned PHA-treatment (0.3+0.1-
fold; n = 3).

Results hinted towards lightly up-regulating effelby TCDD-treatment alone (2.5+0.7-fold; n = 3),
as well by LPS alone (2.9£1.2-fold; n = 3).

Overall, apparently undirected inter-individual fdiences dominated effects for all treatments

regarding expression &iHRR
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4.3.3.5. QRT-PCR human PBMCs J1PARP

Impact of treatment with TCDD, TCDD+LPS, or TCDD+RIon transcription ofTIPARP in
human PBMCs was investigated by gRT-PCR. Accordastilts including respective control-

measurements are shown in figure 74.
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Figure 74: QRT-PCR (TIPARP) human PBMCs. Cells treated with TCDD (10 nM), TCID + LPS (1 pg/mL), or
TCDD + PHA (1.5%) for 24 h. Abscissa: Treatment; ordnate: Fold induction (referred to ACTB mRNA-levels).
Results from four individuals (indiv.; see legend).Two-tailed unpaired t-test (control vs. treatment goup).
Female, f; male, m. *: p-value < 0.05, **: p-value< 0.01.

Statistically significant (p-value < 0.05) induatiof TIPARP in human PBMCs responding to
treatment with TCDD+PHA was found (figure 74). Ilhist regard, a light induction value of
4.6(x£0.8)-fold for n = 3 was revealed.

Slight, but not considered statistically signifitAdiPARRinductions were as well obtained with
respect to TCDD-treatment (2.3+0.6-fold; n = 3)d &ICDD+LPS-treatment (2.7+1.4-fold; n = 3).

Inter-individual variations were not as prominestragarding the other investigated genes with the

exception of individual 4 (f). Incubation of PBMUsd to a statistically very significant down-

regulation ofTIPARP(0.14+0.07-fold; n = 3; p-value < 0.05).
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4.3.3.6. QRT-PCR human PBMCs -ALDH3A1l

As a further potential AhR-target gen&, DH3Algene expression in PBMCs was investigated.
Implicating measurements ACTB serving as housekeeping gene, the respectivetseats

presented in figure 75.
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Figure 75: QRT-PCR (ALDH3A1) human PBMCs. Cells treated with TCDD (10 nM), TCDD+ LPS (1 pg/mL),
or TCDD + PHA (1.5%) for 24 h. Abscissa: Treatment; adinate: Fold induction (referred to ACTB mRNA-
levels). Results from four individuals (indiv.; seelegend). Two-tailed unpaired t-test (control vs. reatment
group). Female, f; male, m. **: p-value < 0.01.

ALDH3ALgene expression was statistically very signifiarfp-value < 0.01) down-regulated
(0.2+0.1-fold; n = 3) by treatment with PHA in PBMfigure 75). Apart from that, no distinct
impact due to any treatment was obtained. Resufjbtnmdicate a slight up-regulating effect by
treatment with TCDD (2.1+0.7-fold; n = 3).

Overall, inter-individual variations were predonting within this examination.
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4.3.3.7. QRT-PCR human PBMCs €D36

Results of gRT-PCR measurementsC@36 with respect to samples from human PBMCs treated
for 24 h with TCDD (10 nM), TCDD (10 nM) + LPS (Ig{mL), or TCDD (10 nM) + PHA (1.5%),

and appropriate controls, are depicted in figure 76
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Figure 76: QRT-PCR (CD36) human PBMCs. Cells treated with TCDD (10 nM), TCDD+ LPS (1 pg/mL), or
TCDD + PHA (1.5%) for 24 h. Abscissa: Treatment; ordnate: Fold induction (referred to ACTB mRNA-levels).
Results from four individuals (indiv.; see legend).Two-tailed unpaired t-test (control vs. treatment goup).
Female, f; male, m. ***: p-value < 0.001.

As obtained with respect to aforementioned and oredspotential AhR-target genes, treatment of
PBMCs with PHA led to down-regulation (0.1+0.03efpln = 3) of CD36-gene transcription

(figure 76). The effect statistically was consiadkextremely significant (p-value < 0.001).

Remarkable were great variations of individual lssiCells from individuals tended to bear similar
effects, at least compared among individuals, almmu$ependent from treatment. PBMCs from
individual 1 (f) were quite responsive to LPS-(4081), or TCDD (3.5-fold)-treatment, which was
similar regarding individual 2 (m) with respect T@€DD-treatment (2.1-fold) but occured with

lower extent.
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4.3.3.8. QRT-PCR human PBMCs -HSD17B2

PBMCs incubated with TCDD, LPS, PHA, or an apprai combination, were examined
regarding impact of treatments d#SD17B2expression. Results implicating measurements of

ACTBas housekeeping gene are illustrated in figure 77.
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Figure 77: QRT-PCR HSD17B2) human PBMCs. Cells treated with TCDD (10 nM), TCDD+ LPS (1 pg/mL),
or TCDD + PHA (1.5%) for 24 h. Abscissa: Treatment; adinate: Fold induction (referred to ACTB mRNA-
levels). Results from four individuals (indiv.; seelegend). Two-tailed unpaired t-test (control vs. reatment
group). Female, f; male, m.

Overall, any treatment had an effectld8D17B2gene expression in human PBMCs subsequent to
24 h of incubation (figure 77). With one exceptiom, obvious trend was distinguishable in this
regard. A value of 2.2(+0.4)-fold induction by TCBBcubation might lightly direct towards an up-
regulating effect due to this treatment.

Even inter-individual differences were less promineegarding impact orHSD17B2gene

transcription.
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4.3.3.9. QRT-PCR human PBMCs — summary

In human PBMCsin vitro gene expression of a set of ‘potential’ AhR-targertes was analyzed by
gRT-PCR. Hence, expression ©¥P1A1 CYP1A2 CYP1B1 AHRR TIPARRP ALDH3A1, CD36,
andHSD17B2using incubations with TCDD (TCDD, 10 nM; TCDD, ©®1 + LPS, 1 pug/mL; or
TCDD, 10 nM + PHA, 1.5%), and respective contr@$/S0O, 0.1%; LPS 1 pg/mL; or PHA, 1.5%)
was assessed.

Overall, effects of TCDD and combined incubationghwthe stimuli LPS or PHA on gene

expression in human PBMCs was impacted greatiytey-individual differences.

Highest, but also highly varying inductions of gerenscription were obtained regardiGyP1A1
expression by TCDD-treatments, whereas only thatrtrent TCDD+PHA led to a statistically
significant result. Comparable findings but withwkr efficacy were revealed regardiGy P1B1.
The least responsive gene among CYPs was reprdsbgt€YP1A2 In this regard, impact
enforced by TCDD+LPS-treatment solely was consdietatistically significant among examined
TCDD-treaments.

Investigations concernin@IPARP yielded similar results to those obtained @YP1B1 In fact,
treatments with TCDD, or with TCDD+LPS, led to amer higher, although statistically not
significant gene expression with respecflM®ARRiInduction contrastet with results obtained for
CYP1B1

Concerning further investigated gen@BlIRR ALDH3AL1 CD36 and HSD17B2 no significant
response was reported by treatment with TCDD orlioed incubations with LPS or PHA.

Interestingly, PHA (1.5%) constantly possessedissiizdlly significant repressive effects on

transcription of all investigated ‘potential’ tatggenes except faiSD17B2
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Discussion

5.1. Discussion — Mouse Whole Genome Microarray Angdis

Impact of DL-congeners on gene expression in mdwses was primarily and with strongest
significance correlated with enhanced xenobiotictainelic processes. Followed by alterations
towards lipid-, and carbohydrate metabolism, furtimplicated mechanisms were oxidative
processes, apoptosis, and immune response. Depeoethe congener, these processes were

involved to diverging degree.

PCB 118

Effects due to treatment with PCB 118 were mosthitéd to drug metabolism in mouse livers.
Slight indications with respect to the compoundimpact on insulin receptor signaling,
carbohydrate-induced expression of liver enzymeerdgl for de novolipogenesis as well as
glycolysis, and correlated glucose homeostasis giesn.

Considering down-regulated genes by PCB 118, thgexwer might tend to be involved in immune
response, as regarding type 2 immune response aedl Bifferentiation, or IFN¢ production and
Thl-differentiation, for instance. Most notably ceming down-regulated genes, statistical
significances with respect to appearance of clagt&O terms was limited, which complicated the
interpretation of these microarray results evenemor

Further, the number of clustered genes within §icamt (‘Top 20’) GO terms in total was low,
even regarding the most obviously affected pathxesfobiotic metabolism. Hence, properties of
more than 300 up-, and down-regulated genes wéreuttito predict, as less than 100 were clearly

assigned.

1-PeCDD

Treatment of mice with 1-PeCDD led to most compleradifects regarding gene expression in
livers compared to those obtained in TCDD-treatétkemThe highest overlap regarding numbers of
‘together’ regulated genes with TCDD was receivedhis respect. Besides ‘oxidation-reduction
processes’, which was the most significantly a#dd&O term by 1-PeCDD and implied xenobiotic
metabolic processes, a dominating effect on lipetainolism represented the congener’'s impact.

1-PeCDD further tended to be involved in alteredbohydrate- and glucose-metabolism.
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4-PeCDF, PCB 126, and PCB 156

Effects by 4-PeCDF, PCB 126, and PCB 156 were higbhcentrated on (xenobiotic) metabolism
and reflected a huge amount of transcribed as agefirocessed genes. Overlap between regulated
genes by 4-PeCDF and PCBs, including PCB 118 dswet respectable.

Overlap among DL-congeners

Among all DL-congeners, overlap turned out to batkd to 22 up-, and five down-regulated genes
— a conserved list mainly composed of genes rel@tegnobiotic metabolism, followed by genes
involved in lipid metabolic processes. ExcludingBPC18 from respective examination of DL-
congeners, genes of resulting gene-list}(48]) principally participated in the same processei$ as
was observed for all DL-congeners together in #2¢ 6]) gene list.

The higher number of differentially regulated geméthin these processes, which represented the
decisive difference between these analyses, yielded higher significance with respect to
involvement in xenobiotic metabolic processes aeden more pronounced, regarding lipid

metabolism.

Even though the ‘DL-overlap’ tended to be limiteBL-congeners shared impact on gene
expression in mouse livers with respect to (xentd)iometabolic processes as well as lipid
metabolism, whereas correlance appeared with gre@peificance by exclusion of PCB 118 with

respect to this investigation.

‘Relative effect potencies’ of congeners

Regarding investigations for estimation of REPs,ifigtance by measurement of genes involved in
xenobiotic metabolism such &yplal these facts quasi ‘reflected’ basis principlesaol EF-
concept, by which these congeners were and argifdasaccording to their potencies. By persuing

this thought, potential difficulties associatedhilis system might become obvious.

Considering the DL-congeners implemented in thdysto hand, three potentially possible options
were represented considering results obtained nvgheésent study. As obtained, all of (examined)
congeners consensually shared impact with respe@rtobiotic metabolism, as well as particularly
regardingCyplal which potentially is measured for estimation dEF®. One might measure
Cyplatinductions with divergent REPs for congeners wlitrerging properties in this regard. This
would thus reflect diverging impact on consensualfiected xenobiotic metabolism and might

reflect AhR-mediated effects, which hence would ahawith the basic idea of the TEF concept.
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Potential difficulties in this regard might occuurthg assessment of both those congeners
possessing small overlap with TCDD, like PCB 11@eftap around 25% with respect to TCDD'’s
effects), and those compounds bearing quite corabte overlap with TCDD, like 4-PeCDF
(overlap around 50-75% with respect to TCDD’s dfgcRegarding the latter, a huge amount of
genes was induced and repressed besides these d@DRpping effects.

In percentage, a similar situation might be obtairegarding PCB 118 — Although sharing around
25% ‘properties’ referring to inductive effects @ene expression with TCDD, this overlap

represents as few as 10% of PCB 118’s substano#fispepact.

Hence, estimation of REPs in the course of TEFshgations might well reflect congeners’ AhR-
dependent effects, but dependent on the congermmamsaderable amount of information gets lost.
Even if the relevance of such ‘additional’ congespecific impact remains unclear for now, it

might be relevant for the assessment of a congeteetic potential.
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5.2. Discussion — Liver Cell Systems

Rat liver cell systems are widely used and welalgigthed regarding their use in verification and
differentiation of dioxin-like effects. With respetm the study in hand, a set of 13 DL-congeners
(TCDD, 1-PeCDD, 1,6-HxCDD, 1,4,6-HpCDD, TCDF, 4-A¢ 1,4-HxCDF, 1,4,6-HpCDF,
PCB 77, PCB 105, PCB 118, PCB 126, and PCB 156)tlamdNDL-PCB 153 were investigated
with respect to their potential EROD-inducing effeand on CYP1Al-induction on protein level
via Western Blotting in H4lIE cells and primary tapatocytes (PRH) from Sprague Dawley rats.
Subsequent to a screening experiment examining TE€DApact on gene transcription of eight
‘potential’ target genesCyplal Cypla2 Cyplbl Aldh3al AhRR Tiparp, Cd36 andHsd17b2

in H4IIE cells and PRH, a further selection was ealdie to responsiveness and concentration-
dependence in both tested liver cell systems. Haheeseven ‘core’ congeners, TCDD, 1-PeCDD,
4-PeCDF, PCB 118, PCB 126, PCB 156, and the NDL-REB were examined with respect to
their impact on transcription d@yplal Cypla2 Cyplbl andAldh3alin both H4IIE cells and

primary rat hepatocytes. An incubation time of 24ds applied for all examinations.

H4IIE vs. primary rat hepatocytes

As obtained in several studies, H4IIE cells werenstantly more sensitive towards dioxin-
dependent effects (Schmiét al, 1995; Zeigeret al, 2001). One exception was obtained in this
regard — the ‘potential’ AhR-target geAlh3alwas induced in PRH more potently as well as with

higher efficacy compared to effects in H4IIE cells.

Contrasting effects o€yplalin H4IIE cells with impact orAldh3alin PRH by means of qRT-
PCR measurements, TCDD-treatment yielded comparaffleacy and around 1.5 orders of
magnitude lower potency in PHR compared with valumeBl4lIE cells, which was around three
orders of magnitude lower potency, but around B@&s$ higher efficacy contrasted wi@yplal
induction in PRH.

By contrast,Aldh3al was least responding in H4IIE cells, the actuakansensitive liver cell
system. ThusAldh3alwas considered a gene, which was responsive teddipounds, whereas
Aldh3atinduction by these chemicals was suggested naxokisively dependent on the AhR.
Interestingly,Aldh3alwas also reported to be induced in liversimyivo-treatment of mice with
phenobarbital, which actually represents a chenfiigadtioning via the receptors CAR and/or PXR
(Gahrset al, 2013; Pappast al, 2003; Xieet al, 2000). An involvement of the AhR regarding
Aldh3atinduction was indicated, since potencies of alestigated congeners were comparable to

those regardin@yplatinduction, for instance.
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Responsiveness of ‘AhR-target genes’

For both liver cell systems (after ‘removing’ Afdh3alas an inconclusive AhR-dependent gene),
Cyplalwas the most responsive target gene, followedCpylbl and Cypla2 as obtained in
literature as well (Lagt al, 2006; Xuet al, 2000).

Comparison of REPs between the two applied ratr livell systems provided information
concerning their sensitivity towards a specific pound. Regardin@€yplatinduction, REPs for
1-PeCDD were higher in PRH than those in H4lIE s;alhdicating a higher sensitivity in PRH
compared to H4IIE cells, whereas this effect wasnged for 4-PeCDF. Comparable findings were
observed with respect to 1-PeCDD and its impacCgplazinduction, as well as for 4-PeCDF
referring to REP (EC50). Further, 1-PeCDD appedoede about twice as potent as was TCDD
regardingCyplatandCyplazinduction.

REPs vs. TEFs

With respect to REP-values gained by liver celitaysinvestigations on EROD-induction, as well
as on gRT-PCR-investigation€yplal Cypla2 Cyplbl andAldh3al), the current TEFs were
widely confirmed (Van den Bergt al, 2006).

A REP (EC50) for 4-PeCDF of 0.14 regardi@yplazinduction in primary hepatocytes from
Spreague Dawley rats quite well matched the onaimdd along with own investigations
(REP (EC50, PRH) = 0.13). The REP (EC50) obtaime{/platinduction was distinctly lowered
(0.03) compared to the one revealed in currentys{@bs6). Differences might be due to an
extended incubation-time of 48 h, compared to 2iutation implemented in this study (Budinsky
et al, 2010).

Regarding EROD-investigations using PRH as welH4HE-cells, further slight deviations from
current TEFs occurred. Regarding REP (EC20) foreCIPD, and regarding REP (EC50) for
1,4,6-HpCDD, REPs were twice as high in H4IlIE cetispared to those in PRH.

Besides, both REPs for effects in H4IlIE cells mestlaby TCDF were both lower than those
observed for PRH and below the current TEF. Thiecef might be due to the flattened

concentration-response curve corresponding to TEDRpact.
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AhR-dependent effects and chemical structures of ageners

Ranking orders regarding PCDDs, PCDFs, and PCBspiirelation with chlorination pattern and
probability to reach a planar conformation were pamable with observations obtained in literature
(Budinskyet al, 2010; De Vooget al, 1990; Zeigeet al, 2001).

Higher chlorinated PCDD-congeners tended to yieldelr REPs, which is suggested to be due to
reduced binding affinities towards the AhR (Kafafial, 1993; Mhinet al, 2002). Further, non-
ortho-substituted PCB-congeners (PCB 126, PCB 77) tetmlgain higher effects with respect to
EROD-induction and CYP1-induction in rat liver sglithough with lowered extent regarding
PCB 77.

For the PCB-congeners, the chlorination patterrofisspecific relevance, as it maintains the
probability to reach a planar conformation, whiahttier yields in higher binding affinities towards
the AhR, since with respect to nontho-substituted PCBs, the two phenyl rings are abletate
more easily about the shared bond (De Vaetgal, 1990). This situation tends to be sterically
hindered in monmrtho-PCBs like PCB 118, or PCB 156, leading to a lopetency with respect

to AhR-dependent examinations.
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5.3. Discussion — Human Whole Genome Microarray Angsis and QRT-PCR

One aim of this study was to reveal probable TCh@uced effects on human immune cells. To
approach to this objective, freshly isolated hur@MCs were characterized by flow cytometry
(70+12% CD3-cells, T lymphocytes; 6.0+1.0% CD%8ells, B lymphocytes; and 10+3% CD14
cells, monocytes/macrophages) and exposed to aieeaf TCDD-treatments for 24 h:

TCDD (10 nM)
TCDD and LPS (10 nM TCDD + 1 pg/mL LPS), or
TCDD combined with PHA (10 nM TCDD + 1.5% PHA).

Corresponding control-treatments were DMSO (0.1e8S (1 pg/mL LPS), or PHA (1.5%), to
which respective TCDD-treatments were correlatetkdrity of isolated mRNA was checked (2100
Bioanalyzer, Agilent Technologies GmbH, WaldbroGermany), before the two-color microarray-
based gene expression analysis was perfomed agpiyuman GE 4x44K v2 Microarray Kits
(Agilent Technologies GmbH, Waghaeusel-Wiesent&n@any) by implementation of dye-swop
procedures to reduce potential artifactual effdots to diverging dye properties.

The set of ‘potential’ AhR-target geneSYP1A1 CYP1A2 CYP1B1 AHRR TIPARR ALDH3A]
CD36, andHSD17B2 was further investigated by qRT-PCR.

Human whole genome microarrays and inter-individualdifferences

A first view on normalized and statistically anadgizdata (Bioconductor R package Limma; Smyth,
2004), as well as on principal component analyB€5AG) and on individual-specific human whole
genome microarray data, distinct inter-individuatigtions were obvious.

One individual, individual 4 (f), differed greatfsom the others regarding TCDD-dependent effects
on gene expression in PBMCs. As indicated examyplarithe human microarray results-chapter,
response with respect to ‘potential’ AhR-targeteeiCYP1A1 CYP1B1 AHRR andTIPARRP, in
particular) generally was weaker compared to theeroindividuals, whereas regarding genes
implicated in T cell lineage specification, celterh individual 4 slightly tended to be more affette
towards down-regulation. Due to close examinationgaw data, individual 4 (f) was discarded
from most of further investigations of the micra@grranalysis. Hence, clustering of data among
individuals 1, 2, and 3 improved, as well as datistical significance and thus reliablility of dat

regarding the complete human whole genome micrpa&xperiment.
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Human whole genome microarrays and numbers of TCDDegulated genes

Initially, cutoff-values were set as they were agghlin mouse whole genome microarray analysis
(A > 2, logarithmic (log2) fold changglfc | > 1, and p-value < 0.05; in due consideration of the
false discovery rate, FDR).

Using these statistical limitations, only one otittoee treatments investigated showed a response
at all: In response to TCDD+PHA-treatment, a smathount of genes significantly was
differentially regulated (16 3]). Subsequently, the FDR-cutoff was loosened ireotd gain an
insight into potential tendencies of TCDD-deriveffeets respecting the other two treatments
(TCDD; TCDD+LPS). The FDR, which represents a métiar identification of false positive
hypotheses, was disregarded to approach to thesilg (Benjamini and Hochberg, 1995).

The genes lists still were short. In total, highesinber of genes was affected after TCDD+PHA-
treatment (32 12]), followed by TCDD (7 12|), and TCDD+LPS (815)).

Hochstenbaclet al. (2010) found higher numbers of differentially régad genes in human
PBMCs subsequent to 20 hiofvitro treatment with TCDD (1 uM; 10 pM) applying a meihb
activation system using an Agilent whole-genome 44K microarray system (106169|, 1 uM
TCDD; and 117 195], 10 uM TCDD). For metabolic activation, the autharade use of a human
liver S9-mix (10% of a 30% S9-fraction). Statisticatoffs as well differed from those of the study
in hand. Hochstenbagét al.implemented a cutoff of Ifc | > 1.5fold, using three of five donors
(Hochstenbacket al, 2010). In a more recent study by Hochstenbetchl. (2012), in a similarly
constructed test-system, 878 (1 uM TCDD), or 12B3 (M TCDD) genes were differentially
regulated in PBMCs, respectively (cutoffifc| > 1.5fold, five donors; p-value < 0.05, t-test)
(Hochstenbackt al, 2012).

The different cutoffs as well as the use of a S%abaic activation system represent two major
deviations, which might explain the varying numbefdifferentially regulated genes the authors

declared compared to those of the study in hand.
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Differentially regulated genes -CYP1Al

Differentially regulated genes by all three TCDBdatments (TCDD; TCDD+LPS; TCDD+PHA)
were headed bY’YP1Al Though with diverging statistical relevance arfticacy, this AhR-
responsive gene was up-regulated in PBMCs fromyeiratividual and throughout all TCDD-
treatments in present microarray experiment.

Inter-individual variations were as follows: Ifclfi= 2.105, Ifc (i2) = 2.107, Ifc (i3) = 1.857, and
Ifc (i4) = 1.027 (effects of all three TCDD-treatnte consolidated), where&YP1Alinduction
with respect to treatments accounted for Ifc (TCDD).798, Ifc (TCDD+LPS) = 1.671, and
Ifc (TCDD+PHA) = 2.599 (n = 3).

Highest, but also highly varying inductions of gerenscription were obtained regardiGyP1A1
expression by TCDD-treatments with respect to g&RResults in this study, whereas again, only

the treatment TCDD+PHA led to a statistically sfgint result for n = 3.

According to the literatureCYP1Alwas shown to be constitutively expressed in huRPsiBCs
(Krovatet al. 2000, Sieset al, 2008). Further, and in correlance with the studigand, CYP1A1-
induction was obtained to be inducible in human REMboth on gene transcription and on protein
level, exhibiting great inter-, and intra-individueariety and overall comparably low absolute
induction values in most of the experiments (Katral, 1974; Noharat al, 2006; Vanden Heuvel
et al, 1993; Van Edet al, 2014b). Respective results deviated from ~3f@@D(nM TCDD, 6 h)
over ~20fold (10 nM TCDD, 72 h), and ~60fold (10 AMDD, 48 h) to ~160fold (10 nM TCDD,
48 h) CYP1Atinduction on mRNA-level in primary human PBMCs (Nwaet al, 2006; Vanden
Heuvelet al, 1993; Van Edet al, 2014b).

Differentially regulated genes -CYP1B1

To a lowered extent compared @YP1Az%induction in PBMCsCYP1Blwas up-regulated with
respect to TCDD+PHA-treatment (Ifc = 1.574). FurfieBMCs received from male individuals
showed CYP1Blinduction of statistical significance. By ease aitoffs (FDR disregarded,
|Ifc| > 1.5fold), indications for up-regulation of this rge were also revealed with respect to
TCDD (Ifc = 0.823)-, and TCDD+LPS (Ifc = 0.805)-#tenent, as well as regarding every
individual with diverging efficacy: Ifc (i1) = 1.@ Ifc (i2) = 1.161, Ifc (i3) = 0.995, Ifc (i4) =047
(effects of all three TCDD-treatments consolidated)

Similar findings were revealed by QRT-PCR-invedimas of CYP1B1 Variability among

individuals combined with a low inducibility led tminor and to statistically least significant
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TCDD-mediated effects in human PBMCs, indicatindgess reliable marker for TCDD-derived
effects compared t€YP1A1l Findings were comparable to those in literat¥hereasCYP1B1
was reported to be constitutively expressed in hufA®IBCs, elevated mRNA-levels achieved
after TCDD-treatment varied from ~2-3fold (5 nM,;@nM, 72 h; or 10 nM, 48 h (with PHA
1.5%)), to around 5-8fold (1 nM, 48 h (with PHA %% induction in PBMCs (De Waaret al,
2008; Finnstronet al, 2002; Van Duurseat al, 2005; Van Edet al, 2014b).

Further,CYP1BZlinduction appeared to depend on the type of treatrim the present study. This
effect might, at least in parts, be attributablanuctive effects by LPS itself sin€@YP1Blhas
been shown to be inducible by this stimulus in hamaeripheral blood monocytes and
macrophages (1 pg/mL LPS, 24 h) (Baatral, 1998). This observation was not reproduced along
with the study in hand. Since applied PBMCs comdiiO (+3)% monocytes/macrophages, this
effects might have been minor with respect to themete suspension of cells, which probably
made an insufficient difference for detection. ABS. ‘alone’ might be able to lightly induce
CYP1B1 the span between treatment and control might h@&eeme smaller, hence leading to a

lower TCDD-mediated inductive effect.

Differentially regulated genes -CYP1B1 and TIPARP

Similar findings as foCYP1B1lwere obtained with respect T@PARRinduction in human PBMCs

in response to TCDD for both the microarray experitrand gRT-PCR examinations. Emphasized
from statistical point of view was the treatmentwi CDD+PHA (Ifc = 1.64, n = 3; gRT-PCR:
3.7(x0.8)-fold induction, n = 3), as well as bo#ngder-specific investigations.

Yet, TIPARP was correlated with TCDD-exposure in a microarexperiment (22K Human 1A
(V2) Oligo Microarray, Agilent) human PBMCs, whesanilar results forCYP1Btand TIPARR
induction were observed in response to incubatiboetis with TCDD (500 pM, 48 h; n = 5),
accounting for 1.40-foldG@YP1B), and 1.73-fold TIPARB induction, respectively (De Waasd

al., 2008).

With respect to both microarray data and qRT-PCRilte, no obvious gender-specific differences
were obtained regardinGYP1BZlinduction in PBMCs among the four investigatedividbals
studied along with present study. This could haeerbimplicated since basal expression was
proposed to be significantly higher in women thanmen (Finnstrénmet al, 2002). Probable
differences in basal levels might also have beegrlayed by quite distinct inducing effects, or
might have been masked within the microarray expent, since for the gender-, and individual-

specific consideration, treatment-specific reswkse consolidated.
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Differentially regulated genes -AHRR

One more AhR-dependent gene was affected by TCOHimman PBMCs with respect to the whole
genome microarray experiment, namAKRR A clear, from statistical point of view most edie
correlation was observed for treatment of cellhWiCDD+PHA (Ifc = 2.084; n = 3). Concerning
TCDD-treatment (Ifc = 1.042; n = 3) as well as TCRUPS-treatment (Ifc = 0.947; n = 3) and
gender-, as well as individual-specific analysesdidations regarding TCDD-mediated up-
regulating effects towarddHRRexpression in human PBMCs were given by choosdess
stringent cutoffs. Inter-individual differences weas follows: Ifc (i1) = 1.474, lfc (i2) = 1.462,
Ifc (i3) = 1.137, and Ifc (i4) = 0.691 (effects alf three TCDD-treatments consolidated).

Regarding gRT-PCR investigations, no obvious oiseosual effect oAHRRgene expression was
revealed by investigation of chosen PBMC-treatmeigparently undirected inter-individual
differences dominated effects for all treatmentgarding expression oAHRR Results hinted
towards lightly up-regulating effects by TCDD (1Mptreatment alone (2.5+0.7-fold; n = 3), as
well as by LPS (1 pg/mL) alone (2.9£1.2-fold; n)= 3

In literature, AHRRwas also reported to be inducible in human PBMZ®hb-congeners. In this
regard, around 10 to 14-fold maximadHRRinduction by TCDD (10 nM, 48 h) was yielded on
average in these cells (Van Eeleal, 2014Db).

Differentially regulated genes -CYP1A2, ALDH3A1, CD36, andHSD17B2

Response with respect ©YP1A2was minor and of low statistical relevance (TCDDBHR
treatment, n = 3; individual 3 (m)). QRT-PCR-reswaried greatly inter-individually, but exhibited
a slight, but statistically significar@YP1A2induction for treatment of PBMCs with TCDD+LPS
(2.6+0.6-fold induction, p-value < 0.05; n = YP1A2expression appeared to be detectable only
sporadically and not in every individual-specifiBNMC-sample.

On the basis of current information, CYP1A2 is afsw inducible by AhR ligand& vitro in
human blood cells (Baroet al, 1998; Finnstronet al, 2002; Krovaet al. 2000, Sieset al, 2008).

In a study using NDL-PCBs, PCB 138 was shown to rdoggulate transcription a€YP1A2in
human PBMCsn vitro (Goshet al, 2001).

Besides, impact on ‘potential’ AhR-target gen@sDH3A1, CD36, andHSD17B2was low and

undirected with respect to both the human wholeogen microarray experiment and gRT-PCR

examinations.
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TCDD'’s potential impact on PBMCs with respect to inmune response

In order to gain a better understanding in term8@DD’s potential mode(s) of action towards cells
of the immune system, differentially regulated gerevealed by human whole genome microarray
analysis were examined with respect to identifaratf probable relevant genes in this regard. The
search of these potentially relevant genes prowdzktdifficult due to the limited amount of genes

differentially regulated genes, which in additidastered marginally among each other.

TCDD-treatment — Chemokines

Viewing results obtained by TCDD-treatment of hunfAlBBMCs without any stimulus, several
genes encoding chemokines were differentially ratgal. One was up-regulate@(L1), whereas
four members (®CL1Q CCL18 CCL19 andCCL23 were down-regulated. Hence, chemotaxis
might be affected directing to inhibition with resp to T lymphocytes (®CL1Q CCL18 CCL19
and CCL23, B lymphocytes CCL19, and neutrophilsGCL23. Regarding TCDD’s properties
towards monocytes, evidence was provided respebbiig enhancinggCL1) as well as inhibitory
effects KCL1Q CCL23 (Binnset al, 2009; Dimmetet al, 2012).

CCL1was reported to be up-regulated by PCB 126 (1 18vh) in human PBMCs in the course of
microarray experiments, whereaXCL10was observed to be down-regulated (Wenal, 2011;
Wenset al, 2013).

TCDD-treatment — T cell lineage specification

Further indications respecting TCDD’s inhibitorypactt on immune response might include Thil-
specific immune responses and response of CIANG| ), humoral immune responseGGR1B),
and macrophage activation as well as response oboytes CD163]). One up-regulated gene
might indicate a role of TCDD on signaling via aopphatidylinositol-calcium second messenger
system GCGR) (Binnset al, 2009; Dimmeeet al, 2012).

Regarding minor effects on several cytokines arterotelevant proteins implicated in T cell
lineage specification.2, andlL18 slightly tended to be down-regulated, wherk&smRNA was
slightly elevated by TCDD. Similarly to IFM-IL18 as ‘IFNy inducing factor’ plays an important
role in Thl response, primarily due to its IFNaducing ability (Dinarello, 1999). IncreasHdb on
the other side might potentially reflect a facti#d Th2-response, whereas down-reguldieti
might indicate a slight repression of Treg diffdration (Jetten, 2009).
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By tendency,TDO2 was slightly up-regulated by TCDD in human PBMO®O catabolizes
L-tryptophan (Trp) ta.-kynurenine (Kyn), which itself was shown to regetsan AhR-ligand and
has been correlated with AhR-dependent antitumomume responses. Elevated Kyn-
concentrations might further give an indicatioredting to a slightly facilitated Treg differentiai
by TCDD (Nguyeret al, 2010; Mezrictet al, 2010, Opitzt al, 2011).

In literature, several diverging findings are foundaorrelation to TCDD'’s potential effects towards
T cell lineage specification. On the one hand sidd,-differentiation was proposed to be facilitated
by TCDD (Fujimakiet al, 2002; Negishet al, 2005), whereas on the other hand side, data on
TCDD-impacted IFNy secretion is controversial. IFNsecretion was found to be up-regulated in
several studies (Fujimalat al, 2002; Jeonget al, 2012; Negishet al, 2005; Vorderstrasse and
Kerkvliet, 2001), as well as down-regulated (Petlial, 2000; Quintanat al, 2008; Quintanat

al., 2010), whereby the latter might correlate witl tarther observed hyporesponsiveness of CTLs
(De Krey and Kerkvliet, 1995; Predt al, 2000).

TCDD-treatment — ‘Immunosuppressive effects’?!

A further potentially repressed immune reactiorpoesling to TCDD-treatment could implicate
macrophage activation and response of monoc@B463)).

CD163 is an acute phase-regulated receptor involiredclearance and endocytosis of
hemoglobin/haptoglobin complexes as well as in snging of components of damaged cells.
Thus, CD163 is implicated in protection of tissuesm free hemoglobin-mediated oxidative
damage, for instance. The receptor was discusspldycan anti-inflammatory role correlated with
macrophage activation and response of monocytesnéBit al, 2009; Buechleret al, 2000;
Moestrup and Mgller, 2004). In an Agilent whole gaere microarray experimenfD163was as
well reported to be down-regulated by TCDD (10 |2@,h; human liver S9-mix) in human PBMCs
(Hochstenbackt al, 2010).

Taken together, proposed immune responses medgtddDD ‘alone’ in human PBMCs might
involve repressed Thl-responses, slightly facddafTh2-response, controversial findings with
respect to Th17/Treg-differentiation, and inhibitegsponse of monocytes/macrophages.
Chemotaxis is suggested to be affected directimgutds inhibition with respect to T lymphocytes
(CXCL1Q CCL18 CCL19 andCCL23, B lymphocytes€CCL19, and neutrophilsGCL23.
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TCDD+LPS-treatment — Chemokines

Regarding treatment of PBMCs with TCDD togethernwitPS, the majority of differentially
regulated genes tended to be down-regulated. Bedml& chemokines, which were as well
inhibited by TCDD alone (XCL1Q CCL18 CCL19 andCCL23, CCL8 was down-regulated in
addition. Altogether, down-regulation of these cb&mes might indicate inhibited chemotactic
properties towards T lymphocyteSCL8 CXCL1Q CCL18 CCL19 andCCL23, B lymphocytes
(CCL19, monocytes CCL8 CCL23, neutrophils CCL23, as well as basophils and eosinophils
(CCL8 (Binnset al, 2009; Dimmeet al, 2012).

TCDD+LPS-treatment — T cell lineage specification immunosuppressive effects’?!

Potentially repressed immune reactions respon@ngDD+LPS-treatment could implicate type 1
immunity (SPP1), humoral immune responseG@GR1B), macrophage activation and response of
monocytesCD163)) (Binnset al, 2009; Buechleet al, 2000; Dimmetet al, 2012; Moestrup and
Mgller, 2004).

SPPlencodes the protein osteopontin, which acts agakioe and participates in the enhanced
production of IFNy and IL-12, as well as in the reduction of IL-10oghuction, appears to be
essential in the pathway leading to type 1 immufBipnset al, 2009; Dimmeeet al, 2012).

SPPlas well asCD163 (aforementioned with respect to impact by TCDDbred'), were as well
down-regulated in another whole genome microarsgeement using human PBMCs incubated
with TCDD (10 uM, 20 h, human liver S9-mix) (Hoclsbactet al, 2010).

One further accordingly regulated gene within tsisdy was thrombospondin THBS2J. This
gene was up-regulated and encodes an inhibitongiogenesis (TSP-1), which is able to limit
vessel density in normal tissues and to reduce itigmawth. TSP-1 is induced at sites of tissue
damage, where it co-occurs with endoplasmaticuktin (ER) stress response. TSP-1 was shown
to augment and protect ER function, by which proteroduction and resolution of misfolded
proteins is regulated in case of ER stress resp@iogach et al, 2012; Murphy-Ullrich and
Poczatek, 2000).

Inhibited IFNG-transcription as well as associated slight indbcabf repressedL18-expression
reflected findings for the TCDD-treatment describablove. The further hint of an induced
transcription ofiL12, proposed facilitated Thl-response, as it wasidtaelsewhere (Fujimalat
al., 2002; Negishet al, 2005). Contrary regarding Thl-response by TCDCS-MRs an indication

given due to down-regulation 8SP1which more hinted towards inhibited Thl-response.

280



Discussion

TCDD+PHA-treatment — numbers of affected genes andpoptosis

Compared to the TCDD-, and the TCDD+LPS-treatmessults differed from those obtained for
TCDD+PHA starting with greater statistical signéiece and higher numbers of genes differentially
regulated (32 12)).

Among these genes, several were involved in apeptoechanisms GABLESET, NPTXZ,
SERPINB2, and NKD2f1). NKD2 represents an inducible WpH¢atenin signaling pathway
antagonist. Aberrations of Wfttatenin signals are often correlated with overeggion of the
c-myconcogene, which might suggest a role of TCDD watspect ta-mycexpression (Yoet al,
2002; Zenget al, 2000; Zhanget al, 2012).C-mycwas not regulated along with the PBMC

microarray experiment in hand.

TCDD+PHA-treatment — Chemokines

Two genes encoding chemokines were up-regulategsponse to TCDD+PHA-treatment: Up-
regulatedCCL2 might hint directing to facilitate@hemotaxis towards monocytes and basophiles,
and towards neutrophil granulocytes regard@gL6. By contrast, down-regulated chemokines
gave indications with respect to inhibited chemtitagroperties towards T lymphocyteSGL18
CCL19 andCCL23, B lymphocytes €CL19, as well as monocytes and neutroph@C[23
(Binnset al, 2009; Dimmeet al, 2012).

TCDD+PHA-treatment — T cell lineage specification /Immunosuppressive effects’?!

Further impact indicated TCDD-mediated inhibitoffeets on Thl-specific immune responses and
correlated response of CTLE-NG|), and B cell activation and proliferatioM§4A4A, CD38)).
Implicated in altered glucose-dependent immune lostasis wereNPTXX1), HTRAX?), and
CD3§]), whereas up-regulateB2RY6might reflect an involvement in a phosphatidyitalsi

calcium second messenger system (Bitred, 2009; Dimmeeet al, 2012).

With respect to cytokines involved in T cell lineagpecification, besides aforementionENG,
IL2, IL4, IL6, IL18, andIL21 tended to be down-regulated by TCDD+PHA. One eb&éhfindings
theoretically might reflect and inhibitory effect ®CDD on Th2-response regarding redudied,
as it was shown in literature before in murine spleells (Fujimaket al, 2002).

Besides, Thl-, and CTL-response tended to be eltidFFNG, IL18), as seen in immune cells with
TCDD before regardingF-NG (Dinarello, 1999; Prelét al, 2000; Quintana&t al, 2008; Quintana
et al, 2010), and hyporesponsiveness of CTLs (De Krelykarkvliet, 1995; Prelét al, 2000).
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Controversial findings were obtained regarding Thi€g differentiation — down-regulatedl2
would imply repressed Treg-differentiation, wherda®, andIL21 might reflect repressed Th17-
differentiation (Jetten, 2009). In mice, Treg-diffatiation was proposed to be augmented by
TCDD, whereas Thl7-differentation was shown to tttghited by the congener (Nguyen al,
2010; Quintanat al, 2008).

By tendency,TDO2 was up-regulated by TCDD+PHA-treatment as disaisse means of the
TCDD-treatment in the beginning of this chapter.-tdgulated TDO2 could indicate lightly
facilitated Treg-differentiation, as revealed befdiNguyenet al, 2010; Mezrichet al, 2010),
wherease TDO-generated Kyn was correlated with dbpendent antitumor immune responses
(Opitzet al, 2011).

Considering discussed data on treatment of humavi@Bwith TCDD ‘alone’, with TCDD+LPS,
or with TCDD+PHA, one needs to keep in mind tha #atistical relevance of data was overall
limited and inter-individual differences were graéing with the experiment. Discussed indications

represent suggested potential directions regardi@pD-mediated impact on immune cells.
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Conclusions

,Dioxin-like’ compounds represent a group of cheatgcwhich are known to exert most, if not all,
of their biological and toxic effects by activatiaf the AhR. With respect to the TEF-concept,
properties of these congeners are defined by th&raction with the AhR. Thus, potentially
relevant substance-specific attributes might beedarded.

With respect to the mouse whole genome microarxggrment, impact of DL-congeners on gene
expression in mouse livers was primarily and witlorsgest significance correlated with enhanced
xenobiotic metabolic processes. Followed by alt@nat towards lipid-, and carbohydrate
metabolism, further implicated mechanisms were a@we processes, apoptosis, and immune
response to a lowered extent.

Whereas 1-PeCDD’s impact on gene expression in enlvers correlated most prominently with
TCDD-mediated effects, overlap between TCDD and réreaining DL-congeners was limited.
Regarding all DL-compounds together, a small, couesklist of differentially regulated genes was

observed. This list primarily was constituted ohgg involved in xenobiotic metabolism.

Some of the congeners involved in mouse microamagstigations, namely PCB 126, PCB 156,
and 4-PeCDF, revealed great impact on gene expressmouse livers by differentially regulating
an enormous number of up to 30QQ)(affected genes, which might be due to a high-cdfet.
Still, since overlap among DL-congeners remaingedtdid, unresolved issue represents the role of
AhR-independent genes. As, for instance, the opdy&sween TCDD and PCB 118 was low, three
guarters of the amount of PCB 118-impacted gerskaati correlate with TCDD'’s, thus appeared to
be AhR-independent but likewise of not specifianlixe’.

Reflecting investigations using human PBMCs inahgdiresults of the human whole genome
microarray experiment and gRT-PCR investigatiodsniification of TCDD-mediated impact was
intricate. Excepting impact on known AhR-target€¥P1A1l, CYP1B1, TIPARP, and AHRR -
minor effects accompanied by distinct inter-indiadl differences were observed. Slight, but not

clearly directed immunomodulatory impact of TCDDswadicated.
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With respect to establishment of potential biomeskéhe search of genes, which would be
differentially regulated in both animal experimeasswell as inn vitro investigations using human
primary cells, would be of peculiar interest.

Thus, regulated genes from the human PBMC-expetimere looked up in mouse whole genome
microarray data and checked on their regulatioregponse to treatment with DL-congeners. The
overlap was restricted to members of the AhR-geaebe, namely CYP1Al, CYP1B1, and
TIPARP.

Taking these three representatives to compare thém results obtained by gene expression
analysis with rat liver cells, only CYP1Al, and CM¥L remained to be reliably significant.
Accordingly, liver cell systems analyzed in ternfs@YP1A-induction, as it was applied in the
course of this study, still give relevant indicasoof ‘dioxin-like’ impact of a chemical, even

though investigations using human primary hepatxt{énd to gain in importance.
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|. Supplemental tables

Table 56: Mouse whole genome microarray analysis. Top0 genes accordantly down-regulated in mouse liver
by 1-PeCDD (25 ug/kg bw, three days), and TCDD (25g/kg bw, three days). TCDD-raw data by courtesy of
Christiane Lohr (Lohr, 2013). Cutoff values: A> 27, Ifc< -1, p-value < 0.05.

Gene
systematic
name Gene description Gene name
-1.320 -2.846 NM_013692 Kruppel-like factor 10 KIf10
-2.535/ -2.573/ BC031891/ serine (or cysteine) peptidase inhibitor clade Anher 4
-2.537 -2.488 NR_002861 pseudogene 1 Serpina4-ps]
-2.244-  -2.276-
-2.138  -2.141 NM_207655 epidermal growth factor receptor Egfr
-2.797- -2.125-
-2.009 -1.545 NM_007706 suppressor of cytokine signaling 2 Socs2
-1.323 -2.025 NM_144942 cysteine sulfinic acid dboaylase Csad
-1.312 -1.886 NM_009744 B-cell leukemia/lymphoma 6 Bcl6
similar to Glucose phosphate isomerase 1 transcript
-1.889 -1.821 XM_001003154 variant 2 LOC676974
ELOVL family member 6 elongation of long chaintfat
-1.865 -1.806 NM_130450 acids (yeast) Elovlé
-1.429 -1.734 NM_010390 histocompatibility 2 Q m@giocus 1 H2-Q1
-1.242 -1.694 NM_001081212 insulin receptor sulstta Irs2
-1.650- -1.689-
-1.372  -1.594 NM_029720 cysteine-rich with EGF-like donsaih Creld2
-1.281 -1.675 NM_144796 sushi domain containing 4 Susd4
-1.616 -1.669 NM_183257 hepcidin antimicrobial pept Hamp?2
-1.556 -1.649 XM_886827 predicted gene EG622384 Fabp5I2
-1.894 -1.557 NM_009723 ATPase Ca++ transportifagma membrane 2 Atp2b2
-1.843 -1.538 NM_175475 cytochrome P450 familys@bBfamily b polypeptide 1 Cyp26bl
-1.566 -1.531 NAP114472-1 Unknown NAP114472-1
-1.495 -1.525 NM_010634 fatty acid binding protBiepidermal Fabp5
cytidine monophospho-N-acetylneuraminic acid
-2.087 -1.502 NM_001111110hydroxylase transcript variant 2 Cmah
-1.560 -1.481 NM 028769 synovial apoptosis inhibitgynoviolin Syvnl

Values b/a from oligo b/oligo a; values a-n: valange of more than two (n) oligos.
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Table 57: Mouse whole genome microarray analysis. Top0 genes accordantly up-regulated in mouse liveksy
4-PeCDF (250 ug/kg bw, three days), and TCDD (25 {kg bw, three days). TCDD-raw data by courtesy of
Christiane Lohr (Lohr, 2013). Cutoff values: A> 27, Ifc> 1, p-value < 0.05.

4-PeCDF Gene

& TCDD systematic

Ifc Icf name Gene description Gene name
5.994 9.478 NM_009992 cytochrome P450 family 1 aotify a polypeptide 1 Cyplal
2.926 5.169 NM_009994 cytochrome P450 family 1 antify b polypeptide 1 Cyplbl
2.414 3.985 NM_009993 cytochrome P450 family 1 antify a polypeptide 2 Cypla2
3.052 3.582 NM_010210 fragile histidine triad gene Fhit
1.880 3.379 NM_017379 tubulin alpha 8 Tuba8
3.413 3.103 NM_027872 solute carrier family 46 ment Slc46a3
3.240 2.903 NM_178892 TCDD-inducible poly(ADP-riedpolymerase Tiparp
2.705 2.819 NM_008181 glutathione S-transferaskeaalp(Ya) Gstal
1.580 2.722 XM_001477458 predicted gene ENSMUSG0050044 Gm9933
1.796 2.678 NM_016865 HIV-1 tat interactive protgihomolog (human) Htatip2
1.054 2.518 NM_025557 Purkinje cell protein 4-like Pcp4ll
1.724 2.153 NM_023440 transmembrane protein 86B Tmem86h
1.510 2.123 NM_026791 F-box and WD-40 domain progei Foxw9
1.397 1.978 NM_028747 RIKEN cDNA 0610012H03 gene 0610012H03RIK
1.629/ 1.857/
1.941 1.362 NM_013541 glutathione S-transferase pi 1 Gstpl
2.925/  1.853/
2.197 1.036 NM_001122660 predicted gene 10639 Gm10639
1.455 1.762 NM_001163577 prominin 1 Prom1
4.227 1.758 NM_007643 CD36 antigen transcript varzan Cd36
1.232 1.702 NM_007689 chondroadherin Chad
3.055/  1.696/
3.085 1.650 NM_145603 carboxylesterase 2 Ces2

Values b/a from oligo b/oligo a.
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Table 58: Mouse whole genome microarray analysis. Top0 genes accordantly down-regulated in mouse liver
by 4-PeCDF (250 pg/kg bw, three days), and TCDD (3%y/kg bw, three days). TCDD- raw data by courtesy of
Christiane Lohr (Lohr, 2013). Cutoff values: A> 27, Ifc< -1, p-value < 0.05.

TCDD

Gene
systematic

Gene name

-6.185/
-6.176
-2.026-
-1.742

-2.089

-3.233
-1.551
-1.063

-2.335

-1.551
-1.477

-3.971
-3.753
-3.042
-1.048
-3.525

-3.371
-4.422-
-4.290

-2.090
-1.610/
-1.701

-2.076
-1.853

Ict

-2.573/
-2.488
-2.125-
-2.003

-1.890

-1.821
-1.694
-1.675

-1.645

-1.560
-1.557

-1.502
-1.439
-1.432
-1.425
-1.423

-1.387
-1.387-
-1.328

-1.378
-1.374/
-1.328

-1.335
-1.309

name

Gene description

BC031891/ serine (or cysteine) peptidase inhibitor clade Arnber 4
NR_002861 pseudogene 1
NM_007706 suppressor of cytokine signaling 2
XM_001475897 similar to myosin XV
similar to Glucose phosphate isomerase 1 trarscrip
XM_001003154 variant 2
NM_001081212 insulin receptor sulst?a
NM_144796 sushi domain containing 4
ENSMUSTO0000
0111752 Homeobox protein cut-like 2

Sodium-dependent phosphate transport protein 3
ENSMUSTO0000 (Sodium/phosphate cotransporter 3)(Na(+)/PlI

0006786 cotransporter 3) (Solute carrier family 17 member 2
NM_009723 ATPase Cat+ transportiagrqph membrane 2
cytidine monophospho-N-acetylneuraminic acid
NM_001111110hydroxylase
NM_001081141 gamma-aminobutyric éGi4BA) B receptor 2
NM_007606 carbonic anhydrase 3
NM_008061 glucose-6-phosphataseytiatal
NM_134037 ATP citrate lyase
AK017236 adult male pituitary gland
NM_009692 apolipoprotein A-I
AKO017143 11 days pregnant adult feroahry and uterus cDNA
NM_027147 energy homeostasis associated
elongation of very long chain fatty acids (FEN1/Elo
NM_019423  SURA4/Elo3 yeast)-like 2
AK050412 adult male liver tumor cDNA

Serpina4-ps]
Socs2

LOC100046261

LOC676974
Irs2
Susd4

Cux2

Slcl7a2
Atp2b2

Cmah

Gabbr2

Car3

G6pc

Acly
5330406M23Rik

Apoal
5031425E22Rik

Enho

Elovl2
1810008118RiK

Values b/a from oligo b/oligo a; values a-n: valaege of more than two (n) oligos.
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Table 59: Mouse whole genome microarray analysis. Telve genes accordantly down-regulated in mouse g
by PCB 118 (150000 pg/kg bw, three days), and TCDRK ug/kg bw, three days). TCDD-raw data by courtesgf
Christiane Lohr (Lohr, 2013). Cutoff values: A> 27, Ifc< -1, p-value < 0.05.

PCB 118 Gene
& TCDD systematic
Ifc Icf name Gene description Gene name
-1.383 -2.846 NM_013692 Kruppel-like factor 10 KIf10
-1.023 -1.890 XM_001475897 similar to myosin XV (C000046261) LOC100046261
-2.119 -1.886 NM_009744 B-cell leukemia/lymphoma 6 Bcl6
similar to Glucose phosphate isomerase 1 transcript
-1.636 -1.821 XM_001003154 variant 2 (LOC676974) LOC676974
-2.255 -1.694 NM_001081212 insulin receptor sulst?a Irs2
-1.044 -1.675 NM_144796 sushi domain containing 4 Susd4
-1.879 -1.425 NM_008061 glucose-6-phosphataseytiatal G6pc
adult male pituitary gland cDNA RIKEN full-length
-2.033 -1.387 AKO017236 enriched library 5330406M23Rik
-1.265 -1.387-
-1.235 -1.328 NM_009692 apolipoprotein A-I Apoal
-1.209 -1.113 XM_001471861 hypothetical protein LOQ044148 Etnk2
-1.003 -1.103 XM_001481023 hypothetical protein LOQ143770 Gm4635
-1.035 -1.055 NM 001081065 zinc finger protein 707 Zfp707

Value range of more than two (n) oligos: values a-n
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Table 60: Mouse whole genome microarray analysis. Top0 genes accordantly up-regulated in mouse liveksy
PCB 126 (250 pg/kg bw, three days), and TCDD (25 pg/kow, three days). TCDD-raw data by courtesy of
Christiane Lohr (Lohr, 2013). Cutoff values: A> 27, Ifc> 1, p-value < 0.05.

PCB 126 Gene
& TCDD systematic
Ifc Icf name Gene description

6.292 9.478 NM_009992 cytochrome P450 family 1 amfiliy a polypeptide 1 Cyplal
2.557 5.169 NM_009994 cytochrome P450 family 1 amtiliy b polypeptide 1 Cyplbl
2.555 3.985 NM_009993 cytochrome P450 family 1 aofifiy a polypeptide 2 Cypla2
2.056 3.582 NM_010210 fragile histidine triad gene Fhit

1.767 3.379 NM_017379 tubulin alpha 8 Tuba8
3.172 3.103 NM_027872 solute carrier family 46 mentd Slc46a3
1.431 2903 NM_178892 TCDD-inducible poly(ADP-riedpolymerase Tiparp

3.095 2.819 NM_008181 glutathione S-transferaseadlfYa) Gstal
1.134 2.678 NM_016865 HIV-1 tat interactive protgihomolog (human) Htatip2

1.451 2.518 NM_025557 Purkinje cell protein 4-like Pcp4ll
2.542 2.153 NM_023440 transmembrane protein 86B Tmem86h
1.423 2.123 NM_026791 F-box and WD-40 domain progei Fboxw9
1.159/ 1.857/

2.161 1.362 NM_013541 glutathione S-transferase pi 1 Gstpl
3.049/  1.853/

2.144 1.036 NM_001122660 predicted gene 10639 Gm10639
1.464 1.762 NM_001163577 prominin 1 Proml
2.282 1.758 NM_007643 CD36 antigen Cd36
2.860/  1.696/

2.770 1.650 NM_145603 carboxylesterase 2 Ces2
1.035 1.653 NM_001166250 monoglyceride lipase Mgll

3.250 1.630 NM_198171 cDNA sequence BC015286 BC015286
1.381/ 1.621/

2.045 1.211 NM_025341 abhydrolase domain containing 6 Abhd6

Values b/a from oligo b/oligo a.
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Table 61: Mouse whole genome microarray analysis. Top0 genes accordantly down-regulated in mouse liver
by PCB 126 (250 ug/kg bw, three days), and TCDD (25(kg bw, three days). TCDD-raw data by courtesy of
Christiane Lohr (Lohr, 2013). Cutoff values: A> 27, Ifc< -1, p-value < 0.05.

PCB 126 Gene
& TCDD systematic
Ifc Icf name Gene description Gene name

-4.502/ -2.573/- BC031891/ serine (or cysteine) peptidase inhibitor clade A

-4.480 2.488 NR_002861 member 4 pseudogene 1 Serpina4-ps]

-1.345 -1.890 XM_001475897 similar to myosin XV LOC100046261

-1.479 -1.821 XM_001003154 similar to Glucose plhate isomerase 1 LOC676974

cytidine monophospho-N-acetylneuraminic acid

-2.174 -1.502 NM_001111110 hydroxylase Cmah

-1.879 -1.439 NM_001081141 gamma-aminobutyric éGi8BA) B receptor 2 Gabbr2

-1.230 -1.432 NM_007606 carbonic anhydrase 3 Car3

-2.087 -1.425 NM_008061 glucose-6-phosphataselytata G6pc

-1.873 -1.423 NM_134037 ATP citrate lyase Acly

-1.809 -1.387 AKO017236 adult male pituitary glamNA 5330406M23RIiK

-3.308- -1.387-

-3.260 -1.328 NM_009692 apolipoprotein A-I Apoal

-1.068/ -1.295/

-1.067 -1.229 NM_009569 zinc finger protein multitype 1 Zfpm1

-1.259 -1.276 NM_145368 acyl-coenzyme A amino &tidcyltransferase 2 Acnat2

solute carrier family 17 (sodium phosphate)

-1.091 -1.214 NM_144836 member 2 Slcl7a2

-2.283 -1.154 NM_198414 progestin and adipoQ rexedpmily member IX Paqr9

-1.214 -1.150 NM_198649 actin binding LIM proteanfily member 3 Ablim3
ENSMUSTO000(

-1.964 -1.135 ENSMUST00000099683 Unknown 0099683

-1.051 -1.113 XM_001471861 hypothetical protein LOGQ44148 Etnk2

-2.885 -1.103 XM_001481023 hypothetical protein LOG143770 Gm4635

-1.894/ -1.092/ ENSMUSTO000(

-1.951 -1.001 ENSMUSTO00000099050 Unknown 0099050
ENSMUSTO000(

-1.743 -1.073 ENSMUST00000099046 Unknown 0099046

Values b/a from oligo b/oligo a; values a-n: valaege of more than two (n) oligos.
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Table 62: Mouse whole genome microarray analysis. Top0 genes accordantly up-regulated in mouse liveksy
PCB 156 (150000 pg/kg bw, three days), and TCDD (2%9/kg bw, three days). TCDD-raw data by courtesy of
Christiane Lohr (Lohr, 2013). Cutoff values: A> 27, Ifc> 1, p-value < 0.05.

PCB 156 Gene

& TCDD systematic

Ifc Icf name Gene description Gene name
7.467 9.478 NM_009992 cytochrome P450 family 1 amfiliy a polypeptide 1 Cyplal
3.652 5.169 NM_009994 cytochrome P450 family 1 amtiliy b polypeptide 1 Cyplbl
3.402 3.985 NM_009993 cytochrome P45 family 1 aobify a polypeptide 2 Cypla2
3.861 3.582 NM_010210 fragile histidine triad gene Fhit
2.352 3.379 NM_017379 tubulin alpha 8 Tuba8
2.845 3.103 NM_027872 solute carrier family 46 mentd Slc46a3
1.331 2903 NM_178892 TCDD-inducible poly(ADP-riedpolymerase Tiparp
4.006 2.819 NM_008181 glutathione S-transferaghaal (Ya) Gstal
1.033 2.722 XM_001477458 predicted gene ENSMUSG00B8044 Gm9933
2.494 2.678 NM_016865 HIV-1 tat interactive protgirhomolog (human) Htatip2
1.359 2.518 NM_025557 Purkinje cell protein 4-lkke Pcp4ll
1.016 2.386 NM_013872 phosphomannomutase 1 Pmm1
2.236 2.153 NM_023440 transmembrane protein 86B Tmema86h
2.067 2.123 NM_026791 F-box and WD-40 domain progei Fbxw9
1.720 1.978 NM_028747 RIKEN cDNA 0610012H03 gene 0610012H0O3RIK
1.900/ 1.931/
1.174 1.039 NM_007618 serine (or cysteine) peptidase inhikitade A member 6 Serpina6
2.309/ 1.857/
2.269 1.362 NM_013541 glutathione S-transferase pi 1 Gstpl
3.939/ 1.853/
2.268 1.036 NM_001122660 predicted gene 10639 Gm10639
2.622 1.758 NM_007643 CD36 antigen Cd36
1.556 1.702 NM 007689 chondroadherin Chad

Values b/a from oligo b/oligo a.
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Table 63: Mouse whole genome microarray analysis. Top0 genes accordantly down-regulated in mouse liver
by PCB 156 (150000 pg/kg bw, three days), and TCDRK ug/kg bw, three days). TCDD-raw data by courtesgf
Christiane Lohr (Lohr, 2013). Cutoff values: A> 27, Ifc< -1, p-value < 0.05.

PCB 156 Gene

& TCDD systematic

Ifc Icf name Gene description Gene name
-1.423 -2.846 NM_013692 Kruppel-like factor 10 KIf10
-4.279/ -2.573/ BC031891/ serine (or cysteine) peptidase inhibitor clade Arnber 4
-4.481 -2.488 NR_002861 pseudogene 1 Serpina4-ps]
-2.005- -2.276-
-2.089 -2.141 NM_207655 epidermal growth factor receptor Egfr
-1.549 -1.890 XM_001475897 similar to myosin XV LOC100046261
-2.090 -1.886 NM_009744 B-cell leukemia/lymphoma 6 Bcl6
-2.953 -1.821 XM_001003154 similar to Glucose plnage isomerase 1 LOC676974
-1.002 -1.734 NM_010390 histocompatibility 2 Qioeglocus 1 H2-Q1
-2.591 -1.694 NM_001081212 insulin receptor sulbst?a Irs2
-1.619 -1.675 NM_144796 sushi domain containing 4 Susd4
-1.374 -1.669 NM_183257 hepcidin antimicrobial pe@R Hamp?2

ens|Sodium-dependent phosphate transport protein 3
ENSMUSTO0000 (Sodium/phosphate cotransporter 3)(Na(+)/PlI

-1.451 -1.560 0006786 cotransporter 3)(Solute carrier family 17 member 2) Slcl7a2
-1.311 -1.557 NM_009723 ATPase Cat+ transportifaggma membrane 2 Atp2b2
cytidine monophospho-N-acetylneuraminic acid

-2.491 -1.502 NM_001111110hydroxylase (Cmah) transcript variant 2 Cmah
-2.730 -1.439 NM_001081141 gamma-aminobutyric §GidBA) B receptor 2 Gabbr2
-2.945 -1.432 NM_007606 carbonic anhydrase 3 Car3
-3.060 -1.425 NM_008061 glucose-6-phosphataseytiatal G6pc
-3.297/ -1.423/

-1.584  -1.313 NM_134037 ATP citrate lyase (Acly) mRNA [NI¥34037] Acly

adult male pituitary gland cDNA RIKEN full-length
enriched library clone:5330406M23

-3.509 -1.387 AKO017236 product:unclassifiable full insert sequence 5330406M23RiK
-2.821- -1.387-
-2.710  -1.328 NM_009692 apolipoprotein A-I Apoal

Values b/a from oligo b/oligo a; values a-n: valaege of more than two (n) oligos.
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Table 64: Mouse whole genome microarray analysis. 48ccordantly up-regulated genes in mouse livers by
treatment with DL-congeners TCDD, 1-PeCDD, 4-PeCDFPCB 126, or PCB 156. Listed in descending order
according to TCDD-derived effects. TCDD-raw data by courtesy of Christiane Lohr (Lohr, 2013).
Cutoff values: A> 27, | Ifc | > 1, p-value < 0.05.

Gene DL-congeners excepting PCB 11¢

Gene name

Ifc (TCDD) systematic name Gene description

9.478 NM_009992 cytochrome P450 family 1 subfarailyolypeptide 1 Cyplal
5.169 NM_009994 cytochrome P450 family 1 subfarhilyolypeptide 1 Cyplbl
3.985 NM_009993 cytochrome P450 family 1 subfarailyolypeptide 2 Cypla2
3.582 NM_010210 fragile histidine triad gene Fhit
3.379 NM_017379 tubulin alpha 8 Tuba8
3.103 NM_027872 solute carrier family 46 member 3 Slc46a3
2903 NM_178892 TCDD-inducible poly(ADP-ribose) polerase Tiparp
2.819 NM_008181 glutathione S-transferase alphéa) ( Gstal
2.678 NM_016865 HIV-1 tat interactive protein 2 halog (human) Htatip2
2.518 NM_025557 Purkinje cell protein 4-like 1 Pcp4ll
2.153 NM_023440 transmembrane protein 86B Tmem86h
1.857/1.362 NM_013541 glutathione S-transferaske pi Gstpl
1.853 NM_001122660 predicted gene 10639 Gm10639
1.758 NM_007643 CD36 antigen Cd36
1.696/1.65 NM_145603 carboxylesterase 2 Ces2
1.653 NM_001166250 monoglyceride lipase Mgl
1.63 NM_198171 cDNA sequence BC015286 BC015286
1.621/1.211 NM_025341 abhydrolase domain contaifiing Abhd6
1.602 NM_010902 nuclear factor erythroid derivdike 2 Nfe2l2
1.559 NM_181796 glutathione S-transferase pi 2 Gstp2
1.499 NM_026428 dicarbonyl L-xylulose reductase Dcxr
1.481 NM_008030 flavin containing monooxygenase 3 Fmo3
1.441 NM_009150 selenium binding protein 1 Selenbp
1.441 NM_009150 selenium binding protein 1 Selenbp
1.423 NM_011099 pyruvate kinase muscle Pkm2
1.394 NM_172881 UDP glucuronosyltransferase 2 familypeptide B35 Ugt2b35
1.391 NM_009466 UDP-glucose dehydrogenase Ugdh
1.316 NM_009768 basigin Bsg
1.297 NM_008182 glutathione S-transferase alphéc2) Gsta2
1.286 NM_001145875 RIKEN cDNA 9530008L14 gene 9530008L14RiK
1.282 XM_129965 Mus musculus gene model 1833 Gm1833
1.259 NM_001081372 predicted gene 5158 Gmb5158
1.247/1.209 NM_008278 hydroxyprostaglandin dehydnage 15 (NAD) Hpgd
1.244 NM_145953 cystathionase (cystathionine garyese) Cth
1.198 NM_019771 destrin Dstn
1.181 A 55 P2168781 Unknown A 55 P216878]
1.156 NM_008828 phosphoglycerate kinase 1 Pgkl
1.15 NM_011671 uncoupling protein 2 (mitochondrial) Ucp2
1.136 NM_020008 C-type lectin domain family 7 Clec7a
1.127 NAP096647-001 MUSXPGK phosphoglycerate kinase NAP096647-001
1.111 NM_019749 gamma-aminobutyric acid receptsociated protein Gabarap
1.105 NM_025797 cytochrome b-5 Cyb5
1.094 NM_009811 caspase 6 Casp6
1.093 NM_009801 carbonic anhydrase 2 Car2
1.069 NM_026185 abhydrolase domain containing 15 Abhd15
1.034 NM_001081036 predicted gene 9294 Gm9294
1.002 NM 025911 coiled-coil domain containing 91 Ccdc91

Values b/a from oligo b/oligo a; values a-n: valarge of more than two (n) oligos.
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Table 65: Mouse whole genome microarray analysis. 1&8cordantly down-regulated genes in mouse liversyb
treatment with DL-congeners TCDD, 1-PeCDD, 4-PeCDFPCB 126, or PCB 156. Listed in descending order
according to TCDD-derived effects. TCDD-raw data by ourtesy of Christiane Lohr (Lohr, 2013). Cutoff values:

A>2 |Ifc| > 1, p-value < 0.05.

Gene DL-congeners excepting PCB 11¢

systematic name Gene description Gene name
-2.573/ BC031891/ serine (or cysteine) peptidase inhibitor clade Arber 4
-2.488 NR_002861 pseudogene 1 Serpina4-ps]
-1.821 XM _001003154 similar to Glucose phosphaimierase 1 transcript variant 2 LOC676974
-1.502 NM_001111110 cytidine monophospho-N-acetylaminic acid hydroxylase Cmah
-1.439 NM_001081141 gamma-aminobutyric acid (GABAeceptor Gabbr2
-1.432 NM_007606 carbonic anhydrase 3 Car3
-1.425 NM_008061 glucose-6-phosphatase catalytic G6pc
-1.423 NM_134037 ATP citrate lyase Acly
-1.387-
-1.328 NM_009692 apolipoprotein A-I Apoal
-1.276 NM_145368 acyl-coenzyme A amino acid N-aayisferase 2 Acnat2

-1.15 NM_198649 actin binding LIM protein family Ablim3

ENSMUSTO0000 ENSMUSTO0000¢
-1.135 0099683 Unknown 099683
-1.113 XM_001471861 hypothetical protein LOC10004114 Etnk2
-1.103 XM_001481023 hypothetical protein LOC10004B77 Gm4635

ENSMUSTO0000 ENSMUSTO0000
-1.092 0099050 Unknown 099050

ENSMUSTO0000 ENSMUSTO0000
-1.073 0099046 Unknown 099046
-1.064 NM_011169 prolactin receptor Prir
-1.035 NM_021041 ATP-binding cassette Abcc9

ENSMUSTO0000 ENSMUSTO0000Q
-1.031 0099035 Q4YHFO_PLABE (Q4YHFQ) Pb-fam-2 protein @reent) 099035
-1.028 XM 914710 similar to EF-hand Ca2+ bindingteirop22 (LOC638627) LOC638627

Values b/a from oligo b/oligo a; values a-n: valaage of more than two (n) oligos.
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