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play an important role in the DNA damage response in yeast. We
will present data and structural models pertaining to the mode of
action of H3-K56ac in the response to chemical DNA damage.

doi:10.1016/j.toxlet.2009.06.005
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ymposia

ymposium 1: The Epigenome ? Role in Carcinogenesis

01-01
iving with and without the maintenance cytosine methyltrans-
erase, Dnmt1

ichard Meehan

Western Hospital, MRC Human Genetics Unit, Edinburgh, United
ingdom

pigenetic regulatory mechanisms involve heritable alterations
n chromatin structure that govern the transcription profile and
enome stability of a cell during animal development or in differ-
nt disease states. The key molecular events underlying epigenetic
hanges in the nucleus as a result of genotoxic or non-genotoxic
hemical exposure include alterations in the patterns of DNA
ethylation and modification of histones leading to stable changes

n the transcription profile. Together, DNA methyltransferase and
istone modifying enzymes can alter the chromatin environment
esulting in new epigenetic (expression) states that promote the
ormation of altered foci and predispose to the development of can-
er. We have identified a cellular pathway that activates apoptosis
n response to changes in the levels of the maintenance cytosine

ethyltransferase, Dnmt1. We propose that suppression of this
athway is a necessary step in the development of cancer resulting
rom exposure to genotoxic or non-genotoxic chemicals.

oi:10.1016/j.toxlet.2009.06.002

01-02
olorectal cancer epigenetics: Causes, consequences and clinical
pplications

anon van Engeland

Maastricht University Medical Center, Pathology, Maastricht,
etherlands

berrant promoter methylation is involved in transcriptional
ilencing of tumour suppressor- and DNA repair genes in colorec-
al cancer. However, the cause of altered epigenetic control of gene
xpression has not been elucidated yet.

Here I will present genome-wide epigenetic screens and to iden-
ify novel tumour suppressor genes in colorectal cancer. In addition,
will present data on the etiology of altered promoter methyla-

ion in colorectal cancer. Finally I will discuss the applications of
romoter hypermethylation in clinical practice.

oi:10.1016/j.toxlet.2009.06.003

01-03
lobal DNA promoter methylation in cancer

hristoph Plass
Deutsches Krebsforschungszentrum, Epigenomik und
rebsrisikofaktoren, Heidelberg, Germany

wo general mechanisms have been identified that are involved in
he silencing of cancer related genes. Genetic alterations, includ-
189S (2009) S16–S36

ng mutations and deletions, have been known to be involved in
umor suppression for many years. More recently, DNA methy-
ation has been identified as an additional mechanism to silence
enes. Aberrant DNA methylation is an early event in tumorigen-
sis and a major contributor in the development of solid tumors
s well as leukemias. As an epigenetic alteration, DNA methy-
ation does not change the sequence of a gene and thus offers
he exciting possibility for therapeutic removal of the methyla-
ion group by demethylating drugs. Deregulation of mechanisms
hat control the establishment of normal DNA methylation pat-
erns leads to both extensive aberrant hypo- and hypermethylation
nd has been described for several human malignancies. Global
NA hypomethylation in human cancers was one of the earliest
hanges associated with tumor progression. Our group has shown
hat human malignancies are characterized by extensive promoter
pG island methylation with non-random and tumor-type specific
atterns. It is currently unknown how tumors acquire aberrant DNA
ethylation patterns. In this symposium I will discuss our cur-

ent understanding of epigenetic alterations using the example of
hronic lymphocytic leukemia (CLL). Data will be presented that
escribes the changes occurring in the epigenetic states in human
LL genomes. Furthermore, we will present data on a mouse model
hat recapitulates epigenetic alterations and develops CLL.

oi:10.1016/j.toxlet.2009.06.004

01-04
istone acetylation and chemical carcinogenesis

olin Logie

Universty of Nijmegen, Nijmegen Centre for Molekular Life Sciences,
ijmegen, Netherlands

harmacological agents that damage DNA result in a num-
er of genomic responses geared to permit repair. One class
f eukaryotic responses involves post-translational modification
f histones. Histones are the protein components of the disc-
haped deoxyribonucleoprotein complexes called nucleosomes
hich wrap 146–165 bp of DNA and form the basic building unit

f chromosomes. Their modifications is thought to affect genome
tructure directly, by modulating the physical properties of nucle-
somes as well as by forming new binding sites for specific nuclear
roteins, such as those involved in DNA repair. One well-known
xample is phosphorylation of lysine 129 of the H2A histone vari-
nt called H2A.X, which recruits double strand DNA break repair
actors.

Acetylation on lysine 56 of histone H3 (H3-K56ac) was reported
y our lab as well as by several others in 2005. In yeast it was
ound that accumulation of H3-K56ac is a genome-wide event that
ccurs during every S-phase and that this modification persists
pon exposure to clastogenic agents. H3-K56ac thus appears to

dx.doi.org/10.1016/j.toxlet.2009.06.002
dx.doi.org/10.1016/j.toxlet.2009.06.003
dx.doi.org/10.1016/j.toxlet.2009.06.004
dx.doi.org/10.1016/j.toxlet.2009.06.005
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will provide an overview of the role of ABC transporters in bioavail-
ability, clearance and distribution to peripheral sites, with a focus
on how variability in transport contributes to drug toxicity.

doi:10.1016/j.toxlet.2009.06.009
Abstracts / Toxicology L

01-05
pigenetic changes in cancer as a signature of exposure to envi-
onmental and dietary factors

denko Herceg

IARC, Lyon Cedex 08, France

t is now recognized that epigenetic mechanisms are critical for
nderstanding the causes of complex diseases such as cancer. Epi-
enetic events play key roles in the control of key cellular process
nd their deregulation has been associated with virtually all stages
f cancer development and progression. A number of critical pro-
esses found in cancer cells, such as silencing of tumour suppressor
enes, activation of oncogenes, aberrant cell cycle, and defects in
NA repair, can be caused by aberrant epigenetic states. Epige-
etic inheritance include DNA methylation, histone modifications
nd RNA-mediate silencing all of which are essential mechanisms
hat allow the stable propagation of gene activity states from one
eneration of cells to the next. Although the role of epigenetic
vents is supported by both epidemiological and experimental
tudies, the precise contribution of epigenetic mechanisms and cel-
ular targets of epigenetic alterations to human cancers are largely
nknown. Almost spectacular technological advances in epigenet-

cs and epigenomics now allow powerful screening of large series of
amples with unprecedented resolution. Epigenetic profiling using
oth genome-wide and candidate-gene approaches in normal and
umour tissues as well as bodily fluids will help to elucidate the

echanism underlying tumourigenesis, but also can be exploited to
dentify specific epigenetic targets, environmental factors, and the
ritical windows of vulnerability to cancer. Recent advances in epi-
enetics and epigenomics and ongoing studies aiming to identify
pecific epigenetic targets, environmental factors, and the critical
indows of vulnerability to environmentally induced epigenetic

lterations as well as their implication for biomarker discovery,
ancer risk assessment and prevention will be discussed.

oi:10.1016/j.toxlet.2009.06.006

ymposium 2: ATP Transporters in Mechanistic Toxicology

02-01
oles of the ABC transporter family in toxicology

imothy Gant

Medical Research Council Toxicology Unit, System Toxicology,
eicester, United Kingdom

BCB1 (MDR1) was the first gene of the ABC transporter family
loned by Victor Ling in 1976, from cells resistant to colchicine.
ince that time the family has expanded to 48 in 7 sub-families.
olymorphisms in a substantial number of the genes are associated
ith a variety of Mendelian monogenic disease states includ-

ng cystic fibrosis and several biliary cholestasies. In liver ABC
enes are essential for the transport of molecules and metabolites
cross the cannalicular hepatocyte membrane. Saturation of these
ransporters is probably responsible for many of the hepatotoxic
athologies that are observed after drug and chemical exposure.

imilarly physiologically expression of some transporters in the
ntestine, testes and blood–brain barrier fulfils a protective role
gainst xenobiotic exposure. Furthermore the ABC transporters are
mportant in the transport of endogenous molecules, for example of
orphyrin across the mitochondrial membrane (Schuetz, J.D., et al.,
189S (2009) S16–S36 S17

ature 2006). Many of the gene family are inducible by xenobiotics
t the transcriptional level often with metabolic genes, allowing
o-ordination of metabolic conversion with metabolite transport.
his physiological response to toxicity is now often referred to
s Phase III after metabolic oxidation (Phase I) and conjugation
Phase II). In cancer increased ABC gene expression is associated
ith resistance to chemotherapeutic drugs; in essence a toxicolog-

cal phenomenon with the tumor cells utilizing the ABC genes to
rotect themselves. These conserved mechanisms underscore the

mportance of this gene family for protection of the cell against toxic
tress.

eference

rishnamurthy, P.C., Du, G., Fukuda, Y., Sun, D., Sampath, J., Mercer, K.E., Wang, J.,
Sosa-Pineda, B., Murti, K.G., Schuetz, J.D., 2006. Identification of a mammalian
mitochondrial porphyrin transporter. Nature 443 (7111), 586–589, Epub 2006
Sep 27.

oi:10.1016/j.toxlet.2009.06.008

02-02
nvolvement of ABC transporters in pharmacokinetics and tox-
cokinetics

eanna Kroetz

University of California, San Francisco, Department of Bioengineering
nd Therapeutic Sciences, San Francisco, United States

BC transporters are highly expressed at important sites of drug
nd toxin distribution and elimination, including the intestine, liver
nd kidney. As a result, they play important roles in determining
he bioavailability, distribution and clearance of many xenobiotics.
-glycoprotein, encoded by ABCB1, is highly expressed in intestinal
pithelial cells and can limit the bioavailability of its substrates. Dis-
uption of intestinal P-glycoprotein function could lead to increased
rug or toxin exposure. Important liver efflux transporters include
RP2 (ABCC2), BSEP (ABCB11) and MXR/BCRP (ABCG2). These trans-

orters are involved in the biliary secretion of xenobiotics and their
onjugates. Variability in the biliary secretion of SN-38 glucuronide
as been associated with the rate-limiting gastrointestinal toxicity
f irinotecan. In the kidney, MRP2, MRP4 (ABCC4) and MXR/BCRP
re the major ABC transporters involved in the renal secretion of
rugs and other xenobiotics. Transport of antivirals by MRP4 is

mplicated in the renal toxicity of these drugs. ABC transport at the
lood–brain, blood–testis, and maternal–fetal barriers influences
he distribution of xenobiotics into protected areas, and disruption
f this function can be associated with toxicity. This presentation

dx.doi.org/10.1016/j.toxlet.2009.06.006
dx.doi.org/10.1016/j.toxlet.2009.06.008
dx.doi.org/10.1016/j.toxlet.2009.06.009
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02-03
egulation of ABC transporter genes

onald Oude Elferink

AMC Liver Center, Academic Medical Center S1-162, Amsterdam, The
etherlands

etabolism and transport are the main determinants of the phar-
acokinetic behaviour of drugs. The role metabolic enzymes is

uite established. This is, however, much less the case with regard
o transporter proteins. It is accepted that transporter proteins are
rucial for drug disposition, but the role of transporter gene regu-
ation is still being uncovered. Transport steps include uptake into
pithelial cells of liver, intestine and kidney followed by excretion
f either the parent compound or metabolites into bile, intesti-
al lumen or primary urine, respectively. Conversely, metabolites
an also be transported from the epithelial cells back into blood.
xcretion across apical membranes is mediated by members of the
TP-Binding Cassette family such as ABCB1 (P-glycoprotein), ABCC2
MRP2) and BCRP (ABCG2). Excretion of drug metabolites back into
lood can be mediated by other members of this family in the baso-

ateral membrane of cells such as ABCC3 (MRP3), ABCC4 (MRP4) or
BCC5 (MRP5). In recent years it has become clear that these ABC

ransporters are strongly regulated by several nuclear receptors,
uch as PXR, CAR, VDR and FXR, which are activated by binding of
very wide spectrum of xenobiotics. These nuclear receptors sim-

larly regulate CYP genes and therefore represent a major level of
rug–drug interaction. In addition, it is becoming clear that these
uclear receptors represent a level of cross talk between drug elim-

nation on the one hand and lipid and drug metabolism on the other
and.

oi:10.1016/j.toxlet.2009.06.010

02-04
ole of ABC transporters at the blood–brain barrier

eidrun Potschka

Ludwig-Maximilians-University Munich, Inst. of Pharmacology,
oxicology, and Pharmacy, Munich, Germany

everal ABC transporters function as efflux transporters at the
lood–brain barrier (BBB). Mediating transport into the direction
f the capillary lumen, these transporters efficaciously limit brain
enetration of a variety of endogenous and exogenous compounds.
hereby, efflux transporters critically contribute to homeostasis of
ndogenous substrates but also protect the brain tissue from poten-
ially harmful xenobiotics. During the last decade the role of efflux
ransporters in the pathophysiology and treatment of central ner-
ous system (CNS) diseases has been recognized.

On the other hand, effective extrusion from the brain by trans-
orters is a frequent cause for the pharmaceutical industry to
xclude novel compounds from further development of CNS ther-
peutics. Moreover, high transporter expression levels that are
resent in individual patients seem to be a major cause of ther-
peutic failure in a variety of CNS diseases including brain tumors,
pilepsy, brain HIV infection, and psychiatric disorder. In some dis-
ases therapy or pathophysiology-associated factors may further

ncrease the expression of efflux transporters thereby worsening
he therapeutic situation.

In recent years awareness of the impact of brain efflux trans-
orters on protection of brain tissue and on treatment of CNS

a
s
M
i

189S (2009) S16–S36

iseases has increased progressively. Future research focusing on
oth the physiological and pathophysiological functions of brain
fflux transporters and their regulation should help to further elu-
idate the role of such transporters. Gain in knowledge may allow
ptimizing strategies for modulation of transporter function taking
heir spectrum of protective functions into consideration.

oi:10.1016/j.toxlet.2009.06.011

02-05
ole in ABC transporters in liver functions and disease

ohn D. Schuetz

St. Jude Children’s Research Hospital, Department of Pharmaceutical
ciences, Memphis, United States

ecent studies in ABC transporter knockout models have demon-
trated that “drug transporting” ABC transporters have both roles in
ormal liver function and in pathological conditions. I will describe
everal ABC transporter knockout models to illustrate their roles in
iver biology. The basolateral transporter, Mrp4, normally expressed
t low levels in the liver, but is strongly upregulated by cholestasis.
his led to the hypothesis that Mrp4 might play a role in protect-
ng the liver from bile acid overload. The Mrp4 knockout mouse

odel subsequently confirmed that Mrp4 protected mice from
holestatic injury. It is notable that human MRP4 is upregulated
n liver cholestasis. Mrp3 is a basolateral transporter that is also
pregulated by cholestasis. Mrp3 and Mrp4 appear functionally
edundant because in vitro assays showed both transported bile
cids. However, careful analysis of bile duct ligated Mrp3 knock-
ut vs. wildtype mice demonstrated comparable liver damage and
imilar accumulation of bile acids, thus indicating its primary role
as not protection from liver bile acid accumulation. These studies

ndicated that Mrp3 transported glucuronides, most notably biliru-
in glucuronide. Mrp2 is a canalicular transporter that has also
een demonstrated to transport bile acids in vitro. However, this

s likely a minor role under normal conditions as the Mrp2 knock-
ut is strongly impaired in GSH transport into bile. Recent studies
ave suggested Mdr1 has an adaptive role in the protection against
holestasis. In total, the development of ABC transporter knock-
ut mice has fostered an understanding of their physiological roles
part from their roles as drug transporters.

oi:10.1016/j.toxlet.2009.06.012

ymposium 3: Molecular Mechanisms of Toxicity for Bacterial
oxins

03-01
ho-inhibiting toxins

ngo Just ∗, Stefanie C. Dreger, Harald Genth

Hannover Medical School, Toxicology, Hannover, Germany

he monomeric Rho GTP-binding proteins are regulators of actin
ytoskeleton, gene expression, cell cycle progression and cell death.
s broad spectrum regulators of cellular functions Rho proteins

re preferred targets of bacterial protein toxins. Such toxins are
ubdivided into modulating and (covalently) modifying toxins.
odulating toxins transiently mimic Rho activating or inactivat-

ng regulators. In contrast, modifying toxins harbour an inherent

dx.doi.org/10.1016/j.toxlet.2009.06.010
dx.doi.org/10.1016/j.toxlet.2009.06.011
dx.doi.org/10.1016/j.toxlet.2009.06.012


etters

e
A
(
a
p
r
t

t
t
4
o
s
t
b
e
T
u
R
t

d

S
B
i
d

H

T

B
i
f
i
w
d
t
i
b
b
e
c
e
t
a
p
b
a
w
A
i
t
c
P
i
t
t

d

S
C

K

P

T
s
t
g
i
a

a
s
i
c
d
t
G

i
o
t
d
t
p

d

S
T
o

C

I

B
f
5
a
n
o
i
t
i
h
a
m
t
b
n
i

Abstracts / Toxicology L

nzyme activity to covalently attach a functional group such as an
DP-ribose (Clostridium botulinum C3-like transferases), a glucose

clostridial glucosylating toxins like Clostridium difficile toxin A) or
n AMP moiety (Vibrio parahaemolyticus VopS) onto their substrate
roteins. Covalent modification takes place at pivotal amino acid
esidues (threonine-37 and asparagine-41 in Rho), which reside in
he effector region of Rho essential for down-stream signalling.

Exemplarily the C3-like toxins are presented in detail. The C3
oxin from C. botulinum is the prototype of Rho-ADP-ribosylating
oxins, which specifically modify RhoA, B and C at asparagine-
1. The ADP-ribose moiety alters the activation–inactivation cycle
f Rho, thereby preventing activation (GTP-binding) and down-
tream signalling of Rho. The specificity of C3 to selectively modify
he 3 homologous Rho isoforms out of about 150 monomeric GTP-
inding proteins is the basis for its use as tool in cell biology. To this
nd, it is applied in a cell-permeable form (fusion toxin or fusion to
at-like delivery-competent peptides) to allow rapid and efficient
ptake into intact cells. Based on the cell-type specific functions of
ho, cell-permeable C3 is now approved as locally acting drug to
reat spinal cord injury.

oi:10.1016/j.toxlet.2009.06.014

03-02
inary actin-ADP-ribosylating toxins: New insights into the

nteraction between bacterial toxins and host cell chaperones
uring internalization into mammalian cells

olger Barth ∗, Eva Kaiser

University of Ulm Medical Center, Institute of Pharmacology and
oxicology, Ulm, Germany

inary clostridial actin-ADP-ribosylating toxins comprise Clostrid-
um botulinum C2 toxin, C. perfringens iota toxin and the toxins
rom C. difficile and C. spiroforme. These toxins consist of a bind-
ng/translocation component and a separate enzyme component,

hich mono-ADP-ribosylates actin in eukaryotic cells leading to
epolymerization of actin filaments and cell death. The sophis-
icated mechanism by which these unique toxins are taken up
nto cells was investigated in detail for C2 toxin. The heptameric
inding/translocation component C2IIa (420 kDa) binds to a car-
ohydrate receptor on the cell surface and assembles with the
nzyme component C2I (49 kDa). After endocytosis of the toxin
omplex, C2IIa forms pores in the membranes of early acidified
ndosomes and unfolded C2I translocates through the pores into
he cytosol. We discovered that translocation of C2I requires the
ctivities of the heat shock protein Hsp90 and cyclophilin A, a
eptidyl-prolyl cis/trans isomerase (PPIase). Pharmacological inhi-
ition of cyclophilin prevented intoxication of cells with C2 toxin
nd blocked translocation of C2I into the cytosol of intact cells as
ell as across endosomal membranes in vitro. Moreover, cyclophilin
interacts with C2I in the cytosol of intact cells. The internal-

zation of iota toxin also depends on Hsp90 and cyclophilin thus
hese chaperones/PPIases might be involved in membrane translo-
ation of all members of this toxin family. This first observation that
PIases are involved in the internalization of bacterial protein tox-

ns contributes to a better understanding of the mode of action of
hese important virulence factors and could be a rationale for novel
herapeutic strategies.

oi:10.1016/j.toxlet.2009.06.015
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03-03
lostridial glucosylating toxins

laus Aktories

Universität Freiburg, Institut für Experimentelle und Klinische
harmakologie und Toxikologie, Freiburg i. Brsg., Germany

he toxin family comprises Clostridium difficile toxins A and B, C.
ordellii haemorrhaging and lethal toxin and C. novyi �-toxin. The
oxins are important virulence factors, which act on eukaryotic tar-
et cells by modification of low molecular mass GTPases. Most
mportant are C. difficile toxins A and B, which cause antibiotic-
ssociated diarrhea and pseudomembranous colitis.

The toxins bind to cell membrane receptors of target cells, which
re not well characterized. After endocytosis the low pH of endo-
omes causes conformational changes of the toxins, which allow
nsertion of the toxins into membranes and subsequent translo-
ation of the enzyme domain into the cytosol. Only the catalytic
omain of the clostridial glucosylating toxins is translocated into
he cytosol, where, depending on the toxin type, Rho and Ras
TPases are inactivated by glucosylation.

A multimodular structure reflects the mode of action of the tox-
ns. They are structured according to the ABCD model and consist
f the biological active N-terminal glucosyltransferase domain (A),
he C-terminal receptor binding domain (B), a cysteine protease
omain (C), and a middle part (D), which is involved in delivery of
he catalytic domain into the cytosol. Recent data on structure and
rocessing of the toxins will be discussed.

oi:10.1016/j.toxlet.2009.06.016

03-04
he botulinum neurotoxins between toxicology and pharmacol-
gy

esare Montecucco

Università di Padova, Dipartimento di Scienze Biomediche, Padova,
taly

otulism is caused by any of seven botulinum neurotoxins (BoNT
rom A to G), which are made of two polypeptide chains (L,
0 kDa and H, 100 kDa, consisting of two 50 kDa domains HN
nd HC). HC binds rather specifically to peripheral cholinergic
erve terminals and L enters the terminals blocking the release
f acetyl choline. Consequently, a flaccid paralysis and autonomic
mpairment develop; however, if the patient survive the respira-
ory failure, he/she will recover completely. Owing to the great
mprovements in food preparation, this disease is rather rare among
umans, whilst it strikes heavily in the wild and in intensive bird
nd fish farms. BoNTs are the most potent known poisons, with
ouse LD50 between 1 and 5 ng/kg. Such extreme toxicity is due to

heir strict neurospecificity and to their enzymatic activity. BoNTs
ind to a polysialoganglioside and to other lipids, and to the lumi-
al domain of a synaptic vesicle protein; they are thus endocytosed

nside a synaptic vesicle which is used as a “Trojan horse” to enter
he nerve terminal. Here, novel acquisitions on the mode of BoNT

embrane binding will be presented.
The low pH of the vesicle lumen causes a conformational
hange that allow HN to form a transmembrane channel that medi-
tes the transfer of the L chain into the cytosol. The L chain is
metalloprotease specific for one of the three SNARE proteins:

AMP/synaptobrevin, a membrane protein of synaptic vesicles

dx.doi.org/10.1016/j.toxlet.2009.06.014
dx.doi.org/10.1016/j.toxlet.2009.06.015
dx.doi.org/10.1016/j.toxlet.2009.06.016
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NAP-25 and syntaxin, two proteins of the cytosolic face of the
resynaptic membrane. They form a heterotrimeric coil-coiled
omplex which brings the vesicle close to the membrane ready to
use. BoNT/B, D, F and G cleave VAMP at single different peptide
onds, whilst BoNT/A, C and E cleave SNAP-25 at different posi-
ions of the C-terminus and C also cleaves syntaxin (1). These results
how that VAMP, SNAP-25 and syntaxin are key components of the
euroexocytosis apparatus and describe the molecular pathogene-
is of botulism.

A remarkable aspect of the action of BoNTs is their duration of
ction which depends on: (a) animal species, (b) type of toxin and
c) type of nerve terminal. BoNT/A and C block skeletal nerve termi-
als for 3–4 months and the autonomic ones for >1 year, whilst the
ther types cause a weeks/months blockade. Here, possible expla-
ations of the different duration of action and novel results on the
ssembly of the SNARE complex which are of general importance
ill be presented.

Another remarkable BoNT property is that the toxin “stays” very
uch at the site of intramuscular injection. Recently, we have set up
very reliable and sensitive assay of BoNT diffusion in vivo and have
hown that the three formulations of BoNT available in Europe have
very limited and similar spreading. This result will be discussed
uring my presentation.

The high neurospecificity, the very limited diffusion and their
eversibility of action makes BoNT injection the therapy of choice in
ll those syndromes caused by hyperfunction of peripheral cholin-
rgic nerve terminals. BoNT/A is almost invariably used in humans.
ome of the therapeutic uses of BoNT/A will be illustrated together
ith recent results that show that BoNT/C is equivalent to BoNT/A

n this respect and could be a valid substitute for A when a patient
ecomes immune to BoNT/A.

oi:10.1016/j.toxlet.2009.06.017

03-05
ntry of Shiga toxin into cells

irsten Sandvig

The Norwegian Radium Hospital, Department of Biochemistry,
nstitute for Cancer Research, Oslo, Norway

higa toxin acts on cells by first binding to the neutral gly-
osphingolipid Gb3 at the cell surface. Binding is associated with
timulation of Syk, formation of a Syk-clathrin complex and
lathrin phosphorylation (Walchli et al., 2009; Lauvrak et al., 2006).
he toxin is then endocytosed both by clathrin-dependent and
lathrin-independent mechanisms (Sandvig et al., 2008), and it is
ransported retrogradely to the Golgi apparatus and the ER before
he enzymatically active part is translocated to the cytosol and inac-
ivates the ribosomes. As a result, protein synthesis is inhibited,
nd apoptosis may occur. Sorting of Shiga toxin from endosomes
o the Golgi is a requirement for intoxication, and one is beginning
o understand the complexity of this process. Not only are compo-
ents of the retromer (an endosomal protein complex containing
orting nexins) involved (Utskarpen et al., 2007; Bujny et al., 2007;
opoff et al., 2007), but also transport to the Golgi apparatus is also
egulated by kinases. For instance, Vps34 (Skånland et al., 2007),
KC delta (Torgersen et al., 2007) and p38a (Walchli et al., 2008)
odified by arrestins (Skanland et al., 2009) can be involved, and
lso the lipid composition of the cellular membrane plays a role
Raa et al., in press). This strict regulation is not observed for trans-
ort of the plant toxin ricin, which binds to both lipids and proteins
ith terminal galactose, and which is also transported retrogradely.

t
A
s
a
m

189S (2009) S16–S36

rotein complexes involved in endosome to Golgi transport path-
ay(s) are being characterized and will be described.
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ymposium 4: DNA Damage-induced Signaling and Cell Death

04-01
nterplay of DNA repair and damage signaling in genotoxin-
nduced apoptosis and necrosis

ernd Kaina

University of Mainz, Department of Toxicology, Mainz, Germany

amage to DNA is usually considered to be harmful for the cell.
owever, not every type of DNA damage is mutagenic and not
ll of them are cytotoxic. Perhaps best understood are alkylat-
ng agents, which are powerful mutagens and carcinogens and,

oreover, are being used in the therapy of gliomas and malignant
elanomas. These agents induce a dozen of DNA lesions, some of

hem have been identified to be carcinogenic, genotoxic and cyto-
oxic. DNA alkylation lesions are repaired by ABH proteins, base
xcision repair and MGMT. In MGMT lacking cells the minor lesions
6-methylguanine (O6MeG) and O6-chloroethylguanine (O6ChlG)
ose the major trigger of genotoxicity and apoptosis. O6MeG
equires MSH2/MSH6 dependent mismatch repair and excessive
ell proliferation in order to become toxic. O6MeG triggered cell
eath is regulated in a cell type specific manner, utilizing both
he mitochondrial and the death receptor (Fas/CD95/Apo-1) path-
ay. O6MeG triggered apoptosis is preceded by DNA double-strand
reak (DSB) formation, H2AX phosphorylation and ATM/ATR/Chk
ctivation which occurs, as shown in synchronized cells, in the
nd post-treatment replication cycle. In p53 wt cells the death
eceptor pathway becomes activated, whereas in p53 mutated cells
cl-2 declines, which is followed by caspase-9, -7 and -3 activa-
ion. The efficiency of O6MeG in triggering the p53 dependent Fas
athway is much higher than the p53 independent endogenous
itochondrial pathway, which explains why p53 wt glioma cells

re more sensitive to methylating agents (temozolomide) than p53
utated cells. Interestingly, p53 wt glioma cells are more resistant
han p53 mutant glioma cells to chloroethylating agents, such as
CNU, indicating p53 to protect against O6ChlG-induced apopto-
is and necrosis. This is due to upregulation of repair genes (ddb2
nd xpc). O6MeG and O6ClG are also able to induce apoptosis in
alignant melanoma cells, which is preceded by the formation

dx.doi.org/10.1016/j.toxlet.2009.06.017
dx.doi.org/10.1016/j.toxlet.2009.06.018
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f DSBs. Cells defective in XRCC2 or BRCA-2 are hypersensitive to
6MeG triggered cell death and chromosomal aberrations while
NA-PKCS mutated cells display only slightly enhanced sensitivity.
he data supports a role for DSBs as most critical alkylation-induced
ownstream apoptosis-triggering lesions. Furthermore, they show
hat DSB repair by homologous recombination plays a key role in
efence and, therefore, is a new determinator of cellular resistance
o monofunctional alkylating agents. Data will also be presented on
poptosis induction by the bifunctional alkylating agent cyclophos-
hamide, and the role of replication and transcription inhibition in
riggering apoptosis will be discussed.

Acknowledgment: Work was supported by DFG KA724/13 and
tiftung Rheinland-Pfalz.
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04-02
NA damage response: Mechanisms and role in human cancer

iri Bartek

“Danish Cancer Society Institute of Cancer Biology”, Department of
ell Cycle and Cancer, Copenhagen, Denmark

ecent work in the field of DNA damage recognition, signaling
nd repair identified multiple protein modifications that operate
n concert with the ‘classical’ phosphorylation/dephosphorylation
etwork governed by the ATM/ATR-regulated DNA damage
esponse (DDR). This lecture will summarize our recently pub-
ished and unpublished data documenting the biological and
athophysiological role of DDR, with emphasis on the emerg-

ng ubiquitylation/deubiquitylation cascade, including the RNF8,
NF168 and BRCA1 ubiquitin ligases, USP7 and other deubiquityla-
ion enzymes and additional components, in DNA damage signaling
nd repair in human cells. The data will include results from pan-
enomic RNAi-based screens for novel DDR components, live-cell
maging of human cells to analyze the spatiotempral orchestration
f the key DDR pathways, and mechanistic insights into the cooper-
tion between phosphorylation, ubiquitylation and protein-protein
nteractions in response to DNA double strand breaks. Secondly,
ecent results extending our concept of DDR as a tumorigenesis
arrier in early human cancer development, and exploitation of
DR defects in tumors as predictive markers to guide individualized
hemotherapy, will be presented.

oi:10.1016/j.toxlet.2009.06.021

04-03
NA damage-induced mitotic catastrophe, necrosis and apop-

osis

oris Zhivotovsky 1,2

Karolinska Institutet, Sweden, 2 Institute of Environmental Medicine
IMM), Stockholm, Sweden

n dividing cells DNA damage caused by genotoxic insults results
n the activation of cell cycle checkpoints followed by DNA repair
o ensure the integrity of the transcribed genome. p53, being
guardian of genome is activated by stress and, depending on
he severity of damage, it triggers either G1 or G2 arrest or cell
eath. DNA damage-induced apoptotic pathway includes caspase-
, which is activated within the PIDDosome complex, and causes
ytochrome c release and caspase activation. Hence, PIDDosome-

o
a

R

189S (2009) S16–S36 S21

ediated caspase-2 activation might be an important link between
NA damage and the engagement of the mitochondria-mediated
poptotic pathway. In addition to PIDDosome, caspase-2 is able to
se the CD95 DISC as a platform and the recruitment of caspase-8
o this complex is required for activation of both enzymes. Inves-
igation of the contribution of p53 and caspase-2 to apoptosis and

itotic catastrophe (MC) induced by DNA damage in carcinoma
ells revealed that both functional p53 and caspase-2 are required
or the apoptotic response, which was preceded by translocation
f caspase-2 to the cytoplasm. In the absence of functional p53,
NA damage resulted in caspase-2-independent MC followed by
ecrosis. In these cells apoptotic functions could be restored by
ransient expression of wt-p53. Hence, in this experimental model
53 appeared to act as a switch between apoptosis and MC fol-

owed by necrosis-like lysis. It seems that the final mode of cell
eath triggered by DNA damage in cancer cells is determined
y the profile of proteins involved in the regulation of the cell
ycle.

oi:10.1016/j.toxlet.2009.06.022

04-04
nterplay of EGF receptor and DNA damage pathways

. Peter Rodemann ∗, Klaus Dittmann, Mahmoud Toulany,
injmaa Minjgee

Eberhard Karls Universität Universitätsklinikum, Sektion für
trahlenbiologie und Molekulare Umweltforschung, Tübingen,
ermany

GFR-dependent signal transduction through the cytoplasmic as
ell as the nuclear pathways is a major component of cellular
roliferation survival of normal and tumor cells. Many human
umor entities present overexpressed or mutated EGFR as well
s other erbB receptors, which trigger result in enhanced sig-
aling leading to resistance to both chemo- and radiotherapy.
oreover, the EGFR receptor and potentially other erbB family
embers can be activated ligand-independently by exposure to

adiation and thereby stimulating cell proliferation and survival
athways, mainly PI3K-AKT signaling. Most interestingly, how-
ver, EGFR signaling has also been demonstrated to be involved
n the regulation of DNA repair processes removing radiation-
nduced DNA damages. Both the EGFR-dependent cytoplasmic,
specially the PI3K-AKT signaling, as well as EGFR nuclear signal-
ng could be identified as specific regulators of DNA double-strand
reak repair through the non-homologous end-joining mechanism.
GFR-dependent stimulation of DNA repair via cytoplasmic PI3K-
KT cascade is achieved through direct interaction of AKT and
NA-PK the major enzyme of the non-homologous end-joining

epair mechanism. DNA repair stimulation through EGFR nuclear
ignaling, however, seems to be triggered through nuclear translo-
ation of EGFR and direct interaction of EGFR with DNA-PK in
he nucleus. Consequently, antagonistic approaches to either block
ytoplasmic or nuclear EGFR signaling affect the DNA repair capac-
ty of irradiated cells resulting in a significant radiosensitization.
hus, these new insights into erbB receptor-mediated control of
NA damage repair not only provide a mechanistic explanation

or the antitumor activity of EGFR antagonists, but also addi-
ionally offer new options for molecular targeting strategies in

ncology and especially radiation oncology by using multitargeted
pproaches.

Acknowledgments: Supported by grants from the German
esearch Council (Deutsche Forschungsgemeinschaft – DFG: Ro
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Modulation of these signaling pathways may offer new therapeu-
tic approaches for limiting neuroinflammation in PD and related
disorders.

doi:10.1016/j.toxlet.2009.06.027
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27/5-1, Di 402/9-1, SFB 773 TP B02) and the German Federal Min-
stry of Education & Research (BMBF: 02S8416).

oi:10.1016/j.toxlet.2009.06.023

04-05
ltraviolet light induced DNA damage that triggers apoptosis
athways

arlos F.M. Menck ∗, Tatiana G. Ortolan

Universidade de São Paulo, Inst. of Biomedical Sciences, Department
f Microbiology, Sao Paulo, Brazil

ltraviolet (UV) light causes severe damages in the DNA molecule
hat are efficient obstacles to RNA transcription and DNA replica-
ion. Both processes may trigger signals that lead to cell death,

ainly by apoptosis, in human cells. We have investigated the
amaging effects of UVC and UVB in primary human fibroblasts
eficient in DNA repair. Confluent cells were analyzed and the data
emonstrated that apoptosis is reduced in this condition, although
ranscription blockage is affected as in proliferating cells, and, curi-
usly, p53 is activated. On the other hand, synchronized cells were
nvestigated after UVB irradiation at G1-phase of cell cycle. Doses
mployed were either high enough to trigger apoptosis or suffi-
iently low to induce only low frequency of apoptotic cells. Even
n cells with different DNA repair abilities, one common feature
bserved was that low UVB doses caused only delays in cell cycle
rogression, while higher UVB doses, which triggered apoptosis,
aused consistent cell blockage, in G1 or early S-phase. These doses
aried clearly with the DNA repair ability of these cells, and p53
nduction corresponded to the levels of apoptosis induction. Curi-
usly, however, the induction of MDM2 protein was similar in DNA
epair deficient (XP-C) or proficient cells. This protein acts as a
egative regulator of p53, but these results indicate that MDM2

nduction is not the main factor determining cell evasion from
VB-induced apoptosis. Moreover, the data suggest that blockage
f S-phase progression is a crucial step in apoptosis induction by
VB DNA lesions in primary human cells.

oi:10.1016/j.toxlet.2009.06.024

ymposium 5: Nitrative and Oxidative Stress in Toxicology and
isease

05-01
eroxynitrite: Biochemistry, toxicology and development of
herapeutics

saba Szabo

The University of Texas Medical Branch, Department of
nesthesiology Building, Galveston, United States

eroxynitrite, the product of the diffusion-controlled reaction of
itric oxide with superoxide, is a short-lived oxidant species that

s a potent inducer of apoptosis and necrosis and is an upregula-
or of certain pro-inflammatory pathways. Conditions in which the
eaction products of peroxynitrite have been detected and in which

ts pharmacological neutralization has been shown to be of bene-
t include vascular diseases, reperfusion injury, circulatory shock,

nflammation and neurodegeneration. Peroxynitrite formation has
lso been demonstrated in response to exposure to various environ-
189S (2009) S16–S36

ental toxins. Several drugs used in medicine and agriculture exert
heir toxic side effects through mechanisms involving the forma-
ion of peroxynitrite, via redox cycling, uncoupling of nitric oxide
ynthase, stimulation of the endogenous formation of nitric oxide
nd superoxide or lowering of the antioxidant defenses. The role
f peroxynitrite has been demonstrated to play an important role
n the toxicity of doxorubicin, paraquat, acetaminophen and MPTP.
eroxynitrite-mediated toxicity can be ameliorated by decreasing
he levels of the precursor radicals (i.e. using NOS inhibitors or SOD

imetics) or reducing the levels of peroxynitrite itself (peroxyni-
rite scavengers or decomposition catalysts). These approaches can
erve to attenuate or neutralize some of the drug-induced toxi-
ities. There are a number of endogenous compounds (vitamins,
ntioxidants) that can mitigate some of the deleterious effects of
eroxynitrite. In this lecture, we first review the biochemistry and
athophysiology of peroxynitrite and then focus on pharmacolog-

cal strategies to attenuate the toxic effects of peroxynitrite (e.g.
atalytic reduction to nitrite and its isomerization to nitrate by
etalloporphyrins).

oi:10.1016/j.toxlet.2009.06.026

05-02
itrative stress and glial–neuronal interactions in the patho-
enesis of Parkinson’s disease

on Tjalkens

Colorado State University, Centre for Environmental Medicine, Fort
ollins, United States

he etiology of Parkinson’s disease (PD) remains controversial but
ncreasing evidences indicate that persistent neuroinflammation
nfluences disease progression. Activation of both microglia and
strocytes is associated with long-term neuroinflammation and
ustained expression of inflammatory genes, such as inducible
itric oxide (NOS2) and tumor necrosis factor-alpha, that are dam-
ging to neurons. Expression of NOS2, in particular, is closely
ssociated with enhanced nitration of proteins in midbrain neu-
ons from PD patients. Astrocytes have diverse and critical functions
n the central nervous system that include providing energetic,
ntioxidant, and other trophic support essential for the survival and
unction of neurons but their deleterious role in neuroinflammatory
njury is under increasing scrutiny. Activated astrocytes are noted
linically in PD and have been associated with increased aggrega-
ion of alpha-synuclein and loss of dopaminergic neurons. Diverse
nflammatory cytokines and stress signals converge on the nuclear
actor kappa beta (NFkB) signaling pathway to induce expression
f NOS2 and other inflammatory genes in astrocytes and activa-
ion of NFkB stimulates astrogliosis in vivo and in vitro, resulting
n increased neuronal protein nitration and apoptosis. Transcrip-
ional activation of NOS2 by NFkB requires chromatin remodeling
nd removal of transcriptional repressor proteins, which is influ-
nced by endogenous and exogenous factors that regulated NFkB.

dx.doi.org/10.1016/j.toxlet.2009.06.023
dx.doi.org/10.1016/j.toxlet.2009.06.024
dx.doi.org/10.1016/j.toxlet.2009.06.026
dx.doi.org/10.1016/j.toxlet.2009.06.027
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05-03
xidative and nitrosative stress-induced neurotoxicity in pri-
ary cultured rat cerebellar granule neurons

obert A. Smith ∗, Amos A. Fatokun, Andrew J. Smith, Trevor W.
tone

University of Glasgow, Division of Integrated Biology, West Medical
uilding, Glasgow, United Kingdom

lutamate is the major excitatory neurotransmitter in the mam-
alian CNS, acting on both ionotropic (NMDA, AMPA, kainate)

nd metabotropic receptors. However, excessive stimulation, espe-
ially of the N-methyl-d-aspartate (NMDA) receptor, can generate
he production of reactive oxygen species and/or nitric oxide
ausing oxidative or nitrosative stress, ultimately leading to neu-
onal damage and death. Glutamate toxicity is known to underlie
any neurological and neurodegenerative disorders including
lzheimer’s, Parkinson’s and Huntington’s diseases and stroke

Fatokun et al., 2008a,b). Elucidating the mechanisms triggered by
MDA receptor over-stimulation is pivotal in the development of

trategies in ameliorating these disorders.
Our work has focused on the effects of oxidative stressors
including glutamate, NMDA, hydrogen peroxide, neurotoxic
etabolites of the kynurenine pathway, and the xanthine/xanthine

xidase system for generating free radicals – on primary cul-
ured rat cerebellar granule neurons. Means of attenuating the
amage caused by these have also been investigated. We have
lso studied the effects of the nitric oxide donor, S-nitroso-
-acetylpenicillamine (SNAP), the nitrosative stress from which
ltimately causes cell death. In most cases, the death pathways
riggered by such insults were seen to involve a mixed profile of
oth apoptosis and necrosis. Application of adenosine receptor lig-
nds protected neuronal cultures against glutamate (Fatokun et al.,
008c). Similarly preconditioning with exposure to sublethal doses
f NMDA was also effective in protecting against subsequent lethal
hallenges (Smith et al., 2008).

The potential relevance of our findings to the development of
mproved therapeutic intervention for the management of neu-
odegenerative conditions is stressed.

eferences

atokun, A.A., Stone, T.W., Smith, R.A., 2008a. Oxidative stress in neurodegeneration
and available means of protection. Front. Biosci. 13, 3288–3311.

atokun, A.A., Stone, T.W., Smith, R.A., 2008b. Prolonged exposures of cerebellar
granule neurons to S-nitroso-N-acetylpenicillamine (SNAP) induce neuronal
damage independently of peroxynitrite. Brain Res. 1230, 265–272.

atokun, A.A., Stone, T.W., Smith, R.A., 2008c. Adenosine receptor ligands protect
against a combination of apoptotic and necrotic cell death in cerebellar granule
neurons. Exp. Brain Res. 186, 151–160.

mith, A.J., Stone, T.W., Smith, R.A., 2008. Preconditioning with NMDA protects
against toxicity of 3-nitropropionic acid or glutamate in cultured cerebellar
granule neurons. Neurosci. Lett. 440, 294–298.

oi:10.1016/j.toxlet.2009.06.028

05-04
xidative and nitrative stress: Role in the response to liver tox-

cants

uth Roberts
AstraZeneca, Safety Assessment, Macclesfield, United Kingdom

he liver is a target organ for many toxicants since it is in the
ront line of defence. Persistent inflammation plays a pivotal role

s

d

189S (2009) S16–S36 S23

n the response of liver to both chemical and viral damage, ranging
rom transient liver injury and repair through to hepatocarcino-
enesis. Accumulating evidence implicates the dedicated hepatic
acrophage, the Kupffer cell, as the primary target for chemical and

iral insult since Kupffer cells release cytokines and reactive oxygen
nd nitrogen species. Thus, the Kupffer cell orchestrates the hep-
tic response often via perturbation of hepatocytes proliferation
nd death via apoptosis and necrosis.

The mechanisms by which Kupffer cells detect and respond to
tress are unknown, but it is clear there is a role for stress signalling
athways and stress activated transcription factors such as NF�B.
dditionally, there is complex interplay between ligand-activated
eceptors such as the PPARs which appear to play different roles
n the Kupffer cell versus the hepatocytes. For example, PPAR� is
xpressed in hepatocytes where it mediates the response to the
eroxisome proliferators class of nongenotoxic liver carcinogens.
onversely, PPAR� is absent in Kupffer cells that instead express
PAR�. Recent data also suggest a role for epigenetic regulation of
he oxidative response to hepatic toxicants that may specify down-
tream choices between adaptation and damage.

oi:10.1016/j.toxlet.2009.06.029

05-05
xidative and nitrative stress in multi-stage skin carcinogenesis

redika M. Robertson

The University of Texas, Department of Experimental Therapeutics,
ouston, United States

he murine model of carcinogenesis is a powerful tool to charac-
erize the stepwise alterations that occur during development of
quamous cell carcinomas. The most well defined stage of murine
kin carcinogenesis is tumor promotion, which is induced by appli-
ation of 12-0-tetradecanoylphorbol acetate (TPA) or ultraviolet
ight to the dorsal epidermis of genetically susceptible mice. The
rocess of tumor promotion during which pre-neoplastic papillo-
as develop has been commonly associated with both a rapid and

ersistent infiltration of inflammatory leukocytes as well as epi-
ermal hyperplasia. Although we demonstrated that oxygen free
adicals are produced during tumor promotion that are sufficient in
mount to induce mutagenic oxidative DNA adducts, significantly
ess was known about the role of nitric oxide in multi-stage car-
inogenesis. Our laboratory was the first to demonstrate that gene
xpression of the inducible form of nitric oxide (NOS2) was com-
artmentalized to only dermal infiltration leukocytes. The lack of
OS2 within hyperplastic epidermis is consistent with the down-

egulatory role of NOS2 on keratinocyte proliferation. In contrast
o the presence of NOS2, the expression of NOS3 was elevated
ithin the dorsal epidermal at early times of cutaneous inflamma-

ion and increased vascular permeability and at later times during
apilloma development, during which there is robust angiogenesis.

ncreased NOS3 gene expression within papillomas was associated
ith increased gene expression of vascular endothelial growth fac-

or A (VEGF A). Interestingly, NOS3 gene expression was associated
ith production of a novel splice variant of VEGF A, defined as
EGF205* which was present only in papillomas and carcinomas.
hese studies suggest that nitric oxide and tumor angiogenesis are
nterlinked and are an integral part of the process of multi-stage

kin carcinogenesis.

oi:10.1016/j.toxlet.2009.06.030
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ymposium 6: Best Practice in Biologically Based Toxicokinetic
odelling for Risk Assessment

06-01
rinciples of characterizing and applying physiologically based
harmacokinetic models—An introduction

ette Meek

University of Ottawa, McLaughlin Centre for Population Health Risk
ssessment, Ottawa, Canada

hysiologically based pharmacokinetic (PBPK) models are part of
broader continuum of increasingly data-informed approaches

o dose response analysis ranging from default based on exter-
al dose to more biologically realistic models. By facilitating the

ncorporation of dose measures of relevance to the mode of action
f chemicals, and quantitative physiological scaling taking into
ccount relevant chemical-specific physical chemical properties
nd biological constants, PBPK models provide a representation of
iologically effective dose as a basis for conducting more informed
xtrapolations across studies, species, routes, and dose levels.
esultingly, they increase accuracy and reduce uncertainty in risk
stimates.

Despite the availability of PBPK models for a number of chemi-
als incorporating significant additional biological data over default
nd the potential of such models to contribute more broadly to the
evelopment of additionally informative testing strategies, their
doption in regulatory risk assessment has been limited. This lim-
ted uptake is being addressed in a project undertaken as part
f the World Health Organization/International Programme on
hemical Safety project on harmonization. The initiative includes
reparation of guidance and case studies on the characterization,
ocumentation, evaluation and communication of PBPK models for
isk assessment. Aspects being addressed include the need for early
nd continuing communication between risk assessors and model-
rs, greater consistency in consideration of mode of action as a basis
or relevant PBPK models and sufficiently transparent documenta-
ion of model development to support potential application. More
onsistent and transparent consideration of the basis for and output
f PBPK models relative to default approaches in risk assessment is
lso being addressed.

oi:10.1016/j.toxlet.2009.06.032

06-02
odel development and characterization—The biological part

rsula Gundert-Remy 1

Charité, University of Medicine, Berlin, Germany

hysiologically based pharmacokinetic models have been con-
tructed in order to describe processes in the mammalian body
nd its organs. The model consists of structural aspects taking
nto account the given anatomical structure, physiological prop-
rties such as weights of the organs, blood flow through the
rgans which are common for all chemicals. Chemical specific
ata are implemented such as partition coefficients, parameters

haracterizing metabolism and excretion. The models are used
o describe and simulate the kinetics of substances, assuming
xposure/dose as the driving force and diffusion and convec-
ion as the main mechanisms for the uptake into the body and
nto the organs and tissues. From this basic framework additional

D

I
i

189S (2009) S16–S36

omplexities, as saturable transport or degradation processes,
inding processes, and heterogeneous tissue composition can be
dded.

The processes are characterised by mathematical expressions
ased on known or hypothesized mechanism of behaviour of
biological system. The parameters correspond to physical or

onceptual entities in the subject-matter domain of the model.
he parameters are in accordance with kinetic, physicochemical,
iophysical, physiological and patho-physiological principles, and
ave direct identifiable biological or biophysical interpretation.

Retired.

oi:10.1016/j.toxlet.2009.06.033

06-03
he rapid generation of PBPK models: A tool for good modelling
ractice

eorge Loizou

Health & Safety Laboratory, Mathematical Sciences Unit, Buxton,
nited Kingdom

major obstacle to the acceptance of PBPK models in chemical risk
ssessment is the ability of regulators to evaluate them. Whereas
his will always be a problem for regulators without the required

athematical and programming background, there are tools, which
ith further development, can assist in the evaluation process to
considerable degree. A PBPK model equation generator called,
EGen is one such tool. MEGen provides a capability to generate
odels rapidly and to shift the balance away from the need for
athematical and programming expertise to the biology under-

ying disease and quantitative chemical risk assessment. MEGen
nables a user to describe physiology, anatomy and toxicology in
rder to output a set of mathematical equations that emulate the
nformation supplied by the user and constitute a PBPK model.
uring this process, the software interrogates a built-in database,

upplying pertinent data for use within the model. The resulting
utput is translated into mathematically consistent script, free from
yping and syntactical errors that can be imported into a number
f commercial modelling packages where it may be visualised and
xercised. A very important feature of MEGen is the provision of
model building process that is transparent, auditable and docu-
ented. MEGen provides a structured description of the conceptual
odel, free of mathematical equations and confusing syntax, a

chematic diagram and a corresponding table listing the value,
nits, source, origin and reference for each parameter specified.
he diagrams and tables can be exported directly into documents
repared in standard word processors.

oi:10.1016/j.toxlet.2009.06.034

06-04
pecial aspects: Species differences, different life stages, expo-
ure routes

arvey Clewell
The Hamner Institutes, Center for Human Health Assessment,
urham, NC, United States

mplicit in any application of pharmacokinetics in risk assessment
s the assumption that the effects of a chemical in a particular tissue

dx.doi.org/10.1016/j.toxlet.2009.06.032
dx.doi.org/10.1016/j.toxlet.2009.06.033
dx.doi.org/10.1016/j.toxlet.2009.06.034
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an be related in some way to the concentration time-course of an
ctive form of the substance in that tissue. In the absence of evi-
ence for differences in the nature or extent of the tissue response
susceptibility), it can be expected that similar responses will be
roduced at equivalent tissue exposures regardless of species, life-
tage, or exposure route. Due to their physiological structure, PBPK
odels are particularly suited to perform the extrapolations across

xposure routes and species that may be necessary for estimating
uman risk on the basis of animal toxicology studies. The physio-

ogical structure of PBPK models is also useful for examining the
ffects of changing physiology on target tissue dosimetry, as in the
ase of early life exposure. However, for these models to be use-
ul and trustworthy in performing the necessary extrapolations,
hey must be thoughtfully constructed in accordance with known
iology and pharmacokinetics, documented in a form that is trans-
arent to risk assessors, and shown to be robust using diverse and
ppropriate data. This presentation describes the application of
BPK models to support risk assessment extrapolations and high-
ights issues related to the identification of model structure and
arameters, model evaluation, and consideration of uncertainty.

oi:10.1016/j.toxlet.2009.06.035

06-05

pecial aspects: Local kinetics
�

lavi Pelkonen

University of Oulu, Department of Pharmacology and Toxicology,
ulu, Finland

oxicokinetics and -dynamics are linked at the target site. Response
s determined by the concentration of the substance at target and its

echanism of action. However, concentration at target cannot be
asily measured in vivo; surrogates, e.g. plasma concentration are
sed instead. Emergence of in vitro/ex vivo approaches to study pri-
ary TK/TD processes in simple experimental setups provides ways

o estimate the concentration at target, which can be used in reli-
ble extrapolation and prediction of in vivo behaviour and action of
he substance. Novel techniques, e.g. imaging, provide more direct

easurements of in vivo concentrations in tissues, which provide
seful information for validation of in vitro approaches. In this
resentation, ADME processes, affecting concentration of the sub-
tance at the active site are described, analytical possibilities to
easure directly or estimate indirectly concentration at active site

re covered, and some examples on in vitro—in vivo systems are
resented. On this basis, following claims will be scrutinized: (1) in
itro systems should be characterized in a more detailed way than
as been done so far, especially with respect to ‘biologically rele-
ant’ concentrations; (2) kinetics of the compound in the in vitro
ystem should be more thoroughly characterized; (3) local models
ncompassing the in vitro systems should be developed and used;
4) PB-TK/TD models should incorporate these local models.

Based partially on the review article in Crit Rev Toxicol (‘Local

inetics and Dynamics of Xenobiotics’, 2008; 38: 697–720) by
elkonen, Kapitulnik, Gundert-Remy, Boobis and Stockis (COST
ction B25).

oi:10.1016/j.toxlet.2009.06.036
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ymposium 7: Chemical Sensitization: From Immunobiology to
uantitative Risk Assessment

07-01
endritic cell biology: Current state of the art

ebecca Dearman

Faculty of Life Sciences, Michael Smith Building, Manchester, United
ingdom

endritic cells (DC) play important roles in the orchestration of
mmune responses. Their responsibilities include antigen process-
ng, presentation of antigen to T lymphocytes and influencing the
evelopment and characteristics of adaptive immune responses. It

s clear that DC of various types are similarly pivotal to the initiation
f allergic responses to chemicals. This presentation will outline the
asic biology of the various DC subsets, including their anatom-

cal localisation, functional plasticity and cellular and molecular
arkers, and describe the cellular machinery that allows them to

erform their multiple functions. In addition, the contribution of
C subsets to the development of the two main forms of chemical
llergy (allergic contact dermatitis or contact sensitisation and sen-
itisation of the respiratory tract) will be considered. The former is
cell-mediated hypersensitivity reaction resulting from the acti-

ation of T helper (Th) 1 and T cytotoxic (Tc) 1 cells, whereas the
atter is associated with the preferential stimulation of Th2 type
ells and in some cases the production of IgE antibody. Evidence
eriving from the use of transgenic mouse models in which differ-
nt DC subsets can be ablated in order to investigate the role of
utaneous DC (including epidermal Langerhans’ cells and dermal
C) in allergic responses will be discussed. Finally, the potential
ontribution of DC subsets (DC1 and DC2) that polarize towards
ype 1 or type 2 immune responses to the development of divergent
orms of chemical allergy will be considered.

oi:10.1016/j.toxlet.2009.06.038

07-02
se of dendritic cells for the identification and characterization
f chemical allergens

arc Pallardy

Universite Paris-Sud, INSERM UMR-S 749, Chatenay-Malabry, France

endritic cells were first identified in the epidermis in 1868 and
ere named Langerhans cells. Their presence in other tissues was

dentified in 1973 and DCs are now recognized as an integral part
f the immune system. During in vivo immune responses, the role
f antigen presenting cells (APC) is played primarily by DCs acting
s initiators, stimulators and regulators of Ag-specific T lympho-
ytes. Thus, DCs form a sentinel network able to detect, capture,
nd process antigens such as invading bacteria, viruses, tissue
amage and haptens. In peripheral tissues such as the skin, the
C can be found in contact with keratinocytes in an immature

tate with a high capacity for antigen uptake and processing but
nable to stimulate T-cells. Upon antigen capture, stimulation by
icrobial products but also in response to inflammatory cytokines
he DC undergo a maturation process leading to the upregula-
ion of co-stimulatory molecules (CD86, CD80, CD40), MHC class
I molecules, the CD83 protein and cytokine production (IL-12,
NF-�, IL-18). These maturing DCs acquire the ability to migrate
hrough expression of chemokines and chemokine receptors and

dx.doi.org/10.1016/j.toxlet.2009.06.035
dx.doi.org/10.1016/j.toxlet.2009.06.036
dx.doi.org/10.1016/j.toxlet.2009.06.038
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the LLNA from the realm of hazard identification to a key compo-
nent of the development of accurate risk assessments, which can
be used as a sound scientific basis for classification and labelling.

doi:10.1016/j.toxlet.2009.06.041
26 Abstracts / Toxicology L

own-regulation of molecules such as E-cadherin. Indeed, upon
aturation DCs express a new chemokine receptor, CCR7, enabling

hem to migrate in response to gradients of chemokines (CCL21
nd then CCL19). Expression of CCR7 is particularly important,
s CCR7-deficient mice show an impaired migration of activated
Cs into draining lymph nodes after skin painting with FITC and
onsequently, lack any contact hypersensitivity. Knowledge of DC
hysiology has progressed considerably because of the discovery
f culture techniques, in the early 1990s, that support the in vitro
eneration of large numbers of DCs from hematopoietic progeni-
ors. Two main protocols to generate DCs, from either monocytes or
D34+ hematopoietic cell precursors (HPC), have been described.
pplication of low-molecular-weight chemicals (haptens) on the
kin may result in allergic contact hypersensitivity. In vivo painting
f murine skin with chemicals, such as FITC, provokes an influx of
pidermal dendritic cells (DCs) in the draining lymph nodes 24 h
fter hapten application. These epidermal DCs also named Langer-
ans cells (LCs) express major histocompatibilty complex (MHC)
lass II molecules and co-stimulatory molecules such as CD86.
hus, it seems that considering similarities between immunity
o simple chemicals and that to infectious agents, it is reason-
ble to speculate that hapten itself stimulates DC maturation. The
stablishment of human in vitro models of DCs offered the possi-
ility to demonstrate that haptens were able to directly activate
ultured DCs derived from peripheral blood monocytes or from
D34+ HPCs. Several studies confirmed these observations show-

ng the upregulation of maturation markers (CD83, CD80, CD86,
D40, MHCII) on human DCs. Haptenized DCs also cause T-cell
roliferation in allogeneic mixed lymphocyte reaction but not

n the autologous MLR. The expression of ccr7 mRNA in human
Cs stimulated by haptens and the migration of these cells in

esponse to CCL19 has been also observed. Mitogen-activated pro-
ein kinase (MAPK) have been described to play a major role in
C maturation induced by LPS through Toll-like receptors or by

nflammatory cytokines through binding to specific receptors. Hap-
ens such as nickel (NiCl2 and NiSO4), 2,4-dinitrochlorobenzene
DNCB) and 2,4-dinitrofluorobenzene (DNFB) induce the phospho-
ylation of p38MAPK and c-Jun N-terminal kinase (JNK). Inhibition
f p38MAPK is correlated with alteration in phenotypic indicators
f maturation such as CD86, HLA-DR, CCR7 or CD83 in DCs derived
rom monocytes or from CD34+ HPCs stimulated with nickel or
NCB suggesting again similarities between DC activation by dan-
er signals or haptens.

oi:10.1016/j.toxlet.2009.06.039

07-03
ell-based in vitro alternatives to predict the contact and respi-
atory sensitizing potential of chemicals

andra Verstraelen ∗, Nathalie Lambrechts, Jef Hooyberghs, Inge
elissen, Hilda Witters, Greet Schoeters, Rosette Van Den Heuvel

Flemish Institute for Technological Research (VITO N.V.),
nvironmental Risk and Health, Mol, Belgium

n in vitro model for testing sensitization potency of low-molecular
eight chemicals remains a major challenge. For in vitro identifica-

ion of contact and respiratory sensitizing compounds, different cell
odels and biomarkers relating to the underlying biological mech-
nisms are being used. Many of the currently used biomarkers,
owever, have been selected on the basis of fragmentary knowledge
n the sensitization process, obtained using classical biochemical
r molecular techniques, and often lack specificity and sensitivity.
189S (2009) S16–S36

herefore, identification of new biomarkers is urgently needed to
romote alternative test development.

Toxicogenomics is considered as a promising tool that may
rovide more sensitive, mechanism-based biomarkers. Expres-
ion profiling of thousands of genes simultaneously in relevant
ell or tissue models, combined with biostatistical methods and
athway analysis tools became recently available. They allow to
eveal targeted biological pathways and networks, rather than
ndividual molecules, that are affected by exposure to sensitizing
hemicals. Using signature expression profiles in dendritic cells,
pecific biomarkers were identified which are able to classify chem-
cals according to their skin (non-)sensitizing potential. A similar
pproach was used in lung cell lines to identify genetic biomarkers
pecific for respiratory sensitizing chemicals.

Priority needs and possible strategies to develop the field further
ill be discussed.

oi:10.1016/j.toxlet.2009.06.040

07-04
otency of skin sensitization—LLNA data used for a more reliable
lassification, labeling and risk assessment

infried Steiling

Henkel AG & Co. KGaA, Human Safety Assessment, Düsseldorf,
ermany

he evaluation of skin sensitisation potential is an important
equirement for existing and new chemicals in particular for those
hemicals intended to come in contact with skin. With the advent of
EACH skin sensitisation assessments assumes even greater impor-
ance for the development of effective risk management strategies.
he local lymph node assay (LLNA) is most often the first choice to
btain reliable data.

Currently, the classification of a chemical as a skin sensitizer
s based on a yes/no approach, but industry and also regulators
re becoming more and more interested in individual potency.
he establishment of subcategories to suit this interest is widely
ccepted and discussed under the Globally Harmonised System
GHS).

An ECETOC task force of industry scientists determined whether
n EC3 potency value derived from the LLNA could be used to
rovide a cut-off criterion for the classification and labelling of
ubstances and preparations, according to GHS and Directives
7/548/EEC and 99/45/EEC.

Proliferation of lymph node cells is related causally and quan-
itatively to the extent to which skin sensitisation is acquired
nd therefore directly defines potency. With the definition of four
otency classes, the strategy to manage the use of skin sensitising
hemicals becomes more effective, both in the case of traditional
enchmarking approaches, as well as with newly developed quanti-
ative risk assessment approaches. This approach effectively moves

dx.doi.org/10.1016/j.toxlet.2009.06.039
dx.doi.org/10.1016/j.toxlet.2009.06.040
dx.doi.org/10.1016/j.toxlet.2009.06.041
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may be relevant to recurrence and secondary cancers.

Acknowledgement: Supported from Agnes Brown Duggan Foun-
dation.

doi:10.1016/j.toxlet.2009.06.045
Abstracts / Toxicology L

07-05
otency and trends of contact sensitisation in humans with
egard to consumer products

laus Ejner Andersen

Odense University Hospital, Department of Dermatology, Odense,
enmark

ontact sensitisation is not an all-or-none phenomenon. Dose
esponse characteristics for both induction and elicitation of con-
act sensitisation depend on the allergen, the product matrix as
ell as on the individual. Low doses of an allergen may cause sub-

linical sensitization. Higher doses lead to increased frequency of
ensitisation. Patients with strong positive patch test reactions tend
o get more severe dermatitis upon subsequent exposure to the
llergen in question. On the other hand, there is a threshold dose
elow which clinical contact dermatitis does not develop follow-

ng controlled exposure tests in allergic individuals. The route and
ode of allergen exposure is also a decisive factor. Frequent use

f rinse-off products may elicit allergic contact dermatitis, and a
ow concentration of an allergen in the product may be quite as
armful as a higher concentration if the product is used more fre-
uently on a daily basis. Some people seem to be more susceptible
o develop contact allergies, especially those with multiple con-
act allergies. Serial dilution testing and use tests as the Repeated
pen Application Test (ROAT) on normal as well as on dermatitis

kin are important tools in the relevance evaluation process chal-
enging the dermatologist, the toxicologist and the patient. Clinical
nd clinical experimental examples with preservatives, fragrance
hemicals, and both stay on and rinse off products will document
he varying reaction patterns.

oi:10.1016/j.toxlet.2009.06.042

ymposium 8: Biomarkers of Exposure and Metabolism at Low
oncentrations of Carcinogen

08-01
he application of DNA adduct measurements in population
tudies

rederik-Jan van Schooten ∗, Roger Godschalk

Maastricht University, Health Risk Analysis and Toxicology,
aastricht, Netherlands

he general purpose of measuring DNA adducts is to assess the bio-
ogically effective dose of carcinogenic exposures and to identify
roups of individuals at enhanced cancer risk. The application of
NA adduct measurements in human populations depends on the
ccess of suitable surrogate tissues that preferably reflect levels in
arget-tissues.

Methods: In a number of studies, PAH related DNA adduct levels
ave been determined in bronchoalveolar lavage cells (BAL cells),
ells derived from induced sputum, buccal mucosa and white blood
ells.

Results: Generally, DNA adduct levels are higher in exposed indi-
iduals than in non-exposed, but saturation could be observed at

igh exposures. Furthermore, DNA adduct levels varied according
o changes in exposure and seasonal variations of air-pollution.
ntra-individual variation during continuous exposure was low over
short period of time (weeks), but varied significantly when longer

ime periods (months) were investigated. Genetic variants in genes
189S (2009) S16–S36 S27

nvolved in activation/detoxification of carcinogens and DNA repair
xplain part of the inter-individual variation in adduct levels.

Conclusion: DNA adduct measurements may have advantages
ver traditional exposure assessment. First, they can smooth the
ariability in environmental exposures and may integrate expo-
ure over a longer period of time. Secondly, biological monitoring of
NA adducts accounts for all exposure routes. Thirdly, DNA adducts
ay account for inter-individual differences in uptake, elimination,

istribution, metabolism and repair amongst exposed individuals.
t present, there is sufficient evidence to justify the application of
NA adduct measurements as biomarkers in exposure assessment
nd intervention studies. Their use in risk-assessment, however,
equires further investigation.

oi:10.1016/j.toxlet.2009.06.044

08-02
NA adduct accumulation during the course of human cervical
ancer development, and during and after radiotherapy

amesh Gupta 1,∗, Radha Munagala 1, Manicka Vadhanam 1, Bala
agarajan 2, Srivani Ravoori 1

University of Louisville, Pharmacology & Toxicology, Louisville,
nited States, 2 Cancer Institute, Chennai, India

uman papillomavirus (HPV) is considered a causative factor for
uman cervical cancer. However, HPV infection alone is insufficient
o induce transformation and tumor progression and emphasizes
he role of co-factors like cigarette smoking, inflammation and
mmune suppression. Human cervix provides a suitable system
o determine progressive changes in DNA damage in target tis-
ue. The 32P-postlabeling with new TLC solvents revealed a wide
rray of novel DNA adducts in human tissues, including cervix.
e investigated modulation of DNA adducts during cervical can-

er development by analyzing uterine cervix samples from normal,
nflammation, dysplasia and invasive cancer. We also measured
ffect of radiotherapy on DNA adduction in cervix samples col-
ected before, during and post-treatment. Six subgroups of DNA
dducts were detected with varying polarities, of which 8-oxodG
redominated. Adduct levels increased significantly from normal
ervix to cervix with inflammation and dysplasia; adduct burden in
ervical tumors was also elevated. Patients undergoing radiother-
py showed the same DNA adduct profile in specimens collected
efore, during and post-treatment, although the levels varied. The
adiation treatment resulted in 5- to 6-fold elevated adduct lev-
ls, but 6 weeks after the cessation, adduct burden either declined,
emained unaltered, or increased compared with initial levels, indi-
ating interindividual variability in the adduct removal capacity.
nability to repair the damage post-treatment by a group of patients

dx.doi.org/10.1016/j.toxlet.2009.06.042
dx.doi.org/10.1016/j.toxlet.2009.06.044
dx.doi.org/10.1016/j.toxlet.2009.06.045
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08-03
SNA adducts in smokers, nonsmokers and snuffers

lmar Richter ∗, Daniel Hölzle, Daniela Schlöbe, Anne-Kathrin
eling, Christopher Heppel, Heike Eggert

Walther Straub Institute, Department of Toxicology, Munich,
ermany

he tobacco-specific nitrosamines (TSNA), 4-(methylnitrosamino)-
-(3-pyridyl)-1-butanone and N′-nitrosonornicotine, classified by
ARC as human carcinogens, require metabolic activation. A com-

on reactive intermediate leads to pyridyloxobutylation (POB) of
roteins and DNA releasing 4-hydroxy-1-(3-pyridyl)-1-butanone
pon hydrolysis. These adducts have been thought to be specific
or TSNA exposure. However, first results with POB hemoglobin
dducts from smokers and nonsmokers showed a less than three-
old difference in adduct levels. In lung cancer patients, sevenfold
igher POB-DNA adduct levels were present in tumor-free lung
issue of smokers compared to nonsmokers. This could not be
eproduced in tissues from tumor-free sudden death victims show-
ng only 1.5-fold higher levels in lung tissues from smokers
ompared to nonsmokers and no smoking-dependent differences
n mucosal tissue from esophagus and cardia. Using an improved
nalytical method allowing determination of adducts in biopsies
rom esophageal mucosa, even higher adduct levels were obtained
ompared to those in larger samples taken from sudden death
ictims. Results with esophageal biopsies confirm the lack of
moking-dependent differences but show a tendency to increased
evels in patients with chronic reflux and in alcohol drinkers. High
OB-DNA adduct levels were also observed in brushings of oral
ucosa with highest values in Swedish snuffers followed by smok-

rs, eightfold and fivefold higher than in nonsmokers, respectively.
n summary, HPB-releasing adducts are weak biomarkers of tobacco
moke exposure and do not reflect tumor risk in users of smoke-
ess tobacco. The minor tobacco alkaloid myosmine occurring in a

ide variety of foodstuffs is suggested as a major source of the high
ackground in nonsmokers.

oi:10.1016/j.toxlet.2009.06.046

08-04
etabolic activation of nitroaromatics and arylamines

arie Stiborova

Charles University, Faculty of Science, Biochemistry, Prague 2, Czech
epublic

he outline in question: Metabolic activation of nitroaromatics and
rylamines such as environmental and industrial pollutants and
arcinogens 3-nitrobenzanthrone (3-NBA), 3-aminobenznthrone
3-ABA), o-nitroanisole and o-anisidine and a plant alkaloid, aris-
olochic acid (AA), is responsible for their carcinogenicity. The aim
f our studies was to resolve the metabolic pathway leading to
eactive species of these chemicals binding to DNA and enzymes
esponsible for such reactions.

Methods: HPLC with mass- and NMR spectrometry was

mployed to characterize activation and detoxication metabolites
f these carcinogens and the 32P-postlabeling assay for detection
f DNA adducts.

Results: Reductive and oxidative activation of nitroaromatics, 3-
BA and o-nitroanisole, and arylamines, 3-ABA and o-anisidine

g
e
a
i
e

189S (2009) S16–S36

eads to the formation of their N-hydroxyderivatives produc-
ng nitrenium and carbenium ions generating adducts with
urine bases in DNA. Cytosolic nitroreductases, NAD(P)H:quinone
xidoreductase and xanthine oxidase are the major enzymes
ctivating 3-NBA, o-nitroanisole and AA, while microsomal
ADPH:cytochrome P450 (CYP) reductase plays a minor role. The
YP enzymes of a 1A subfamily (CYP1A1/2) and CYP2E1 are pre-
ominantly responsible for activation of 3-ABA and o-anisidine.
ytosolic N,O-acetyltransferase (NAT), NAT2, followed by NAT1, and
ulfotransferases 1A1/2 are the phase II enzymes activating N-
ydroxyderivatives of several studied carcinogens. The activities
f these enzymes in human individuals are, therefore, crucial for
nitiation of genotoxic changes leading to carcinogenic processes.

Conclusions: The results indicate that the nitrenium and car-
enium ions of studied carcinogens and enzymes participating in
heir formation are the critical determinants of their carcinogenic
otential.

Acknowlegements: Supported by grants 303/09/0472 and MSM
021620808.

oi:10.1016/j.toxlet.2009.06.047

08-05
ompeting roles of reductases in the detoxification of carcino-
ens

dmund Maser

Universitätsklinikum Kiel, Institut für Experimentelle Toxikologie,
iel, Germany

dentification of genetic, environmental and nutritional fac-
ors that affect lung-cancer risk upon smoking might help
o explain why some smokers are more likely to develop
ung cancer than others. Recent data suggest that the balance
etween metabolic activation and detoxification is critical in
etermining the susceptibility to lung cancer upon exposure
o the tobacco-specific nitrosamine 4-(N-methyl-N-nitrosamino)-
-(3-pyridyl)-1-butanone (NNK). Activation of NNK occurs by
ytochrome P-450 mediated oxidation, whereas detoxification in
an is initiated by carbonyl reduction of NNK to its correspond-

ng alcohol NNAL which is glucuronosylated and excreted into
rine or bile. Six different enzymes mediating NNK carbonyl
eduction in man have been identified, from which microsomal
1b-hydroxysteroid dehydrogenase type 1 (11b-HSD1) appears to
e the most important. 11b-HSD1 physiologically catalyzes the

nterconversion of active cortisol to inactive cortisone, but evi-
ence is emerging that 11b-HSD1 fulfills an additional role in
he detoxification of non-steroidal carbonyl compounds. We could
emonstrate that 11b-HSD1 is active as a dimeric enzyme which
xhibits cooperativity with cortisone. Accordingly, this enzyme
ynamically adapts to low as well as to high substrate concentra-
ions, thereby providing the fine tuning required as a consequence
f great variations in circadian plasma glucocorticoid levels. Due
o this kinetic peculiarity, 11b-HSD1 is also able to even metabolize
anomolar concentrations of NNK, a fact which is important in view
f the relatively low levels of this carcinogen observed in smokers.
inally, 11b-HSD1 is potently (in nM concentrations) inhibited by

lycyrrhetinic acid, the main constituent of licorice. Hence, licorice
xposure may affect NNK detoxification by inhibition of 11b-HSD1,
condition which may advance lung-cancer incidence, especially

n smokers expressing low levels of this enzyme. Collectively, the
xtent of expression and activity of 11b-HSD1 strongly influences

dx.doi.org/10.1016/j.toxlet.2009.06.046
dx.doi.org/10.1016/j.toxlet.2009.06.047
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Knowing the genotype/phenotype for key genes that metabolize
pesticides will allow for a better prediction of exposure responses
and will decrease uncertainty factors.

doi:10.1016/j.toxlet.2009.06.052
Abstracts / Toxicology L

he tissue selectivity and interindividual susceptibility to NNK-
ediated cancer.

oi:10.1016/j.toxlet.2009.06.048

08-06
poxide hydrolases: Structures, functions, mechanisms and tox-

cological implications

ichael Arand

Institut für Pharmakologie und Toxikologie, Zürich, Switzerland

poxide hydrolases (EH) comprise a family of enzymes that metab-
lize epoxides to the generally less active corresponding diols.
ecause many epoxides are chemically reactive and possess muta-
enic and carcinogenic potential, EH were traditionally viewed as
etoxifying enzymes. However, the majority of mammalian epox-

de hydrolases identified to date apparently hydrolyse endogenous
poxides that serve signalling functions. Well documented is the
ole of soluble EH (sEH), whose physiological substrates are epoxye-
cosanoids (EETs), signalling molecules involved in the regulation
f many (patho)physiological processes, including blood pressure
egulation, nociception, inflammation and angiogenesis. sEH is
herefore considered a new drug target as respective inhibitors
romise therapeutic potential in the treatment of hypertension and
ossibly other diseases.

The most important xenobiotic-metabolizing isoenzyme is the
icrosomal epoxide hydrolase (mEH). It has a rather broad sub-

trate specificity that is surprisingly combined with a high affinity
low Km) for structurally very different substrates. An explanation
or this apparent contradiction is offered by a closer look at its
atalytic mechanism: the enzyme traps its substrate in the form
f a covalent ester intermediate. Because mEH concentration is
articularly high in mammalian liver, the major site of xenobiotic-
erived epoxide formation, we conclude that the enzyme is usually

n excess of its substrates and can therefore act like a molecular
ponge, as long as the epoxide formation rate does not exceed its
apacity. This hypothesis is supported by computer simulation as
ell as by experimental results.

oi:10.1016/j.toxlet.2009.06.049

ymposium 9: Emerging Pesticide Issues Related to Human
ealth

09-01
iomonitoring of pesticides in the industrial world and in devel-
ping countries

ristidis Tsatsakis

University of Crete, Laboratory of Toxicology, Medical School,
eraklion, Greece

ew pesticides are substituting the class of organophosphates
nd carbamates in industrially developed countries while in the
eveloping world the organochlorinated compounds are still in
se. Biomonitoring of pesticides is usually performed by analyz-
ng blood and urine for recent exposure or by examining hair
r fat tissue to assess chronic exposure. Recently hair has been
sed to assess chronic exposure to organophosphates and to
ithdrawn organochlorine substances like DDTs, PCBs and HCHs
189S (2009) S16–S36 S29

hich are currently detected as environmental pollutants. Many
f the examined samples were found positive for HCHs and DDTs
espite the fact the use of DDT is banned for over 30 years in the
eveloped world. A low incidence of positive hair samples was
ound for few organophosphorus pesticides and several pyrethrins.
his was attributed to their fast and effective metabolism in the
uman organism and to the low levels of exposure of the stud-

ed population. Lately GC–MS methods have been developed for
he quantification of non-specific metabolites of organophosphos-
hates the dialkylphosphates (DAPs) in hair, meconium, amniotic
uid and urine. Differences in the hair levels of the DAPs tested
ere observed between the non-exposed and exposed groups.

oi:10.1016/j.toxlet.2009.06.051

09-02
enetic polymorphisms of pesticide-metabolizing enzymes as
otential biomarkers of susceptibility to pesticide toxicity

ntonio F. Hernandez

University of Granada School of Medicine, Legal Medicine and
oxicology, Granada, Spain

hronic pesticide toxicity can be greatly affected by genetic
ifferences in pesticide-metabolising enzymes such as CYP450,
sterases (paraoxonase-PON1-, cholinesterase-BChE-) and trans-
erases (GST). These polymorphisms would render an individual

ore or less susceptible to the adverse effects of pesticides, so that
hey can be regarded as biomarkers of susceptibility. This presenta-
ion is aimed to address whether the combined effects of a number
f genetic polymorphisms involved in pesticide metabolism (PON1,
ChE, GSTM1 and GSTT1) put individuals at an increased risk of
arly changes in certain biochemical targets, such as erythrocyte
nzymes and liver function parameters, and clinical outcomes.
ON1-192QQ genotype was an independent predictor of pesticide-
elated ill health and was significantly more frequent in patients
ith acute pesticide poisoning than in controls. In turn, carriers of

he PON1-192R allele exhibited lower acetylcholinesterase (AChE)
ctivity than non-carriers, supporting genotype-dependent inverse
elationships between AChE and PON1 activities involving expo-
ure to low doses of pesticides. Subjects with null genotype for
oth GSTM1 and GSTT1 were also more prone to develop pesticide-
elated toxicity. Regarding liver enzymes, carriers of unusual BChE
henotypes had higher levels of ALT, AST and GGT and lower lev-
ls of alkaline phosphatase. In turn, subjects with null GSTT1 had
ignificantly higher levels of ALT and GGT than those with func-
ional GSTT1. Therefore, unusual BChE phenotypes and null GSTT1
ncreased the risk of hepatotoxicity upon exposure to pesticides.

dx.doi.org/10.1016/j.toxlet.2009.06.048
dx.doi.org/10.1016/j.toxlet.2009.06.049
dx.doi.org/10.1016/j.toxlet.2009.06.051
dx.doi.org/10.1016/j.toxlet.2009.06.052
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09-03
he diversity of molecular targets of pesticides—New develop-
ents

avid Ray

University of Nottingham, School of Biomedical Sciences,
ottingham, United Kingdom

odern pesticides attack a bewildering variety of targets in order
o minimise cross-resistance. This makes it impossible to consider
ven the common divisions: insecticides fungicides and herbicides,
s single classes, and also makes it difficult to assess adverse health
ffects of pesticides. Although it is sometimes possible to study a
ingle pesticide, e.g. in manufacturing workers (Albers et al., 2007),
ost exposures are to a wide range of pesticides when assessed

ver several years (Kamel et al., 2005). Thus the significance of
pidemiological associations between pesticides and Parkinson’s
isease (Brown et al., 2006) still remain unclear due to their diver-
ity of targets. Even within single pesticide classes: e.g. pyrethroids
r organophosphates, there are a variety of target molecules.
hese will be summarised and potential common factors
mphasised.

eferences

lbers, J.W., et al., 2007. Toxicol. Sci. 97, 196–204.
rown, T.P., et al., 2006. Environ. Health Perspect. 114, 156–164.
amel, F., et al., 2005. Environ. Health Perspect. 113, 877–882.

oi:10.1016/j.toxlet.2009.06.053

09-04
esticide exposure and risk of Parkinson’s disease

ewis Smith

Leicester University, MRC Toxicology Unit, Leicester, United Kingdom

arkinson’s disease results from either genetic or environmen-
al factors, or a combination of both. Genetic Parkinson’s disease
ccounts for less than 5% of all cases and has led to the search
or environmental factors that may be involved. Amongst these,
esticides have been implicated from epidemiological studies and
he plausibility of this hypothesis has been supported by studies
n experimental animals which show that some pesticides cause
euronal loss in the Substantia nigra, Pars compacta. These studies
ave mostly used the C57B6 mouse.

Although exposure to pesticides may be a risk factor for Parkin-
on’s disease there is no evidence of a causal relationship. Also, the
oss of neurons from the mouse brain has usually been demon-
trated with routes of exposure, in doses unrealistic for humans.
lso, the diversity of chemical structures that cause neuronal loss

s indicative of a more general mode of toxicity, rather than a spe-
ific biochemical mechanism. This is further complicated by the
oncern that multiple chemicals may be involved in damaging the
. nigra.
A significant difficulty with assessing the association or causal-
ty of pesticides in the development of Parkinson’s disease or
arkinsonism is the measurement of exposure. A variety of indirect
easures of exposure have been used which limits the certainty of

he conclusions.
T
t
o

189S (2009) S16–S36

Continued recycling and representation of inadequate data, or
evelopment of ecologic measures of exposure are unlikely to

mprove the risk assessment of pesticides on this important issue.

oi:10.1016/j.toxlet.2009.06.054

09-05
urrent issues in pesticide exposure and health risk—Risk
ssessment of multiple residues and endocrine disrupting pes-
icides

aren Hirsch-Ernst ∗, Philip Marx-Stölting, Tomas Moeller, Rudolf
feil, Ursula Banasiak

Federal Institute for Risk Assessment (BfR), Safety of Chemicals,
erlin, Germany

prominent current issue regards the assessment of potential risks
f combined exposure to multiple pesticide residues within the
iet, addressing the concern that mixtures of substances display-

ng a common toxic mode of action or targeting the same organ
ay lead to cumulative effects. The European Food Safety Authority

EFSA) has recommended a tiered approach for both toxicological
valuation and intake estimation. Grouping compounds in cumu-
ative assessment groups is suggested, based on criteria such as
hemical structure, mechanism of pesticidal action, common tar-
et organ or toxic mode of action. Methods for cumulative risk
ssessment include the hazard index, the reference point index,
he relative potency factor method and physiologically based tox-
cokinetic modelling. Acute and chronic exposure scenarios are to
e taken into account for cumulative exposure assessment, consid-
ring data on pesticide residues likely to occur in food and data on
ood consumption.

A further topical issue concerns assessment of substances with
ndocrine disrupting potential. According to new EU regulation,
ctive substances, safeners or synergists intended for use in pes-
icides shall only be approved if they are not considered to have
ndocrine disrupting properties that may cause adverse effects in
umans, unless exposure under realistically proposed conditions of
se is negligible. To provide a basis for assessment of pesticides with
ndocrine disrupting potential, the BfR is suggesting a framework,
entral aspects of which include dose-dependency, selectivity of
ffects on the endocrine system, establishment of a mode of action,
nd qualitative and quantitative comparison of key mechanistic
vents between experimental animals and humans.

oi:10.1016/j.toxlet.2009.06.055

ymposium 10: Omics: Value and Application for Research and
egulatory Toxicologists

10-01
enomics and its surrounding technologies. Looking to the

uture of toxicogenomics

hristina S. Schmitt ∗, Philip G. Hewitt

Merck Serono Research, Darmstadt, Germany
oxicogenomics has been applied to find early indicators of toxicity,
he identification of new safety biomarkers and the development
f predictive screening assays.

dx.doi.org/10.1016/j.toxlet.2009.06.053
dx.doi.org/10.1016/j.toxlet.2009.06.054
dx.doi.org/10.1016/j.toxlet.2009.06.055
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The technologies available for studying global gene expression
rofiling are well accepted, and are now being used for new, inno-
ative purposes. These include gene expression from formalin fixed
araffin embedded (FFPE) tissues, blood and bone marrow, miRNA
nalysis and digital gene expression.

Although RNA extracted from FFPE tissue, which have been
ccumulated in toxicology archives, is significantly degraded, novel
echnologies allow their use for gene expression analysis. The
ASLTM assay from Illumina, based on 512 liver toxicity genes, and

he WT-OvationTM FFPE-System from NuGEN (whole genome) were
pplied to evaluate the effect of formalin fixation time and RNA
xtraction techniques. Both systems showed that longer fixation
imes resulted in increased alterations of signal intensities cor-
elating to increased degradation of mRNA. However, using FFPE
issues from studies with model toxicants revealed reliable gene
xpression data which confirmed data from fresh frozen sam-
les and histopathology. Therefore, retrospective analysis without
he need for new animal studies could be enabled by using FFPE
amples.

miRNAs are interesting in toxicological studies since these small
egulatory RNA molecules play an important role in the response to
enobiotics. Therefore, new analysis platforms, including microar-
ay platforms, are now being employed. Furthermore, to measure
ifferent kinds of non-coding RNA molecules digital gene expres-
ion will gain more recognition by enabling gene expression studies
n any organism.

oi:10.1016/j.toxlet.2009.06.057

10-02
roteomic surrogate biomarkers for in vitro testing of embry-
toxicity: Quantitative differential investigation of ESC models

ndre Schrattenholz

Proteosys AG, Mainz, Germany

ne of the major challenges of proteomic profiling of complex
iological material is the huge dynamic range of possible con-
entrations and the ever-increasing number of protein species
ue to posttranslational modifications. In particular the chem-

cal diversity of the latter imposes a necessity of improved
esolution of separation technologies, because otherwise the cru-
ial quantitative information is lost in pools of poorly resolved
eptides.

Here we present and analyze one example of successful devel-
pment of protein biomarkers for embryo toxicity. This includes
detailed discussion of requirements regarding resolution of ini-

ial separation techniques, linear dynamic range and statistics of
ifferential quantification. The results from a European integrated
roject (www.reprotect.eu) are discussed in the frame of challenges
or hazard and risk assessment in the chemical industry with regard
o REACH legislation in Europe and related activities in the US and
apan. In particular the investigation of developmental toxicity so
ar is regulated by guide lines including in vivo assessments of brain

orphology, behaviour, development of young animals, measure-
ents of biomarkers for gliosis and cytotoxicity and more, requiring

uge numbers of test animals. Here protein lysates from mouse
mbryonic stem cells according to the validated embryonic stem
ell test (EST) protocol and related ES models were used in a dif-

erential quantitative proteomic study to identify novel surrogate
rotein biomarkers for embryo toxicity.

Data set was generated using the EST and a set of model
ubstances assigned to four categories of embryotoxicity strong,

c
k
a

189S (2009) S16–S36 S31

oderate, mild, or non-embryotoxic based on in vivo data (selected
y independent experts for the Reprotect consortium). Substance-
ependent cardiomyocyte protein extracts were subjected to
ystematic differential proteomic profiling. Dual radioisotope
abelling of proteins provided the rigorous quantitative pattern con-
rol necessary to obtain statistical significance. Moreover human
nd mouse embryonic stem cell models for neuronal differen-
iation and further substances were included to investigate the
eneral significance of the results, which could provide molecu-
ar content for novel and fast in vitro strategies for safety tests
or developmental toxicity, and have the potential to substan-
ially reduce animal experiments according to the “3R” concept
Reduce/Refine/Replace).

Further validation and development strategies are discussed.

oi:10.1016/j.toxlet.2009.06.058

10-03
etabolite profiling—A new tool for the identification of toxi-

ological effects of chemicals

ennicke Kamp 1,∗, Roland Buesen 1, Georgia Coelho-Palermo
unha 1, Eric Fabian 1, Wolfgang Fischer 2, Michael Herold 2, Edgar
eibold 1, Ralf Looser 2, Gerhard Krennrich 3, Werner Mellert 1,
suyuki Nishino 1, Alexandre Prokoudine 2, Volker Strauss 1,
ilmann Walk 2, Jan Wiemer 2, Bennard van Ravenzwaay 2

BASF SE Experimental Toxicology and Ecology, Ludwigshafen,
ermany, 2 Metanomics GmbH, Berlin, Germany, 3 BASF SE Physical
hemistry and Informatics, Ludwigshafen, Germany

etabolite profiling is a technique analysing endogenous metabo-
ites in biological matrices in order to identify changes of

etabolites under insults like toxicity or disease. This methodol-
gy has already been applied in several areas and has, compared to
ther ‘omics technologies, the advantage that metabolite changes
re determined as a direct consequence of biological effects’.

The purpose of the project is to establish defined relation-
hips between metabolite profiles in plasma of rats and known
oxicological modes of action. Therewith, it is possible to gener-
te a comprehensive database for the detection of toxicological
odes of action by test substances-based metabolic profiles. Such
database (MetaMap®Tox) containing the metabolite profiles of

p to now more than 400 chemicals, agrochemicals and phar-
aceuticals tested in rat studies has been established. Additional

tudies were performed in order to address reproducibility, the
nimal’s nutrition status or other confounding factors. In the in-
ife part of the studies, test substances are administered to five

ale and five female Wistar rats at two different dose levels for
8 days. Blood samples are taken on days 7, 14 and 28. The metabo-

ite profiles in these blood samples are determined using multiple
ass spectrometry-based technologies (LC/GC coupled with MS).

or metabolite profiling more than 1000 analytes are detectable
f which about 300 are known in rat plasma. These metabolites
an be assigned to carbohydrates, lipids, fatty acids, amino acids,
ucleobases, steroid-hormones and catecholamines, signal sub-
tances, intermediates of energy metabolism and others. The levels
f endogenous metabolites of treated rats are compared to the
evels of untreated controls applying univariate and multivariate
tatistical analyses.
The toxicity of a new test compounds could be predicted by the
omparison with metabolite profiles of reference compounds with
nown toxicity profile. These predictions can be used for several
pplications, e.g., for the development of drugs, agrochemicals and

dx.doi.org/10.1016/j.toxlet.2009.06.057
http://www.reprotect.eu/
dx.doi.org/10.1016/j.toxlet.2009.06.058
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data obtained from X-Omics technologies gives better knowledge
on the compound under development and supports step-wise deci-
sions regarding the advancement in its development.
32 Abstracts / Toxicology L

ther compounds, mechanistic research in toxicology as well as for
rouping and read across strategies within the REACH framework.

oi:10.1016/j.toxlet.2009.06.059

10-04
ross-omics comparison in toxicological research

ngela Mally

Universität Würzburg, Institut für Toxikologie, Würzburg, Germany

ncorporation of new concepts and technologies as a basis for the
evelopment of more sensitive safety biomarkers and a better
nderstanding of key mechanisms of toxicity may reduce attrition
ates and assist regulatory decision making in the Pharmaceutical
ndustry. Thus, several collaborative projects have been initiated

ith the aim of delivering tools for improved prediction of toxicity.
The FP6-PredTox project, a collaborative effort by 15 groups

rom pharmaceutical companies, 2 from SMEs and 3 universi-
ies, set out to assess the value of combining omics technologies
ith conventional toxicology methods to better understand and
redict liver and kidney toxicity. Comprehensive data sets were
ollected from short-term in vivo experiments in which rats were
reated with a model drug or 1 of 12 proprietary compounds
hat previously failed during drug development. Integration of
igh-throughput transcriptomics, proteomics, and metabolomics
ata proved instrumental for expanding the mechanistic under-
tanding of drug induced toxicities and identification of novel
afety biomarkers. However, due to different levels of standardiza-
ion and robustness, availability of biologically relevant annotation
nd analyte identifications, the contribution of individual omics
echnologies varied considerably. Transcriptomics as a stable, stan-
ardized and well-established technology with fast data generation
nd intrinsic availability of biological annotation delivered mecha-
istic hypothesis, which were supported by proteomics (2D-DIGE,
ELDI) and metabolomics (1H NMR, LC–MS) data. These tech-
ologies provided potential (non-invasive) biomarkers and useful
echanistic information but would not have identified the mecha-

ism of toxicity if used alone due to the limited numbers of proteins
nd metabolites identified. However, it was recognized that further
aturation of proteomics and metabolomics techniques combined
ith the development of advanced computational models for cross-

mic/integrated analysis may considerably increase their value in
he future.

Acknowledgements: The contribution of all members of the Pred-
ox Consortium is gratefully acknowledged. The PredTox Project
www.innomed-predtox.com) was supported by partial funding
y the Sixth Research Framework Program of the European Union
LSHB-CT-2005-518170).

oi:10.1016/j.toxlet.2009.06.060

10-05
owards improvement in understanding hepatotoxicity using
mics

onna Mendrick
NCTR/FDA, Division of Systems Toxicology, Jefferson, United States

lthough animal testing identifies most toxicants thus prevent-
ng human exposure to such deleterious agents, surprisingly there
re many unexpected adverse events that arise in the clinic. Stud-

d

189S (2009) S16–S36

es have reported that 30% of adverse events seen in humans are
ot observed in animal species. This lack of concordance was even
igher for hepatotoxicity and is reflected in post-marketing occur-
ence of drug-induced liver injury (DILI) being a leading cause of
egulatory action. Unfortunately, this problem is not limited to a
ew compounds as approximately 1000 drugs have been associ-
ted with human hepatotoxicity and it has been estimated that
% of patients admitted to a medical service develop DILI dur-

ng hospitalization. Clearly, new biomarkers of deleterious liver
ffects are needed to prioritize compounds during development
nd to improve patient care. Omics promises to provide new inroads
nto our understanding of hepatotoxicity. This presentation will
escribe efforts to identify biomarkers of hepatotoxicity through
ctive research and in silico data mining to improve human health.

oi:10.1016/j.toxlet.2009.06.061

10-06
he study of mechanisms of new drugs: Potential toxicity using
enomic, proteomic and metabolomic tools

. Fabre 1, I. Anglade 1, J. Barr 2, M. Betanzos 3, M. Conde 4, L.
saba 5, Joan Albert Vericat 5,∗

Parque Tecnológico de Bizkaia, OWL Genomics, S.L., Derio, Spain,
GAIKER. Parque Tecnológico, Zamudio, Spain, 3 Parque Tecnológico
e Bizkaia, PROTEOMIKA, S.L., Derio, Spain, 4 Parque Tecnológico de
izkaia, Progenika Biopharma, Derio, Spain, 5 Neuropharma, S.A.U.,
res Cantos, Madrid, Spain

-Omics technologies have been widely used to study the mecha-
ism of action of rather known pharmaceuticals. Reports of their
se in the actual drug R&D process are unusual.

Noscira, in the frame of the Spanish Programme INGENIO2010,
ained a grant from CDTI for its project MELIUS (2007–2010). The
bjective of MELIUS is to integrate both standard and X-Omics
ata intoxicity evaluation, from preclinical development to early
linical trials. Samples obtained from regulatory studies (up to 12
onths in non-rodents) and from clinical studies have been stud-

ed using either Affimetrix or Agilent platforms for gene expression
rofiling; 2D gel electrophoresis (GE Healthcare platform), protein
etection with fluorescent dying (Typhoon Trio) and identifica-
ion by mass spectrometry (MALDI-ToF) for protein expression;
nd LC–MS/MS for metabolome characterization. Whenever possi-
le, samples were obtained from pretest animals. Invasive samples
ere obtained at sacrifice. Solid samples were frozen in liquid
itrogen and grinded; aliquots of each powdered sample were dis-
ributed for evaluation. Liquid samples were distributed in frozen
liquots. Each sample was processed following individual SOPs at
ach laboratory. Data analysis was conducted to investigate spe-
ific questions from regulatory studies and to better understand
he mechanism of action of the tested chemicals.

Results showed that interpretation is more difficult when
valuating compounds under development, where the available
nformation is limited. Nevertheless, the integration of results from
tandard regulatory studies (including pathology) together with
oi:10.1016/j.toxlet.2009.06.062

dx.doi.org/10.1016/j.toxlet.2009.06.059
http://www.innomed-predtox.com/
dx.doi.org/10.1016/j.toxlet.2009.06.060
dx.doi.org/10.1016/j.toxlet.2009.06.061
dx.doi.org/10.1016/j.toxlet.2009.06.062
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ymposium 11: Environmental Risk Assessment for Human
harmaceuticals

11-01
ccurrence and fate of pharmaceuticals in the environment

homas Ternes ∗, Jennifer Kormos, Manoj Schulz

Bundesanstalt für Gewässerkunde Koblenz, Koblenz, Germany

pproximately 3000 different pharmaceuticals are commonly used
n the Europe today, including painkillers, antibiotics, antidiabet-
cs, beta-blockers, contraceptives, lipid regulators, antidepressants,
mpotence drugs and cytostatic agents. As these compounds are
requently transformed in the body, a combination of nonal-
ered pharmaceuticals and metabolites are excreted by humans.
uman-use pharmaceuticals and hormones enter raw sewage via
rine and faeces and by improper disposal of medicinal prod-
cts. In 2003, 6500 t of synthetic human-use pharmaceuticals
re consumed in Germany, resulting in an average consumption
f about 79 g cap−1 a−1. About 2/3 of the applied pharmaceuti-
al are prescribed and about 1/3 are sold over the counter. In
ecent years several studies in Europe, Asia and North Amer-
ca reported the identification of these emerging compounds in
astewater, surface water, ground water and final drinking water.

or most addictive drugs, including opioids, prescription and sale
re strongly regulated and controlled in Europe and North Amer-
ca. A large number of these bioactive compounds are entering
astewater and the receiving water bodies without being tested

or special environmental effects. All these legal and illicit phar-
aceuticals are discharged from private households and from

ospitals and eventually reach municipal sewage treatment plants
STPs). Sorption and (bio)degradation pharmaceuticals in wastew-
ter treatment plants as well as in surface water are mainly
nknown. Therefore, an approach was developed to identify trans-
ormation pathways of selected pharmaceuticals. In total, more
han 40 transformation products were identified, enabling the
roposal of transformation pathways under aerobic conditions.
everal identified TP structures were detected in environmental
amples.

oi:10.1016/j.toxlet.2009.06.064

11-02
ssessing environmental effects of human pharmaceuticals

listair B.A. Boxall

University of York, Central Science Laboratory Sand Hutton, York,
nited Kingdom

harmaceuticals are now being widely detected in surface waters,
round waters and soils. As pharmaceuticals are biologically active
ubstances, concerns have been raised over the potential negative
ffects of pharmaceuticals in the environment on environmental
nd human health. This paper will therefore synthesise the liter-
ture produced over the past few years into the occurrence and
otential effects and risks of pharmaceuticals in the natural envi-
onment. Amongst other things, the talk will discuss (a) the acute

nd subtle effects of pharmaceuticals on aquatic and terrestrial
rganisms; (b) the implications of the presence of pharmaceu-
icals in the environment in terms of risks to organisms in the
nvironment and to humans; (c) the advantages and limitations
f different testing approaches for assessing the environmen-

t
p
o
t
t

189S (2009) S16–S36 S33

al risks of pharmaceuticals; (d) the application of intelligent
esting approaches for the risk/hazard assessment of pharma-
euticals; and (e) major knowledge gaps and future research
eeds.

oi:10.1016/j.toxlet.2009.06.065

11-03
harmaceuticals in the environment: Issues in balancing
uman health benefits with ecological risks

eter Calow

Roskilde University, Dept of Life Sciences and Chemistry, Roskilde,
enmark

harmaceuticals have brought enormous benefits to humanity in
erms of healthier and longer lives. Increasing amounts are used,
specially as the frequency of aged individuals increases in the
uman population. Inevitably pharmaceuticals escape into the
nvironment where they can have adverse effects on biodiversity
nd ecosystem processes. People value nature and ecosystems but
educing the risks of pharmaceuticals to the environment may be
ostly in terms of the cleanup of releases and/or the lost benefit to
uman health from any restrictions. This paper will address some
f these issues and put them in the broader context of cost-benefit
nalysis and welfare economics.

oi:10.1016/j.toxlet.2009.06.066

11-04
he CHMP guideline on environmental risk assessment of
edicinal products for human use: Three years of regulatory

xperience

nette Küster ∗, Silke Hickmann, Bettina Rechenberg

German Federal Environment Agency UBA, IV 2.2. Pharmaceuticals,
ashing and Cleansing Agents, Dessau, Germany

he European legislation requires an environmental impact assess-
ent of human pharmaceuticals before they enter the market.

ollowing various drafts the adopted guideline on the environmen-
al risk assessment of human pharmaceuticals came into effect in
ecember 2006. The German Federal Environment Agency (UBA)

s currently assessing the environmental safety of >150 human
harmaceutical products per year. Since the coming into force
f the guideline the dossier quality with full environmental risk
ssessments (ERA) is improving. The major groups assessed so
ar are analgesics, anti-infectives, cytostatics, hormones and psy-
hotropics. The ERA according to the EMEA is a tiered approach.
n algorithm in Phase I identifies those products whose concen-

ration in surface water exceeds 10 ng/L and thus need an in-depth
RA according to Phase II. Tier A of Phase II requires the submis-
ion of a base data set on fate and effects on aquatic organisms
nd micro-organisms in sewage treatment plants. If a risk is iden-
ified at the end of Tier A or if the exposure of the terrestrial
ompartment or bioaccumulation is expected, further tests need
o be performed according to Tier B. In contrast to previous drafts

he EMEA guideline does address the continuous release of human
harmaceuticals into the environment and asks to test the effects
f pharmaceuticals using long-term tests, only. Available short-
erm and long-term effects data have now been evaluated and
he results underline the necessity of long-term ecotoxicity tests

dx.doi.org/10.1016/j.toxlet.2009.06.064
dx.doi.org/10.1016/j.toxlet.2009.06.065
dx.doi.org/10.1016/j.toxlet.2009.06.066


S etters

u
E
e
n

d

S
E
t

G

O
c
i
p

b
S
p
I
w
p
t

d
r
t
a
l
t
d
t

p
s
T
o

d

S
t

S
C

A

(
G

A
p
s
m
e
T
p

c
l
a
a
a
p
t
s
a
r
t
p
a
o
r
t
i

d

S
T
l

M

E
E

A
i
d
s
i
p
b
a
m
c
s
a
a
w
d
b
t
t
samples. The relative importance of such factors, and the mecha-
nistic basis for their action, will be discussed. (This abstract does
not reflect EPA policy.)

doi:10.1016/j.toxlet.2009.06.071
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sed in the ERA of pharmaceuticals. In order to further specify the
MEA guideline the identification of however substances and mod-
ls that utilise therapeutic data and predict biochemical targets in
on-target organisms are currently investigated.

oi:10.1016/j.toxlet.2009.06.067

11-05
xperiences with the Swedish environmental classification sys-
em of pharmaceuticals on www.fass.se

isela Holm

AstraZeneca, Safety, Health and Environment, Södertälje, Sweden

n the initiative of the Swedish Association of the Pharmaceuti-
al Industry, LIF, Sweden has, as the first country in the world,
ntroduced a voluntary system for environmental classification of
harmaceuticals.

The model for presenting the environmental data was designed
y LIF in cooperation with the Medical Products Agency, the
wedish Association of Local Authorities and Regions, the Swedish
harmacy chain Apoteket AB and the Stockholm County Council.

t is available on the web version of the Physicians desk reference,
ww.fass.se and aims at presenting environmental information of
harmaceuticals both to the general public and to professionals in
he health care system.

The information is given for the Active Pharmaceutical Ingre-
ient (API) of the medicine and is based on the environmental
isk, i.e. the ratio between the Predicted Environmental Concen-
ration (PEC) and the Predicted No Effect Concentration (PNEC). In
ddition, information is given on the degradation and bioaccumu-
ation potential. Finally, all background data for the assessment of
he environmental risk, degradability and bioaccumulation, and the
etails regarding how the assessment was made are available for
he readers.

Environmental information for the first groups of medicines was
ublished in 2005 and it is expected that all therapeutic groups
hould have been reviewed for environmental information by 2010.
he presentation will give an understanding of the system and the
utcome of the classification so far.

oi:10.1016/j.toxlet.2009.06.068

ymposium 12: Lung Immunotoxicity and Health Effects of Par-
iculate Matter

12-01
urrent concepts of allergic airway disease

rmin Braun

Fraunhofer Institut für Toxikologie und Experimentelle Medizin
ITEM), Immunologie, Allergologie und Immuntoxikologie, Hannover,
ermany

llergic rhinitis and allergic bronchial asthma are diseases of high
revalence in societies with western lifestyle. In recent years, sub-
tantial progress has been made in understanding the underlying

echanisms, and explanations have been developed why the dis-

ase prevalence has increased dramatically over the past decades.
he most popular explanation is the so-called hygiene hypothesis,
ostulating that decreased bacterial infection and microbiologi-
189S (2009) S16–S36

al contact are responsible for an imbalanced immune response
eading to an allergic predisposition. However, the physiological
nd immunological mechanisms in the lung leading to bronchial
sthma are still not fully understood. Therefore, animal models of
sthma have been established and improved to study the com-
lex cellular and physiological interactions in vivo. Murine models
hat reproduce certain features of asthma have been developed. In
tandard protocols inbred mice are first sensitized systemically to
llergen and then challenged by aerosol. Most of the knowledge
egarding the mechanisms of allergic inflammation has gained in
hese animal models. However, protocols of e.g. segmental allergen
rovocation in human have demonstrated similar mechanisms of
llergic immune response in human. This presentation will focus
n the investigation of inflammation and mechanisms of immune
eactions in lung tissue by e.g. confocal microscopy. Focus will be
he role of dendritic cells and their interaction with other cell types
n the lung.

oi:10.1016/j.toxlet.2009.06.070

12-02
he influence of air pollutants on allergic sensitization in the
ung

. Ian Gilmour

“National Health and Environmental Effects Research Laboratory U.S.
nvironmental Protection Agency”, “Immunotoxicology Branch
xperimental Toxicology Division”, NC, United States

ir pollution has long been associated with detrimental health risks
n susceptible populations including asthmatics. Experimental evi-
ence in rodents indicates that inhaled or instilled air pollutants
uch as diesel exhaust particles (DEPs), residual oil fly ash or
ts constitutive metals, can cause lung injury, inflammation, and
otentiate allergic airway responses. These effects which have also
een demonstrated with particulates sampled from ambient air
re dependent on the underlying chemistry. Genomic analysis of
ouse lungs following instillation or inhalation of various parti-

les show broad differences in pathways associated with immune
ignaling, cell metabolism and oxidative stress. Studies with human
irway cell cultures have shown similar alterations in cell signaling
nd may provide an in vitro high throughput screening frame-
ork for predicting allergic adjuvant effects. This presentation will
escribe a range of environmental factors in urban air that have
een implicated as having had a potential impact on susceptibility
o the development of atopic allergy and asthma. Included among
hose considered will be diesel exhaust particles, and ambient air

dx.doi.org/10.1016/j.toxlet.2009.06.067
http://www.fass.se/
dx.doi.org/10.1016/j.toxlet.2009.06.068
dx.doi.org/10.1016/j.toxlet.2009.06.070
dx.doi.org/10.1016/j.toxlet.2009.06.071
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12-03
oxic and inflammatory effects of particulate matter PM10 sam-
led during teaching hours in elementary school classrooms

eroen Buters 1,∗, Sebastian Oeder 1, Ingrid Weichenmeier 1,
olfgang Schober 1, Silvio Dietrich 2, Hermann Fromme 2,
eidrun Behrendt 1

Division of Environmental Dermatology and Allergy Helmholtz
entrum München/TUM, ZAUM- Center for Allergy and Environment,
unich, Germany, 2 Bavarian Health and Food Safety Authority,
epartment of Environmental Health, Oberschleißheim, Germany

ackground: Because most individuals spend about 85% of their
ime indoors, we investigated the health effects of indoor air PM10.

Methods: PM10 was collected in five schools in Munich during
eaching hours. Toxicity was assayed in human primary ker-
tinocytes, human lung epithelial A549 cells and Chinese hamster
79 lung fibroblasts at concentrations from 3 ng/ml to 10 �g/ml.
oxicity after metabolic activation was assayed in cells express-
ng human cytochrome P450 1A1, 1A2, 1B1, 2A6, 2B6, 2C9, 2D6,
E1, 3A4, or 3A5. Additional toxic effects were analyzed with
ffimetrix genome wide gene expression analysis in BEAS-2B
ronchial epithelial cells at 10 �g/ml PM10.

Results: In A549 and V79 cells no toxicity was observed. In
uman primary keratinocytes PM10 evoked a slight, but significant
ecrease in vitality. PM10 was also toxic after metabolic activa-
ion by CYP1A1 or CYP2C9. PM10 induced in BEAS-2B cells the
xpression of xenobiotic metabolizing genes (CYP1A1, CYP1B1)
nd inflammatory cytokines (IL-1A, IL-1B, IL-6, IL-8). Indoor PM10
nduced xenobiotic metabolizing genes less but inflammatory
ytokines up to 6-fold more than outdoor PM10.

Conclusion: Direct cytotoxicity and toxicity after metabolic acti-
ation by cytochrome P450 1A1 and 2C9 were significant at a PM10
oncentration of 10 �g/ml (about 100l indoor air/ml), which is more
han 10,000 times higher than exposure encountered in classrooms.

e therefore expect no toxic effects of these particles in school
hildren. The induction of inflammatory cytokines in indoor PM10
reated cells suggests that classroom particles have a higher inflam-

atory potential than outdoor air particles.

oi:10.1016/j.toxlet.2009.06.072

12-04
mbient air particulate matter: A cause of airway and systemic
isease

idia Morawska

Queensland University of Technology, International Laboratory for
ir Quality and Health, Brisbane, Australia

irborne particulate matter is a mixture of particles that differ in
hysical properties, chemical composition and microbiology, and
hey also range over a few orders of magnitude in size. Particles in
he submicrometer range are generated mainly from combustion,
as to particle conversion, nucleation or photochemical processes,
nd contain a mixture of components including soot, acid conden-
ates, sulfates and nitrates, as well as trace metals and other toxins.
oarse particles, resulting mainly from mechanical processes, gen-

rally contain earth crustal elements and compounds. In addition,
he rapid expansion of nanotechnology has led to the engineering of
ew types of particles, which are not formed through other natural
r anthropogenic processes.

(
t
t
h

189S (2009) S16–S36 S35

The last 10 years or so have seen an unprecedented increase in
cientific interest in relation to airborne particles and the poten-
ial health risk they create. A clear turning point for this interest
as the publication of findings from the Harvard epidemiologi-

al study, which pointed out a more distinct correlation between
ealth effects and exposure to fine particles, as opposed to coarse
articles.

The relationship between airborne particle mass concentration
i.e. larger particles) and health outcomes has been extensively
nvestigated. Recent findings show that the most significant
ealth end points include: decreased lung function, increased
espiratory symptoms, increased chronic obstructive pulmonary
isease, increased cardiovascular and cardiopulmonary diseases,
nd increased mortality. As a result, this research has lead to a better
nderstanding of the complex mechanisms by which the inhala-
ion of particulate matter causes health effects. For example, it has
hown that: (i) there is no threshold in response, (ii) the response
s linear, (iii) the response is similar over different geographic set-
ings, and (iv) in general, the susceptibility depends on the specific
nd point, as well as the level and length of exposure.

The potential risks associated with the inhalation of ultrafine
articles by humans are different to those associated with the

nhalation of larger particles, since ultrafine particles are not readily
emoved from the airstream of inhaled air in the upper parts of the
espiratory tract and therefore, they are inhaled much deeper into
he lung. In the small containments of the alveoli region, the parti-
les undergo diffusional deposition onto the epithelium, which has
een hypothesised to cause a number of physiological responses in
he body, including: airflow resistance in the small airways; lung
nflammation in the small airways and alveoli; systemic inflamma-
ion; and impaired vascular endothelial function.

There is no doubt that there have been significant advances in
nowledge on the impact of airborne particulate matter on health,
owever there are still many unanswered questions in relation to
he toxicology and epidemiological impact of the particles. This pre-
entation will provide a summary of the ‘state of the art’ in science
f airborne particulate matter and its impact on health.

oi:10.1016/j.toxlet.2009.06.073

12-05
n in vitro model of the human epithelial airway barrier to study

he toxicity of nanoparticles

arbara Rothen-Rutishauser ∗, Martin Clift, Christina
randenberger, Andrea Lehmann, Loretta Müller, David Raemy,
eter Gehr

Universität Bern, Bern 9, Switzerland

n addition to the generation of combustion-derived nanopar-
icles (<0.1 �m in diameter) from industrial or traffic-related
ombustion processes, there are progressively more engineered
anoparticles released into the air. However, exposure to NP is
ssociated with adverse respiratory health effects. In order to
tudy nanoparticle–cell interactions and possible toxic reactions
e have established a triple cell co-culture system composed of

pithelial cells, macrophages and dendritic cells which simulates
he most important barrier functions of the epithelial airway: the
urfactant, a tight epithelium, and cells of the defence system

Rothen-Rutishauser et al., 2008). By applying advanced imaging
echniques and stereological approaches the intracellular particle
rafficking can be studied (Mühlfeld et al., 2007a,b). Recently, we
ave shown that dendritic cells and macrophages collaborate as

dx.doi.org/10.1016/j.toxlet.2009.06.072
dx.doi.org/10.1016/j.toxlet.2009.06.073
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entinels against fine particles by building a transepithelial inter-
igitating network of cell processes (Blank et al., 2007), whereas
he nano-sized material has different translocation characteristics
Rothen-Rutishauser et al., 2007).

Lung cell culture models may help to elucidate the mecha-
isms of how particles and other antigens that are inhaled and
eposited on the lung surface can interact with the cells and

nduce cellular responses. Even though in vitro models exhibit
number of limitations, they can be used for high-throughput

creening and the screening of large numbers of newly developed
articles, in particular nanoparticles, within a short time. However,
he presented 3D model of the epithelial airway barrier is a step
orward since, including several cell types, it offers the possibility

ot only to study the reaction of individual cell types but also the

nteraction of the different cell types with each other. In addition,
ur model offers a great tool to study particle-lung cell interactions
t the nanostructural level.

d

189S (2009) S16–S36
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