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Oral Presentations 

Toxicology – Genotoxicity/carcinogenesis I 

1 

Chronic angiotensin II-induced hypertension causes oxidative DNA damage and an 
increased mutation frequency in the rat kidney 

N. Schupp1, B. Epe2, I. Schulz2, C. Hartmann1 
1University of Düsseldorf, Institute of Toxicology, Medical Faculty, Düsseldorf, Germany 
2University of Mainz, Institute of Pharmacy and Biochemistry, Mainz, Germany 

Question: Epidemiological studies revealed an increased risk for kidney cancer in 
hypertensive patients. In many of these patients, the blood pressure regulating renin 
angiotensin aldosterone system (RAAS) is activated. A stimulated RAAS can lead to 
oxidative stress and DNA damage, as we have shown both in vitro and in animal models 
of hypertension. Here, we used a rat model to quantify mutations generated by 20 weeks 
of angiotensin II-induced hypertension. 
Methods: BigBlue®+/- rats, which carry a transgenic lacI gene for mutation analysis, 
were treated with 0.4 mg angiotensin II /kg /day with the help of osmotic minipumps. 
Urinary samples were collected in week 15 by placing the rats into metabolic cages. After 
20 weeks of treatment the kidneys were isolated and analyzed for oxidative stress 
markers, DNA damage and mutation frequency. 
Results: Angiotensin II-treated animals showed significantly increased levels of blood 
pressure (249 mmHg vs. 166 mmHg). Urinary and blood parameters of oxidative stress to 
proteins and nucleobases were significantly increased. Lipoxygenation products were 
reduced in urine compared to the control animals, pointing to impaired renal excretion of 
these substances. The surrogate marker for DNA double-strand breaks, γ-H2AX, was 
significantly increased in the renal cortex. Further, a significant elevation of the mutation 
frequency in kidney DNA was detected. First sequencing results revealed the presence of 
G->T transversions in the mutated reporter gene of the angiotensin II-treated animals 
while (up to now) no such transversions were found in the mutated reporter gene from the 
control animals. G->T transversion are mutations arising typically from the unrepaired 
oxidized base modification 8-oxodG. 
Conclusion: This study provides evidence that the oxidative stress and DNA damage 
previously observed in vitro and in animal models of hypertension after angiotensin II 
treatment is indeed associated with additional mutations in rat kidneys. Together with the 
induction of proliferation and an activation of epithelial-mesenchymal transition which we 
also observed in the kidneys of these animals, our results provide further evidence for a 
cancer initiating potential of angiotensin II-induced hypertension. 
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Differentiated and exponentially growing HL-60 and CaCo-2 cells exhibit different 
sensitivity for genotoxic agents in the comet-assay 

G. Montag, H. Stopper 
Institute of Pharmacology and Toxicology, Department of Toxicology, Würzburg, 
Germany 

To investigate the impact of the differentiation state on sensitivity for genotoxic damage 
induction by chemicals, we used the human promyelocytic leukemia cell line HL-60 and 
the human colorectal adenocarcinoma cell line CaCo-2. For differentiation of the HL-60 
cells they were treated with 1.25 % DMSO for 3 days. At that time, differentiation was 
assessed by microscopic quantification of granulocyte-like cells with lobed nuclei. 
Differentiation efficiency was around 90% after DMSO-treatment and around 10% as 
basal level in normal cultures. The differentiation of the CaCo-2 cells was performed by 
growing cells in collagen coated PET-membrane inlets for 21 days, whereby the medium 
change took place every 4 days and the differentiation status was checked by cell dome 
development. Cell density during treatment was kept constant between the differentiated 
and undifferentiated cells, and fresh medium was always added the day before the 
treatment. Cell vitality was assessed by enzymatic activation/dye exclusion (fluorescein 
diacetate/safe red) and evaluation in the comet-assay was limited to treatments with less 
than 20% non-vital cells at the highest substance concentration. Treatment of the HL-60 
cells and CaCo-2 cells was performed with doxorubicin, etoposide, methyl methane 
sulfonate (MMS) and mitomycin C (MMC) and additionally for HL-60 with hydrogen 
peroxide (H2O2). All chemicals caused a dose-dependent increase of DNA-damage. 
While MMS, MMC and H2O2 induced similar damage in the comet assay in the 
differentiated and the undifferentiated HL-60 cells and CaCo-2 cells, there was a 
remarkable difference for doxorubicin in HL-60 cells. For both cell lines a difference in 
sensitivity was found for etoposide, where the undifferentiated cells were consistently 
more sensitive. We hypothesize that this may be due to less active topoisomerase II in 
differentiated cells. 
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PARP1 protects from benzo[a]pyrene diol epoxide-induced replication stress and 
mutagenicity 

J. Fischer1, T. Zubel1, K. Jander1, J. Fix1, I. Trussina1, D. Gebhard1,2, J. Bergemann2  
A. Bürkle1, A. Mangerich1 
1University of Konstanz, Department of Biology, Konstanz, Germany 
2Albstadt-Sigmaringen University of Applied Sciences, Department of Life Sciences, 
Sigmaringen, Germany 

Poly(ADP-ribosyl)ation (PARylation) is a complex and reversible posttranslational 
modification catalyzed by poly(ADP-ribose)polymerases (PARPs), which orchestrates 
protein function and subcellular localization.  The function of PARP1 in genotoxic stress 
response upon induction of oxidative DNA lesions and strand breaks is firmly established, 
but its role in the response to chemical-induced, bulky DNA adducts is understood 
incompletely.  To address the role of PARP1 in the response to bulky DNA adducts, we 
treated human cancer cells with benzo[a]pyrene 7,8-dihydrodiol-9,10-epoxide (BPDE), 
which represents the active metabolite of the environmental carcinogen benzo[a]pyrene 
[B(a)P], in nanomolar to low micromolar concentrations.  Using a highly sensitive LC-
MS/MS method, we revealed that BPDE induces cellular PAR formation in a time- and 
dose-dependent manner.  Consistently, PARP1 activity significantly contributed to BPDE-
induced genotoxic stress response.  On the one hand, PARP1 ablation rescued BPDE-
induced NAD+ depletion and protected cells from BPDE-induced short-term toxicity.  On 
the other hand, strong sensitization effects of PARP inhibition and PARP1 ablation were 
observed in long-term clonogenic survival assays.  Furthermore, PARP1 ablation 
significantly affected BPDE-induced S and G2 phase transitions.  Together, these results 
point towards unresolved BPDE-DNA lesions triggering replicative stress.  In line with 
this, BPDE exposure resulted in enhanced formation and persistence of DNA double 
strand breaks in PARP1-deficient cells as evaluated by microscopic co-localization 
studies of 53BP1 and γH2A.X foci.  Consistently, a HPRT mutation assay revealed that 
PARP inhibition potentiated the mutagenicity of BPDE.  In conclusion, this study 
demonstrates a profound role of PARylation in BPDE-induced genotoxic stress response 
with significant functional consequences and potential relevance with regards to B[a]P-
induced cancer risks. 
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Functional outcomes of distinct base excision repair steps in the context of the 5-
methylcytosine oxidation pathway 

N. Kitsera1, N. Geier1, M. Rossa1, T. Carell2, A. Khobta1 
1University Medical Center of the Johannes Gutenberg University Mainz, Institute of 
Toxicology, Mainz, Germany 
2Ludwig-Maximilians-Universität München, Center for Integrated Protein Science at the 
Department of Chemistry, Munich, Germany 

The process of active DNA demethylation and epigenetic reprogramming in mammals 
requires stepwise oxidation of 5-methylcytosine (5-mC) to 5-hydroxymethylcytosine (5-
hmC), 5-formylcytosine (5-fC) and 5-carboxycytosine (5-caC) by the TET family 
oxygenases. The resulting 5-fC and 5-caC in the CpG dinucleotides need to be 
subsequently removed by the base excision DNA repair pathway (BER); however, 
functional consequences of the BER-driven DNA demethylation for the gene function 
have not been experimentally addressed previously. Our aim was to characterise the 
outcomes of DNA modifications implicated in the DNA demethylation pathway and of 
BER of these modifications for the regulation of gene expression. 
We have generated reporter constructs containing single 5-mC/5-hmC/5-fC/5-caC in a 
defined CpG dinucleotide within a cAMP response element (CRE) and analysed the 
impact of these modifications on the gene expression in human cells with different 
statuses of the pyrimidine DNA glycosylases UNG1/2, SMUG1 and TDG. Moreover, we 
have used chemical modifications of DNA backbone to inhibit specific enzymatic steps of 
BER. The results show that BER of 5-fC and 5-caC promotes gene repression rather than 
transcriptional reactivation. The gene expression was efficiently rescued when the base 
excision step was inhibited by the sugar 2′-fluorination of the 5-fC and 5-caC nucleotides 
and attenuated by the knockdown of TDG (but not of UNG1/2 or SMUG1). To model the 
DNA structure at the post excision step, we next analysed the expression in the presence 
of tetrahydrofuran (THF) as a stable abasic site analog. As predicted, also THF triggered 
potent gene repression. Importantly, this effect faded away when we replaced the 5′-
phosphodiester linkage for the phosphorothioate, which rendered the abasic site resistant 
to cleavage by the APE1 exonuclease. In summary, the results indicate that combined 
action of TDG and APE1 efficiently processes 5-fC and 5-caC in the functional promoter 
element. It is important to note that base excision by TDG is compatible with 
transcriptional activity, whereas strand cleavage by APE1 leads to rapid loss of 
transcriptional function. Thus, functional dissociation between the distinct steps within 
BER identifies the APE1 activity as a potential switch between the activation and 
repression mechanisms within the TET-TDG DNA demethylation pathway. 
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Correlation between genome-wide histone acetylation changes and transcriptional 
repression by the mycotoxin ochratoxin A 

E. Limbeck, A. Mally 
Department of Toxicology, University of Würzburg, Würzburg, Germany 

The molecular mechanism by which Ochratoxin A (OTA) causes renal tumor formation is 
still not fully resolved. Using a novel mass spectrometry approach employing chemical 
13C-acetylation of unmodified lysine residues for quantitative analysis of site-specific 
alterations in histone acetylation in human kidney epithelial cells (HK-2) exposed to OTA, 
we previously demonstrated that OTA causes global reduction of histone acetylation, 
including loss of acetylation at histone H3 lysine 9 (H3K9), a well-known euchromatic 
hallmark that is typically elevated at promoter regions of transcriptionally active genes. 
Since in vivo and in vitro transcriptomics studies demonstrate that OTA causes 
predominantly down-regulation of gene expression, we hypothesized that OTA mediated 
repression of gene expression may at least in part be mediated by loss of H3K9 
acetylation at promoter regions of repressed genes. In this study, we used Chip-Seq to 
investigate OTA mediated genome-wide changes in H3K9 acetylation in human kidney 
epithelial cells (HK-2) and integrated these data with results from previous 
transcriptomics studies in the same cell model. Consistent with our hypothesis, 80% of 
hypoacetylated genes that were responsive to OTA were down-regulated. While these 
data support a mechanistic link between H3K9 acetylation status and gene expression of 
these genes, only 7% of OTA repressed genes exhibited concomitant loss of H3K9 
acetylation at the respective promoter sequences. Interestingly, however, this gene set 
was enriched for genes involved in transcriptional regulation as revealed by GO analysis 
and functional enrichment, suggesting that histone acetylation changes in genes with key 
functions in the control of transcription may subsequently lead to global repression of 
gene expression. 
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Identification of potent drug candidates for the prevention of cisplatin-induced 
neurotoxicity in the model organism C. elegans 

S. Honnen1, A. Wellenberg1, L. Weides1, J. Bornhorst2, B. Crone3, U. Karst3, G. Fritz1 
1Heinrich Heine University, Toxicology, Düsseldorf, Germany 
2University of Potsdam, Institute of Nutritional Science, Nuthetal, Germany 
3WWU, Inorganic and Analytical Chemistry, Münster, Germany 

Cancer is the second leading cause of death worldwide and anticancer therapies are 
accompanied by severe adverse effects. One of the most common dose-limiting side-
effects during cis- or oxaliplatin-based chemotherapy is peripheral neuropathy (CIPN). Its 
pathophysiology is unknown and neither prophylaxis nor specific treatment is available. 
Question: Can C. elegans be used to elucidate underlying molecular mechanisms of 
CIPN caused by platinating anti-tumor drugs and to identify chemo-preventive or 
therapeutic strategies?  
Methods and Results: We used C. elegans as an alternative test system to evaluate 
neurotoxicity as well as more general toxic effects of platinating agents. We proved dose 
dependent uptake of cisplatin using inductively coupled plasma mass spectrometry (ICP-
MS). Correspondingly, we detected also a dose dependent induction of typical platinum-
derived DNA 1,2-GpG-intrastrand crosslinks by south-western blotting for cis- and 
carboplatin, which were repaired within 24 h recovery time. The tested concentrations 
were sufficient to induce apoptosis in proliferating germline cells. Interestingly we found 
that dosages with only little effect on development, reproduction and musculature led to 
strong (cis- and oxaliplatin) neurotoxicity as demonstrated by impaired pharyngeal 
pumping and chemotaxis. After exposure to platinating agents C. elegans was sensitized 
to oxidative stress (H2O2, paraquat). This seems to be caused by glutathione (GSH) 
depletion without any increase of glutathione disulfide (GSSG) or general ROS-levels. In 
fact, a decline of endogenous GSH production via RNAi knockdown of the Glutamate 
Cysteine Ligase was sufficient to induce neuropathic effects comparable to cisplatin. 
Consequently the reduction in oxidative stress resistance could be prevented by N-
acetylcysteine (NAC).  
Recently we observed that NAC, acetylsalicylic acid and WR1065 (the active metabolite 
of Amifostine) reduce neurotoxic effects of platinum compounds in a post-treatment 
scheme. Interestingly, the amount of platinum determined in such nematode populations 
via ICP-MS was largely unchanged in comparison to the control groups. The apoptosis 
induction was not influenced by these treatments. 
Conclusion: Our results show the possibility to identify substances, which palliate or 
even prevent persistent neuropathic symptoms following chronic platinum exposure in 
C. elegans. Currently we work on adapting this method for higher throughput. 
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The chemical warfare agent sulfur mustard induces chronic senescence in 
mesenchymal stem cells 

S. Rothmiller1,2, A. Bürkle2, D. Steinritz1,3, H. Thiermann1, A. Schmidt1,4 
1Bundeswehr Institute of Pharmacology and Toxicology, Munich, Germany 
2University of Konstanz, Department of Biology, Konstanz, Germany 
3Ludwig-Maximilians-Universität, Walther-Straub-Institute of Pharmacology and 
Toxicology, Munich, Germany 
4Universität der Bundeswehr München, Department for Sports Sciences, Munich, 
Germany 

Question: Until now chronic wound healing disorders after sulfur mustard (SM) exposure 
are not completely understood. Mesenchymal stem cells (MSCs) are essential for wound 
healing. It is our hypothesis that MSC disturbances are involved in the process of 
disrupted wound healing after SM exposure and MSCs in chronic senescence may 
provide the "cellular memory" responsible for such wounds. MSCs in chronic senescence 
might be able to imprint their state onto other MSCs. SM-induced chronic senescent 
MSCs would be able to persist over long time periods, escape the immune system and 
display a senescence-associated secretory phenotype (SASP). Therefore, in this initial 
study it was assessed whether SM is able to induce chronic senescence in MSCs. 
Methods: Human MSCs were obtained from the bone marrow of donor femoral heads 
after total endoprosthesis of the hip joint. Specific surface markers of MSCs were 
characterized by FACS. MSCs were exposed to single doses of SM (1 - 40 µM) or H2O2 
(100 µM) and senescence-associated β-galactosidase (SA-β-gal) was stained with X-gal 
substrate. Expression levels of proteins were determined by Western blot. 
Results: MSCs became senescent 6 days after single dose SM treatment and the 
percentage of senescent cells as well as the intensity of the staining increased until day 
12. At this time, almost 100 % of all cells were senescent at the SM concentrations tested 
(1, 10, 20 and 40 µM). Further incubation of these cells did not influence the senescent 
state up to day 21 for cells in high SM exposure groups. In contrast, 1 µM SM single dose 
exposure appeared unable to induce stable senescence. Morphological changes like cell 
size increase as well as elevated expression of other senescence markers such as 
p16INK4a were observed in senescent MSCs. 
Conclusion: SM exposed MSCs were positive for senescence markers such as SA-β-gal 
and p16INK4a expression. This demonstrates that single dose exposure of MSCs to SM 
between 10 and 40 µM resulted in chronic senescence after 12 days and was stable 
thereafter. This research is providing new insight into the pathomechanism of chronic 
wounds after SM exposure. 
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Cytochrome P450 and transporter profiling using rapid and versatile MS-based 
immunoassays 

F. Weiss1, H. S. Hammer1, F. F. Schmidt2, H. Planatscher1, C. Sommersdorf1  
T. O. Joos1,2, O. Poetz1,2 
1Signatope GmbH, Reutlingen, Germany 
2Natural & Medical Sciences Institute at the University of Tübingen, Biochemistry , 
Reutlingen, Germany 

The analysis of drug-drug interaction plays a pivotal role in detecting potential drug 
incompatibilities in the late stage of pre-clinical drug development. The FDA currently 
recommends functional tests and to measure mRNA as surrogate for investigating the 
protein induction potential of drug candidates. During the last decade indirect 
quantification of proteins by measuring surrogate peptides in enzymatically proteolyzed 
samples by mass spectrometry has become a widely used and accepted method. The 
end point analysis of CYPs, transporter, and UGT´s may allow a more accurate 
determination of the induction potential compared to mRNA and enzyme analysis. mRNA 
stability and regulation can lead to over and under-estimated induction effect. Enzyme 
activity measurements could be superimposed by simultaneous inactivation of the drug 
metabolizing enzymes by the test substance itself. However, current proteomic analysis 
workflows for CYPs, transporter, & UGTs require large amount of sample material and a 
tedious membrane or microsome preparation step preventing the integration in routine 
processes. 
Here, we present the development of a test system for the quantification phase I, II and III 
proteins which combines the sensitivity of immunoprecipitation and the specificity of mass 
spectrometry. The method employs TXP-antibodies specific to short C-terminal peptide 
epitopes capable of enriching peptide groups. We generated antibodies targeting 
common epitopes which are conserved for the members of the cytochrome P450 family 
and drug transporters. These antibodies are applied in an immunoaffinity step prior 
quantification by high-resolution mass spectrometry (targeted selected ion monitoring). 
Thus, we are able to quantify 16 CYPs and 13 transporter directly from proteolytical 
digests of primary cells and tissue requiring only 5-50 µg protein extract. Due to low 
sample consumption, our immunoaffinity-coupled MS method enables the design of 
experiments in 96-well format, thereby reducing the required amount of human primary 
hepatocytes, which are the most precious part of an induction experiments. This semi-
automated, highly parallel method has a throughput of 100s of samples per week and 
mass spectrometer. Using this method, we analyzed samples from pharmacokinetics 
studies in human hepatocytes addressing three different induction pathways. 
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A context-specific cardiac Wnt nuclear complex modulates the chromatin in 
homeostasis and disease 

L. M. Iyer1, S. Nagarajan2, M. Woelfer1, E. Schoger1, M. P. Zafiriou1, V. Kari3  
S. T. Pang1, T. Weber1, J. Herting4, T. Fischer4, F. S. Rathjens1, S. Khadjeh4 
K. Toischer4, G. Hasenfuss4, C. Noack1, S. A. Johnsen3, L. C. Zelarayán1 
1Pharmacology and Toxicology, Göttingen, Germany 
2CRUK Cambridge Institute, Cambridge, United Kingdom 
3University Medical Center, General, Visceral and Pediatric Surgery, Göttingen, Germany 
4University Medical Center, Cardiology and Pneumology, Göttingen, Germany 

Question: Recent studies have demonstrated the significance of global chromatin 
remodeling in heart failure progression. However, tissue and context-specific factors 
controlling this remodeling remain to be investigated. The Wnt pathway is essential for 
cardiomyocyte (CM) development, but remains quiescent in the CM of the normal adult 
heart. Our previous results have shown a reactivation of its main nuclear effectors, β-
catenin and Transcription factor 7-like 2 (TCF7L2), in murine and human heart failure. 
Accordingly, stabilizing β-catenin in the murine adult CM led to pathological remodeling 
with cardiac dysfunction. Both β-catenin and TCF7L2 are ubiquitously expressed and are 
known to associate with specific factors to elicit appropriate chromatin and transcriptional 
responses. Nonetheless, their relevance in adult cardiac chromatin homeostasis has not 
been studied thus far. Hence, we hypothesize that the nuclear Wnt complex contributes 
to the epigenetic changes occurring during heart failure transition. 
Methods: Chromatin immunoprecipitation and sequencing (ChIP-seq), RNA-seq, 
bioinformatics, luciferase reporter assay. 
Results: Our ChIP-seq analyses revealed that endogenous TCF7L2 in β-catenin 
stabilized ventricles bound predominantly to novel distal enhancers of genes like Hand2, 
Rock2, Dstn and Tbx20; annotating to heart failure, n=2. Concomitantly, inactivating β-
catenin in vivo, led to a decreased expression of these identified TCF-target genes upon 
cardiac stress, thereby rescuing the disease gene program, n≥5. Motif analyses on 
TCF7L2-bound regions found GATA4 motif significantly enriched. Immunoprecipitation 
and luciferase reporter experiments revealed that GATA4 interacted with nuclear, inactive 
β-catenin in the normal adult heart, thereby maintaining a low Wnt-transcriptional activity 
for homeostasis, n=3. Its Wnt-repressive functions were augmented by the observed 
remarkable association of GATA4 to KLF15, a known cardiac nuclear Wnt-repressor in 
the adult heart. Strikingly, this GATA4-β-catenin interaction was lost in pathological heart 
remodelling, where nuclear Wnt signalling is highly active. 
Conclusion: Altogether, our study identified TCF7L2 as the main mediator of 
pathological cardiac remodelling and unearthed a context-specific GATA4-Wnt nuclear 
complex in the adult heart, making it an attractive therapeutic target for pharmacological 
intervention. 
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Chromatin compartments dictate establishment of dynamic DNA methylation 
patterns in mouse cardiac myocytes 

S. Nothjunge1, T. G. Nührenberg1, B. Grüning2, S. A. Doppler3, S. Preissl1,4  
M. Schwaderer1, C. Rommel1, M. Krane3,5, L. Hein1, R. Gilsbach1 
1Institute of Experimental and Clinical Pharmacology and Toxicology, Freiburg, Germany 
2Bioinformatics Group, Department of Computer Science, Freiburg, Germany 
3Department of Cardiovascular Surgery, Division of Experimental Surgery, Munich, 
Germany 
4Ludwig Institute for Cancer Research, San Diego, CA, United States 
5DZHK (German Center for Cardiovascular Research), Partner Site Munich Heart 
Alliance, Munich, Germany 

Introduction & Objective: The cell nucleus provides restricted space for the storage of 
chromatin and requires dense packing while ensuring DNA accessibility. Thus, different 
layers of chromatin organization and epigenetic control mechanisms exist. Genome-wide 
chromatin interaction maps revealed large interaction domains (TADs) and higher order 
A- and B-compartments, reflecting active and inactive chromatin, respectively. The 
mutual dependencies between chromatin organization and patterns of epigenetic marks, 
including DNA methylation, remain poorly understood. 
Methods: We used in situ Hi-C to investigate the chromatin architecture on terminally 
differentiated FACS-sorted mouse cardiac myocytes (CM) at different pre- and postnatal 
stages (embryonic day 14.5, postnatal day 1 and adult CM) as well as multipotent cardiac 
progenitor cells (embryonic day 9-11) and pluripotent mouse embryonic stem cells (ESC). 
To assess the inter-dependencies of the 3D chromatin structure and DNA methylation, 
we performed whole genome bisulfite sequencing (WGBS) and analyzed these results 
together with RNA-seq and ChIP-seq data of different histone marks. Furthermore, we 
genetically ablated the de-novo DNA methyltransferases 3a and 3b (DNMT3a/b-/-) in CM 
and used ESC with nearly complete loss of DNA methylation (DNMT1-/-, DNMT3a/b-/-) to 
investigate the effects of altered DNA methylation on the chromatin architecture. 
Results: We demonstrate that establishment of A/B-compartments precedes and defines 
DNA methylation signatures during differentiation and maturation of cardiac myocytes. 
Remarkably, dynamic CpG and non-CpG methylation in cardiac myocytes is confined to 
the active compartments of the genome. Furthermore, genetic ablation or reduction of 
DNA methylation in embryonic stem cells or cardiac myocytes, respectively, does not 
alter genome-wide chromatin organization. 
Conclusion: These data show that DNA methylation patterns are established in 
preformed chromatin compartments and may be dispensable for the formation of higher 
order chromatin organization. 
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Cytokine-responsive enhancers coordinate chromatin structure and gene activities 
at human chemokine loci  

S. S. Weiterer1, L. Jurida1, J. Meier-Sölch1, A. Weber1, C. Mayr-Buro1, M. Bartkuhn1,2  
L. Brant3, A. Papantonis3, M. Kracht1 
1Justus-Liebig-University, Rudolf-Buchheim-Institute of Pharmacology, Giessen, 
Germany 
2Justus-Liebig-University, Institute for Genetics, Giessen, Germany 
3University of Cologne, Chromatin Systems Biology Laboratory, Cologne, Germany 

The cytokine interleukin 1 (IL-1) is a powerful mediator of inflammatory gene expression. 
At chromatin level this strong, transient and highly co-regulated induction of gene 
expression can be investigated at the CXC-chemokine cluster on chromosome 4. This 
region comprises the genes CXCL1, 2, 3 and CXCL8 (IL8), which are activated by IL-1 
and is flanked by two enhancer regions upstream of the IL8 and the CXCL2 genes. 
These enhancers are characterized by the prototypical histone modifications H3K27ac 
and H3K4me1. The p65 NF-κB subunit binds IL-1-dependend to specific sites within 
these enhancers. To investigate whether these enhancers are functional and necessary 
to activate the CXC-cluster genes, stable enhancer mutant cells (∆EIL8, ∆ECXCL2) were 
generated using CRISPR/ Cas9. In both cell lines, ~60 bp were deleted which partially or 
completely removed the p65 sites. ChIP experiments in these cell lines revealed reduced 
binding of p65 to the enhancers and the promoters of the 4 chemokine genes. De novo 
recruitment of (phospho-Ser5) RNA Pol II was also suppressed suggesting that the 
enhancers exert regulatory effects on all active cluster-genes by altered looping in cis or 
in trans. Experiments at mRNA level show that the ∆E cell lines display a strong 
reduction in the IL-1-induced expression of the CXC-cluster genes. IL-1 target genes on 
other chromosomes (IL6, IkBa, CCL20) are also affected. Genome wide microarray 
experiments reveal a global suppression of the IL-1 gene response, suggesting that the 
enhancers might be involved in a larger nuclear structure that coordinates the IL-1 gene 
response across chromosomes. To investigate this hypothesis, i4C experiments were 
conducted. Here interactions within the CXC-cluster were observed and it could be 
shown that these interactions change under IL-1 treatment. To investigate these findings, 
we used RNA-FISH probes directed at intronic regions of nascent transcripts of IL8 and 
CXCL2 to detect active transcription sites. This approach reveals the transcriptional 
bursts of the two genes and their increased proximity after IL-1 treatment. These data 
provide an example for a rapidly restructured signal-responsive enhancer system that is 
operative in human epithelial cells and suggest that IL-1-induced enhancer regions may 
cooperate over long distances to orchestrate the inflammatory gene response executed 
by this cytokine. 
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Cardiac myocyte miR-29 promotes pathological remodeling of the heart by 
activating Wnt signaling 
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A. D. Brunner1, D. Esfandyari1, A. S. Papadopoulou2, B. de Strooper2, N. Hübner3  
R. Kumarswamy4, T. Thum4, X. Yin5, M. Mayr5, B. Laggerbauer1, S. Engelhardt1 
1Institute of Pharmacology and Toxicology Technische Universitaet Muenchen (TUM), 
Munich, Germany 
2VIB Center for the Biology of Disease, Leuven, Belgium 
3Charité-Universitätsmedizin, Berlin, Germany 
4Institute of Molecular and Translational Therapeutic Strategies (IMTTS), Hannover 
Medical School, Hanover, Germany 
5King's British Heart Foundation Centre, King's College London, London, United Kingdom 

Pathologic hypertrophy and fibrosis are the two hallmarks of myocardial remodeling. The 
microRNA miR-29  has been shown to target various collagens and matrix remodeling 
enzymes in various organs, leading to the idea that it constitutes an antifibrotic 
molecule. Here we show that miR-29 promotes pathologic hypertrophy of cardiac 
myocytes by activating Wnt signaling. In mice that underwent banding of the aorta in 
order to induce pressure overload, cardiac myocyte-specific miR-29 knockdown or 
antimiR-29 administration prevented cardiac hypertrophy and fibrosis and improved 
cardiac function, suggesting that the cardiac myocyte miR-29 is functionally dominating in 
the myocardium. Mechanistically, we identified cardiac myocyte miR-29 to active Wnt 
signaling by directly targeting four pathway factors. Our data suggests that, cell- or tissue-
specific antimiR-29 delivery might be of therapeutic value for pathological cardiac 
remodeling and fibrosis. 
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Drug resistance in chronic myeloid leukemia – Global changes after imatinib 
exposure and impact of miR-212/ABCG2-axis during the onset of resistance 

M. Kähler1, J. Rümenapp1, R. Böhm1, D. Gonnermann2, I. Nagel1, O. Ammerpohl3,4  
I. Cascorbi1, H. Bruckmüller1 
1Institute of Experimental and Clinical Pharmacology, UKSH Kiel, Kiel, Germany 
2Institute of Immunology, Kiel, Germany 
3Institute of Human Genetics, Kiel, Germany 
4Institute of Human Genetics, Ulm, Germany 

Question: Chronic myeloid leukemia (CML) – one of the most extensively studied 
neoplasms – is caused by translocation of chromosomes 9 and 22 with formation of the 
Philadelphia chromosome and BCR-ABL fusiongene. Despite tremendous therapeutic 
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success using the tyrosine kinase inhibitor imatinib (IM), the amount of therapeutic 
resistances is increasing, especially in processes independent from the BCR-ABL-kinase. 
Here, we investigate changes of gene expression and (epi)genetics during the 
development of IM-resistance focusing on the drug efflux transporter ABCG2 and its 
potential regulation by microRNA-212. 
Methods: In our in vitro-cell line model, we analyzed changes in mRNA expression, 
methylation and mutation status of treatment-naïve and IM-resistant sublines (0.5; 2 µM). 
mRNA expression was analyzed on Affymetrix Human Gene 2.0 ST arrays, methylation 
on 850 K arrays (Illumina); exome sequencing was performed at GATC, Konstanz, 
Germany. To analyze the influence of miR-212 and ABCG2, we transfected cells either 
with miR-mimic pre-miR-212 or inhibitory anti-miR-212 and analyzed effects on cell 
viability, apoptosis and cell death. In addition, we investigated ABCG2 expression using 
flow cytometry and measured IM-efflux using a Hoechst efflux assay. 
Results: In IM-resistant cells, we found 148 genes to be differentially expressed. Low 
dose-resistance with 485 differentially expressed genes could be distinguished from high 
dose-resistance (144). Regarding (epi)genetics, we observed variations in the IM-
resistant sublines pointing to genetic changes at high-dose resistance. Regarding our 
findings on miR-212 and ABCG2, we found after miR-212 inhibition and IM-treatment, 
sensitive K-562 to show significant promotion of cell survival apparent on the level of cell 
viability, apoptosis and reduced cytotoxicity. Down-regulation of miR-212 led to 
upregulation of ABCG2 on the cell surface and increased ABCG2-dependent Hoechst 
33342 efflux. Furthermore, methylation analysis of miR-212 and ABCG2 promoter 
revealed hypermethylation of miR-212, but not ABCG2 in IM-resistant sublines. 
Conclusions: Gene expression, methylation and mutation status in low dose-IM-
resistance could be separated from high dose-IM-resistance. Inhibition of miR-212 
resulted in ABCG2 upregulation and increased ABCG2-mediated efflux promoting cell 
survival during the onset of IM-resistance. These findings could be relevant in CML-
therapy, understanding IM-resistance and its underlying mechanisms. 
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Investigation of the prolyl hydroxylase EGLN3 as drug target in ccRCC 
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The author did not agree to the publication of his abstract. 
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Allosteric ligand induced alteration of mAChR – G protein complex stability 

O. Ilyaskina1, H. Lemoine2, M. Bünemann1 
1Philipps-University, Department of pharmacology and clinical pharmacy, Marburg, 
Germany 
2Heinrich-Heine University, Department of Lasermedicine, Düsseldorf, Germany 

G protein coupled receptors (GPCR) convert extracellular stimuli into the variety of 
physiological responses by activation of heterotrimetric G proteins from different G 
protein families. Although many crystal structures of GPCRs including those of inactive 
and active conformations have been recently resolved (1), specific ligand-induced 
receptor conformations have so far only be postulated based on their G protein or arrestin 
bias. 
Based on the ternary complex model (2) we use Förster resonance energy transfer 
(FRET) under nucleotide - free conditions to measure GPCR- G protein affinities directly 
and tested for alterations induced by orthosteric and allosteric agonists. As a measure of 
affinity we determined the rate constant of G protein dissociation from the receptor after 
agonist withdrawal in the absence of nucleotides in single permeabilized cells. The 
comparison of the dissociation kinetics of G proteins-receptor complexes induced by 
different agonists was done in the same cell, assuring equal expression levels of 
interacting proteins. 
Our results shown that difference in the Gq and Go protein affinities to muscarinic M3 
receptor correlates with Gq and Go proteins coupling efficiencies, suggesting that the 
stability of the ternary complex in the absence of nucleotides determines the selectivity of 
GPCR - G protein binding. We further quantified the lifetime of the receptor - G protein 
complex induced by different affinity agonists as well as in presence or absence of 
allosteric modulator. Although acetylcholine and its synthetic analogue carbachol are 
agonists with different affinities, dissociation rates of Gq from acetylcholine and carbachol 
activated M3-R as well as for Go were not significantly different for both agonists. The 
superagonist Iperoxo (3) lead to the more stable mAChR- Gq protein complex formation 
compared to acethylcholine. Interestingly, the affinity of Gq protein to M1-R after 
acetylcholine withdrawal in presence of allosteric modulator BQCA was found to be 
similar to the one induced by Iperoxo, suggesting the induction of a different 
conformational state of the receptor which not only affects binding affinities of orthosteric 
agonists, but also exhibits a higher affinity towards G proteins. 
(1) Kruse AC et al. (2012). Nature 482: 552–556 
(2) De lean A et al. (1980). J Biol Chem 255:7108-17 
(3) Messerer R et al. (2017). ACS Chem Biol 12(3): 833-43 
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Structural determinants of biased signalling of human CCR2 chemokine receptors 
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Binding mode ensembles determine ligand efficacy at a GPCR 

M. Bermudez1,2, A. Bender2, G. Wolber1 
1Freie Universität Berlin, Institute of Pharmacy, Berlin, Germany 
2University of Cambridge, Department of Chemistry, Cambridge, United Kingdom 

Question: G protein-coupled receptors (GPCRs) transfer information across membranes 
via multiple signaling pathways, making them highly complex signaling machines1. Driven 
by the hypothesis that form follows function, the complexity of GPCR signaling requires a 
large conformational ensemble of distinct receptor states2. Although crystal structures 
provide an indispensable (but static) structural view on this protein class, it remains 
elusive how ligands activate GPCRs with varying efficacies. Dualsteric (bitopic) ligands 
have been shown to adopt functionally opposed binding modes, thereby resulting in 
partial receptor activation3. We now hypothesize that orthosteric partial agonists show 
more subtle binding mode ensembles. 
Methods: Taking crystal structures of the M2 receptor in different activation states as 
starting points, we apply the novel Dynophore approach to unveil the existence of 
multiple binding modes for pilocarpine, a classic partial agonist. Dynophores comprise a 
fully automated combination of static 3D pharmacophores and MD-based conformational 
sampling, resulting in three-dimensional interaction point densities3. Dynophores are 
statistically characterized by occurrence frequency and interaction patterns with the 
receptor. 
Results: We show that partial agonists of the M2 receptor can adopt multiple binding 
modes. These binding modes can be linked to either active-like or inactive receptor 
conformations, showing the relevance of binding mode ensembles for partial receptor 
activation. Additionally, we demonstrate that the novel Dynophore methodology is 
perfectly apt to investigate dynamic properties of ligand binding. 
Conclusion: The existence of binding mode ensembles stabilizing active and inactive 
receptor conformations might be a rational explanation for partial agonism of pilocarpine 
at M2 receptors. This concept has the potential to be transferable also to other GPCRs. 
Furthermore, our findings provide a rationale for the design of GPCR ligands with desired 
efficacy. On the methodological side, we have found that Dynophores are a promising 
approach for obtaining insights in the dynamics of ligand binding, with the method being 
also applicable to other protein families beyond GPCRs. 
References: 
1. M. Bermudez and G. Wolber, Bioorg Med Chem, 2015 
2. M. Bermudez and A. Bock et al., ACS Chem Biol, 2017 
3. A. Bock and M. Bermudez et al., J Biol Chem, 2016 
 
 

18 

The signaling lipid sphingosine-1-phosphate regulates gene and protein 
expression of both plasminogen activator inhibitor-1 and tissue factor in 
differentiated fat cells 

E. Moritz1,2, V. Witschel1, J. Lühr1, C. Joseph1, A. Böhm1,2, B. H. Rauch1,2 
1University Medicine Greifswald, Institute of Pharmacology, Department of General 
Pharmacology, Greifswald, Germany 
2DZHK (German Centre for Cardiovascular Research), Partner site Greifswald, 
Greifswald, Germany 

Question: The immunomodulatory signaling lipid sphingosine-1-phosphate (S1P) 
interlinks inflammation and coagulation as platelets generate and release large amounts 
of S1P upon activation. S1P regulates expression of the protease-activated receptors 
(PARs) to enhance cellular responses to thrombin and has been implicated in 
mechanisms of platelet activation. Since hyperlipidemia and obesity are typical risk 
factors for thrombotic events, this study investigates possible effects of S1P on 
prothrombotic cascades in adipocytes in vitro. 
Methods: Murine 3T3-L1 fibroblasts were differentiated with MDI 
(methylisobutylxanthine, dexamethasone, insulin) induction medium. Expression of 
adiponectin, PAR1-4, the S1P receptors S1PR1-5, plasminogen activator inhibitor-1 (PAI-
1) and tissue factor (TF) was determined by RT-PCR; PAI-1 and TF protein by ELISA and 
Western blotting. 
Results: MDI-induced differentiation resulted in characteristic phenotypical changes and 
a 600-fold increase in adiponectin expression. Expression of the PARs and S1PRs was 
reduced in differentiated adipocytes which fitted with cellular senescence. Incubation of 
adipocytes with S1P (0.3 to 10 µM) resulted in a significant upregulation of PAI-1 mRNA 
as well as protein expression and secretion to the culture medium. This was attenuated 
by pharmacological inhibition of S1PR2 and -3, but not of S1PR1. In comparison, TF 
mRNA was downregulated by S1P whereas protein levels were markedly increased. 
Moreover, Factor Xa (1 to 100 nM) which is known to stimulate S1P generation induced 
expression of both PA1-1 and TF protein in adipocytes. 
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Conclusion: S1P regulates expression of PAI-1 and TF in adipocytes in vitro. 
Specifically, high S1P concentrations might induce prothrombotic cascades. These 
mechanisms may modulate the pathogenesis of thrombosis in individuals at risk such as 
in obesity or metabolic syndrome. 
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Pathologic impact of pseudomonas aeruginosa ExoY in acute lung infection 

B. Schirmer1, C. Kloth1, A. Munder2, J. Rothschuh1, R. Seifert1 
1Medizinische Hochschule Hannover, Institut für Pharmakologie, Hanover, Germany 
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und Neonatologie, Hanover, Germany 

The bacterial effector protein Exotoxin Y (ExoY) of Pseudomonas aeruginosa is secreted 
into host cells via the bacterial type III secretion system. Once arrived in the host cell, the 
nucleotidyl cyclase ExoY not only produces the canonical second messengers cyclic 
AMP (cAMP) and cyclic GMP (cGMP) but cyclic 3",5"-UMP and cyclic 3",5"-CMP, too. 
Currently, the role of cUMP and cCMP during the pathogenesis of P. aeruginosa infection 
remains unknown. Our hypothesis is that these non-canonical cyclic nucleotides serve a 
distinct role during acute lung infections.  
Mice were infected with a genetically engineered P. aeruginosa strain harbouring either 
ExoY or the catalytically inactive mutant K81M as only T3SS effector. Clinical parameters 
of mice, as well as concentrations of cNMPs and inflammatory cytokines in lung tissue, 
BAL-f and sera of the infected mice, were determined time- and dose-dependently. As 
blood-lung integrity marker, we detected the serum protein transthyretin in BAL-f. 
Apoptotic/ pyroptotic cells were detected immunohistochemically in lung specimens using 
an anti-ssDNA antibody.  
Only infection with bacteria harbouring the catalytically active ExoY led to severe and 
persistent clinical and histopathologic signs of acute lung infection. Furthermore, we 
detected significant amounts of cUMP and proinflammatory cytokines both within lung 
tissues and sera of ExoY-infected mice. In lungs infected with ExoY, we detected 
apoptosis/ pyroptosis not only in the epithelial lining, but in endothelial cells, too, whereas 
in K81M-infected lungs, cell death could be observed predominantly in epithelial cells. 
Apoptosis was paralleled by the occurrence of transthyretin in the BAL-f on ExoY-infected 
mice. The observed difference in cytotoxicity could be reproduced in infected mouse lung 
epithelial cell line MLE-12, where ExoY led to a significant increase in cell death and IL-6 
production.  
In summary, ExoY efficiently targets epithelial cells and the barrier integrity in the distal 
airways and may, in consequence, lead to a more effective penetration of the bacterium 
into the lung and the systemic circulation. In further studies we want to elucidate the 
signal transduction processes underlying the observed cUMP / cCMP effects by 
identifying cUMP and cCMP binding proteins and their coupling mechanisms to 
intracellular signalling cascades. 
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AMPA-induced L-type VGCC-dependent cGMP signals are predominantly 
generated by NO-GC2 

J. Giesen1, E. M. Füchtbauer2, A. Füchtbauer2, E. Mergia1, D. Koesling1, M. Russwurm1 
1Ruhr-Universität-Bochum, Institut für Pharmakologie und Toxikologie, Bochum, Germany 
2Aarhus University, Molecular Biology and Genetics - Molecular Cell and Developmental 
Biology, Aarhus, Germany 

In the central nervous system, the second messenger cyclic guanosine monophosphate 
(cGMP) plays an important role in memory consolidation and cognition. Cyclic GMP is 
formed by the nitric oxide (NO)-sensitive guanylyl cyclase (NO-GC), the key enzyme of 
the NO/cGMP signaling cascade. The two known NO-GC isoforms, NO-GC1 and NO-
GC2, are indistinguishable by their regulatory or catalytic properties. Here we set out to 
analyze the impact of NO-GC and PDE isoforms on cGMP signals induced by 
glutamatergic receptor agonists in hippocampal neurons. 
In the present study, cGMP signals were assessed using isoform-specific knock out mice 
of NO-GC that additionally express a FRET-based cGMP indicator ubiquitously. This 
indicator with an EC50 of 500 nM for cGMP allows to detect sub-micromolar cGMP 
concentrations. 
In dissociated hippocampal neurons, stimulation by NMDA as well as AMPA induced 
robust cGMP signals. The AMPA-induced cGMP signals were NMDAR-independent and 
mediated by calcium influx though L-type voltage-gated calcium channels. AMPA 
receptor stimulation on top of NMDA receptor stimulation did not result in a higher cGMP 
amplitude, suggesting that both pathways converge at the level of NO synthase. NMDA- 
as well as AMPA-induced cGMP signals were predominantly degraded by PDE1 and 
PDE2, with PDE1 displaying a considerably higher impact on AMPA- than on NMDA-
induced signals. 
Analysis of isoform-specific NO-GC KO mice revealed a higher impact of NO-GC2 than of 
NO-GC1 on NMDA- as well as AMPA-induced cGMP. These results indicate a subcellular 
distribution of NO-GCs in different compartments. Within these compartments, the 
amplitude of cGMP signals was differentially regulated by PDEs as a higher impact of 
Ca2+/CaM-activated PDE1 on AMPA- than on NMDA-induced cGMP signals was 
detected. Conceivably, NMDAR-mediated stimulation of CaMKII leads to phosphorylation 
of PDE1 thereby reducing Ca2+/CaM affinity of PDE1 resulting in reduced PDE1 activity. 
Thus, NMDAR-dependent activation of cGMP synthesis and inhibition of cGMP 
degradation occur in parallel which enhances the amplitude of NMDA- compared to 
AMPA-mediated cGMP signals. 
Taken together, AMPAR stimulation increases cGMP independently of NMDAR via L-
type VGCCs and is mainly mediated by NO-GC2. AMPA-induced cGMP signals are lower 
than NMDA-induced signals due to higher PDE1 activity as NMDA reduces PDE1 activity, 
probably via CaMKII-mediated phosphorylation of the enzyme. 
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Novel oxime-type acetylcholinesterase reactivators with peripheral binding are 
ineffective in organophosphate poisoning  

S. Nurulain1, M. Fatmi1, A. Iqbal1, S. Malik1, S. Ghafoor1, K. Musilek2, K. Kuca2  
G. Petroianu3 
1COMSATS Institute of Information Technology, Biosciences, Islamabad, Pakistan 
2University Hospital Hradec Kralove, Biomedical Research Center, Hradec Kralov, Czech 
Republic 
3Florida International University, Department of Cellular Biology & Pharmacology, Miami, 
FL, United States 

Oxime-type acetylcholinesterase reactivators are used as adjunct in the treatment of 
organophosphorus anticholinesterase (OAChE) poisoning. OAChE compounds exhibit 
toxicity by inhibiting acetylcholinesterase (AChE) at nerve synapses. Pralidoxime is being 
used since 1956 and is the only oxime approved for therapeutic use by Food and Drug 
Administration (FDA) authority, USA. However, its efficacy is reported controversial in 
literature. In the present study, three novel oximes, K727, K733, K456 and an 
experimental oxime K27 were investigated and compared with pralidoxime. 
In silico and in vitro methods were employed to evaluate the usefulness of novel oximes. 
Molecular docking by Molecular Operating system (MOE) was performed to understand 
the in silico molecular interactions between AChE and oximes. Intrinsic toxicity of the 
novel oximes and reactivation potency against paraoxon-intoxicated human RBC-AChE 
were determined by in vitro method. 
Molecular docking of the compounds showed that K456, K727 and K733 binds outside 
the active gorge of AChE in comparison to the inside binding of K27 and pralidoxime, 
requiring low binding energies. In vitro results depicted in silico study. K727, K733, and 
K456 with peripheral binding exhibited high intrinsic toxicity and least RBC-AChE 
reactivation capability. K27 revealed a higher proficiency than pralidoxime and novel 
oximes. 
It is concluded that novel synthesized oximes K456, K727 and K733 which has 
peripheral/outside the active gorge binding are non-effective in AChE reactivation. K27 
with inside the active gorge binding was superior in efficacy to pralidoxime and other 
tested oximes. K27 may replace pralidoxime for therapeutical application. 
Key words: Organophosphates, oximes, RBC-AChE, molecular docking, K27, K456, 
K727, K733,Pralidoxime 
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Digiwest© multiplex protein profiling for biomarker discovery, compound MoA and 
mechanistic tox studies in six species 

G. Erdmann, J. Schneider, E. Breitinger, Y. Beiter, M. F. Templin, C. Sachse 
NMI TT Pharmaservices, c/o CoLaborator, Berlin, Germany 

The analysis of complex cellular signaling cascades is essential for understanding drug 
response and drug resistance. Profiling of such signaling networks on the level of 
phospho proteins is often neglected due to the lack of comprehensive protein profiling 
methods. 
Our DigiWest® technology (Treindl et al., Nature Comm 2016, www.digiwest.de) enables 
analyses of up to 800 total and phospho proteins per sample, through a combination of 
Western blotting with Luminex bead-based multiplexing. DigiWest® retains the size 
resolution of a Western blot, thus allowing to monitor signal specificity per sample and 
antibody. 
In order to expand the applicability of DigiWest® beyond human and mouse materials, 
and to facilitate its use for in vivo pharmacology and mechanistic toxicology, we profiled 
liver and kidney lysates from rat, dog, minipig and cynomolgus origin with >700 
antibodies that we have previously validated in human and mouse samples. The results 
of this study provide a basis for improved in vivo pharmacology and toxicology 
assessments, by making investigations in model species more amenable to protein 
profiling. 
The main feature of this technology – the parallel analysis of hundreds of total and 
phospho proteins – makes DigiWest® an ideal tool for biomarker discovery and precision 
medicine development. 
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Fucoidan as a natural anticoagulant, antiviral and anti-cancer drug 

A. Zayed1,2, T. Hahn3, S. Rupp3, R. Krämer4, R. Ulber1 
1TU Kaiserslautern, Mechanical and Process Engineering, Kaiserslautern, Germany 
2Faculty of Pharmacy, Pharmacognosy, Tanta, Egypt 
3Fraunhofer Institute-IGB, Stuttgart, Germany 
4Institute of Inorganic Chemistry, Heidelberg, Germany 

Development of drugs with low side effects from nature has acquired a special interest, 
especially in last few decades. Fucoidan is a class of fucose-rich water soluble sulphate 
staright- or branched-chain homo- or heteropolysaccharides. It is present mainly in the 
fibrillar cell wall and intercellular spaces of brown seaweeds. It has interesting and 
versatile pharmacological activities, such as anticoagulant, anti-inflammatory, antiviral 
…etc., 
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An industrial-scale and GMP-complied product of fucoidan is urgently required for 
pharmaceutical applications and clinical trials. In addition, native fucoidan is critical to 
reveal its structure-activity relationship. Fucoidan has a metachromatic affinity to thiazine 
dyes as well as a fluorescence quenching activity on the commercial kit Heparin Red®. 
Therefore, immobilization of toluidine blue and perylene diimide derivative, which is 
structurally similar to Heparin Red®, could capture fucoidan from its crude extract of F. 
vesciculosus. Purified product was fractionated and fractions were identified by FTIR and 
furtherly characterized physico-chemically and pharmacologically. Results showed 
identical IR spectra similar to the commercially-available product and much improved 
qualities than crude fucoidan, regarding purity, molecular weight averages and sulphate 
content. Furthermore, purified fractions demonstrated potential heparin-like anticoagulant 
and antihepertic against HSV-1 activities. Preliminary cytotoxic experiments proved its 
effective cytotoxic activity against cancerous MCF-7 and safety to heathy cell lines. 
Simple and efficient production of a bioactive fucoidan could open new frontiers for 
starting its clinical trials and pharmaceutical marketing.    
 
Figure 1 
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Protein substitution therapy in transglutaminase 1 deficient skin models: Topically 
applied thermoresponsive nanogels successfully mitigate the ARCI phenotype 
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Engineered human skeletal muscle from pluripotent stem cell-derived myoblasts: A 
novel pharmacological tool 
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1Institute of Pharmacology and Toxicology, University Medical Center Göttingen, Georg-
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2DZHK (German Center for Cardiovascular Research), partner site Göttingen, Göttingen, 
Germany, Göttingen, Germany 

Background: Engineered human skeletal muscle may be a valuable tool for predictive 
drug and toxicology screening and development of novel therapeutics for muscle-related 
disorders. Existing in vitro models are dependent on human primary myoblasts obtained 
from muscle biopsies, an invasive procedure that has hampered the development of 
scalable in vitro test systems for drug screening. In this study, we hypothesized that 
myoblasts differentiated from human pluripotent stem cells are suitable for engineering 
electrically responsive, contractile human skeletal muscle. 
Methods: Human embryonic stem cells (HES2 line) were plated on Matrigel-coated 
dishes and subjected to a small molecule-based directed differentiation protocol for 30 
days. To generate engineered skeletal muscle (ESM), cells were dissociated and mixed 
with solubilized collagen type 1 and Matrigel™. This mixture was cast into circular molds 
to form mechanically stable circular tissue constructs within 1 week. We subsequently 
transferred ESMs onto custom made holders for additional 3 weeks to maintain them 
under static load. Immunohistochemistry was done in 2D and 3D culture to validate 
skeletal marker expression. Contractile function of human ESM was analyzed under 
isometric conditions in organ baths. 
Results: By day 30 of skeletal muscle differentiation, immunostaining showed 30±0.4% 
(n=3 experiments) of myogenin and actinin-positive cells, and another 28±0.2% (n=3 
experiments) of Pax7-positive satellite-like cells. ESM were generated from day 21 old 
myoblasts under serum-free conditions. Analysis of contractile function of 35 day-old 
ESMs revealed skeletal muscle properties, including tetanic contractions at high 
stimulation frequency (maximal tetanic force 0.54±0.02 mN at 100 Hz, n = 4), a positive 
force-length relationship and depolarizing muscle block induced by the unspecific 
cholinergic receptor agonist carbachol (1 µmol/L). Immunostaining of ESM for actinin and 
myogenin demonstrated morphologically well differentiated and aligned muscle syncytia. 
The presence of Pax7-positive cells in ESM after prolonged culture suggests a preserved 
regenerative potential of the muscle in vitro. 

Conclusion – We developed a human pluripotent stem cell-based engineered skeletal 
muscle (ESM) model under serum-free conditions for drug screening and development of 
skeletal muscle-targeted therapeutics. 
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Effects of erlotinib on the gene expression of human primary keratinocytes from 
healthy individuals 

S. Kemski1, C. Scholl1, T. Bieber2, J. C. Stingl1 
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Question: Epidermal growth factor receptor inhibitor (EGFRIs) are used in cancer 
treatment, especially for cancer types with a high expression of this receptor. Upon 
treatment nearly 50 %- 80 % of the patients develop a skin rash which occurs usually 
during the first two weeks (1.). This skin rash shows a positive correlation with the 
outcome of the therapy (2.). Therefore it would be interesting to identify genetic or 
epigenetic biomarkers predicting EGFRI induced skin rash. 
Method: We measured genome-wide gene expression in human primary keratinocytes 
from healthy individuals incubated with the EGFRI Erlotinib and EGF. 12 different 
keratinocyte cell lines, previously sub classified in Erlotinib sensitive and insensitive cell 
lines, were used. As controls, cells were treated with EGF or DMSO. Gene expression 
was analysed using SurePrint G3 whole genome arrays from Agilent. Data was analysed 
with GeneSpring GX software (Agilent) comparing sensitive and insensitive cell lines. 
Significantly regulated genes were used for pathway analysis using KEGG pathways. 
Interesting genes were later validated with qPCR. 
Results: 318 genes were differently express (Fold change ≥ 3) between sensitive and 
insensitive cells. Among those genes we identified IL6, CCl2, EGR2 and TYRP (down 
regulated) as possible interesting genes. In a pathway analysis those genes are present 
in 135 KEGG pathways from which 35 are significantly (p-value < 0, 05) enriched. 
Conclusions: Within gene expression profiling we identified several interesting genes 
regulated between sensitive and insensitive cells, which will be further investigated in skin 
samples from Erlotinib treated patients. 
 1) Segaert, S. and E. Van Cutsem (2005). "Clinical signs, pathophysiology and 
management of skin toxicity during therapy with epidermal growth factor receptor 
inhibitors." Ann Oncol 16(9): 1425-1433. pubmed-No. 16012181 
2) Wacker, B., et al. (2007). "Correlation between development of rash and efficacy in 
patients treated with the epidermal growth factor receptor tyrosine kinase inhibitor 
erlotinib in two large phase III studies." Clin Cancer Res 13(13): 3913-3921. Pubmed-No.: 
17606725 
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BMBF-Project funding on innovative toxicology for alternatives to animal testing 

S. Matthiesen 
Forschungszentrum Jülich GmbH, Project Management Jülich, Jülich, Germany 

In Germany animal protection is of particularly high priority and anchored in the Federal 
Republic"s Basic Law. For research, however, the animal as a model organism has so far 
often been indispensable. 
 
In order to significantly promote the search for alternative approaches, Germany"s 
Federal Ministry for Education and Research (BMBF) has been supporting scientists in 
developing methods for the replacement of animal experiments since 1980. The program 
"Alternative Methods to Animal Experimentation" supports projects based on the "3R" 
concept of Replacement, Reduction & Refinement of animal experiments. In supporting 
around 560 projects so far with a total funding of more than 180 million Euro, the BMBF-
program is outstanding in the fields of continuity and funding volume. It significantly 
contributes to animal protection and avoidance of animal experiments. 
 
The discrepancy between increasingly strict requirements for the safety of consumers 
and employees as well as efforts to replace, reduce and refine animal experiments 
implies another conflict of objectives. Establishing new in vitro test methods to replace 
experiments on animals in the area of toxicology can contribute to a solution for this 
dilemma. With the additional funding activity "Innovative Toxicology for the Reduction of 
Animal Experimentation (e: ToP)", BMBF started to support innovative pilot projects in 
2013, which make the toxic effects of chemicals recognizable at the molecular level. 
Interdisciplinary consortia of universities, non-academic research institutions and small 
and medium-sized enterprises focused on whether and to what extent a combination of 
omics analyses, bioinformatics and systems biology can contribute to a better 
understanding of toxicological processes. In the interplay between laboratory experiments 
and computational modelling, mathematical concepts are applied to biological processes. 
With these methods, not only the toxic effects of pharmaceuticals and chemicals in cell 
cultures, but also their mode of action in the human body can be investigated. 
 
Based on most promising scientific basis, from 2016 on four projects are funded in a 
subsequent translational phase to facilitate a concrete, timely and wide use in practice 
and therefore to contribute to the development of new predictive in vitro test methods to 
replace animal experiments in toxicology. 
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Combiomics 2 – Analysis of mixture effects of pesticides in vitro  

A. Braeuning 
German Federal Institute for Risk Assessment, Food Safety, Berlin, Germany 

Question: Dietary exposure of consumers to a mixture of multiple pesticide residues and 
other contaminants raises questions concerning potential adverse health effects, 
especially for mixtures of substances which cause toxicity by a common mode of action. 
The number of combinations of chemicals is infinite and an efficient testing strategy for 
mixtures is lacking. Furthermore, there is a societal need to reduce animal testing in 
safety assessment. Consequently, the development of in vitro tools for the assessment of 
mixture effects is of tremendous importance. The project "Combiomics 2" addresses this 
key challenge and will develop experimental tools and an in vitro mixture testing strategy. 
Methods: A testing strategy for testing mixtures of different chemical groups of pesticides 
will be developed by combining a toolbox of in vitro assays for different cellular 
hepatotoxic makers, mass spectrometric analyses of protein expression and PCR array-
based transcriptomic analyses. Based on data from human cells treated in vitro with 
single compounds, a prediction model for mixture effects will be developed. 
Results: Based on initial screening results HepaRG cells were selected as the most 
suitable in vitro model of human liver. A "Combitox Identifier PCR Array" was developed 
and refined based on the current knowledge of mechanisms underlying mixture toxicity. 
Additionally, MS-based immunoassays and in vitro tests for selected hepatotoxicity 
markers have been established. Characterization of the effects caused by a broad 
spectrum of pesticides, applied as single substances, are ongoing to found the basis for 
subsequent mixture testing. 
Conclusion: The nature of toxicological combination effects strongly depends on the 
mechanism(s) of action of individual substances. This is poorly addressed in standard 
toxicity tests. Therefore, this project aims at the development of predictive in vitro tools to 
assess the hepatotoxic potential of mixture effects. A prediction model will be developed 
based on the experimental results and optimized using an broad spectrum of pesticidal 
active substances and their combinations. 
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Systems biology approaches to explain and predict developmental 
neurotoxicology 

M. Leist 
Uni Konstanz, In vitro toxicology, Konstanz, Germany 

The UKN1 test models early neural development. The major endpoint is the cellular 
transcriptome. This assay has been used to develop classifiers and toxicity indices for 
various compound classes. A major shortcoming of this type of tests is so-called 
"phenotypic anchoring", i.e. an assay endpoint that the transcriptome changes can be 
anchored to. To approach this issue, the capacity of cells in culture to self-organize to 
tissue-like aggregates was used. The neuroepithelial cells used in the UKN1 test system 
organize to neural tubes during in vivo mammalian development. The two-dimensional 
correlate of this, which is observed in cell cultures, is the organization to neural rosettes. 
We have established and characterized an assay that quantifies rosette formation, and its 
disturbance by developmental toxicants. This assay was then used as phenotypic 
anchoring to separate normal transcriptome changes from those indicating an adverse 
effect. As an example for a developmental toxicant, valproic acid was examined in closer 
detail. A mathematical model was developed to predict the response of genes for any 
given concentration or time of challenge. A sensitivity analysis of the model suggested 
that modulation of the wnt pathway during a specific time window was linked to 
developmental toxicity of the drug sodium valproate. 
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EXITOX-II: Development of an animal free testing strategy for the risk assessment 
of inhalable compounds. 

S. Escher1, I. Tluczkiewicz1, T. Hansen1, M. Niehof1, J. Knebel1, D. Ritter1, O. Danov1  
H. Obernolte1, S. F. Schramm1, J. Koschmann2, A. Kel2, E. Wingender3, C. Meckbach3 
W. Boomgarden4, K. Sewald1 
1Fraunhofer ITEM, Chemical Risk Assessment, Hanover, Germany 
2geneXplain GmbH, Wolfenbuettel, Germany 
3University Medical Center Göttingen, Institute of Bioinformatics, Göttingen, Germany 
4PharmaInformatic, Emden, Germany 

In human risk assessment there is a paradigm shift toward mechanistic risk assessment 
with the aim to replace as far as possible in vivo animal testing by new approach 
methodologies (NAMs). These NAMs include different techniques based on in silico 
(QSAR, grouping and PBPK), in vitro, and ex vivo approaches. In this study we 
hypothesize that adverse outcomes of chronic respiratory diseases are shared between 
similar substances and change signaling pathways in single cells, tissues, and 
organisms. We aim to develop an integrated approach for testing and assessment (IATA) 
to replace animal studies with repeated inhalational exposure. 
EXITOX-II, explain inhalation toxicity II, is a public funded project and started in January 
2017 as a follow up project of EXITOX. In this project we selected five groups of 
structurally similar compounds for testing because of shared toxicological 
findings/adverse outcomes in repeated dose toxicity (RDT) studies with inhalation 
exposure. The RDT studies were taken from the FhG database RepDose. Three groups 
induce inflammation, one hyperplasia and one pulmonary fibrosis. 

in i) alveolar epithelial cells A549 and ii) in fresh human lung tissue. So far we exposed 
cells and tissues to chemicals at air-liquid interface or submerse. Cellular readouts such 
as cytotoxicity and chemokine release are currently measured. Based on these results, 
samples are collected for omic analyses with the TempoSeqTM technology (mRNA) and 
Affymetrix arrays (miRNA). By dose dependent testing, we will investigate the onset of 
gene changes and miRNA regulation. Further we aim to better differentiate between 
group-specific toxicological changes and general stress responses e.g. related to high 
dosing. Finally, we will confirm gene changes by RTqPCR testing. 
In this presentation we will show the current results from in vitro testing, QSAR models for 
ADME parameters such as ppb (plasma protein binding), and PBPK models for lung 
uptake. Furthermore, we will present our concept for biomarker discovery based on e.g. 
differentially expressed genes and the unique upstream analysis available from the 
geneXplain platform. A first indication how we see these building blocks in the context of 
an IATA will be provided. 
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Accuracy of in vitro prediction of human hepatotoxicity 

J. G. Hengstler1, R. Stöber1, W. Albrecht1, A. C. Behr2, A. Braeuning 2, B. Thorsten 2  
A. Lampen 2, G. Damm 3, J. Rahnenführer 4 
1Leibniz Research Centre for Working Environment and Human Factors, Toxicology, 
Dortmund, Germany 
2German Federal Institute for Risk Assessment (BfR), Berlin, Germany 
3University of Leipzig, Leipzig, Germany 
4TU Dortmund, Faculty of Statistics, Dortmund, Germany 

The author did not agree to the publication of his abstract. 
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Common shortcomings of read-across adaptations under the REACH Regulation 

J. vom Brocke 
European Chemicals Agency, Evaluation, Helsinki, Finland 

One of the most commonly used alternative approaches for data gap filling in 
registrations submitted under the REACH Regulation is "Read-across and grouping". The 
conditions under which this can be used to adapt the standard testing regime are listed in 
REACH Annex XI, 1.5. It has to be ensured that prediction of a property based on read-
across from a source- to a target-substance is reliable, can be used for risk assessment 
and/or classification and labelling, and complies in general with the provisions in REACH 
for the substance under consideration. 
The European Chemicals Agency ECHA has published its read-across assessment 
framework RAAF in 2015, which facilitates consistent evaluation of the scientific aspects 
of a proposed read-across case, resulting in an output which is suitable for subsequent 
regulatory consideration of the case. The assessments conducted by ECHA according to 
the RAAF in the past years highlight the shortcomings of proposed predictions based on 
read-across.   
The most common reasons for failed predictions range from absence of a plausible 
hypothesis, over insufficient justification, to inadequate conclusions. Also, the source 
substance"s studies can be unreliable. In many cases, one important element preventing 
sound predictions is the lack of experimental bridging studies to compare properties 
between target- and source substances, in order to confirm the hypothesis. 
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Cumulative risk assessments should be conducted only on adverse, human-
relevant lead effects of pesticidal active ingredients 

S. Melching-Kollmuss1, T. Colnot2, J. Mehta3, G. Semino-Beninel4 
1BASF SE, Ludwigshafen am Rhein, Germany 
2CiS Toxicology, Casilla, Chile 
3Dow Agrosciences, Abingdon, United Kingdom 
4Bayer Crop Science, Sophia Antipolis, Germany 

There is ongoing public debate on cocktail effects and how the hazard and risk of 
mixtures can be assessed by Regulatory Bodies. In recent years an EFSA-led effort 
established cumulative assessment groups (CAGs) for pesticides following a 
phenomenological approach based on organ or system toxicity for the thyroid, the 
nervous system, the liver, the eyes, the adrenals, and the reproduction and development. 
In the future, it is planned to conduct cumulative dietary and non-dietary risk assessments 
on all substances being in the same CAG, co-occurring for specific exposure scenarios. 
Thus, substances with similar modes of action are considered to behave dose-additively; 
in the absence of mode of action information, similar target organ toxicity is used as a 
baseline assumption. 
I) A refined approach is presented which ensures only those compounds being allocated 
to CAGs which show clear evidence for adverse and human-relevant effects at the 
respective target organ. Moreover, compounds which display the specific toxicity only at 
significantly higher doses than those, where lead toxicity occurs should not be included in 
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the CAG, as effects seen at high doses are highly irrelevant for mixture toxicity 
assessments. Following this refined hazard characterization approach, 87 compounds 
proposed to be grouped into either the thyroid or the nervous system subgroups have 
been reviewed, and conclusions were drawn on more relevant grouping and target organ 
NOAEL setting. 
II) For the liver and the reproduction & development CAGs, alternative criteria are being 
developed to streamline a number of redundant subgroups. While in the liver group 
currently 15 subgroups are proposed, a subgrouping into 5 or 6 clusters based on 
pathological processes in the liver seems to be more relevant. Also, a reduction of the 
originally proposed 14 subgroups for reproduction & development into 3 subgroups, more 
closely following the criteria for classification & labelling for reproduction toxicity is 
proposed. The groups and assignments of substances according to the different 
approaches will be compared. 
III) Evaluation of availability of relevant exposure data for dietary (monitoring data) and 
non-dietary (spraying regimes and product use/approval) co-exposure has been 
conducted to justify that only substances with likely co-exposure shall be included into 
any cumulative risk assessments. 
References: EFSA (2013); 11(7): 3293; External Scientific Report; 17 February 2016 
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Evaluation of relevance and reliability of experimental data in human health risk 
assessment of pesticides 

J. Kaltenhäuser1, C. Kneuer1, P. Marx-Stoelting2, L. Niemann1, J. Schubert1, B. Stein1 
 R. Solecki1 
1German Federal Institute for Risk Assessment, Safety of Pesticides, Berlin, Germany 
2German Federal Institute for Risk Assessment, Experimental Toxicology and ZEBET, 
Berlin, Germany 

Question: Adequate consideration of a specific study or publication may influence the 
regulatory decision on a chemical substance. The weight of evidence that is assigned to 
a particular study depends in part on the criteria according to which its relevance and 
reliability are judged. However, it remains a controversial issue how to evaluate the 
reliability and relevance of different sources of toxicological data on pesticides adequately 
in the context of regulatory decision making. Different approaches may need to be 
applied for peer-reviewed scientific publications in comparison to test guideline studies. 
Method: A comparison of different existing EU guidance documents and scoring systems 
that have been published was carried out. Based on experience from daily regulatory 
practice, a set of questions was compiled which aims to increase transparency of the 
evaluation whether a study is suitable for health risk assessment. These questions can 
also be used during drafting of publications. 
Results: On this basis, a systematic approach to check relevance and reliability of 
toxicological publications in the specific context of risk assessment for pesticides is 
described. It takes into account questions of good documentation and reporting as well as 
relevance of toxicological information for respective regulatory purposes. Specific points 
are raised that should be taken into account when judging the reliability of peer-reviewed 
scientific studies. In addition, common problems are addressed which are often 
encountered and hinder the appropriate consideration of scientific literature. 
Conclusion: The contribution of non-guideline studies from peer-reviewed scientific 
literature to regulatory risk assessments could be substantially increased by adhering to 
appropriate criteria catalogues. Implementation of good reporting criteria and using 
transparent principles for study conduct, e.g. Good Scientific Practice, would augment the 
applicability of scientific publications in a regulatory context. 
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The recombinant C2IN-C2lim Rho-inhibitor inhibits motility and chemotactic 
recruitment of monocytic cells ex vivo and in vivo 

T. Martin1, A. Möglich1, I. Felix1, A. Palmer2, S. Denk2, S. Paschke3, M. Huber-Lang2  
H. Barth1 
1University of Ulm Medical Center, Institute of Pharmacology and Toxicology, Ulm, 
Germany 
2University of Ulm Medical Center, Institute of Clinical and Experimental Trauma-
Immunology, Ulm, Germany 
3University of Ulm Medical Center, Department of General and Visceral Surgery, Ulm, 
Germany 

Question: The recombinant fusion toxin C2IN-C3lim1 is selectively internalized into the 
cytosol of monocytic cells, where it specifically ADP-ribosylates the GTPases Rho A and -
B2,3. This results in an inhibition of Rho- and actin-associated processes in these cells 
including migration2,3. Here, it was investigated whether C2IN-C3lim is taken up into 
primary human monocytes and inhibits their motility ex vivo. In addition, it was analyzed 
in a clinically relevant mouse model whether treatment with C2IN-C3lim reduces the 
massive recruitment of monocytic cells from the blood into the lungs after blunt chest 
trauma. In multiply injured trauma patients, the invasion of leukocytes including monocytic 
cells into the lungs as response to blunt chest trauma results in a local and systemic 
inflammation and significantly worsens their outcome. 
Methods: After verifying the internalization of biologically active C2IN-C3lim into the 
cytosol of primary human monocytes by sequential ADP-ribosylation of Rho and confocal 
microscopy, the effects of this recombinant Rho-inhibitor on cell motility and chemotaxis 
were analyzed in a Boyden chamber model and in a 3-dimensional model of 
extravasation. Moreover, the effect of locally administered C2IN-C3lim on the enhanced 

invasion of monocytic cells from the blood into the lungs as response to a blunt chest 
trauma was investigated in mice. 
Results 
The ADP-ribosylation of Rho and the reorganization of F-actin clearly indicated that 
C2IN-C3lim entered the cytosol of primary human monocytes. In contrast, C2IN-C3lim 
had no effect on Rho and F-actin of other tested cell types. Moreover, treatment with 
C2IN-C3lim inhibited the motility and chemotaxis of these cells ex vivo, as well as the 
invasion of monocytic cells into the lungs of mice after blunt chest trauma in vivo3. 
Conclusion: The recombinant Rho-inhibitor C2IN-C3lim specifically inhibited the motility 
of monocytic cells ex vivo and in vivo. This suggests that a pathophysiological role of 
clostridial C3 toxins might be a down-modulation of the innate immune system. The 
results pave the way for novel pharmacological strategies based on the recombinant 
Rho-inhibitor to reduce the massive recruitment of monocytic cells into damaged tissue 
after trauma and during systemic inflammation. 
References:  
1. Barth, H. et al., Infect. Immun., 1998. 
2. Barth, H. et al., Front. Immunol., 2015. 
3. Martin, T., Möglich, A. et al., Arch. Toxicol., 2017. 
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Inhibition of Clostridium difficile toxins TcdA, TcdB, and CDT by human  
α-defensin-1  

S. Fischer1, A. K. Ückert1, A. K. Mittler1, P. Papatheodorou1,2, C. Hoffmann-Richter3  
M. Hägele4, C. Schwan2, U. Ziener3, M. Müller4, A. Kleger4, K. Aktories2, H. Barth1 
1University of Ulm Medical Center, Institute of Pharmacology and Toxicology, Ulm, 
Germany 
2University of Freiburg, Institute of Experimental and Clinical Pharmacology and 
Toxicology, Freiburg, Germany 
3University of Ulm, Institute for Organic Chemistry III, Ulm, Germany 
4University of Ulm, Department of Internacl Medicine I, Ulm, Germany 

Question: In western countries, infections with the pathogenic bacterium Clostridium (C.) 
difficile are coming more and more into focus, in particular in hospitalized patients after 
prolonged treatment with antibiotics. After germination in the gut, C. difficile produces two 
protein exotoxins TcdA and TcdB, which are the major virulence factors causing C. 
difficile associated diseases (CDAD). TcdA and TcdB glycosylate and inactivate Rho-
GTPases in mammalian cells leading to destruction of the cytoskeleton, cell-rounding and 
the clinical symptoms. Novel antibiotic-resistant, hypervirulent strains were described that 
produce in addition a third toxin, the binary actin-ADP-ribosylating toxin CDT. These 
strains are hallmarked by serious forms of CDAD like pseudomembranous colitis and 
come along with increased frequency and severity. Targeting and inactivation of the 
produced toxins is of peculiar interest. Prompted by findings that human α-defensin-1 is 
able to protect cells from intoxication with TcdB, we investigated the inhibitory potency of 
α-defensin-1 on TcdA and CDT. 
Methods: To investigate the inhibitory effect of α-defensin-1, different cell lines were 
incubated with TcdA, TcdB, and CDT, as well as the combination of all three toxins 
together in the presence or absence of α-defensin-1. Inhibition of the toxins was 
monitored by cell rounding, substrate modification and changes in transepithelial 
electrical resistance. To analyze interaction between α-defensin-1 and the toxins, dot blot 
experiments, precipitation assays and AFM-measurements were performed.  
Results: The human peptide α-defensin-1 protected cells trom intoxication with TcdA, 
TcdB, and CDT. Moreover, it inhibited the cytotoxic effects of the combination of all three 
toxins, which became also evident in a human intestinal organoid model. The underlying 
molecular mechanism is most likely the direct binding between the toxins and α-defensin-
1 followed by formation of biologically inactive aggregates. 
Conclusion: Because α-defensin-1 is a strong and specific inhibitor of C. difficile toxins 
TcdA, TcdB, and CDT, this human peptide might be an auspicious pharmacological 
inhibitor to treat/prevent CDAD, in particular after infection with hypervirulent CDT-
producing strains of C. difficile. Thereby, we can benefit from the native role of α-
defensin-1 as a first line host defense mechanism against invading pathogens together 
with its inhibitory potency against the produced bacterial toxins. 
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Foodbourne pathogen Yersinia enterocolitica encodes for a cytotoxic Rho-
inactivating glycosyltransferase  

S. Schneider, K. Aktories, T. Jank 
University of Freiburg, Department of Experimental and Clinical Pharmacology and 
Toxicology, Freiburg, Germany 

Yersinia enterocolitica is a Gram-negative bacterium, which belongs to the family of 
Enterobacteriaceae. Several strains of Y. enterocolitica harboring the virulence plasmid 
pYV show pathogenic effects known as Yersiniosis in human as well as in animals. Many 
of the animals recover and become symptomless carriers. The virulent strain 
Y2wildboar1B harbors a glycosyltransferase containing a DxDD-motif with sequence 
similarity to the tyrosine-glycosylating toxins Photorhabdus asymbiotica PaTox and the 
phage-derived translocation system effector Afp18 from Yersinia ruckeri. While in Afp18 
(2123 amino acids) and PaTox (2957 amino acids) the glycosyltransferase domain 
constitutes only a small part of the full protein toxin, in Y. enterocolitica the 
glycosyltransferase (279 amino acids) consists of the glycosyltransferase domain only 
and corresponds to the crystallized region in PaTox. We cloned and characterized the 
enzymatic activity and toxic effects in mammalian cells and yeast as a model. 
Radiobased assays revealed that the Yersinia glycosyltransferase uses UDP-GlcNAc to 
modify small GTPases of the Rho family. Site-directed mutagenesis and mass 
spectrometric analyses showed that RhoA is mono-O-glycosylated at tyrosine-34 in the 
switch I region. According to the role of the switch I region in the interaction with effector 
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proteins, GlcNAcylation results in depolymerization of the actin cytoskeleton and rounding 
of HeLa cells. We show that the DxDD-motif (consisting of amino acids D134IDD137), the 
GT-A Triad (amino acids D118LR121), and a WhG-motif (amino acids W28) of the Y. 
enterocolitica glycosyltransferase are important for catalytic activity and cell toxicity. How 
the Y. enterocolitica glycosyltransferase enters the eukaryotic cell as a small single 
domain protein is under investigation. 
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Targeting oncogenic Ras signaling by clostridium perfringens toxin TpeL  

P. Papatheodorou1,2,3, B. Schorch1, K. Aktories1 
1Albert-Ludwigs-Universität Freiburg, Institut für Experimentelle und Klinische 
Pharmakologie und Toxikologie, Freiburg, Germany 
2Present address: Universitätsklinikum Ulm, Institut für Pharmakologie und Toxikologie, 
Ulm, Germany 
3Present address: Universität Ulm, Fakultät für Naturwissenschaften, Ulm, Germany 

The author did not agree to the publication of his abstract. 
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A lipid-binding-loop mediates high-affinity binding and toxicity of botulinum 
neurotoxin serotypes B, DC, and G 

D. Stern1, J. Weisemann2, A. Le Blanc3, L. von Berg1, S. Mahrhold2, J. Piesker4  
M. Laue4, P. B. Luppa3, M. Dorner1, B. Dorner1, A. Rummel2 
1Robert Koch-Institut, ZBS 3, Berlin, Germany 
2Medizinische Hochschule Hannover, Institut für Toxikologie, Hanover, Germany 
3TU München, Institut für klnische Chemie und Pathobiochemie, Munich, Germany 
4Robert Koch-Institut, ZBS 4, Berlin, Germany 

The exceptional toxicity of botulinum neurotoxins (BoNTs) is caused by the highly 
efficient inhibition of neurotransmitter release at the neuromuscular junction. To this aim, 
the toxins bind to the presynaptic membrane with high affinity which is mediated by 
simultaneous interactions with lipid-embedded synaptic vesicle proteins and gangliosides 
according to the well-established dual-receptor binding model. One peculiarity that is 
especially pronounced in BoNT serotypes B, DC, and G – which all use synaptotagmin as 
a common protein-receptor – is the occurrence of a distinct hydrophobic loop located 
between the ganglioside and protein receptor sites. Both its location and hydrophobic 
character have raised speculations about a possible contribution of this loop to binding 
via interactions with the lipid membrane, yet a direct proof for that hypothesis was 
lacking. 
To elucidate the potential role of the hydrophobic loop we generated deletion mutants of 
BoNT/B, DC, and G lacking terminal residues at the tip of the loop. We analyzed binding 
of both wildtype and loop-deletion mutant serotypes to gangliosides and synaptotagmin 
embedded in phospholipid-bilayer nanodiscs by surface plasmon resonance 
measurements. Finally, the influence of these mutations on toxicity was analyzed using 
the mouse hemidiaphragma assay. 
We observed a marked reduction in binding affinity for mutants lacking terminal residues 
at the tip of the lipid-binding loop. This reduced affinity was directly linked to reduced 
toxicity in the mouse hemidiaphragma assay. Finally, thermodynamic analysis revealed 
that the driving force behind the high-affinity binding is a ganglioside-triggered integration 
of the loop in the lipid-bilayer by which the large entropic penalty observed for the dual-
receptor binding is compensated for. 
Our study demonstrates that BoNT B, DC and G use three – instead of two anticipated – 
molecular contact points on the synaptic membrane for high affinity binding: gangliosides, 
synaptotagmin plus a crucial hydrophobic loop-lipid bilayer interaction. The findings 
represent a new paradigm onto how interactions with proteins, sugars, and lipids are 
needed by BoNTs to mediate exquisite toxicity. 
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Opioids support tumor angiogenesis through HIF1α-mediated COX2 expression in 
estrogen-dependent breast cancer cells 

A. Schoos, D. Fux 
University of Veterinary Medicine Vienna, Vienna, Austria 

Question: Opioids are gold standard in the management of cancer-related pain. Studies, 
however, revealed that opioids may support growth of breast cancer by promoting tumor 
angiogenesis. As the underlying mechanism still remains elusive, we tested whether 
opioids may induce HIF1α signaling in breast cancer cells, which plays a key role in 
tumor angiogenesis by driving VEGF expression and release. 
Methods: The human estrogen receptor positive (ER+) breast cancer cell lines MCF7 
and T47D were exposed to the enkephalin derivative D-Ala2, D-Leu5-Enkephalin 
(DADLE) and examined for HIF1α expression by immunoblotting. In addition, expression 
of angiogenic HIF1α target genes were analysed on RNA and protein levels by qRT-PCR, 
immunoblotting and protein array. To control angiogenic opioid effects, spheroids from 
murine endothelial cells were examined for sprouting after exposure to conditioned 
medium (CM) from DADLE-treated MCF7 or T47D cells. 

Results: Incubation of MCF7 and T47D cells with DADLE resulted in a time-dependent 
accumulation of HIF-1α, which was blocked by the δ-opioid receptor (DOR) antagonist 
Naltrindole, the PI3K inhibitors BEZ-235 and BKM-120, and Akt inhibitor VII. Whereas 
expression of VEGF remained unaffected on mRNA and protein level, DADLE-induced 
HIF1α accumulation was accompanied with an increased COX2 expression. Incubation of 
endothelial spheroids with CM from DADLE-treated MCF7 and T4D cells resulted in 
prominent sprouting. In contrast, CM from DADLE-incubated breast cancer cells co-
treated with COX2 inhibitor Celecoxib failed to induce endothelial sprouting. Sprouting 
was also prevented when endothelial spheroids were treated with the prostaglandin EP2 
receptor antagonist PF04418948 before incubation with CM from DADLE-exposed breast 
cancer cells. 
Conclusion: Our findings show that stimulation of DORs in ER+ breast cancer cells 
induces HIF1α accumulation via PI3K/Akt activation. DADLE-mediated accumulation of 
HIF1α triggers COX2 expression in breast cancer cells, which leads to an angiogenic 
response of endothelial cells by paracrine EP2 receptor activation. We thus suggest that 
opioids support tumor angiogenesis in ER+ breast cancer by enhancing PGE synthesis 
via HIF1α-mediated COX2 expression. 
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Members of the neuropilin axis as novel candidate target genes in pancreatic 
carcinoma 

H. Borchardt1, A. Schulz2, M. Muders2, A. Aigner1 
1University of Leipzig, Faculty of Medicine, Rudolf Boehm Institute of Pharmacology and 
Toxicology, Clinical Pharmacology, Leipzig, Germany 
2University Hospital “Carl Gustav Carus, Department of Pathology, Dresden, Germany 

The pancreatic ductal adenocarcinoma (PDAC) is among the more common tumors in 
Germany with a 5-year survival rate of less than 4%. The very little success of classical 
chemotherapy in PDAC patients highlights the necessity for identifying new molecular 
targets or treatment strategies. Targeted therapies as a new approach in oncology have 
gained relevance over the last years, by specifically interfering with oncogenic pathways 
relevant e.g. in tumor angiogenesis, migration, invasion, proliferation, survival and/or 
metastasis. 
Neuropilins (NRP1, NRP2) are transmembrane glycoproteins that play important roles in 
immunology, angiogenesis and tumorigenesis. Their overexpression has been correlated 
with an aggressive phenotype and therapy resistance in various tumor entities including 
PDAC. Acting as VEGF receptors, their blockage inhibits several important signal 
transduction pathways. The GAIP interacting protein C-terminus (GIPC1) acts as an 
essential adaptor protein and is important for neuropilin signaling. Thus, in this project we 
focus on all three targets, i.e. GIPC1, NRP1 and NRP2, by exploring their single and 
combined inhibition. In the absence of inhibitors, RNA interference (RNAi) is chosen as 
an efficient strategy for their specific knockdown. 
On the molecular and cellular level, we have analyzed in detail the effects of RNAi-based 
transient GIPC1, NRP1 and NRP2 knockdown. In various PDAC cell lines with different 
expression levels, transient transfection with siRNA led to a specific and efficient target 
gene knockdown on mRNA and protein level. This resulted in a reduction of cell viability 
and activation of apoptosis. Scratch assays revealed reduced proliferation and/or 
migration, as determined by decreased scratch closure. Spheroid assays for monitoring 
anchorage-independent growth show altered spheroid shapes and densities after 
knockdown. Combined treatment of the different targets led to an increase in pro-
apoptotic effects and further reduced viability. 
Switching to a therapeutically more relevant in vivo situation, we employed our previously 
established platform technology for siRNA delivery. In a xenograft mouse model, 
systemic treatment with nanoparticle-formulated siRNAs against all three targets led to 
tumor growth inhibition, especially in the case of the NRP2 treatment. 
Our data suggest that GIPC1, NRP1 and NRP2 are new promising targets in pancreatic 
cancer treatment, particularly upon their combined knockdown. 
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Statins reverse the effects of activating mutations in the phospholipase C- γ2 gene 
mediating drug resistance in chronic lymphocytic leukemia  

C. Walliser, T. Merz, T. Ostertag, E. Hermkes, A. Schade, M. Wist, P. Gierschik 
Institute of Pharmacology and Toxicology, Ulm University Medical Center, Ulm, Germany 

Phospholipase C-γ2 (PLCγ2) is essential for B cell receptor (BCR) signalling and B cell 
development, differentiation, and function. Due to its importance, germline mutants of the 
enzyme are the cause of immunological disorders, and somatic mutations are linked to 
chronic lymphocytic leukemia (CLL) resistance development [1]. We have previously 
shown that PLCγ2 mutants identified in ibrutinib-resistant CLL patients have a markedly 
enhanced basal activity in intact cells, which depends on the activity of the small GTPase 
Rac. Furthermore, the experimentally used Rac inhibitor EHT1864 strongly inhibited the 
activities of the mutants. Interestingly, the hypersensitivity of the PLCγ2 mutants to Rac2 
stimulation is dependent on C-terminal isoprenylation of Rac2 [2]. Statins, which are used 
in the clinic as antihyperlipidemic agents, do not only interfere with cholesterol 
biosynthesis, but also with protein isoprenylation, which is crucial for proper membrane 
localization and function of Rho GTPases such as Rac. Moreover, statins showed some 
anticancer activities [3]. Therefore, we asked whether statins have any effect on Rac2-
mediated PLCγ2 stimulation. We expressed PLCγ2, Rac2 or various PLCγ2 mutants in 
COS-7 cells, radiolabelled and treated them for different time points with statins and 
measured the formation of inositol phosphates. Our results showed that statins inhibit 
Rac2-mediated PLCγ2 stimulation in a concentration- and time-dependent manner with 
cerivastatin being the most potent among the tested statins. Reduced PLCγ2 activity 
could be restored with both mevalonate and geranylgeranyl pyrophosphate 
demonstrating the statin effect on Rac prenylation. Interestingly, permanent treatment of 
the cells over several passages with statin led to a significant inhibition of the basal, 
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Rac2- and Vav1-simulated activities of PLCγ2 mutants, whereas EGF-mediated 
stimulation remained unaffected. In conclusion, the results show that prenylation 
inhibitors can be used to suppress the activity of CLL-specific PLCγ2 mutants and 
suggest alternative therapeutic strategies to overcome ibrutinib resistance in CLL.  
[1] Koss H., Bunney T. D., Behjati S., Katan M. (2014) Trends in Biochemical Sciences 
39, 603-611 
[2] Walliser C., Hermkes E., Schade A. et al. (2016) J Biol Chem. 291, 22136-22148 
[3] Brafford M., Glode A. (2016) J Adv Pract Oncol. 7, 181-187 
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Temozolomide induced senescence of glioma cells is activated in the G2 phase 
and associated with disruption of the E2F1/DP1 complex and repression of MMR 
and HR 

D. Aasland, L. Götzinger, N. Berte, M. Tomicic, B. Kaina, M. Christmann 
University Medical Center Mainz, Department of Toxicology, Mainz, Germany 

Despite extensive research, malignant glioma remains the most aggressive and fatal type 
of tumor. Following resection, therapy is based on radiation concomitant with methylating 
agent temozolomide (TMZ). The success of the therapy depends largely on the DNA 
repair capacity of the tumor cells, notably MGMT, which confers TMZ resistance. Beside 
DNA repair, other mechanisms play a role in the protection of tumor cells against 
cytotoxicity. These are the induction of transient cell cycle arrest providing time for proper 
repair of toxic lesions and the induction of irreversible cell cycle arrest in form of 
senescence. We investigated these mechanisms following single and chronic TMZ 
treatment of glioblastoma cells and show that cell death is only a minor pathway since 
most cells enter a senescent state. TMZ-induced senescence occurs in the G2 phase 
and is initiated by CHK1-mediated degradation of CDC25c and sustained p21 activation. 
Analyzing the regulation of DNA repair factors upon TMZ exposure, we found a strong 
down regulation of the mismatch repair proteins MSH2, MSH6 and EXO1 as well as of 
RAD51, the central component of the homologous recombination pathway, which 
represents a specific trait of TMZ-induced senescent cells. Moreover, reduced mismatch 
repair and homologous recombination activity was observed. Further analysis revealed 
that downregulation of these repair factors was mediated by transcriptional repression 
and was caused by disruption of the E2F1/DP1 complex. 
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Anticancer efficacy of the cardenolide glycoside Acovenoside A Is mediated by 
endosomal EGFR arrest    

S. Hafner, S. Lang, T. Syrovets, T. Simmet 
Ulm University, Institute of Pharmacology of Natural Products & Clinical Pharmacology, 
Ulm, Germany 

Question: Besides the use of cardiac glycosides for the treatment of heart failure and 
atrial fibrillation, recent studies suggested that inhibition of the cellular Na/K-ATPase by 
such compounds might be a viable strategy to treat neoplastic diseases. Here we 
investigated the impact of acovenoside A (AcoA), a cardenolide glycoside hardly explored 
so far, on A549 non-small cell lung cancer (NSCLC) cells.  
Methods: Cytotoxicity of AcoA was assessed by XTT, luminescence-based assays and 
annexin-V-/propidium iodide staining. Molecular mechanisms of AcoA-induced toxicity 
were investigated by western immunoblots and kinase activity assays. NF-κB and 
interferon regulatory factors (IRF) were measured using dual reporter cells. Fluorescein-
tagged epidermal growth factor receptor (EGFR) facilitated its direct monitoring. 
Moreover, EGFR-mutant lung cancer cells were compared to EGFR wild type cells. As an 
in vivo approach, A549 cancer cells were xenotransplanted onto the chorioallantoic 
membrane (CAM) of fertilized chick eggs.  
Results: Within a few hours, AcoA inhibited mitochondrial activity and imbalanced 
cellular ATP levels. Within 48 hours, appearance of annexin-V-bound phosphatidylserine 
residues on cancer cell membranes indicated apoptotic cell death. These in vitro findings 
of AcoA toxicity were verified by an in vivo model of NSCLC xenografted onto the CAM. 
Repeated treatment of xenografts with AcoA significantly inhibited the proliferation of 
NSCLC as indicated by Ki-67 positive staining and induced apoptosis as shown by TdT 
positive cells reflecting DNA fragmentation. Immunoblots revealed that AcoA modified the 
phosphorylation of Src and aurora kinases, but neither recombinant aurora nor Src kinase 
activity were directly affected by AcoA. Furthermore, the expression of transcription factor 
NF-κB as well as IRF 3 and 7 were drastically decreased in AcoA-treated cells. Based on 
these findings, EGFR, which is upstream of NF-κB, IRF, Src and aurora kinase, was 
considered as a target of AcoA. Consistently, live monitoring of fluorescein-tagged EGFR 
showed endosomal EGFR arrest in AcoA-treated cells. By contrast, mutated NSCLC cells 
expressing mutated EGFR were resistant to AcoA indicating that EGFR is an essential 
target in AcoA-induced cytotoxicity in NSCLC cells.  
Conclusion: Our data demonstrate that in NSCLC cells, the cardenolide glycoside AcoA 
targets EGFR implying a new molecular mechanism of cardiac glycosides in cancer cells. 
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Fibroblasts mediate tumor cell death through tunneling nanotubes in response to 
ionizing radiation 

O. Reiners1, A. Schütze1, J. Morawitz1, C. Reichert1, D. Waldera-Lupa2, V. Jendrossek3 
K. Stühler2, K. Pantel4, S. Twarock1, J. W. Fischer1, K. Röck1 
1Universitätsklinikum Düsseldorf, Institute for Pharmacology and Clinical Pharmacology, 
Düsseldorf, Germany 
2Universitätsklinikum Düsseldorf, Molecular Proteomics Laboratory, Düsseldorf, Germany 
3Universitätsklinikum Essen, Institut für Zellbiologie (Tumorforschung), Essen, Germany 
4Universitätsklinikum Hamburg-Eppendorf, Institute of Tumor Biology, Hamburg, 
Germany 

Question: Despite surgery or chemo radiotherapy, the five-year survival rate of 
esophageal squamous cell carcinoma (ESCC) patients remains around 15% indicating 
the need for new therapy regimes. Recently, the role of the tumor microenvironment has 
been recognized as an important determinant of radiation responses. Here we investigate 
the influence of stromal fibroblasts (hF) and of the composition of the extracellular matrix 
on radiation induced tumor cell death. 
Methods: To evaluate functional consequences of the tumor microenvironment in 
radiotherapy, hF and ESCC cells were irradiated separately (2Gy). Afterwards, the cells 
were grown either in monoculture or co-culture. Cells were monitored by time-lapse 
microscopy and cell death was assessed visually as well as by PARP cleavage, live cell 
staining with Hoechst33342/propidium iodide and quantification of Sub-G1 cell cycle. 
Potential target proteins were identified with a trans-SILAC approach followed by mass 
spectrometry. Cells overexpressing SHANK1 induced by lentiviral vectors as well as mice 
deficient for SHANK1 and HAS2 were investigated to identify effects caused by the 
irradiated stroma. 
Results: While the rate of cell death in monocultures was not significantly altered by 
irradiation, the rates of co-cultures with hF were strongly increased. Microscopic 
evaluation of the microenvironment revealed that hF and ESCC are connected via 
tunneling nanotubes (TNT). Cancer cell death was prevented by pharmacological 
inhibition of TNT formation (cytochalasin B), while silencing of hyaluronansynthase 2 
caused increased rates of cell death as seen with irradiation. Subsequently three proteins 
were identified that are exclusively shuttled from irradiated fibroblasts into ESCC. 
Experiments in mice deficient for HAS2 and SHANK1 corroborated these findings. 
Conclusions: In conclusion, by usage of a novel trans-SILAC approach, we provide 
evidence that in response to ionizing irradiation stromal hF transfer SHANK1 into ESCC 
cells, thereby inducing cellular death. SHANK1 might therefore serve as potential new 
pharmacological target to sensitize cancer cells to radiation therapy. 
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The small Rho-GTPase Rac1 as a potential therapeutic target in anthracycline-
induced cardiotoxicity 

C. Henninger1, S. Pohlmann1, J. Ohlig2, M. Kelm2, M. Merx3, G. Fritz1 
1Medical Faculty of the Heinrich-Heine University Düsseldorf, Institute of Toxicology, 
Düsseldorf, Germany 
2Medical Faculty of the Heinrich-Heine University Düsseldorf, Division of Cardiology, 
Pneumology and Angiology, Düsseldorf, Germany 
3Robert Koch Krankenhaus, Klinikum Region Hannover, Department of Medicine, 
Division of Cardiology, Vascular Medicine and Intensive Care Medicine, Gehrden, 
Germany 

Background: Previously we have shown that an inhibition of small Rho(=Ras 
homologous)-GTPases with statins as well as specific inhibition of the Rho-GTPase Rac1 
protects rat cardiomyocytes and human endothelial cells from topoisomerase II-poison-
induced DNA double-strand break formation. We were able to confirm the 
cardioprotective effects of pan-Rho-inhibition with statins and with specific small molecule 
inhibitors of Rac1 in an in vivo mouse model for doxorubicin-induced cardiotoxicity. 
Question: Here we tested whether a genetic approach (i.e., specific deletion of the Rac1 
gene in cardiomyocytes) could lead to a similar phenotype compared to pharmacological 
inhibition of Rho-GTPases under situation of acute, sub-acute, and sub-chronic 
anthracycline-induced cardiotoxicity. 
Methods: Rac1 knockout was induced in C57BL/6 mice harbouring a cardiomyocyte-
specific MHC-Cre-Lox based system. Two months after induction of the cardiomyocyte-
specific Rac1-KO with tamoxifen, the animals were treated either with a single high dose 
doxorubicin (20 mg/kg b.w., i.p.) or with six low doses (3 mg/kg b.w., twice a week, i.p.). 
Cardiotoxicity was measured two days, one month or three months later, respectively. 
Echocardiography was performed before the first injection and before the end of each 
experiment. Inflammation, DSB formation, mitotic index, apoptotic cell death, and 
changes in mRNA expression of a subset of genes known to be markers of cardiotoxicity 
were analysed in heart tissue at the end of each experiment. 
Results: Treatment of transgenic mice with doxorubicin caused time-dependent 
comparable cytotoxic effects as previously observed in the hearts of wild-type mice. In 
opposite to systemic inhibition of Rho-GTPases by statins and particularly Rac1 by 
NSC23766, a cardiomyocyte-specific Rac1-knockout showed only minor impact on the 
acute and sub-chronic anthracycline-induced cardiotoxicity. However, in the sub-acute 
treatment scheme, we observed similar genoprotective effects in animals with 
cardiomyocyte-specific Rac1-KO as compared to wild-type animals that were treated with 
the above-mentioned Rho-inhibitors. 
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Conclusion: Based on the data we suggest that Rac1-regulated functions of other cell 
types than cardiomyocytes (e.g., immune cells, endothelial cells, or fibroblasts) are of 
outmost relevance for anthracycline-induced acute and sub-chronic cardiotoxicity. 
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Regulation and role of the Raf kinase inhibitor protein in ischemic cardiovascular 
diseases 

C. Schanbacher1,2, C. Mathejka1, M. Bieber3, F. Langhauser4, C. Kleinschnitz4  
K. Lorenz1,2,5 
1Leibniz-Institut für Analytische Wissenschaften - ISAS - e.V., Dortmund, Germany 
2Universität Würzburg, Institut für Pharmakologie und Toxikologie, Würzburg, Germany 
3Universitätsklinik Würzburg, Neurologische Klinik und Poliklinik, Würzburg, Germany 
4Universitätsklinikum Essen, Klinik für Neurologie, Essen, Germany 
5Deutsches Zentrum für Herzinsuffizienz, Würzburg, Germany 

Question: The Raf kinase inhibitor protein (RKIP) was found to protect the heart: it 
produces a well-tolerated, persistent increase in cardiac contractility and protects from 
pressure overload-induced heart failure, whereas its absence deteriorates cardiac 
function. Upregulation of RKIP expression in chronic pressure overload was considered 
as protective endogenous feedback mechanism of the heart. However, there are also 
reports that RKIP levels are reduced in certain disease conditions. In this study, we 
analyzed the expression and role of RKIP in two ischemic cardiovascular diseases: 
myocardial infarction (MI) and stroke. 
Methods: We generated mice with either cardiac specific (αMHC-RKIP-tg) or ubiquitous 
RKIP overexpression (CAG-RKIP-tg or CAG-RKIPS153A-tg). MI was induced by ligation of 
the left anterior artery (4 weeks) followed by echocardiographic and histological analyses; 
stroke was induced by transient occlusion of the middle cerebral artery (45 min) and 
analyzed by TTC-staining (stroke volume) and neurological tests (Bederson Score, Grip-
Test). Protein and mRNA expression were quantified using western blots and realtime-
PCR. 
Results: RKIP-levels were significantly reduced under the ischemic conditions of MI and 
stroke compared to wildtype controls. This reduction of RKIP under ischemic conditions 
was reproduced in neonatal rat cardiomyocytes (400µM H2O2, 4h) pointing towards a 
general repressive mechanism of ischemia on RKIP expression. In both ischemic models 
increased RKIP expression improved the outcome compared to control mice: survival and 
cardiac function were enhanced in αMHC-RKIP-tg after MI and infarct volume, 
neurological deficits and inflammation were significantly reduced in CAG-RKIP-tg after 
stroke. Interestingly, the targets of RKIP seem to differ in heart and brain: whereas RKIP 
targets G-protein coupled receptor kinase 2 in the heart, it targets Raf1 in stroke as 
shown by inhibition of a Raf1 downstream target (pERK1/2) in CAG-RKIP-tg mice. This 
was confirmed using RKIPS153A-tg mutant mice, which overexpress phosphorylation 
deficient RKIP that has previously been characterized as a Raf1 inhibitory mutant. 
Conclusion: Our studies further underscore the finding that RKIP is an important 
endogenous protein that contributes to the protection in several disease conditions. 
Future studies will help to understand how RKIP expression is controlled and how it 
coordinates different molecular events in certain pathological conditions. 
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The non-steroidal MR-antagonist finerenone induces differential cardiomyocytic 
gene regulation and nuclear cofactor binding 
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In vivo TBX5 re-expression rescues arrhythmias in TBX5KO mice 
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Germany 
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Question: T-box 5 (TBX5) is a transcription factor essential for cardiac development. 
Mutations of TBX5 in humans are strongly associated with arrhythmias. We hypothesized 
that TBX5 re-expression in the adult heart can restore TBX5 mediated transcription of 

important conduction genes and rescue arrhythmia development. 
Methods: An inducible cardiomyocyte specific TBX5 KO mouse line was generated by 
crossing TBX5LDN/LDN and α-MHC-MerCreMer mice. For TBX5 re-expression, adeno-
associated viral particles serotype 9 (AAV9) encoding for TBX5 (AAV9-TBX5) or control 
vector (AAV9-CT) were injected i.v. in TBX5KO mice. TBX5 targets, identified by RNA-
Sequencing from KO vs control mice and Chromatin Immunoprecipitation (ChIP-seq) 
analysis against TBX5, were validated by qPCR and immunoblot. Electrocardiography 
(ECG) was performed using implantable telemetric transmitters. 
Results: ECG analysis showed 1st (PR KO 48 ms vs. 34 ms in control mice, p<0.001) 
and 2nd degree atrioventricular block in the KO mice along with slower ventricular 
depolarization (QRS 17.5 ms vs. 13.5 ms, p<0.05). 
Integrative RNA- and ChIP-Seq analysis revealed 47 genes downregulated in TBX5 KO 
mice and bound by TBX5, which were mostly involved in cardiac conduction (Gja1, Kcnj5, 
Kcng2, Cacna1g, Chrm2) or cardioprotection (Fhl2, Gpr22, Fgf16). One of these targets 
was Gap junction a1 (Gja1) which encodes for Connexin 43 (CX43), the major gap 
junction in adult ventricles. Indeed, Gja1 (10-fold, p<0.05) and CX43 (4-fold, p<0.05) 
levels were strongly reduced upon TBX5 KO. 
To test if TBX5 re-expression upon TBX5KO leads to re-expression of its targets and 
rescues from arrhythmias we injected TBX5KO mice with AAV9-TBX5. 6 weeks upon 
injections, we found TBX5 re-expressed (11-fold, p<0.05) specifically in the heart. 
Subsequently the expression of TBX5 targets such as Gja1 (mRNA and protein: 3-fold, 
p<0.05, n>6) was normalized. Mice receiving AAV9-TBX5 had a significantly faster 
ventricular depolarization vs AAV9-CT mice (deltaQRS 3.5ms, p<0.05). RR tachography 
showed that during the course of 6 weeks AAV9-CT mice severely deteriorated whereas 
AAV9-TBX5 mice with a prominent TBX5 re-expression presented a more regular RR 
similar to Cre control mice. 
Conclusion: Our data provide proof of principal that TBX5 level normalization is able to 
reduce arrhythmia propensity in the adult heart by restoring transcriptional homeostasis. 
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The role of the Rac1 activator Tiam1 in cardiac stress remodeling 
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Background: The small GTPase Rac1 is a multifunctional protein that contributes to 
cardiac remodeling by transcriptionally regulating pro-hypertrophic and pro-fibrotic factors 
and by generating oxidative stress. We have recently shown that the Gi-dependent 
activation of Rac1 via the Rac1GEF Tiam1 is essential to α1-adrenergic driven 
hypertrophy in neonatal rat cardiomyocytes 
Objective: To further explore the function of Tiam1 in cardiac pathophysiology in vivo 
and in vitro by using genetic and pharmacologic approaches. 
Methods and Results:  Basal characterization of Tiam1 deficient (Tiam1-KO) mice via 
echocardiography showed no indication of an early age-related decline in cardiac 
function. Notably, in line with earlier in vitro data, Tiam1-KO were markedly resistant to 
cardiac hypertrophy after chronic catecholamine infusions (30 µg/g*d isoprenaline plus 30 
µg/g*d phenylephrine) for 7 days, whereas neither WT nor Tiam1-KO showed signs of 
contractile dysfunction arguing for a state of compensatory hypertrophy. 
On a cellular level, the potential involvement of the Tiam1/Rac1 pathway in pro-fibrotic 
signaling upon angiotensin II stimulation was analyzed in neonatal rat cardiac fibroblasts 
(NRCF) via siRNA-mediated knockdown and pharmacological inhibition. 
Immunohistochemical studies of NRCF indicated a close association of Tiam1 with 
mitochondria and a prominent nuclear localization. Both siRNA-mediated knockdown of 
Tiam1 and the Tiam1/TrioN inhibitor NSC 23766 (10 µM) significantly reduced basal and 
angiotensin II-induced expression of fibrotic markers such as CTGF. Moreover, 
Cytoplasmic Ca2+ increases upon angiotensin II stimulation were significantly attenuated 
upon siRNA-mediated knockdown of Tiam1. 
Conclusion: Tiam1 deficiency protects against catecholamine induced cardiac 
hypertrophy in vivo, which is in line with its previously describe role in cardiac myocytes. 
Moreover, in NRCF Tiam1 appears to be involved in angiotensin II–induced elevation of 
intracellular Ca2+ concentrations as well as production of pro-fibrotic factors. 
 
 

51 

BAY 60-2770 activates two isoforms of nitric oxide sensitive guanylyl cyclase: 
Evidence for stable insertion of activator drugs. 

A. Sömmer1, P. Sandner2, S. Behrends1 
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2Bayer AG, Drug Discovery, Wuppertal, Germany 

Question: Nitric oxide sensitive guanylyl cyclase (NOsGC), a hemoprotein and the major 
physiological receptor for nitric oxide (NO), is a heterodimer with the α1/β1 and α2/β1 
isoforms known to be important for NO-signaling and conversion of GTP to cGMP in 
humans. Two innovative classes of compounds modulating the NO/cGMP signaling 
pathway have been discovered: the heme-dependent sGC stimulators, that stimulate 
NOsGC directly and also increase the affinity towards NO, and the heme-independent 
sGC activators, that are thought to bind to oxidized and heme-free NOsGC in tissues 
exposed to oxidative stress. In the current study, we evaluate the effects of the sGC 
activators BAY 58-2667 (cinaciguat) and BAY 60-2770 on the isoforms α1/β1 and α2/β1 
expressed in Sf9 cells. 
Methods: We use a new experimental strategy of expression of NOsGC with activator. 
Cytosolic fractions were analysed by western blot and activity measurements. We 
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performed UV VIS absorbance spectroscopy and activity measurements of the enzyme 
isoforms after purification by affinity and size exclusion chromatography. 
Results: Western blot analysis revealed a decrease of overexpressed NOsGC in the 
presence of sGC activators, which is dependent on an intact catalytic site of the enzyme. 
Expression in the presence of activator leads to a loss of the NOsGC Soret peak. For 
both isoforms, we show a higher efficacy for BAY 60-2770 compared to cinaciguat. 
Conclusion: We demonstrate a stable insertion of activator drugs into the enzyme during 
protein biosynthesis independent of the heme redox state. We hypothesize that this 
occurs in parallel to the classic view that the drugs only bind to oxidized and heme-free 
NOsGC in tissues exposed to oxidative stress. The two alternatives might also be 
influenced by the dosage regimen. 
 
Figure 1 
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Predicting apparent passive permeability of Caco-2 and MDCK cell-monolayers: A 
mechanistic model 

K. U. Goss, K. Bittermann 
Helmholtz Centre for Environmental Research-UFZ, Analytical Environmental Chemistry, 
Leipzig, Germany 

Question: Experimentally derived apparent permeabilities, Papp, through cell 
monolayers such as Caco-2 and MDCK are considered to be an in-vitro gold standard for 
assessing the uptake efficiency of drugs. Is it possible to predict these permeabilities 
based on the molecular structure of the chemical without further experiments? 
Method: Based on the solubility-diffusion model we have assembled a predictive model 
that considers paracellular and transcellular permeability including the resistance that 
comes from aqueous boundary layers. 
Results: The model can predict the permeabilities for 150 different chemicals from the 
literature with a RMSE of 0.5 log units which is not substantially higher than the variance 
in experimental data for a given chemical measured by different researchers. This 
success in predicting permeability values comes mostly from a correct classification of the 
chemicals in terms of their major permeation pathway. Within the classes of ABL or 
paracellular dominated compounds the predictions do not explain much of the reported 
experimental variability. In an additional validation step we tested the model with 37 
permeability values from the literature for black-lipid membrane. The results show that the 
variability in these intrinsic membrane permeabilities which are not affected by aqueous 
boundary layers or paracellular transport is covered well. 
Conclusions: The presented model may be able to replace the time consuming 
experimental effort for determining Caco-2 permeability which is used for estimating oral 
up-take efficiency of drugs. 
 

Figure 1 
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The role of the organic cation transporter OCT1 in the hepatic uptake of thiamine 
and effects of OCT1 polymorphisms on thiamine pharmacokinetics in human 

O. Jensen1, J. Matthaei1, J. Müller2, S. Oswald2, J. Brockmöller1, M. V. Tzvetkov1 
1University Medical Center, Clinical Pharmacology, Göttingen, Germany 
2University Medicine, Clinical Pharmacology, Greifswald, Germany 

Thiamine (vitamin B1) is essential for glucose utilization. Thiamine is positively charged 
and was shown to be a substrate of the hepatic uptake transporter OCT1. Knocking-out 
OCT1 in mice leads to significantly reduced lipid content in their livers, probably due to 
impaired oxidative glucose catabolism and increased beta-oxidation. In humans OCT1 is 
highly genetically polymorphic. Up to 9% of the German population are homozygote or 
compound heterozygote carriers of alleles that confer strong reduction or complete loss 
of OCT1 activity. 
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Here we analyzed whether these OCT1 alleles affect thiamine uptake in vitro and 
thiamine pharmacokinetics in humans. Furthermore, we compared the contribution of 
OCT1 and the specific thiamine transporters THTR-1 and THTR-2 to the hepatic thiamine 
uptake. 
Human OCT1 transported thiamine with high capacity and low affinity. The common 
OCT1 allelic variants showed strongly reduced (OCT1*2) to completely absent (OCT1*3 
to OCT1*6) thiamine uptake. We also administered 200 mg thiamine to 18 healthy 
volunteers preselected for their OCT1 genotypes. We did not observe significant 
differences in the plasma concentrations of thiamine, thiamine mono- and diphosphate in 
dependence on the OCT1 genotype. Neither the AUC, nor maximal concentrations of 
thiamine or thiamine phosphates were affected. To explain the lack of effects, we 
compared OCT1-mediated thiamine transport to the transport via the specific thiamine 
transporters THTR-1 and THTR-2 and evaluated mRNA and protein expression of these 
transporters in the human liver. THTR-1 and THTR-2 showed substantially higher affinity, 
but lower transport capacity compared to OCT1. In human liver the expression of THTR-1 
was less than 5% and THTR-2 less than 15% of OCT1 expression. Inhibition experiments 
in human hepatocytes showed reduced thiamine uptake upon treatment with inhibitors of 
OCT1 and THTR-2, indicating a potential involvement of both transporters in the hepatic 
uptake of thiamine. 
In conclusion, we could show that thiamine pharmacokinetics in humans is not affected 
by genetically determined loss of OCT1 activity. Our in vitro data suggests that the 
hepatic uptake of thiamine is mediated via OCT1 at very high and via THTR-2 at low 
(physiological) thiamine concentrations. 
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Protein abundance of pharmacokinetically relevant transporter proteins and 
metabolizing enzymes along the human intestine and in the liver: A comparative 
intra-subject study 

M. Drozdzik1, D. Busch2, J. Müller2, J. Lapczuk1, J. Grzegolkowska1, M. Ostrowski1  
M. Kurzawski1, S. Oswald2 
1Pomeranian Medical University, Experimental and Clinical Pharmacology, Szczecin, 
Poland 
2University Medicine Greifswald, Clinical Pharmacology, Greifswald, Germany 

The oral bioavailability of drugs is markedly affected by first pass metabolism and 
transport taking place in the liver and the intestine. For discrimination of the intestinal and 
hepatic contribution to metabolism and transport of drugs, intra-subject data on the 
protein amounts expressed in both tissues would be desirable. However, these data are 
so far not available. 
In order to fill this gap in knowledge, we conducted a study to absolutely quantify clinically 
relevant transporter proteins and biotransformation enzymes along the intestine and in 
the liver from the same donors. Tissues were obtained from nine healthy organ donors 
including in each case one duodenal, two jejunal, one ileal, one colonic and one hepatic 
sample. After tissue disruption and homogenization, the whole tissue lysate was 
subjected to a tryptic digestion. Validated LC-MS/MS methods have been applied for the 
simultaneous absolute quantification of cytochrome P450 (CYP) enzymes (CYP1A2, 
CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1, CYP3A4 and CYP3A5) and 
UDP-glucuronosyltransferases (UGT) (UGT1A1, UGT1A3, UGT2B7 and UGT2B15) as 
well as six ATP-binding cassette (ABC) transporters (ABCB1, ABCC2, ABCC3, ABCG2, 
ABCC1, ABCC4) and 14 solute carrier (SLC) transporters (ASBT, MATE1, NTCP, 
OATP1A2, OATP1B1, OATP1B3, OATP2B1, OCT1, OCT3, PEPT1, SLC22A18, OAT2, 
MCT1, BSEP). Protein quantification has been conducted by validated targeted 
proteomics assays using proteospecific tryptic peptides and stable isotope-labelled 
peptides as internal standard. In addition, the respective gene expression was 
determined using quantitative real-time PCR. 
As expected, the protein abundance pattern varied substantially between intestinal and 
hepatic samples. Almost all of the proteins expressed in the intestine showed the highest 
abundance in the jejunum, followed by duodenum, ileum and colon. For the first time, our 
study provides a comprehensive overview on the absolute intraindividual protein 
abundance of clinically relevant transporter proteins and enzymes both along the human 
intestine and in the liver. Their distribution was markedly different between the 
investigated intestinal sections, which may affect the intestinal drug absorption. The 
knowledge about intra-subject variability in the expression of intestinal and hepatic 
metabolizing enzymes and transporter proteins may improve the PBPK-based prediction 
for orally administered drugs. 
 
 

55 

Added value of diabetes risk genes to the prediction of HbA1c levels in patients 
initiating metformin or sulfonylurea derivatives 

D. Martono1, H. Heerspink2, E. Hak1, P. Denig2, B. Wilffert1,2 
1University of Groningen, PharmacoTherapy, - Epidemiology & -Economics, Groningen, 
Netherlands 
2University of Groningen, University Medical Center Groningen, Clinical Pharmacy and 
Pharmacology, Groningen, Netherlands 

Question: Patients with type 2 diabetes (T2DM) show differences in treatment response. 
The effect of genetic makeup to the pharmacodynamic variability has not been well 
elucidated. We aimed to explore the added value, on top of clinical parameters, of 
diabetes risk genes in predicting HbA1c levels after treatment of glucose regulating 
drugs. 
Methods: We performed an observational cohort study including T2DM patients who 
started with metformin or sulfonylurea derivatives in the Groningen Initiative to Analyze 
Type 2 Diabetes Treatment (GIANTT) database for whom blood samples could be 
genotyped. The primary outcome was HbA1c level at 6-months follow-up adjusted for 
baseline HbA1c. Genetic risk scores (GRSs) consisted of SNPs linked to insulin 

sensitivity, beta-cells activity, and T2DM risk in general. Associations were analyzed by 
multiple linear regression, particularly whether adding the risk scores increased the 
explained variance of the prediction model including age, gender, diabetes duration, and 
cardiometabolic markers. Multiple imputation was used for missing data. 
Results: The cohorts included 282 patients on metformin and 89 patients on sulfonylurea 
derivatives. In the metformin cohort, diabetes duration of more than 3 months when 
starting metformin was associated with a 2.7 mmol/mol higher HbA1c at 6 months. For 
the sulfonylurea cohort, no significant clinical predictors were identified. Inclusion of 
general or drug-specific GRSs to the models did not increase the models" explained 
variances. 
Conclusion: This study indicates that the genes related to T2DM risk in general or to the 
drugs" mechanism of action are not involved in determining interindividual HbA1c 
variability after metformin or sulfonylurea derivatives initiation. Larger future studies 
including other genes are needed to explain treatment response variability in T2DM 
patients. 
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Impact of genomic variation on pharmacokinetics in old age: A quantitative review 
of age versus genotype related differences 

C. Dücker, J. Brockmöller 
Universitätsmedizin Göttingen, Institut für Klinische Pharmakologie, Göttingen, Germany 

Current data indicates that therapy with more than 100 drugs might become safer and 
more efficient by utilizing genomic diagnostics of polymorphisms in drug membrane 
transporters and metabolizing enzymes. Elderly patients may particularly benefit from that 
pharmacogenomic diagnostics but specific evidence on that question is limited. 
We quantitatively analyzed the pharmacokinetic effects of age and genotype in 108 drugs 
with consensus on a therapeutically relevant genotype effect. We included studies 
exclusively dealing with genotype or age effects as well as studies systematically 
analyzing the interplay of both factors. 
On average, internal exposure (preferentially AUC) of elderly was 1.55-fold higher (range 
0.57 -7.83) compared with young individuals. Activity of none of 16 highly genetically 
polymorphic drug transporters or metabolizing enzymes (BCRP, MDR1, OATP1B1, 
OAT1, OCT1, CYP1A2, CYP2B6, CYP2C9, CYP2C19, CYP2D7, DPT, UTG1A1, and 
UGT2B15) was outstandingly declining in old age. Compared with the age effect, the 
genotype effect on drug exposure was much stronger with an average of 2.78-fold (range 
1.1 to 17) higher exposure in the persons with the functionally impaired genotype. We 
identified four drug classes: (1) those affected only moderately by genotype and age, 
those affected strongly (2) either by genotype or (3) age, and those (4) affected strongly 
by both, age and genotype. But only for ten drugs the combined effect of genotype and 
age was specifically analyzed in all literature available. For one drug (omeprazole) age 
and genotype resulted in a less than additive exposure but particularly for some CYP2D6 
substrates (venlafaxine, tolterodine, metoprolol), age and genotype interacted more than 
additively leading to unsuspectedly high plasma concentrations in the elderly. 
In drugs with known pharmacogenetic effects these often exceed the effect of age by far. 
The existing evidence suggests that genetic variation is similarly relevant in the elderly as 
it is in youth. For some drugs there is even evidence that pharmacogenetics can become 
more relevant among the elderly. Supraadditive effects of age and genotype can only be 
studied with factorial study design. As those studies have rarely been performed the 
entire situation concerning excessive internal drug exposure in elderly poor metabolizers 
is not clear at present. Appropriate studies are necessary at least for those drugs with 
strong pharmacogenetic effects. 
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Drug-induced falls and potential pharmacogenetic impact in community-dwelling 
elderly people – Results from the ActiFE Ulm study 

K. S. Just1, D. Rothenbacher2, M. D. Denkinger3, J. Brockmöller4, J. C. Stingl1,5 
1Research Division, Federal Institute for Drugs and Medical Devices, Bonn, Germany 
2Institute of Epidemiology and Medical Biometry, Ulm, Germany 
3AGAPLESION Bethesda Clinic, Geriatric Center Ulm/Alb-Donau, Ulm, Germany 
4Institute of Clinical Pharmacology, University of Göttingen, Göttingen, Germany 
5Centre for Translational Medicine, Medical Faculty, University of Bonn, Bonn, Germany 

Question: Falls are a major health problem in the elderly (1). Lists for potentially 
inappropriate medications (PIMs) in older people are facing that issue (2, 3). But not 
much is known yet on the pharmacogenetic impact of polymorphisms of drug-
metabolizing enzymes (DMEs) on the drug-induced fall risk in the elderly (4). We 
investigated the prevalence of fall-risk increasing PIMs in community-dwelling older 
people and considered PIMs metabolized by polymorphic enzymes. 
Methods: Data of the ActiFE Ulm study were analyzed (5). Participants were grouped as 
fallers and non-fallers according to self-reported falls within past 12 months. PIM lists (2, 
3) were screened for drugs associated with an increased risk for falls. Fall-risk increasing 
PIMs were analyzed in proportion to the sum of drugs given in the group of fallers and 
non-fallers. In a second step, all those fall-risk increasing PIMs were classified according 
to their DME substrate status based on information in drug labels and the 
pharmacogenomics database PharmGKB (6). 
Results: In total, 1506 community-dwelling people aged 65 and older were enrolled. Of 
this cohort, 522 (34.7%) reported a fall within the last 12 months, 958 (63.6%) did not. On 
average, in the group of fallers 3.92 substances were taken, and 3.53 in the group of non-
fallers. Fall-risk increasing PIMs were found in 5.4% of fallers and in 3.8% of non-fallers 
(p=0.25). Benzodiazepines were found more than 3 times more often among fallers than 
non-fallers (Figure 1). 71.7% of fall-risk increasing PIMs were metabolized by DME. 
Polymorphic cytochrome P450 (CYP) 2D6, 2C9, and 2C19 were involved in 39.1% of all 
PIMs metabolized by DMEs (Figure 2). In the group of fallers, the percentage of PIMs 
metabolized by polymorphic enzymes was 38.9% and in the non-fallers it was 38.4%. 
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Conclusion: Drug action of more than a third of fall-risk increasing PIMs can be 
influenced by pharmacogenetic polymorphisms. To understand the individual risk factors 
for drug-induced falling, knowledge on the impact of pharmacogenetic variance among 
elderly should be generated. 
References: 
1) Am J Epidemiol 2013; 178: 418. 2) J Am Geriatr Soc 2015; 63: 2227. 3) Dtsch Arztebl 
Int 2010; 107: 543. 4) Pharmacogenomics 2017; 18: 1281. 5) BMC geriatrics 2010; 10: 
50. 6) https://www.pharmgkb.org/. 
Fig1: Proportions of fall-risk increasing drugs in fallers and non-fallers of elderly people. 
Fig2: Percentages of DMEs involved in metabolism of fall-risk increasing PIMs. 
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Colonising 3D skin – A novel test system to study host-microbe skin toxicity 

L. Lemoine, T. Tralau, A. Luch 
Bundesinstitut für Risikobewertung, Produkt- und Chemikaliensicherheit, Berlin, Germany 

Except for pharmacology the human microbiome still mostly escapes the toxicologist's 
attention. The reasons for this are manifold and start for one with the fact that until the 
human microbiome project we had only little knowledge on the extent of bacterial 
colonisation of the human body. Moreover, potential toxicological implications of this 
microbiome were initially thought to be restricted to occasional xenobiotic metabolite 
formation, entero-hepatic cycling or unexpected drug cleavage, all occurring in the gut1. It 
was only recently that our group extended this view by showing that the skin's 
microbiome also has the potential for toxic metabolite formation2,3. 
While this clearly highlights the need to be more alert towards our commensals' 
toxicological potential4 efforts to study such interactions are still hampered by a lack of 
suitable experimental systems. Developing such systems is in fact a challenge since the 
human microbiome is not only complex but highly species specific, thus making animal 
testing second choice. We therefore developed a co-culture system of a full thickness 
skin model and selected human skin commensals. The system is based on MatTek"s 
EpiDermFT™ which was stably colonised by two bacterial isolates from human skin. The 
culture was stable for at least eight days with both bacteria and skin remaining fully 
viable. Tests with benzo[a]pyrene confirmed the model"s extended metabolic capabilities. 
Following this first-time proof of concept for such a skin model it shall now be used to 
investigate commensalic effects on substance toxification and skin toxicity in situ. 
1Tralau, T., Sowada, J. & Luch, A., Expert Opin. Drug Metab. Toxicol. (2015) 11:411-25 
2Sowada, J. et al., FEMS Microbiol Ecol (2014) 88:129–39 
3Sowada, J. et al., Arch Toxicol (2017) 91:2331-41 
4Tralau, T. & Luch, A., Arch Toxicol (2017) 91:2699–701 
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Application of the adverse outcome pathway concept for prediction of systemic 
toxicity: Kidney injury due to receptor mediated endocytosis and lysosomal 
overload as a case study 

S. Jarzina1, P. Reiser1, B. Ellinger2, S. Di Fiore3, A. Mally1 
1Department of Toxicology, University of Würzburg, Würzburg, Germany 
2Fraunhofer Institute for Molecular Biology and Applied Ecology, ScreeningPort Hamburg, 
Hamburg, Germany 
3Fraunhofer Institute for Molecular Biology and Applied Ecology, Division Molecular 
Biotechnology, Aachen, Germany 

The Adverse Outcome Pathway (AOP) concept is a pragmatic tool in toxicology and risk 
assessment which has recently been adopted by the OECD. The identification of key 
events (KE) and systematic mapping of AOPs for a given hazard endpoint can form the 
basis for the development of alternative tests as part of an integrated testing strategy to 
eventually replace conventional guideline studies. As a proof of concept, we established 
an AOP for kindey injury initiated by receptor mediated endocytosis and lysosomal 
overload and defined KEs across this AOP. Following uptake into proximal tubule cells by 
receptor-mediated endocytosis (MIE), compounds associated with this AOP accumulate 
within lysosomes, leading to disturbance of lysosomal function (KE1), lysosomal swelling 
and disruption (KE2) associated with release of lysosomal components (e.g. cathepsins), 
ultimately resulting in proximal tubule cell toxicity (KE3). In vitro assays reflecting each KE 
were utilized for testing Polymyxin antibiotics as model compounds associated with this 
AOP. These included image-based high content assays for the analysis of lysosomal 
intensity, area, lysosomes per cells, expression of lysosomal associated membrane 
protein 2 (LAMP2) (KE1), Cathepsin D release (KE2), and cytotoxicity assays (KE3) in rat 
(NRK-52E) and human proximal tubule cells (RPTEC/TERT1). To verify the quantitative 
relationships between KEs, we performed response-response analysis based on dose-
response curves measured on both sides of each KE. Cells treated with polymyxins 
showed a steep dose-dependent decrease in lysosomes per cell, which was associated 
with an increase in lysosomal intensity, area and LAMP2 (KE1). Immunofluorescence 
staining of Cathepsin D in treated cells resulted in a diffuse staining throughout the 
cytosol indicative of ruptured or leaky lysosomes and release of Cathepsin D (KE2). 
Cytotoxicity analysis (KE3) showed differences between both cell lines, whereby 
RPTEC/TERT1 cells were more sensitive to polymyxins. This result was consistent with 
increased intracellular compound accumulation in these cells as determined via LC-
MS/MS. Taken together, we developed an AOP describing kidney toxicity due to 
lysosomal overload, including relevant in vitro assays covering KEs across the AOP, and 
established relationships between KEs. Quantitative understanding of KE relationships 
enables defining predictive in vitro endpoints for systemic toxicity testing.   
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The aryl hydrocarbon receptor (AHR) protects keratinocytes against the ultraviolet 
A (UVA)-induced phototoxicity of 6-formylindolo[3,2-b]carbazole (FICZ)  

K. M. Rolfes1, M. Nakamura1,2, J. Krutmann1, T. Haarmann-Stemmann1 
1IUF – Leibniz Research Institute for Environmental Medicine, Düsseldorf, Germany 
2Nagoya City University, Department of Environmental and Geriatric Dermatology, 
Nagoya, Japan 

Background & Question: In epidermal keratinocytes (KC), AHR activation results from 
the absorbance of UVB rays by cytosolic tryptophan and the subsequent generation of 
FICZ. This tryptophan photoproduct is a high-affinity ligand for AHR and induces the 
expression of CYP1A1, COX-2 and pro-inflammatory cytokines. Moreover, the UVB-
activated AHR was shown to mediate immunosuppressive and anti-apoptotic effects in 
UVB-exposed skin. Therefore, inhibition of AHR is widely regarded as a suitable strategy 
to protect skin against the detrimental effects of UVB radiation. Interestingly, FICZ has 
been recently identified as a potent photosensitizer towards UVA radiation. As FICZ is 
primarily metabolized by AHR-dependent CYP1A1, we therefore assessed in our current 
study, whether AHR antagonism is still beneficial in KC exposed to UVA or UVB/UVA 
radiation. 
Methods: UV exposure of human immortalized KC was carried out using the BS-02 
irradiation device (Opsytec Dr. Gröbel GmbH). Expression of oxidative stress-related 
genes (HOX-1, SOD1, NQO1) and AHR target (CYP1A1) genes was determined by 
quantitative real-time PCR. Reactive oxygen species (ROS) and apoptosis was assessed 
using the DCF-assay and caspase-3 activity assay, respectively.  
Results: We found that the FICZ concentration necessary to sensitize KC to UVA-
induced apoptosis are ~10-fold higher than those required for AHR activation, i.e. 
transcriptional induction of CYP1A1. Hence, FICZ concentrations probably necessary to 
maintain CYP1A1 expression in KC do not cause phototoxicity in response to UVA 
irradiation. However, pre-treatment of KC with higher doses of FICZ resulted in a dose-
dependent sensitization to UVA-induced apoptosis, which was associated with an 
elevated generation of ROS and an induction of NRF2 target genes. Interestingly, in 
AHR-silenced KC, the FICZ-mediated increase in UVA-induced apoptosis was 
significantly stronger, an observation which was probably due to the reduced metabolic 
clearance of the tryptophan photoproduct. Elevating the CYP1A1 expression level by pre-
treating AHR-proficient cells with chemical AHR agonist prevented the apoptotic 
response induced by FICZ/UVA exposure. 
Conclusion: Our results indicate that the AHR-CYP1A1 axis may prevent an 
accumulation of the UVA-photosensitzer FICZ and thereby protects skin against UVA-
induced oxidative stress and cell death. Thus, the safety and efficacyof topical AHR 
antagonism have to be carefully revisited.   
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Tubulo-interstitial cross talk modulates the impact of ochratoxin A (OTA) on renal 
epithelial cells 

M. C. Schulz, M. Gekle, G. Schwerdt 
Martin-Luther-Universität Halle-Wittenberg, Julius-Bernstein Institute of Physiology, Halle 
(Saale), Germany 

Question: Ochratoxin A (OTA) is a widespread contaminate of foodstuff. Studies suggest 
that enhanced OTA concentrations in human blood plasma correlate with increased 
prevalence of nephropathy. Epithelial-to-mesenchymal-transition (EMT) seems to be a 
key event during the development of nephropathy. EMT describes the dedifferentiation of 
epithelial cells to mesenchymal cells containing a loss of epithelial junctions and barrier 
function, enhanced expression of mesenchymal proteins like vimentin and fibronectin, a 
change of the cells shape from cobblestone- to a spindle-like phenotype and finally a loss 
of epithelial functions. The tubule-interstitial cross-talk via soluble mediators between 
epithelial cells and fibroblasts seems to be crucial to execute EMT. 
Our hypothesis is that OTA interferes with the tubule-interstitial cross-talk and promotes 
EMT. 
Methods: We investigated the effects of 10-100 nM OTA and their dependence on co-
culture in proximal tubule epithelial cells of the rat (NRKE) as well as in renal fibroblasts 
of rat (NRKF). We measured the protein and mRNA content of EMT-markers (E-and N-
cadherin, vimentin and fibronectin) and mediators (TNF, COX-2, WISP1). Moreover a 
structure index was calculated to assess changes in cell shape. 
Results: In NRKE mono-culture OTA caused a decrease of E-cadherin protein content 
and no other changes. In co-culture OTA caused an increase of vimentin, fibronectin 
protein content and WISP1-mRNA content, whereas E-cadherin, TNF and COX-2 protein 
abundance decreased. The mRNA contents of the described proteins were unchanged. 
Furthermore the structure index decreased suggesting a shift of the cell shape from a 
cobblestone- to a spindle-like phenotype. 
In a NRKF mono-culture OTA led to an increase of fibronectin protein expression 
whereas TNF protein abundance was decreased. N-cadherin, vimentin and COX-2 
protein content was unchanged. In co-culture, N-cadherin and COX-2 protein amount 
increased, TNF protein content decreased. Fibronectin and vimentin protein content was 
unchanged in NRKF. mRNA was not influenced by OTA treatment in co-culture. 
Conclusion: Our data suggest that the tubule-interstitial cross-talk supports an OTA-
induced EMT of proximal tubule cells. 
Outlook: We will investigate mechanism of cross-talk with a special focus on micro-RNAs 
and exosomes. 
 

Pharmacology – Central nervous system pharmacology 

62 

Brain endothelial G αq/11 signaling affects CO2-induced breathing and anxiety-like 
behavior by blood flow regulation 
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Aβ oligomer eliminating D-enantiomeric peptides enhance cognition and impede 
neurodegeneration in transgenic Alzheimer's disease mouse models even by oral 
application 

D. Willbold1,2 
1Forschungszentrum Jülich, ICS-6, Jülich, Germany 
2Heinrich-Heine-Universität Düsseldorf, Institut für Physikalische Biologie, Düsseldorf, 
Germany 

Several lines of evidence suggest a central role of amyloid-β-peptide (Aβ) in the 
pathogenesis of Alzheimer"s disease (AD). More than Aβ fibrils, small soluble and prion-
like propagating Aβ oligomers are suspected to be the major toxic species responsible for 
disease development and progression. Therefore, eradication of these Aβ oligomers is 
our principal objective for therapy of AD. Previously, we have identified the fully D-
enantiomeric peptide D3 by mirror image phage display selection and showed that it was 
able to specifically eliminate Aβ oligomers and convert them into non-toxic species. D3 
was able to reduce plaque load in transgenic AD mouse models, and improved cognition 
even after oral application (Funke et al., 2010, ACS Chem. Neurosci.). More recently, we 
developed derivatives of D3 with improved properties during a lead optimization strategy 
that focused primarily on the Aβ oligomer elimination efficiency. 

We used our newly developed Aβ-QIAD (quantitative determination of interference with 
Aβ aggregate size distribution) to quantitatively measure Aβ oligomer elimination 
efficiency and thus target engagement (Brener et al., 2015, Sci. Rep.). Morris water maze 
and novel object recognition experiments in several transgenic mouse models were used 
to measure cognition enhancement of the compounds. Our most promising D3 derivative 
was able to enhance cognition and learning behavior even in 18 months old transgenic 
AD mice with full blown pathology even after oral application. SHIRPA and Rotarod 
assays were used to follow neurodegeneration in the TBA2.1 mouse model and its 
retardation by our compounds. Using HPLC and LC/MS, we investigated stability of the 
compounds under various conditions. As expected from D-peptides, D3 and its 
derivatives showed superior pharmacokinetic properties, such as long half-lives and high 
oral bioavailability (Jiang et al., 2015, PLoS One; Leithold et al., Pharm Res). The 
presented compounds were able to eliminate Aβ oligomers as well as to enhance 
cognition and slow down neurodegeneration even after oral application. 
D-enentiomeric peptides that specifically and efficiently eliminate Aβ oligomers are able 
to enhance cognition and impede neurodegeneration even when orally applied. 
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Effects of Zika virus on gene expression 

D. Tabari1, C. Scholl1, E. Hildt2, J. C. Stingl1 
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2Paul-Ehrlich-Institut, Langen, Germany 

Question: Zika virus (ZIKV) is a mosquito-borne virus that was first isolated in 1947 in 
the Zika forest in Uganda. Back then human infections were typically characterized by 
mild illness. Several years later the virus spread to the Pacific islands and the South 
America, causing a large outbreak of a disease with severe symptoms including 
microcephaly and also other neuropathologies. Today there is definitive evidence that 
ZIKV can cause neurological complications but the mechanisms are still not completely 
understood [1]. 
The objective of this research project is to analyze differentially expressed genes in ZIKV 
infected cells in order to identify potential targets for antiviral drugs. 
Methods: We profiled transcriptomes of HaCaT cells upon exposure to Asian ZIKV and 
African ZIKV strains by microarray analysis at defined time points of 24, 48 and 72 hours 
post infection. We compared the gene expression profiles of the infected cells among the 
different lineages with the gene expression profiles of uninfected cells using GeneSpring 
GX Software. As ZIKV is transmitted through a mosquito bite, which can cause a 
microlesion of the skin associated with higher expression of FGF7 [2], we also incubated 
the infected HaCaT cells with FGF7 to investigate the effect of FGF7 on pathogenicity. 
Results/ Conclusion: Our analyses reveal an enrichment of various pro- inflammatory 
pathways in ZIKV infected cells. We found strain specific differences in the activation of 
the immune response. Incubation with FGF7 led to a downregulation of 
neurodevelopment related pathways in cells, which were infected with the Asian ZIKV. 
References: 
[1] Krauer F, Riesen M, Reveiz L, Oladapo O, Martínez-Vega R, Porgo T, Haefliger A, 
Broutet N, Low N, WHO Zika Causality Working Group. Zika Virus Infection as a Cause of 
Congenital Brain Abnormalities and Guillain–Barré Syndrome: Systematic Review. PLOS 
Medicine 2017; 14(1):e1002203 doi: 10.1371/journal.pmed.1002203 
[2] Werner S, Grose R. Regulation of Wound Healing by Growth Factors and Cytokines 
American Physiological Society 2003; 83(3):835-70. doi: 10.1152/physrev.00031.2002 
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Functional maturation of hippocampal synapses depends on the sodium-activated 
potassium channel Slack 
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Pharmacy, Tübingen, Germany 
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Store-operated (SOCE) and receptor-operated Ca2+ entry (ROCE) in STIM1/2 and 
TRPC1/3/6 deficient precapillary pulmonary arterial smooth muscle cells (PASMC) 
and primary lung fibroblasts 

L. Bendiks1, D. Stickel1, T. Gudermann1, S. Feske2, A. Dietrich1 
1Ludwig-Maximilians-Universität München, Walther-Straub-Institut of Pharmacology and 
Toxicology, Munich, Germany 
2New York University School of Medicine, Department of Pathology, New York, NY, 
United States 

Stromal interaction molecule 1 and 2 (STIM1/2) are acting as sensors for Ca2+ in 
intracellular stores and activate store-operated Ca2+-permeable Orai channels at the 
plasma membrane. These proteins are expressed in many mammalian tissues and - if 
mutated - are responsible for various diseases (1). Store-operated Ca2+ entry (SOCE) 
after emptying internal Ca2+ stores by thapsigargin has already been investigated in 
quiescent vascular smooth muscle cells (2), but not in precapillary pulmonary arterial 
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smooth muscle cells (PASMC) and primary lung fibroblasts. PASMC are responsible for 
pulmonary hypertension and vascular remodeling (3), while fibroblasts have the potential 
to differentiate to myofibroblasts during the development of lung fibrosis (4). Although 
classical transient receptor potential (TRPC) channel 1, 3 and 6 mediate receptor-
operated Ca2+ entry (ROCE) on their own, it is still a matter of debate whether Ca2+ influx 
via SOCE is required for their activation. Therefore, we isolated PASMC from wild-type 
(WT) and triple deficient TRPC1/3/6-/- mice as well as STIM1/2-deficient mice and 
analyzed ROCE after receptor stimulation and SOCE after emptying internal Ca2+ stores. 
STIM1/2 deletion was achieved by infecting PASMC from Stim1fl/fl Stim2fl/fl mice with 
Cre-recombinase expressing lentiviruses. As expected SOCE was inhibited in STIM1/2-
deficient PASMC and ROCE was decreased in TRPC1/3/6-deficient PASMC compared 
to WT cells. By contrast, SOCE was not significantly different in TRPC1/3/6-deficient 
PASMC and ROCE was similar in STIM1/2-deficient PASMC compared to WT cells. 
Initial data indicate similar results in primary lung fibroblasts. In conclusion, we 
demonstrated that TRPC 1/3/6 are not involved in SOCE and mediate mainly receptor 
operated at least in PASMC and lung fibroblasts. In the future we will investigate the role 
of STIM1/2-mediated SOCE in PASMC for pulmonary hypertension and vascular 
remodeling as well as in primary lung fibroblasts for the development of lung fibrosis.  
References:(1) Lacruz RS and Feske S (2015). Ann. N. Y. Acad Sci 1356: 45-79.(2) 
Potier M. et al. (2009). FASEB J. 23: 2425-2437.(3) Malczyk M. et al. (2013). J. Resp. 
Crit. Care. Med. 188: 1451-1459.(4) Hofmann K et al. (2017). Biochem. Biophys. Acta 
1863: 560-568. 
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Identification of OCaR1 as a gatekeeper of lysosomal-granular Ca2+ release and 
regulated exocytosis 
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5Friedrich-Wilhelms-Universität, Institut für Pharmakologie und Toxikologie, Bonn, 
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Exocytosis of secretory granules strictly depends on elevation of Ca2+ concentration in 
their close vicinity and is steadily restricted in absence of cell stimulation. In this study, we 
found a novel protein which plays an important role in regulation of organellar Ca2+ 
signaling that, therefore, was named OCaR1. OCaR1 was found critically determines 
Ca2+ release from lysosomes and secretory granules. Our co-localization experiments 
using numerous organelle markers in non-secretory cells revealed that OCar1 is found in 
endo-lysosomal organelles. Co-localization analysis performed on the secretory cells 
(mast and pancreatic acinar cells) isolated from OCaR1-YFP knock add on mice 
demonstrates the presence of OCaR1 also in secretory granules. For the analysis of 
physiological functions of OCaR1, we generated a mouse model lacking OCaR1 protein 
expression.  OCaR1–/– mice showed an increased amylase plasma level, and the 
pancreatic acinar cells isolated from these mice exhibited an increased spontaneous and 
cholecystokinin-evoked amylase secretion. OCaR1-deficient mast cells demonstrated an 
increase in both spontaneous and antigen-induced degranulation. Pancreatic acinar and 
mast cells lacking OCaR1 protein also displayed an increased frequency of spontaneous 
and agonist-evoked Ca2+ oscillations. When we co-expressed OCaR1 with lysosomal two 
pore channels (TPC1 and TPC2) we observed suppression of their currents. In 
agreement with this phenomenon, NAADP antagonist application or genetic ablation of 
TPC2 suppressed cholecystokinin-induced Ca2+ oscillations in acinar cells. Thereby, we 
obtained clear evidence regarding the involvement of OCaR1 in regulation of 
spontaneous and agonist-evoked Ca2+-dependent exocytosis in secretory cells of 
different types. In summary, we present in this work the first demonstration of a 
gatekeeper function of OCaR1 with respect to the control of basal and agonist-evoked 
exocytosis by controlling of the lysosomal and granular Ca2+ release, that is mediated by 
NAADP-signaling and two pore channels. 
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Specific functions of Slack potassium channels in peripheral neuropathic pain 

K. Metzner1, C. Flauaus1, A. E. Bausch2, C. Stoetzer3, P. Ruth2, A. Leffler3, R. Lukowski2 
A. Schmidtko1, R. Lu1 
1Goethe-University Frankfurt, Pharmakologisches Institut für Naturwissenschaftler, 
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Pharmazie, Tübingen, Germany 
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Question: Slack potassium channels are expressed throughout the nervous system 
where they are important for the generation of sodium-activated potassium (KNa) 
currents and the excitability of neurons. Using different mouse models of pain in Slack 
knockout (Slack-/-) mice, we found that Slack modulates mechanical hypersensitivity after 
peripheral nerve injury. However, the detailed function of Slack channels in pain 
processing is unknown. Here we focused on the functional roles of Slack channels in 
peripheral neuropathic pain. 
Methods: Slack-/- mice; patch-clamp recordings; neuropathic pain models; 
immunostaining; western blot 

Results: In the present study, genetic and pharmacological approaches were used to 
further investigate the roles of Slack channels in neuronal physiology and pain. In isolated 
dorsal root ganglion neurons, we found that deletion of Slack channels reduced KNa 
currents and also changed the pattern of action potential firing. In vivo, pharmacological 
Slack activation reduced neuropathic pain behavior. 
Conclusion: Our data suggest that Slack channels control the sensory input in 
neuropathic pain states and could be a potential drug target for peripheral neuropathic 
pain. 
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Abnormal cellular electrophysiology and calcium handling in iPSC-CMs from a 
patient with tetralogy of Fallot 

R. Dülk1, F. E. Mason1, S. Schönhals2, D. Dobrev3, W. H. Zimmermann1  
S. Rickert-Sperling2, N. Voigt1 
1University Medical Center Göttingen, Georg-August University Göttingen, Germany, 
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Question: Tetralogy of Fallot (TOF) is the most common congenital cyanotic heart defect 
and many patients with TOF proceed to suffer from arrhythmias (both atrial and 
ventricular). The aim of this study was to identify cytosolic calcium (Ca2+) handling 
abnormalities that may contribute to arrhythmogenesis in TOF patients. 
Methods: Induced pluripotent stem cell-derived cardiomyocytes (iPSC-CM) were 
generated from a TOF patient and a healthy sibling as control (Ctl). Simultaneous 
recordings of cytosolic Ca2+ concentration ([Ca2+]i, Fluo-3 AM) and membrane currents 
(patch-clamp) were performed between days 28 and 42 after beginning of differentiation 
into CM. Additionally action potential (AP) recordings were performed. 
Results: Upon depolarizing voltage-steps iPS-CMs from both, Ctl and TOF patients 
showed Nifedipine (1-10 µM) sensitive L-type Ca2+ currents (ICa,L) with a typical bell-
shaped current-voltage relationship. Voltage-dependence of inward currents was 
comparable in Ctl and TOF iPS-CMs with maximum current activation at ~ 0 mV. 
Interestingly, in TOF myocytes amplitude of ICa,L was higher (-20.3±3.4 pA/pF, n = 13 vs. 
-9.8±1.1 pA/pF, n = 20) and also triggered a larger systolic [Ca2+]i transient amplitude 
(247.7±41.3 nM vs. 124.1±19.2 nM). Diastolic [Ca2+]i was higher in TOF myocytes 
(445.1±80.7 nM vs. 343.8±21.7 nM). 
Sarcoplasmic reticulum (SR) Ca2+ content was measured by application of caffeine (10 
mM) and interestingly was not found to be different between Ctl and TOF. Furthermore, 
decay of caffeine-evoked [Ca2+]i transient, which is predominately attributable to cytosolic 
Ca2+ removal by NCX, was comparable in TOF and Ctl. 
In accordance with increased ICa,L amplitude, current-clamp recordings revealed a strong 
tendency towards increased AP duration at 90 % repolarization (APD90) in the TOF group 
(167.4±34.9 ms, n = 12 vs. 120.3±16.1 ms, n = 6), whereas the resting membrane 
potential and AP amplitude were comparable. Interestingly, about 40 % of iPS-CMs from 
the TOF group showed spontaneous membrane depolarizations (delayed 
afterdepolarizations, DADs), whereas these events were absent in Ctl iPS-CMs. 
Conclusion: Increased ICa,L may contribute to prolonged APs in iPS-CM from patients 
with TOF and act as a greater trigger for increased SR Ca2+-release. The increased 
susceptibility of myocytes from TOF patients to DADs may contribute to the development 
of ectopic activity and cardiac arrhythmias in these patients. 
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The link between obesity, weight loss and DNA damage   

E. E. Bankoglu1, C. Arnold1, A. Soliman1, F. Seyfried2, H. Stopper1 
1Institute of Pharmacology and Toxicology, University of Wuerzburg, Würzburg, Germany 
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Oxidative stress can be defined as a situation of overwhelmed radical scavenging 
systems in a cell that can lead to the oxidation of important macromolecules including 
DNA. Accumulation of DNA damage might cause mutations. Many chronic diseases such 
as cardiovascular disease, high blood pressure, type 2 diabetes mellitus and obesity 
have been linked to elevated oxidative stress. Especially obesity often containing a 
cluster of the above mentioned chronic comorbidities has become a rising health 
problem. We have already shown the association between oxidative stress, DNA damage 
and obesity in a rodent model [1]. 
Question: In this study, we carried our research one-step further by trying to answer the 
question whether the weight loss induced by bariatric surgery can lead the remission of 
oxidative stress and DNA damage in humans. 
Methods: We collected blood samples from obese subjects before and after bariatric 
surgery and compared parameters related to oxidative stress and DNA damage (Ferric 
reducing antioxidant power of plasma, Lipid peroxidation product MDA, total and oxidized 
glutathione, micronucleus formation and DNA strand breaks). 
Results: Our findings showed elevated DNA damage in morbidly obese patients prior to 
surgery, which was significantly reduced after sufficient surgical induced weight loss. 
However, the oxidative stress was not reduced after weight loss, which is in part 
contradictory to the existing literature. An impact of different comorbidities on DNA 
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damage was also observed. Among them remission of type 2 diabetes mellitus seemed 
to exert the greatest impact on reduced DNA damage levels. 
Conclusion: Obesity was associated with elevated DNA damage, which was reduced to 
some extent after significant weight loss induced by bariatric surgery. 
References: Bankoglu, E.E., et al., Impact of weight loss induced by gastric bypass or 
caloric restriction on oxidative stress and genomic damage in obese Zucker rats. Free 
Radic Biol Med, 2016. 94: p. 208-17. 
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Formation of DNA-adducts of α-and β-asarone in vitro 

S. Stegmüller, A. Cartus, D. Schrenk 
University of Kaiserslautern, Food Chemistry and Toxicology, Kaiserslautern, Germany 

While α- and β-asarone are hepatocarcinogenic in mice and mutagenic in the Ames 
fluctuation assay, the mechanisms leading to these effects is not yet well understood. 
After clarification of the microsomal metabolism of both compounds and identification of 
metabolites, which are mutagenic in the Ames fluctuation assay, we wanted to investigate 
if these metabolites react with DNA and further if these reaction products are formed in 
primary rat hepatocytes after incubation with the parent compounds. Therefore, we tested 
the reactivity of putative reactive metabolites against nucleosides and analyzed the 
products by HPLC-UV/VIS, LC-MS/MS and NMR spectroscopy. 
Only with the two side-chain epoxides of the parent compounds adduct formation was 
seen with purine bases. Furthermore, both epoxides formed the DNA-adducts, N6-1'-
hydroxy-dihydro-asarone-2'-deoxyadenosine (N6-1'-OH-2H-A-dA) and N2-1'-hydroxy-
dihydro-asarone-2'-deoxyguanosine (N2-1'-OH-2H-A-dG). Chemical synthesis of these 
adducts allowed the quantification of adduct formation. Therefore, we developed a 
sensitive and specific isotope-dilution mass-spectrometric method. 
In vitro in primary rat hepatocytes we observed a concentration dependent formation of 
both adducts after 24 hours, the effect of β-asarone being more pronounced than that of 
α-asarone. In time course experiments we observed an increase of the amount of adduct 
until 6 hours (maximum) and a decrease over the next 42 hours, while even at the lowest 
substrate concentration (10 µM), there was no complete elimination of these adducts. 
Additionally, we applied an 18 hours recovery phase after 6 hours of incubation to 
examine if there is an decline in the amount of adducts. 
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Fate of micronuclei: Current knowledge and novel approaches 
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Micronuclei are extranuclear chromatin bodies surrounded by nuclear envelopes. The 
mechanisms leading to the formation of micronuclei are well understood but little is 
known about the potential fate of micronuclei and micronucleated cells. Four different 
possible scenarios will be presented: degradation of the micronucleus or the 
micronucleated cell, reincorporation into the main nucleus, extrusion from the cell, and 
persistence in the cytoplasm. Two additional fates need to be considered: premature 
chromosome condensation and the elimination of micronucleated cells by apoptosis, 
summing up to six potential fates for micronuclei and/or micronucleated cells. The limited 
data available shows that degradation and extrusion of micronuclei might occur in rare 
cases under specific conditions, reincorporation during the next mitosis occurs more 
often, and most of the micronuclei persist without alteration. Novel approaches are 
presented and discussed. 
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Impact of a suppressed Insulin/IGF signalling by OSI-906 in the BALB/c 3T3 cell 
transformation assay 
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Question: The insulin/IGF network is commonly dysregulated in human cancers. Upon 
activation of the insulin/IGF receptors several downstream pathways like PI3K-Akt-mTOR 
and Ras-Erk can contribute to cell proliferation, protein synthesis, apoptosis and energy 
metabolism. The aim was to investigate the influence of the insulin/IGF-1 receptor 
inhibitor OSI-906 (Linsitinib) on cellular transformation. Furthermore, the suitability of the 
BALB/c 3T3 cell transformation assay (BALB-CTA) for mechanistic analysis and 
screening of anti-cancer agents should be proven. 
Methods: The BALB-CTA mimics different stages of in vivo carcinogenicity and is a 
promising alternative to rodent bioassays. After treatment of BALB/c fibroblasts with a 
tumour initiator (3-Methylcholanthrene) and promotor (12-O-Tetradecanoylphorbol-13-
acetate), transformed cells start to grow as morphologically aberrant foci. The insulin/IGF-
1 receptor inhibitor OSI-906 was applied either as a chronic treatment or in different 
phases of transformation. The mechanistic mode of action of OSI-906 was investigated 

with western blot or immunofluorescence analysis and, additionally, several energy 
parameters (glucose, oxygen, ATP) were determined. 
Results: Preliminary investigations showed, that 1 µM OSI-906 successfully inhibited the 
phosphorylation of the insulin/IGF-1 receptor and decreased cell growth in non-
transformed BALB/c cells. The usage of OSI-906 as a chronic treatment in the BALB-
CTA significantly reduced cellular transformation. The administration of OSI-906 in 
different phases of transformation revealed that the inhibitor is already effective in the 
promotion phase of cell transformation. Furthermore, it was possible to show that the 
phosphorylation of GSK3, Erk and the S6 protein are not essential for the cell foci 
reducing effect of OSI-906. Moreover, the inhibition of Akt phosphorylation was identified 
as a fundamental feature for a diminished cell transformation. Crucial changes in 
parameters of energy metabolism were not detected. 
Conclusion: The use of the BALB-CTA made it possible to confirm results of OSI-906 
from animal studies and enhanced the knowledge of its mode of action. Therefore, this in 
vitro method offers the opportunity to analyse alterations in the transformation process 
more precisely and will be helpful to identify effective cancer treatments. 
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Urinary background excretion of acrylamide biomarkers 

K. Gömpel, T. Bakuradze, G. Eisenbrand, E. Richling 
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Question: Acrylamide (AA) is a process related food contaminant classified as probable 
human carcinogen (IARC class 2A) [1]. Average human dietary exposure estimates 
range from 0.4 to 1.9 µg/kg bw. Monitoring of urinary exposure biomarkers, such as the 
mercapturic acids N-acetyl-S-(2-carbamoylethyl)-L-cysteine (AAMA, formed from AA), 
and N-acetyl-S-(2-hydroxy-2-carbamoylethyl)-L-cysteine (GAMA, from the genotoxic 
metabolite glycidamide), reliably inform about short term exposure [2]. Human 
intervention studies with exactly controlled AA intake indicated background endogenous 
exposure in addition to nutritional intake [3]. This unexpected observation was to be 
substantiated by the present study [4]. 
Methods: A duplicate diet human intervention study was performed under strictly 
controlled conditions. A group of six volunteers was on AA minimized diet (max. 0.05 –
 0.06 μg/kg bw) throughout a 13-day study period. On day 6 they ingested stable isotope 
labeled 13C3D3-AA (1 μg/kg bw) in water. Total urine was collected during the whole study 
and urinary excretion of AAMA, GAMA as well as 13C3D3-AAMA was determined via 
HPLC-ESI-MS/MS. 
Results: After 13 days on AA minimized diet, a sustained AAMA baseline level of 0.14 ± 
0.10 μmol/d was observed, whereas the AA intake was only about 0.06 μmol/d. The 
stable isotope labeled 13C3D3-AA (1 µg/kg bw) tracer was practically completely excreted 
(41 %) as the respective mercapturic acid 13C3D3-AAMA 96 h after intake. Of note, 30 h 
after intake, the excretion of the 13C3D3-AAMA intersected with the unlabeled AAMA 
background signal to approach its limit of detection. 
Conclusion: The over proportional AAMA excretion suggested an endogenous AA 
baseline exposure level of 0.3 – 0.4 μg/kg bw/d. The observed excretion kinetics of 
13C3D3-AAMA rules out storage/delayed release of AA or its biomarkers from deep body 
compartments. Taken together these results support strongly the hypothesis of a 
sustained endogenous AA formation in the human body. 
References: [1] IARC (1994) Evaluation of carcinogenic risks to humans. IARC 
monographs 60; [2] EFSA (2015) Scientific Opinion on acrylamide in food EFSA Journal 
2015 13:321; [3] Ruenz et al. (2016) Arch Toxicol 90:873–881; [4] Goempel et al. (2017) 
Arch Toxicol https://doi.org/10.1007/s00204-017-1990-1 
The study was funded by the Institute for Scientific Information on Coffee (ISIC). 
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Objective: Little is known whether genetic variants identified in genome-wide association 
studies interact to increase bladder cancer risk. Recently, we identified two- and three-
variant combinations associated with a particular increase of bladder cancer risk in a 
urinary bladder cancer case-control series (IfADo, 1501 cases, 1565 controls). 
Methods: In an independent case-control series (Nijmegen Bladder Cancer Study, 
NBCS, 1468 cases, 1720 controls) we confirmed these two- and three-variant 
combinations. Pooled analysis of the two studies as discovery group (IfADo-NBCS) 
resulted in sufficient statistical power to test up to four-variant combinations by a logistic 
regression approach. The New England and Spanish Bladder Cancer Studies (2080 
cases and 2167 controls) were used as a replication series. 
Results: Twelve previously identified risk variants were considered. The strongest four-
variant combination was obtained in never smokers. The combination of rs1014971[AA] 
near APOBEC3A and CBX6, SLC14A1 exon SNP rs1058396[AG,GG], UGT1A intron 
SNP rs11892031[AA], and rs8102137[CC,CT] near CCNE resulted in an odds ratio of 
2.59 (95% CI = 1.93-3.47; P = 1.87×10-10), while the individual variant odds ratios 
ranged only between 1.11-1.30. The combination replicated in the New England and 
Spanish bladder Cancer Studies (OR=1.60, 95% CI = 1.10-2.33; P = 0.013). The four-
variant combination is relatively frequent, with 25% in never smoking cases and 11% in 
never smoking controls (total study group: 19% cases, 14% controls). 
Conclusions: In conclusion, we show that four high risk variants can statistically interact 
to confer increased bladder cancer risk particularly in never smokers. 
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Time- and concentration-dependent DNA adduct formation after incubation of 
primary rat hepatocytes with estragole 
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Question: Estragole is a natural constituent in herbs and spices like basil, fennel, 
tarragon, anise and their essential oils. After CYP450-catalyzed bioactivation 
(hydroxylation) of the allylic side chain, estragole acts as a genotoxic hepatocarcinogen. 
In previous investigations we generated the DNA adducts N2-(isoestragole-3"-yl)-2"-
deoxyguanosine (E-3"-N2-dG) and N6-(isoestragole-3"-yl)-desoxyadenosine (E-3"-N6-dA) 
by incubating DNA bases with a reactive precursor. These DNA adducts were found in 
primary rat hepatocytes (pRH) after incubation with estragole. Here, we investigated the 
time- and concentration-dependent formation of E-3"-N2-dG and E-3"-N6-dA in pRH. 
Methods: For the measurement of DNA adduct formation pRH were isolated via 
collagenase perfusion. After 4 h in culture, medium (DMEM lg, 10 % FCS, 1 % 
Pen/Strep) was changed and cells were incubated with estragole for different incubation 
times (1 h, 12 h, 24 h, 48 h). After phenol-chloroform extraction of the DNA and 
enzymatic hydrolysis, the DNA adducts E-3"-N2-dG and E-3"-N6-dA were measured via 
HPLC-ESI-MS/MS using N2-(isomethyleugenol-3"-yl)-2"-deoxyguanosine as internal 
standard for quantification. 
Results: The DNA adduct E-3"-N2-dG could be detected at all incubation times. The LOQ 
of 91 adducts per 108 nucleotides was exceeded at an incubation time of 1h and a 
concentration of 50 µM. At all incubation times DNA adduct formation was concentration-
dependent E-3"-N2-dG being the major adduct found. E-3"-N6-dA adduct formation was 
only observed after incubation times longer than 12 h. The LOQ (91 adducts per 108 
nucleotides) was only exceeded in incubations of pRH with concentrations above 150 µM 
estragole after 48 h. 
Conclusion: In summary we could show that E-3"-N2-dG is the major DNA adduct 
formed after incubation of pRH with the natural food constituent estragole. Formation of 
E-3"-N2-dG was concentration-dependent and increased with higher incubation times. E-
3"-N6-dA was detected only after incubation times over 12 h and at higher estragole 
concentrations. These findings will support the further risk assessment of human 
exposure towards estragole in food. 
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Fatty acid esters of glycidol (glycidyl esters) are heat-induced contaminants formed 
during industrial deodorization of vegetable fats. After consumption, the esters are 
digested in the gastrointestinal tract, leading to a systemic exposure to glycidol. The 
compound is carcinogenic, genotoxic and teratogenic in rodents and rated as probably 
carcinogenic to humans (IARC group 2A). In order to better assess the exposure to 
dietary glycidyl esters, we devised a technique to determine the glycidol adduct at the N-
terminal valine of hemoglobin, N-(2,3-dihydroxypropyl)-valine (2,3-diHOPr-Val), using a 
modified Edman degradation. The resulting analyte, 2,3-diHOPr-Val fluorescein 
thiohydantoin (DHP-Val-FTH), is quantified by ultra performance liquid chromatography-
tandem mass spectrometry (UPLC-MS/MS) and DHP-Val-d7-FTH as internal standard 

(Hielscher et al. (2017) J. Chromatogr. B. 1059, 7). Here we used the technique to test 
the hypothesis that a high dietary intake of glycidol leads to a detectable increase of 2,3-
diHOPr-Val levels in humans (proof of principle). A controlled intervention study was 
conducted with 12 healthy participants consuming a daily portion of about 35 g 
commercially available palm fat with relatively high content (8.7 mg glycidol/kg) over four 
weeks (total amount 1 kg fat). This led to an increase of the mean adduct level from 3.2 
to 9.8 pmol 2,3-diHOPr-Val/g hemoglobin, indicating that dietary glycidol exposure may 
be the main determining factor of the 2,3-diHOPr-Val levels in humans. In the following 
wash-out phase over 15 weeks, the adduct levels dropped with apparent zero-order 
kinetics to the starting levels. A model was developed for the description and the fitting of 
observed kinetics. This may be used to estimate the glycidol exposure from a measured 
steady-state level of 2,3-diHOPr-Val. 
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Anti-inflammatory role of myeloid-derived suppressor cells in asthma in vivo 
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M. Glück2, J. S. Antony2, M. S. D. Kormann2, A. Hector2, B. Nürnberg1, D. Hartl2 
1Institute of Experimental and Clinical Pharmacology and Toxicology, University Hospital 
Tuebingen, Department of Pharmacology and Experimental Therapy, Tübingen, 
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2Children's Hospital of the University of Tübingen, Pediatric Infectiology, Immunology & 
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Rationale: Asthma is a chronic lung inflammatory disease driven by over-activation of T 
helper 2 (Th2) cells. Myeloid-derived suppressor cells (MDSCs) are innate immune cells 
characterized by their potential to suppress T-cell response. 
Objectives: To characterize MDSCs accumulation and function in allergic asthmain vivo. 
Methods: Allergic airway inflammation was induced in mice by ovalbumin (OVA) and 
house dust mite (HDM) challenge. MDSC accumulation was quantified by flow cytometry. 
To assess the functional in vivo impact, MDSCs were adoptively transferred intravenously 
(IV) or intratracheally (IT). 
Measurments and main Results: Our studies demonstrate that neutrophilic MDSCs 
(PMN-MDSCs) are decreased in the bronchoalveolar lavage fluid (BALF) and lungs of 
allergic airway inflammationin vivo. IV- or IT-transferred PMN-MDSCs were recruited to 
the lungs and BALF of asthmatic mice and suppressed the infiltration and local activity of 
Th2 and Th17 inflammatory cells. Adoptively transferred PMN-MDSCs reduced PAS-
positive cells, pulmonary histopathological inflammatory scores and ameliorated airway 
hyperresponsiveness in asthmatic mice. Infiltration of inflammatory cells and pro-
inflammatory cytokines released in BALF as well as expression of lung inflammatory 
transcription factors was decreased after PMN-MDSCs transfer. Arginase1 (Arg1), nitric 
oxide synthase (NOS) 2, Cyclooxygenase (COX) 2 and A20 pathway were involved in the 
anti-inflammatory role of MDSCs in asthmatic mice. 
Conclusions: Collectively, our results demonstratethat MDSCs suppress Th2-dominant 
inflammation and improve lung function in asthmatic mice in vivo. Adoptive cellular 
transfer of MDSCs may represent an attractive therapeutic strategy for allergic asthma. 
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Antimicrobial endotoxin-neutralizing peptides promote keratinocyte migration and 
accelerate wound healing in vivo 

A. Pfalzgraff1, S. Bárcena-Varela2, L. Heinbockel3, K. Brandenburg3  
G. Martinez de Tejada2, G. Weindl1 
1Freie Universität Berlin, Institut für Pharmazie, Berlin, Germany 
2Universidad de Navarra, Department of Microbiology and Parasitology, Pamplona, 
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3Forschungszentrum Borstel, Forschungsgruppe Biophysik, Borstel, Germany 

Question: Wound healing is a complex process that is essential to provide skin 
homeostasis. Failures during wound recovery can cause the formation of chronic wounds 
which often remain in the inflammatory phase and are challenging to heal. The 
consequent skin barrier disruption allows microbial pathogens such as Staphylococcus 
aureus to invade the underlying tissue resulting in delayed or impaired wound healing. 
Previously, we demonstrated that the antimicrobial endotoxin-neutralizing peptide Pep19-
2.5 promotes artificial wound closure in keratinocytes. In this study, we wanted to gain 
further insights into the mechanism of peptide-induced cell migration. Moreover, we 
aimed to investigate if Pep19-2.5 is capable of accelerating wound closure in vivo. 
Methods: For in vivo experiments female Balb/c mice were dorsally wounded with a 5 
mm biopsy punch and infected with methicillin-resistant S. aureus or left un-infected. 
Afterwards, wounds were topically treated with a vehicle control, Pep19-2.5 or LL-37 
twice daily for 6 days. For in vitro experiments, HaCaT keratinocytes and P2X7R-
overexpressing HEK293 cells were used. Cell migration was determined using the wound 
healing scratch assay. Phosphorylation of epidermal growth factor receptor (EGFR) and 
ERK1/2 was detected by Western Blot. Cell viability was determined by MTT assay. 
Peptide-mediated calcium influx was monitored over time in a plate reader using the 
Ca2+-sensitive dye Calbryte 520. 
Results: In both un-infected and MRSA-infected wounds the wound diameter was 
strongly reduced already at day 2 post-wounding in the Pep19-2.5-treated groups. At day 
6 post-wounding the wound diameter of Pep19-2.5-treated mice was reduced by 50-80%, 
while the wound diameter of vehicle-treated mice was only slightly reduced or even 
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increased. In HaCaT cells, Pep19-2.5 induced cell migration, phosphorylation of EGFR 
and ERK1/2 and increased cytosolic calcium were reduced in the presence of the P2X7R 
antagonist KN-62. The importance of P2X7R in Pep19-2.5 promoted cell migration was 
further confirmed in P2X7R-transfected HEK293 cells. 
Conclusion: Our data suggest the potential application of Pep19-2.5 in the treatment of 
uninfected and S. aureus-infected wounds and provide new insights into the mechanism 
involved in Pep19-2.5-induced wound healing. 
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Role of the upstream open reading frame (uORF) in the human inducible nitric 
oxide synthase (iNOS) mRNA and the influence of the nonsense mediated mRNA 
decay (NMD) on iNOS expression 

F. Gather1, K. Schmitz2, K. Koch3, A. Pautz1, H. Kleinert1 
1Medical Center of the Johannes Gutenberg University Mainz, Department of 
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Question: Nitric oxide (NO), produced in high amounts by the inducible NO synthase 
(iNOS) after induction of its expression by cytokines, can have beneficial microbicidal, 
antiparasital, antiviral and antitumoral effects. In contrast, aberrant iNOS induction may 
have detrimental consequences and seems to be important for the pathophysiology of 
autoimmune diseases or septic shock. 
Analyses of the human iNOS gene structure revealed the existence of an upstream open 
reading frame (uORF) in the 5"-untranslated sequence (5"-UTR, in exon 1). As eucaryotic 
mRNAs are monocistronic, the translation of the bona fide iNOS coding sequence may 
be regulated by this uORF. The uORF stop codon is located about 50 bp upstream to the 
first intron, which indicates a putative involvement of the nonsense mediated mRNA 
decay (NMD) mechanism in the regulation of iNOS expression. 
Methods: The function of the uORF was analyzed by different EGFP and luciferase 
reporter constructs in human DLD1 cells. Cap dependency of translation was analyzed by 
cloning a stem loop structure in front of the iNOS 5"-UTR. Internal ribosomal entry site 
(IRES) activity was analyzed by transfection of constructs coding for a bicistronic renilla-
firefly luciferase mRNA. NMD effects on iNOS expression were analyzed by transfection 
of plasmids containing the first two exons and the first intron of the iNOS gene (with or 
without a mutated uORF) in front of a luciferase gene and by siRNA-mediated 
downregulation of the essential NMD factor UPF1. 
Results: Transfection of uORF-EGFP fusion constructs showed the translatability of the 
uORF. Blocking the cap-dependent translation led to a remarkable loss of luciferase 
activity in with iNOS 5"-UTR luciferase constructs transfected cells. Furthermore, an IRES 
activity in the iNOS 5"-UTR could be ruled out. Constructs with different Kozak 
sequences showed a decrease of EGFP expression in cells with optimized Kozak 
sequence of the uORF. 
The mutation of the uORF showed a twofold enhancement of luciferase activity in 
comparison to the wildtype uORF in constructs also containing Intron 1. NMD 
downregulation resulted in enhanced cytokine-induced iNOS mRNA and protein 
expression as well as increased luciferase mRNA expression. 
Conclusion: Therefore, we assume that iNOS expression is cap-dependent and only 
possible due to a leaky scanning mechanism relating to the weak Kozak sequence of the 
uORF. The NMD has a regulatory effect on iNOS expression. 
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Fine-tuning chemokine expression by a SIN3A-associated Pol II-complex    
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The cytokine interleukin IL-1 is an important mediator during inflammation. Compared to 
the cytoplasmic pathways, the nuclear signaling network is significantly less understood. 
Besides NF-κB, further transcription factors and coregulators are recruited to IL-1-
induced genes. These observations point to complex cooperative modes by which these 
factors regulate gene expression. To identify new cofactors involved in the regulation of 
IL-1-dependent genes at the level of chromatin we performed a restricted RNAi screen in 
MEFs searching for factors required for their regulation. This resulted in the identification 
of 22 potential nuclear coregulators of the IL-1 signaling pathway. Of these, the 
transcriptional regulator SIN3A showed an IL-1-dependent recruitment to chemokine 
genes. SIN3A represents a previously unknown component of this pathway. It has been 
mainly characterized as a scaffold protein for corepressor complexes. In contrast, our 
results obtained by ChIP-PCRs and ChIP-seq experiments revealed that SIN3A is 
corecruited to transcribed genes together with the active RNA-polymerase II. The 
chromatin association of SIN3A at NF-κB target genes is blocked by the inhibition of the 
kinases TAK1/IKK2 or by knockdown of NF-κB p65. Moreover, Pol II activity is required 
for SIN3A chromatin binding. These findings are compatible with the formation of a 
SIN3A-associated Pol II complex whose function may be to prevent excessive expression 
of inflammatory mRNAs. PTMs of SIN3A may also play a role in the regulation of these 
processes as data obtained by means of phospho-specific antibodies and CRISPR/Cas9-
mediated deletion of two phosphorylation sites (S277/T284) indicate that phosphorylation 
of SIN3A restricts maximal expression of IL-1-induced transcripts. We determined the 
SIN3A interactome of wt and mutant cell lines from multiple CoIPs analyzed by label-free 
mass spectrometry. These data show that endogenous SIN3A and ∆SIN3A coprecipitate 

with components of the canonical SIN3A corepressor complex, whereas the P-site 
mutant interacts with several additional cofactors, suggesting that phosphorylation 
normally restricts transient or unstable interactions. Moreover, we found several new 
interactors of SIN3A and also some IL-1-regulated cofactors within this 
complex. Collectively, these data start to reveal a framework of DNA elements and 
chromatin factors and the hierarchical organization of p65-dependent nuclear pathways 
driving sterile inflammatory reactions. 
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The PAR4 thrombin receptor supports wound-healing responses in dermal 
fibroblasts under high glucose conditions 

A. Fender1, K. Schrör2 
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Question: Delayed dermal healing in diabetes is largely attributable to impaired 
keratinocyte and fibroblast function. Thrombin contributes to cutaneous inflammation and 
healing. The role of PAR4 thrombin receptors in dermal fibroblasts and keratinocytes 
cultured under high glucose conditions was therefore examined. 
Methods: Normal human dermal fibroblasts (NHDF) and keratinocytes were cultured in 
low (LG, 5.5. mM) or high (HG, 25 mM) glucose medium (10 % FCS) over at least 3 
passages and were synchronized with 2% serum for 24h prior to study. Gene and protein 
expression levels were determined by realtime PCR and western blotting, wound closure 
by scratch assay in absence or presence of mitomycin. Oxidative stress was assessed 
with fluorescent probes for intracellular H2O2 and superoxide, oxidized proteins and 
senescence with commercial kits. 
Results: PAR4 mRNA and protein levels were higher in NHDF and keratinocytes 
maintained in HG cultures, and adapted rapidly to incremental changes in extracellular 
glucose. HG-NHDF showed reduced basal migration and proliferation than LG cells but 
responded more strongly to thrombin so that a comparable degree of wound closure was 
achieved in both conditions. Thrombin-stimulated wound closure was more sensitive to 
PAR4 inhibition in HG-NHDF vs. LG cells. Basal IL-6, IL-8, Il-1β and TGFβ mRNA levels 
were higher in HG-NHDF; thrombin addition further increased IL-6 and Il-1β, more 
strongly in HG than LG cells, but further upregulated IL-8 and TGFβ only in LG cells. 
Senescence was modestly induced by thrombin in HG but not LG-NHDF. Intracellular 
H2O2 was higher in resting HG-NHDF, and thrombin-stimulated levels were more 
sensitive to PAR4 inhibition. Other redox markers were comparable in all groups. 
Conditioned medium from HG-NHDF decreased migration and oxidative stress in 
keratinocytes, even more so when HG-NHDF were also exposed to thrombin. 
Conclusion: PAR4 expression in dermal fibroblasts and keratinocytes adapts 
dynamically to extracellular glucose levels. PAR4 induction under HG conditions is 
associated with stronger migratory, proliferative, inflammatory and pro-oxidant fibroblast 
function, and appears to impact on fibroblast-keratinocyte cross-talk. PAR4 potentially 
supports wound-healing in hyperglycemic settings, which has implications for the use of 
the emerging PAR4-targeting antiplatelet agents in diabetic patients. 
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The histamine H4-receptor affects experimental colitis due to its functional 
expression on epithelial cells of the mouse colon 

K. Bittkau, L. Bringmann, D. Bösche, R. Isaev, B. Schirmer, R. Seifert  
D. Neumann 
Hannover Medical School, Institute of Pharmacology, Hanover, Germany 

In intestinal samples of patients with inflammatory bowel diseases (IBD) and in intestinal 
samples of animals subjected to IBD models, histamine is found in rather high 
concentrations. Histamine binds to four receptors, referred to as histamine H1-receptor 
(H1R), H2R, H3R, and H4R. Of these, the H4R is thought to be expressed on 
hematopoietic cells, thereby affecting inflammatory and immune reactions. Consequently, 
the blockade of the histamine H4-receptor (H4R) by either genetic or pharmacologic 
manipulation affects the outcome of chemically induced colitis in mice. 
In the present study we aimed at analyzing the expression of H4R in specific cells of the 
murine colon, followed by its functional characterization. 
Surprisingly, we found mRNA encoding the H4R in colonic epithelial cells obtained from 
BALB/c mice by either laser-captured micro dissection or by isolation of colonic crypts. 
Such crypts were grown in in vitro culture supported by a 3D-matrix to generate organo-
typic structures, i.e. colonoids. These organoids retained H4R expression. After 
processing organoids to monolayer cultures, a H4R-dependent decrease of the trans-
epithelial electric resistance due to histamine stimulation was observed. Finally, we 
confirmed the function of the H4R on non-hematopoietic cells such as epithelial cells by 
the generation of bone-marrow chimera of wild type and H4R-deficient mice, which were 
subjected to dextran sodium sulfate (DSS)-induced colitis. 
We conclude that the H4R is functionally expressed on colonic epithelial cells of BALB/c 
mice. It mediates the histamine-induced reduction of the epithelial barrier function and, 
thus, may affect the outcome of the IBD model DSS-induced colitis.

S21



Pharmacology – Membrane transporters 
 
84 

Establishment and validation of competitive counterflow as a method to detect 
substrates of OATP2B1  

A. Schäfer, C. Ferreira, H. Meyer zu Schwabedissen 
University of Basel, Department of Pharmaceutical Sciences, Biopharmazie, Basel, 
Switzerland 

Question: In the late 1950s the method of competitive counterflow (CCF) was introduced 
allowing substrate identification without direct quantification of the studied compound [1]. 
This method has recently been applied for the identification of a substrate of the Organic 
Cation Transporter 1 (OCT1) [2]. The question we are focus on in this study is to test 
whether the method of CCF can also be applied to identify substrates of Organic Anion 
Transporting Polypeptides (OATPs) focusing on the ubiquitously expressed OATP2B1, 
and comparing different methods for cellular overexpression. 
Methods: For transient cellular overexpression we used a vTF7 and an adenoviral 
system. In the vTF7 system, expression of the transporter is based on an attenuated 
vaccinia virus encoding for T7 RNA polymerase, which drives expression of the gene of 
interest inserted in a transiently transfected plasmid. In addition, previously reported 
MDCKII-OATP2B1 cells were used [3]. Expression and localization of the transporter was 
determined by Western blot analysis and immunofluorescent staining. Transport inhibition 
and CCF experiments were performed with the known OATP2B1 substrate estrone 3-
sulfate (E1S). 
Results: A library of 40 compounds was gathered summarizing known substrates, known 
inhibitors, compounds where OATP2B1 interaction has been excluded, and molecules 
where interaction is likely due to chemical structure. Interaction with OATP2B1-mediated 
transport was tested using MDCKII-OATP2B1 cells, validating inhibition by most 
previously described inhibitors and substrates. A protocol for CCF was established and 
tested for its applicability comparing the different expression systems. Our data suggest 
that only the MDCKII-OATP2B1 and the vTF7-based system are applicable for CCF. 
Testing the impact of the molecules in the library on the cellular equilibrium of E1S in 
CCF we were able to observe changes for most previously reported substrates. However, 
results from the CCF suggest that some of the known inhibitors are also substrates of 
OATP2B1. 
Conclusions: Taken together, CCF can be used as an alternative method to detect 
substrates of OATP2B1. Nevertheless, further studies are warranted to prove the 
reliability of this method. 
References: 
[1]Rosenberg T et al. Gen Physiol, 1957;41(2): 289-96 
[2]Harper JN et al. Renal Physiol, 2013; 304 (1): 56-67 
[3] Grube M et al. Clin Pharmacol Ther 2006; 80(6): 607-20 
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The organic anion transporting polypeptide 2B1 (OATP2B1) is involved in absorption and 
distribution of several drugs. However, intestinal localization of OATP2B1 is still 
controversial. Previous clinical studies in human indicated an apical localization as 
concluded from drug interaction studies with fruit juices whereas OATP2B1 substrates 
like phase II metabolites such as sulphates are not absorbed from the upper intestinal 
lumen. In order to clarify these contradictory findings, we investigated the localization and 
function of OATP2B1 in both, human intestine and Caco-2 cells, which are frequently 
used in vitro models to study intestinal transport. 
Brush border membrane (BBM) was isolated from healthy tissues from six patients using 
a well-established method. Expression of OATP2B1 and other intestinal transporters 
were quantified in BBM and basolateral membrane by mass spectrometry-based targeted 
proteomics. In parallel, localization of OATP2B1 and the apically expressed P-
glycoprotein (Pgp) in Caco-2 cells were characterized by immunofluorescence staining. 
Functionality of OATP2B1 was investigated in freshly exercised human intestine mounted 
into an Ussing chamber. The transport of the two OATP2B1 substrates sulfasalazine and 
pravastatin from the apical to basolateral compartment (a>b) and vice versa (b>a) were 
investigated in presence or absence of the OATP2B1 inhibitors rifampicin and naringin. 
Moreover, vectorial transport of sulfasalazine and pravastatin were measured in 
Transwell™ assays using Caco-2 cells. 
OATP2B1 and also MRP3 and the Na+/K+-ATPase showed a significantly higher 
enrichment in the basolateral membrane than in the BBM. In contrast, the apically 
localized transporters PEPT1 and MRP2 were accumulated in the BBM. Basolateral 
localization of OATP2B1 and apical localization of Pgp could be confirmed in Caco-2 
cells. In Ussing chamber experiments, sulfasalazine and pravastatin showed a 
predominantly b>a transport which was reduced in presence of the OATP2B1 inhibitors 
naringin and rifampicin. In Caco-2 cells, sulfasalazine and pravastatin showed a similar 
b>a transport which was reduced significantly in presence of rifampicin and naringin. 
Our data on localization and function of OATP2B1 indicate a basolateral localization of 
the transporter in both, human jejunum and Caco-2 cells. Thus, intestinal uptake of 
OATP2B1 substrates might be dependent on other mechanisms like passive diffusion or 
involvement of so far unknown transporters. 
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Sodium-dependent organic anion transporter SOAT (SLC10A6): Genetic variants in 
men and lessons from the Slc10a6−/− knockout mouse 
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In contrast to free steroid hormones, which act via nuclear receptors, sulfo-conjugated 
steroid hormones are biologically inactive at these receptors. Steroid sulfates reach 
plasma concentrations much higher than the plasma concentrations of the corresponding 
free steroids. Sulfo-conjugation represents an inactivation step for steroid hormones. 
However, the enzyme steroid sulfatase (STS) can de-conjugate, and thus re-activate 
sulfo-conjugated steroid hormones but prior to cleavage, steroid sulfates must be 
imported into STS-expressing target cells. Due to their negative charge, this requires 
regulated uptake via plasma membrane transporters. SOAT represents such a 
transporter and has high specificity for sulfo-conjugated steroid hormones. SOAT is 
highly expressed in testicular germ cells and is supposed to be involved in the regulation 
of spermatogenesis. To elucidate if functionally impaired SOAT variants might be more 
frequent in males with reproductive problems or infertility, SOAT genetic variants were 
analyzed for transport function and membrane expression. Several variants showed no 
transport activity at all. In some cases, this was due to reduced plasma membrane 
expression. Other variants are located directly at or close to the supposed Na+ binding 
sites and thus could disable the sodium-coupled transport cycle. 
An Slc10a6−/− knockout mouse model was established to elucidate the role of Soat in 
reproduction. However, the knockout mice were fertile and had normal spermatogenesis 
and sperm vitality. This suggests that the loss of Soat can be compensated in the 
knockout mice or that Soat function is not essential for reproduction. In addition, a 
targeted steroid analysis including 9 un-conjugated and 12 sulfo-conjugated steroids was 
performed in serum of knockout and wildtype mice. Interestingly, male knockout mice 
showed significantly higher serum levels for cholesterol sulfate compared to their wildtype 
controls. As cholesterol sulfate has a broader impact apart from the testis, further 
analysis of this phenotype will include other organs such as skin, which also shows high 
Soat expression in the mouse. 
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Opioids as substrates and inhibitors of the geneticly polymorphic organic cation 
transporter OCT1: What comes after tramadol, codeine, and morphine?  
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Organic cation transporter 1 (OCT1, SLC22A1) is strongly expressed in the sinusoidal 
membrane of human hepatocytes. It mediates the hepatocellular uptake of cationic and 
weakly basic drugs and may be a limiting step in their metabolism. OCT1 is highly 
genetically variable. Nine percent of Europeans carry two reduced-activity or even 
completely inactive copies of the OCT1 gene in their genomes. We and others showed 
that this leads to altered pharmacokinetics and efficacy of the opioids tramadol, codeine, 
and morphine in these individuals and suggested that it may also result in increased risk 
of toxicities.  
Here we report an in vitro screen that aims to identify other opioids that are substrates or 
inhibitors of OCT1. Twenty-three commonly used opioids or their major metabolites were 
tested for their ability to diffuse through artificial membranes, to inhibit OCT1-mediated 
uptake of ASP+, and to be transported by OCT1. Fourteen out of the 23 substances 
inhibited OCT1-mediated uptake with IC50 below 100 µM; two with IC50 below 10 µM. 
Seven substances were identified as OCT1 substrates. They showed more than two-fold 
increase in the cellular uptake in OCT1-overexpressing compared to control HEK293 
cells. Three of them showed more than five-fold increased uptake. Among the different 
parameters tested (molecular size, pKA, logD7.4, IC50) the permeability through artificial 
membranes (Pe) was the best predictor of substrates among the substances tested. For 
five substrates the effects of OCT1 polymorphisms were tested and the role of OCT1 in 
their hepatocellular uptake was confirmed in primary human hepatocytes. 
In conclusion, beyond tramadol, codeine, and morphine at least two other clinically used 
opioids are OCT1 substrates. The effects of OCT1 polymorphisms on the 
pharmacokinetics and efficacy of these opioids in humans should be analysed. 
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Alternative polyadenylation of ABC-transporters: Consequences in 
posttranscriptional regulation and transporter mediated pharmacoresistances 
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Question: The 3"-UTR is an important regulatory motif of gene expression and the main 
binding site for microRNAs. Database analysis of ABC-drug transporter 3"-UTRs revealed 
diverse length variations may leading to consequences for microRNA/mRNA interactions, 
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posttranscriptional regulation, altered gene expression and drug transporter mediated 
pharmacoresistances. The main questions of this study were: which 3"-UTR length 
variations exists for the major drug efflux transporters ABCB1, ABCG2, ABCC1/C2/C3 
and whether there are differences between various cancer cell lines being sensitive or 
resistant against anti-cancer drugs. Further, what is the consequence of 3"-UTR length 
variants for the posttranscriptional regulation, expression and transporter-mediated drug 
resistance? 
Methods: Various PCR and 3´-RACE experiments were performed using cDNA of 
different cell lines and human tissue biopsies to identify 3"-UTR length variations of 
human drug transporters. The abundance of different 3´-UTR fragments between cell 
lines and human biopsies was analyzed using qRT-PCR. MicroRNA binding properties to 
3"-UTR length variants was examined using reporter gene assays. 
Results: Alternative polyadenylation was found in all analyzed ABC-drug transporters. 
Five different 3´-UTR length variants were identified for ABCB1 [1] and ABCC2, two for 
ABCC1 and four for ABCC3. Reported microRNA binding sites were mainly located only 
on prolonged fragments, microRNA/mRNA interactions failed to materialize on short 
fragments. The presence and quantity of 3"-UTR variants differs between cell lines, 
moreover, imatinib resistant leukemia cells expressed predominantly shorter  
3´-UTRs [1]. 
Conclusion: Shortening of the 3´-UTRs of ABC-drug transporters leads to a loss of 
microRNA-dependent post-transcriptional mRNA silencing and causes elevated protein 
levels and transporter mediated drug resistances. Additionally our findings may explain 
why the results of numerous studies analyzing the association of microRNAs and drug 
resistances are often inconsistent. 
Reference: [1] Bruhn et al. (2016) Pharmacogenomics 17(4):327-40. 
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Specific inhibition of MRP4/ABCC4 attenuates integrin αIIbβ3 activation in platelets 
and affects the transport of pro-inflammatory mediators   
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Question: Multidrug resistance protein 4 (MRP4) is a versatile efflux transporter in 
platelets, known to transport second messenger molecules like cAMP and cGMP as well 
as some lipid mediators such as certain eicosanoids. Recently, we identified sphingosine-
1-phosphate (S1P), a potent pro-inflammatory mediator released from platelets, as 
another substrate of MRP4. The aim of this study was to characterize the effect of a 
selective MRP4 inhibitor (Ceefourin-1) on different signaling pathways of platelets 
activation and on the transport of signaling molecules. 
Methods: Flow cytometry was used to measure platelet-activation markers (CD62P 
surface expression; binding of FITC-labeled fibrinogen) after stimulation with different 
agonists and to determine the phosphorylation of vasodilator-stimulated phosphoprotein 
(VASP). In addition, transport studies were performed with 3H-labeled cGMP and FITC-
labeled S1P using membrane vesicles from MRP4-overexpressing SF9 cells and human 
platelets. 
Results: Aggregometry studies had already indicated a significant effect of Ceefourin-1 
on platelet function, especially when collagen or ADP were used as activating agents. In 
accordance with these results, we found that Ceefourin-1 significantly lowered the ADP-
induced activation of integrin αIIbβ3, indicated by binding of FITC-fibrinogen (about 50 % 
reduction at 50 µM Ceefourin-1 and 0.5 µM ADP). In comparison, P-selectin (CD62P) 
surface exposure as an indicator of platelet degranulation was affected to a minor extend. 
Furthermore, platelets incubated with Ceefourin-1 (50 µM) showed a 1.5 fold increase in 
PGE1 (1 µM)-induced VASP phosphorylation. Studies of ATP-dependent transport in 
isolated membrane vesicles revealed a potent inhibition of cGMP (1 µM) transport by 
Ceefourin-1 (IC50 of 6 µM). FITC-S1P (5 µM) transport was also significantly affected (66 
± 15% and 85 ± 22 % inhibition at 50 µM Ceefourin-1 in MRP4-Sf9 and human platelet 
vesicles, respectively; Mean ± SEM). 
Conclusion: The selective MRP4 inhibitor Ceefourin-1 was able to interfere with integrin 
αIIbβ3 activation in platelets. This finding involves an elevated VASP phosphorylation, 
which might be a result of an impaired cyclic nucleotide extrusion or sequestration due to 
MRP4 inhibition. Beside the potent inhibition of cyclic nucleotide transport, Ceefourin-1 
can also affect the transport of pro-inflammatory mediators such as S1P. 
R.W. and S.G. were supported by the Gerhard Domagk program of the UMG. 
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Relationship between heart failure, concurrent chronic obstructive pulmonary 
disease andbeta-blocker use: A Danish nationwide cohort study 

M. Sessa1, A. Mascolo1, R. N. Mortensen2, M. P. Andersen2, G. M. C. Rosano3  
A. Capuano1, F. Rossi1, G. Gislason4, H. Enghusen-Poulsen5, C. Torp-Pedersen2 
1University of Campania "L. Vanvitelli", Department of Experimental Medicine, Napoli, 
Italy 
2Aalborg University Hospital, Unit of Epidemiology and Biostatistics, Aalborg, Denmark 
3St. George's University of London, Cardiovascular and Cell Sciences Research Institute, 
London,United Kingdom 
4The Danish Heart Foundation, Copenhagen, Denmark 
5Rigshospitalet, Laboratory of Clinical Pharmacology, Copenhagen, Denmark 

Aims: To compare the hazard of all-cause, chronic obstructive pulmonary disease 
(COPD), and heart failure (HF) hospitalizations between carvedilol and 

metoprolol/bisoprolol/nebivolol users with COPD and concurrent HF from 2009-2012, and 
to evaluate the use of and persistence in treatment with these beta blockers, their impact 
on the risk of COPD-related hospitalization, and the factors important for their selection. 
Methods and results: Cox and logistic regression were used for both unadjusted and 
adjusted analyses. Carvedilol users had a higher hazard of being hospitalized for HF 
compared with metoprolol/bisoprolol/nebivolol users in both the unadjusted (hazard ratio 
[HR] 1.74; 95% confidence interval [CI] 1.65-1.83) and adjusted (HR 1.61; 95%CI 1.52-
1.70) analyses. No statistically significant differences were found for all-cause and COPD 
hospitalization between the two groups. Carvedilol users had a statistically significant 
lower restricted mean persistence time than metoprolol/bisoprolol/nebivolol users. 
Patients exposed to carvedilol had an odds ratio (OR) of 1.38 (95%CI 1.23-1.56) for 
being hospitalized due to COPD within 60 days after redeeming the first carvedilol 
prescription which was similar to those observed for metoprolol/bisoprolol/nebivolol users 
(OR 1.37; 95%CI 1.27-1.48). Patients with concurrent chronic kidney disease had a 
higher probability of receiving carvedilol (OR 1.16; 95%CI 1.04-1.29). 
Conclusion: Carvedilol prescriptions carried an increased hazard of HF hospitalization 
and lower restricted mean persistence time among patients with COPD and concurrent 
HF. Additionally, we found a widespread phenomenon of carvedilol prescriptions at 
variance with ESC guidelines and potential for improving the proportion of patients 
treated with beta-blockers. 
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Decreased serum sphingosine-1-phosphate concentrations in subjects taking 
aspirin: Association analyses with blood cell-related parameters in the study of 
health in Pomerania cohort 

E. Moritz1,2, N. Friedrich3,2, E. Schwedhelm4,5, M. Bahls6,2, S. Groß6,2, G. Daum7,5  
S. B. Felix6,2, M. Dörr6,2, B. H. Rauch1,2 
1University Medicine Greifswald, Institute of Pharmacology, Department of General 
Pharmacology, Greifswald, Germany 
2DZHK (German Centre for Cardiovascular Research), Partner site Greifswald, 
Greifswald, Germany 
3University Medicine Greifswald, Institute of Clinical Chemistry and Laboratory Medicine, 
Greifswald, Germany 
4University Medical Center Hamburg-Eppendorf, Institute of Clinical Pharmacology and 
Toxicology, Hamburg, Germany 
5DZHK (German Centre for Cardiovascular Research), Partner site Hamburg/Kiel/Lübeck, 
Hamburg, Germany 
6University Medicine Greifswald, Department of Internal Medicine B, Greifswald, 
Germany 
7University Medical Center Hamburg-Eppendorf, Clinic and Polyclinic for Vascular 
Medicine, Hamburg, Germany 

Question: The platelet-derived sphingosine-1-phosphate (S1P) is a bioactive signaling 
lipid involved in numerous biological processes such as inflammatory and 
immunomodulatory responses as well as vascular homeostasis. The secretion of S1P 
from platelets is dependent on the formation of thromboxane and subsequent activation 
of the thromboxane receptor. S1P does not only play a role as mediator but also as a 
biomarker for cardiovascular pathologies as altered concentrations are associated with 
coronary artery and peripheral vascular diseases. Recently, we determined a reference 
range for serum S1P (0.534 - 1.242 µmol/L) in individuals without cardiometabolic 
disorders. The present study aims to identify associations between individual S1P 
concentrations and blood cell-related parameters and the impact of platelet aggregation 
inhibitors, e.g. aspirin, on serum S1P levels. 
Methods: We determined S1P concentrations in serum samples of 4,194 participants of 
the Study of Health in Pomerania (SHIP)-TREND cohort using liquid chromatography-
tandem mass spectrometry and performed association analyses, e.g. analyses of 
variance and linear regression models, with respective blood cell-related parameters and 
medication data. 
Results: The median age of the participants was 52 (1st - 3rd quartile: 40 - 64) years and 
52% were women. Serum S1P concentrations were significantly associated with white 
and red blood cell counts, hematocrit as well as platelet counts (p<0.01 for all). 
Individuals treated with platelet aggregation inhibitors, i.e. aspirin and clopidogrel, 
showed decreased S1P concentrations (no platelet aggregation inhibitors: 0.807 µmol/L 
vs. aspirin: 0.753 µmol/L vs. clopidogrel 0.730 µmol/L, p<0.01). 
Conclusion: The main source for S1P in blood is reflected by the strongest association 
found for platelet counts. Decreased S1P levels due to aspirin intake imply systemic 
effects of reduced S1P secretion from platelets. Modulating circulating S1P may be a 
potential therapeutic strategy in individuals at cardiovascular risk. 
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A cocktail study to assess pharmacokinetic interactions of acute ethanol intake 

C. Trueck1, M. Gazzaz1,2, M. Kinzig3, E. Schäffeler 4,5, M. Kinzig6, M. Jübner6  
C. H. Hsin1, X. Li1, M. Taubert1, J. Iltgeb-Breburda7, D. Kraus1,8, C. Queckenberg1,8  
M. Stoffel1, M. Schwab4,9,10, F. Sörgel3, U. Fuhr1 
1University Hospital Cologne, Department I of Pharmacology, Cologne, Germany 
2Umm Al-Qura University, Department of Clinical Pharmacy, Makkah, Saudi Arabia 
3Nürnberg-Heroldsberg, Institute for Biomedical and Pharmaceutical Research, Nürnberg, 
Germany 
4Dr. Margarete-Fischer-Bosch Institute of Clinical Pharmacology, Stuttgart, Germany 
5University of Tuebingen, Tübingen, Germany 
6University of Cologne, Faculty of Medicine, Institute of Legal Medicine, Cologne, 
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7University Hospital of Cologne, Pharmacy, Cologne, Germany 
8University Hospital Cologne, Clinical Trials Centre, Cologne, Germany 
9University Hospital Tuebingen, Department of Clinical Pharmacology, Tübingen, 
Germany 
10University of Tuebingen, Department of Pharmacy and Biochemistry, Tübingen, 
Germany 

Question: As ethanol is a frequently consumed recreational drug worldwide, are there 
any acute effects on pharmacokinetics of therapeutic drugs? Are there genetic risk 
factors for such interactions? 
Methods: Sixteen healthy Caucasians took part in a randomized crossover study with 
multiple administration of either ethanol (given as vodka targeting an average 
concentration of about 1 g/L of blood) or water. In both periods, an enzyme/transporter 
phenotyping cocktail was administered orally 2 hours after the first dose, consisting of 
caffeine (CYP1A2 and NAT2 substrate), tolbutamide (CYP2C9), omeprazole (CYP2C19), 
dextromethorphan (CYP2D6), digoxin (P-glycoprotein) and midazolam orally and 
intravenously (hepatic CYP3A, intestinal CYP3A). Ethanol breath and blood 
concentrations were determined and evaluated by population pharmacokinetics 
(NONMEM). Concentrations of phenotyping drugs and their metabolites were measured 
by LC-MS/MS, and pharmacokinetic parameters were calculated by standard 
noncompartmental approaches (midazolam: population pharmacokinetics). Genotyping 
for major variants of enzymes and transporters was done by the DMET™ Plus 
microarray. 
Results: The ratio of AUC0-24h of dextromethorphan for ethanol administration / water 
administration was 1.95 (90% CI 1.48-2.58), pointing at an inhibitory effect of ethanol on 
CYP2D6. The effect was most prominent for individuals with a CYP2D6 genotype 
predicting high activity (n=7, ratio 2.66, 90% CI 1.65-4.27) compared to those with 
moderate (n=6, 1.81, 90% CI 1.20-2.75) or very low/absent activity (n=3, 1.17, 90% CI 
0.83-1.65). Ethanol also raised the AUC0-24h of caffeine 1.38-fold (90% CI 1.25-1.52) via 
inhibition of CYP1A2 activity and reduced intestinal CYP3A activity (as quantified by 
extraction of midazolam) 0.77-fold (90% CI 0.69-0.86). For the other 
enzymes/transporters, there was no relevant effect by ethanol exposure. Ethanol caused 
expectable side effects e.g. nausea and dizziness. Cocktail drugs were well tolerated. 
Conclusion: The activity of most CYPs tested and of P-glycoprotein is not subject to 
meaningful effects by high acute ethanol exposure. Drinking may occasionally cause a 
relevant increase in concentrations of sensitive drugs metabolized by CYP2D6, CYP1A2 
or CYP3A4, especially in patients with a genotype predicting high activity of CYP2D6. 
Figure main pharmacokinetic parameters  
EG (Extractiongastrointestinal), CL(syst.) (CLsystemic), CL(ren.sec.) (CLrenale secretion) 
 
Figure 1 
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Glatiramer acetate, but not other conventional treatments for multiple sclerosis, 
directly alters platelet function and thrombin generation 

L. Schüngel1,2, S. Eichler2, S. G. Meuth2, K. Göbel2, B. E. Kehrel1 
1Klinik für Anästhesiologie, operative Intensivmedizin und Schmerztherapie, 
Universitätsklinikum Münster, Experimentelle & Klinische Haemostaseologie, Münster, 
Germany 
2Klinik für Allgemeine Neurologie, Universitätsklinikum Münster, Institute of Translational 
Neurology, Münster, Germany 

Question: Multiple sclerosis (MS) is an inflammatory and demyelinating disease of the 
central nervous system. To date there is no cure for the disease, but numerous disease-
modifying approaches help to improve clinical outcome and quality of life. Patients often 
show platelet abnormalities, such as thrombocytopenia and altered platelet activity, which 
may be attributed to some MS therapies, specifically glatiramer acetate (GA), 
independently of the underlying disease. Since platelets per se have been implicated in 
the pathophysiology of MS, systematic assessment of the potential direct platelet-
modulating effects of MS therapeutics is warranted. We therefore examined the impact of 
compounds conventionally used to treat MS patients on platelet activity ex vivo. 
Methods: Platelet-rich plasma (PRP) was prepared from citrated blood collected from 
healthy donors and pretreated for 30 min ± one of the following: GA, alemtuzumab, 
natalizumab, daclizumab, interferon beta-1a, teriflunomide, dimethyl fumarate or 
monomethyl fumarate in a range of concentrations. Platelet activation in response to 
adenosine diphosphate (ADP) or collagen was assessed by flow cytometric analysis of 
platelet fibrinogen binding. Furthermore, endogenous thrombin potential (eTP) and lag-
time of thrombin formation were measured in platelet poor plasma prepared from whole 
blood preincubated 30 min ± the above named study drugs. 
Results and conclusion: Of all investigated agents, only GA diminished platelet 
responsiveness to ADP or collagen and suppressed eTP; the lag-time of thrombin 
formation was accordingly increased compared to control. These findings indicate that 
conventional MS compounds, with the exception of GA, are unlikely to directly cause 
differences in platelet functional activity in MS. 
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Descriptive analysis of spontaneous reports contained in the adverse drug 
reaction database of the Federal Institute for Drugs and Medical Devices in 
Germany 

D. Dubrall1,2, M. Schmid1, J. C. Stingl2, N. Paeschke2, B. Sachs2 
1Uniklinikum Bonn, Institut für Medizinische Biometrie, Epidemiologie und Informatik, 
Bonn, Germany 
2Bundesinstitut für Arzneimittel und Medizinprodukte, Forschung, Bonn, Germany 

Background: The adverse drug reaction (ADR) database of the Federal Institute of 
Drugs and Medical devices (BfArM) contains reports of suspected ADRs submitted by 
physicians, pharmacists or consumers. The objective of this study was to descriptively 
analyze the spontaneous ADR reports contained in BfArM"s ADR database. 
Methods: About 370,000 spontaneous ADR reports originating from Germany from 1978 
up to 2016 were analyzed regarding their annual number, demographic parameters, 
primary reporting source, most frequently reported ADRs and suspected drugs. 
Results: The annual number of spontaneous reports has increased since 1978. More 
reports refer to the female gender from the age 15 onwards. Many of the most frequently 
reported ADRs were non-specific general symptoms. Psycholeptic drugs, antithrombotic 
drugs and antibiotics for systemic use are most often reported as suspected. Patients 
reported more frequently subjectively perceived ADRs, whereas physicians more often 
reported diagnosis or findings requiring medical expertise. 
Conclusion: The ADR-database allows high level and focused analysis to address drug 
safety relevant questions. The results of such analysis have to be put into the context of 
the spontaneous reporting systems. Patient reports may widen the spectrum of reported 
ADRs and constitute a valuable addition to the safety monitoring of drugs. 
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Severe reduction in tacrolimus concentrations with concomitant metamizole 
(dipyrone) therapy in five transplant patients 

A. Sigaroudi1, T. F. Mueller2, A. Jetter1, G. Kullak-Ublick1, S. Weiler1 
1University Hospital Zürich, Clinical Pharmacology and Toxicology, Zürich, Switzerland 
2University Hospital Zürich, Division of Nephrology, Zürich, Switzerland 

Question: Tacrolimus is an immunosuppressive drug approved for the prophylaxis of 
allogenic liver and kidney transplantation rejection. It is a substrate of cytochrome 
CYP3A4/3A5 and P-glycoprotein (Pgp) with the risk for drug-drug interactions. 
Metamizole (dipyrone), an analgesic drug used for pain and high fever, showed in vitro 
potential as an inducer of CYP2B6 and CYP3A4. Furthermore, in an in vivo study it 
decreased cyclosporine blood concentrations, which also is a substrate of CYP3A4/3A5. 
Tacrolimus and metamizole are frequently used in Switzerland.  
Methods: The Pharmacovigilance Centre Zurich received reports on potentially serious 
adverse events in four kidney and one liver transplant patients with severe decrease of 
tacrolimus trough concentrations after initiation of metamizole.  
Results: Five patients (age between 37 and 67 years), received a daily dose of 
tacrolimus between 3-38 mg.Tacrolimus concentrations rapidly decreased - even below 
quantification level – with a latency of less than 44 hours in 3 patients where close 
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monitoring was conducted after start of metamizole. In one patient, the 
immunosuppressive regimen was modified due to very high doses to maintain the 
therapeutic range. In all patients, tacrolimus concentrations increased after 
discontinuation of metamizole. Various factors with a potential to influence tacrolimus 
concentrations, such as co-medication with drugs which induce CYP3A4/A5 and Pgp 
activities among other variables (changes of albumin, glomerular filtration rate, 
haematocrite and C-reactive protein) were excluded.  
Conlusions: In patients with unexplained, sudden decrease of tacrolimus concentrations, 
a potential interaction with metamizole has to be considered besides other differential 
diagnoses. Therapeutic drug monitoring should regularly be performed after initiation of 
metamizole. Other risks, co-factors and mechanisms leading to this potentially critical 
interaction have to be elucidated in further studies. 
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Fifth Pharmacologic-Historical Forum: Scope, development and perspectives 

A. Philippu 
University of Innsbruck, Pharmacology and Toxicology, Innsbruck, Austria 

The "Pharmakologie - historisches Forum" was established five year ago. Aim of the 
Forum is to honour personalities of Pharmacology, Clinical Pharmacology and Toxicology 
of the various Universities of Germany who, with their research, have greatly contributed 
to the development of their scientific disciplines. Further scope of the Forum is to inform 
young pharmacologists and toxicologists about the achievements of their famous 
predecessors. 
The first Forum was initiated by Roland Seifert and organized by Brigitte Lohff and 
Athineos Philippu. The Forum was held during the 80. Annual Meeting of the DGPT in 
Hannover. Theme was the life and scientific work of Marthe Vogt and Edith Bülbring. The 
second Forum (Kiel, 2015) was dedicated to Heinz Lüllmann. The third Forum took place 
2016 in Berlin and was dedicated to the Pharmacologists of Berlin who lived and worked 
there after the Second World War as Hans Herken, Friedrich Jung, Helmut Coper, Helmut 
Kewitz. The years that Wolfgang Heubner has spent in Berlin have also been also 
reviewed. This fourth Forum of Heidelberg was honouring Wolfgang Heubner and Franz 
Gross. Both of them have been Professors and Heads of the Pharmakologisches Institut, 
Ruprecht-Karls-Universität Heidelberg. 
This fifth "Parmakologie - historisches Forum"  2018 is dedicated to Ludwig Lendle who, 
besides his scientific work, he also was greatly engaged in the extension of the scientific 
team of his Institute. He also founded a second Chair for Pharmacology and 
Neuropharmacology. 
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Ludwig Lendle 

G. Schmidt 

University Medical Center Göttingen, Institute of Pharmacology and Toxicology, 
Göttingen, Germany 

Ludwig Lendle was born 6.2.1899 at Wiesbaden. After having finished secondary school 
and taking part in world war one, he studied medicine at the universities of Frankfurt, 
Freiburg, and Giessen. Following the final examination and being promoted to doctor of 
medicine at Giessen, he entered the department of pharmacology as assistant to Prof. O. 
Gros at the university of Kiel in 1924. He then followed his professor to the university of 
Leipzig, where he passed the habilitation. After having worked in pharmacology in Berlin, 
he was appointed head of the department of pharmacology at the university of Münster in 
1936, then at Leipzig in 1943, and 1949 at Göttingen university. Lendles primary research 
foci were cardiac pharmacology, especial cardiac glycosides, combined actions of 
narcotic agents and the toxicology of cholinesterase inhibitors. Ludwig Lendle died 
19.8.1969 at Göttingen. In his time Lendle was one of the leading pharmacologists and 
toxicologists. He was a man, who persuaded others through his profound humanity and 
his strong belief in Christian ethics. 
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Differential regulation of the c-fos gene promoter by dual leucine zipper kinase 
(DLK) 

K. Köster1,2, J. E. Duque Escobar1,2, E. Oetjen1,2,3 
1University Medical Center Hamburg-Eppendorf, Institute for Clinical Pharmacology and 
Toxicology, Hamburg, Germany 
2DZHK (German Center for Cardiovascular Research), Hamburg/Kiel/Lübeck, Germany 
3University of Hamburg, Institute of Pharmacy, Hamburg, Germany 

Question: The DLK is expressed predominantly in brain, peripheral nervous system and 
also in the β-cells of the pancreas. Stimulation of the Kinase leads to seemingly 
contradictory responses in the nervous system, ranging from apoptosis to axon 
regeneration after injury [1]. Recent findings indicated that the activation of DLK 
contributes to the pathogenesis of Alzheimer"s disease through a new non-canonical 
pathway leading to increased phosphorylation of c-Fos protein [2]. Does the DLK also 
have an effect on the transcriptional activity of the human c-fos promoter? 
Methods: Transient transfections into the electrically excitable cell line HIT, luciferase 
reporter gene assays. 
Results: DLKwt, an empty vector and a kinase dead mutant of DLK, were co-transfected 
with a luciferase reporter gene under control of the human c-fos promoter (-711/+51). To 
identify the DLK responsive elements 5" and 3" deletions were studied.  DLKwt but not a 
kinase dead mutant of DLK, increased c-fos transcriptional activity 2.6 fold. In cells 
treated with KCl and forskolin c-fos promoter activity increased 7.9 fold; no further 
enhancement in promoter activity by DLKwt was detected. After transfection into HIT cells 
the activity of the c-fos promoter in full length compared to the deletions was investigated. 
5" deletion had no influence on basal promoter activity. Deletion of the proximal promoter 
elements enhanced promoter activity whereas further 3" deletion profoundly reduced it. 
The stimulatory effect of DLK on c-fos gene promoter activity was lost after 5" deletion of 
the SIE element. 3" deletion of the proximal promoter elements diminished the DLK 
responsiveness. 
Conclusion: The present data show that DLK enhanced c-fos gene promoter activity and 
indicate that SIE, known to bind STAT family members, and a proximal promoter element 
confer the stimulatory effect of DLK. 
[1] Tedeschi A., Bradke F.: EMBO Rep. 2013; 14(7): 605–614. 
[2] Huang et al.: 2017; Cell 168, 427–441 
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IGF-1-induced expression of the circadian gene BMAL-1 in temperature-
synchronized hypothalamic cells 

A. Breit, J. Schredelseker, T. Gudermann 
LMU, Walther Straub Institut, Munich, Germany 

Question: The circadian clock gene BMAL-1 affects vital body functions such as 
neuroendocrine actions of the hypothalamus. For instance circadian rhythms of the 
hypothalamic growth hormone (GH) and the insulin-like growth factor-1 (IGF-1) are 
crucial for the development and function of mammalians. Here, we postulated a feed-
back loop of IGF-1 on hypothalamic clock gene expression and thus analysed effects of 
IGF-1 on BMAL-1 expression in hypothalamic cell lines. 
Methods: BMAL-1 promoter activity was measured by reporter gene assay and BMAL-1 
protein expression by western-blot. Cellular signalling was blocked by chemical inhibitors 
or siRNA. Changes in body temperature were mimicked using precise temperature 
controlling incubators. 
Results: A single dose of IGF-1 enhances BMAL-1 promoter activity up to 16 h post 
stimulation at constant temperature of 37 ºC via inhibition of glycogen synthase kinase-3β 
(GSK-3β) and down-regulation of the BMAL-1 suppressor Rev-Erbα. When hypothalamic 
clock gene expression was synchronized by temperature oscillations, IGF-1 and 
temperature synergistically affect BMAL-1 promoter activity over 48 h, most likely due to 
concomitant effects of IGF-1 on BMAL-1 directly and of temperature on the BMAL-1 
product period. 
Conclusion: Our work suggests a new feed-back loop by which IGF-1 regulates 
hypothalamic circadian clock gene expression, which might be of particular interest in 
situations when IGF-1 levels are altered such as cancer, diabetes and aging. 
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Hypothalamic akyne-oleate signal is decreased by high fat feeding but normalized 
when mice were treated with Telmisartan 

E. Rawish1,2, L. Nickel1,2, I. Stölting1, L. Kuerschner3, W. Raasch1,4,5 
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Lübeck, Lübeck, Germany 
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Lübeck, Germany 
3Limes-Institut-Bonn , University Bonn , Bonn, Germany 
4German Centre for Cardiovascular Research (DZHK), partner site Hamburg/Kiel/Lübeck, 
Lübeck, Germany 
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Germany 

Background: AT1 receptor blockers (ARB) such as telmisartan (TEL) prevent the 
development of diet-induced obesity which may be related to an intact leptin transport via 
the blood brain barrier and regulated by triglycerids and lipids. It however remains 
unclear, whether the hypothalamic lipid amount itself is influenced by ARB treatment, 
thus contributing to the improvement of energy homeostasis. 
Methods: BL6 mice have been fed with chow (CONchow) or high fat diet (CONHFD, 
45% fat). HFD-fed mice additionally received TEL (8 mg/kg/d, 12 w). Abdominal fat mass 
was quantified by MRI. At the end of the study animals were killed and the brains were 
dissected and sliced (250 µm). The brain slices were incubated 2h in medium. For lipid 
incubation we added 50 µM of alkyne oleate. The lipid localization was analyzed by 
fluorescence microscopy using click reaction with a biotinylated azide reporter. Thus, 
slices were incubated with fluorescent streptavidin-Alexa 488 conjugate. For staining of 
lipid droplets slices were also incubated with LD540 and DAPI before mounting using 
DAKO. 
Results: Body weight of TEL treated mice (26.7±0.5g) remained normal despite HFD 
feeding while CONHFD (37.4±1.2g) became obese when compared to CONchow 
(25.9±0.5g). In parallel, total fat mass was increased in CONHFD (2.6±0.3 vs. 7.0±1.0 
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mL) but remained normal in TEL treated mice (1.6±0.1 mL). The akyne-oleate signal in 
the arcuate nucleus (n/nuclei) was decreased in CONHFD (28±7 vs. 122±17) but 
normalized in TEL treated mice (117±12), while the lipid droplet signal in the tanycyte 
layer (LD signal/nuclei) was increased in CONHFD compared to CONchow (1.67±0.10 
vs. 0.15±0.05) and again normalized in TEL treated mice (0.40±0.13 n/nuclei). 
Conclusion: The anti-obese efficacy of TEL is related to a normalization of lipid droplets 
and distribution of alkyne-lipids in the hypothalamus which may have functional impact on 
regulation of glucose homeostasis. 
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Competitive inhibition of calcineurin by cyclosporine, tacrolimus and the dual 
leucine zipper kinase (DLK) 
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1University medical center Hamburg-Eppendorf (UKE), Clinical Pharmacology and 
Toxicology, Hamburg, Germany 
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The structurally distinct immunosuppressive drugs tacrolimus (FK506) and cyclosporine 
(CsA) decrease insulin gene transcription and induce β-cell apoptosis by inhibiting the 
phosphatase calcineurin (CN) leading to post-transplant diabetes mellitus [1, 2, 3]. In 
addition, both drugs enhance the activity of the dual leucine zipper kinase (DLK) [2, 4]. 
Our previous data showed that DLK interacts with calcineurin via the putative calcineurin 
interaction domain LxVP. Mutation of V364 to A (LxAP) resulted in a disruption of DLK-
CN interaction thereby increasing DLK catalytic activity and its damaging effect on β-
cells. Furthermore, a LxVP-peptid interacts with some amino acids of calcineurin, which 
are involved in its inhibition by CsA and FK506 [5]. 
Question: Does the DLK-calcineurin interaction decrease phosphatase activity? 
Methods: Transient transfections, reporter gene assays, immunoblot analysis, protein 
interaction, immunocytochemistry 
Results: In JEG cells the stimulated CRE-dependent gene transcription was inhibited by 
CsA and FK506. This Inhibition was more pronounced by overexpressed DLK wt and the 
V364A mutant. Treatment with the calcineurin inhibitors only showed an additional 
inhibitory effect in the DLK V364A mutant transfected cells. In HIT cells only 
overexpressed DLK wt and its inactive mutant but not the V364A mutant decreased the 
calcineurin-dependent nuclear localization of the transcription factor NFAT. In a protein-
protein interaction assay with recombinant produced 6x-His tagged full-length calcineurin 
and MBP (maltose binding protein) fused DLK the amino acids W352 in CNA and V120 in 
CNB were shown to mediate DLK-CN interaction. 
Conclusions: These findings show that calcineurin interacts with DLK via amino acids 
involved in its inhibition by cyclosporine and tacrolimus. In addition, disruption of the DLK-
calcineurin interaction increased nuclear translocation of NFAT suggesting that DLK 
inhibits calcineurin. Furthermore, the competitive displacement of DLK by CsA and 
FK506 from its calcineurin interaction region might contribute to the increase in DLK 
kinase activity showed as an enhanced inhibition of CRE-dependent gene transcription 
and ultimately to the manifestation of post-transplant diabetes. 
[1] Oetjen, E. et al., 2003; [2] Plaumann, S. et al., 2008; [3] Reddy, Y. N. et al., 2015; [4] 
Oetjen, E. et al., 2006; [5] Grigoriu, S. et al., 2013. 
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Influence of ataxin-2 on the function of pancreatic beta cells 
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Question: Ataxin-2 is a cytoplasmatic protein, whose biological function is not yet fully 
understood. Ataxin-2 seems to play a role in various metabolic processes. Interestingly, 
ataxin-2-deficient mice are obese and show alterations in branched chain amino acids 
pathway, insulin receptor expression and lipid metabolism. The present study aims to 
investigate the role of ataxin-2 in regulation of pancreatic beta cells. 
Methods: Islets were isolated from C57BL/6 ataxin-2 knockout (KO) and wildtype (WT) 
mice. Insulin secretion was measured via radioimmunoassay. Reduction equivalents 
(NAD(P)H and FADH2) were measured by fluorescence microscopy. 
Results: Ataxin-2 KO mice showed a significant increase in bodyweight (KO 35 ± 1 g, 
n=17, WT 30.8 ± 0.9 g, n=18, p<0.05) on normal diet while blood glucose was 
unchanged. Islets of ataxin-2 KO mice secreted significantly more insulin in response to 
15 mM glucose (KO 5.2 ± 0.8 ng/islet, n=11, WT 3.3 ± 0.7 ng/islet, n=9, p<0.05). Insulin 
content remained unchanged in islets of ataxin-2 KO mice. Glucose-dependent changes 
in FAD autofluorescence of isolated beta cells differed between the two genotypes: 
Elevating glucose concentration from 0.5 mM to 6, 8 or 15 mM glucose resulted in a 
steeper dose-response curve in KO beta cells (glucose-induced reduction in FAD 
autofluorescence, 6 mM glucose: KO 16.4 ± 0.5 %, n=94, WT 19 ± 1 %, n=63, p<0.05; 8 
mM glucose: KO 26 ± 1 %, n=110, WT 21 ± 1 %, n=68, p<0,01; 15 mM glucose: KO and 
WT 25 ± 1 %, n=64 and 50). Furthermore, the rise in NAD(P)H autofluorescence induced 
by stimulation with 8 and 15 mM glucose was decreased in KO beta cells (glucose-
mediated increase in NAD(P)H fluorescence, 8 mM glucose: KO 19 ± 1 %, n=70, WT 30 
± 1 %, n=70, p<0.001; 15 mM glucose: KO 24 ± 2 %, n=97, WT 31 ± 1 %, n=83, 
p<0.001). 
Conclusion: Our study describes ataxin-2 as a novel regulator of beta cell function. Loss 
of ataxin-2 increases glucose-stimulated insulin release. The effect seems to be mediated 
by an influence on generation and/or consumption of reduction equivalents. Targeting 
ataxin-2 may be suited to influence impairment of beta cell metabolism during 
development of T2DM. 
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Statins inhibit insulinotropic effects of chenodeoxycholic acid by interacting with 
the farnesoid-X-receptor  

T. Hoffmeister1, J. Kaiser2, G. Drews2, M. Düfer1 
1Institut für Pharmazeutische und Medizinische Chemie, Pharmakologie, Münster, 
Germany 
2Pharmazeutisches Institut, Experimentelle Diabetologie - Pharmakologie, Tübingen, 
Germany 

Question: Bile acids are known to increase glucose-stimulated insulin secretion (GSIS) 
by a mechanism depending on the farnesoid-X-receptor (FXR) located in the cytosol. It is 
reported that statins affect FXR expression and signaling in the liver. Since statins 
increase the risk for development of type 2 diabetes mellitus, this study aims to elucidate 
whether they interact with FXR in pancreatic β-cells and influence the insulinotropic effect 
of chenodeoxycholic acid (CDC). 
Methods: Islets or β-cells were isolated from wildtype and FXR-deficient mice of a 
C57Bl/6N background. For culture, standard conditions (10 mM glucose) were used in 
the presence or absence of atorvastatin (1.5 and 15 µM) or pravastatin (50 and 200 µM). 
Insulin secretion was measured by radioimmunoassay and [Ca2+]c was determined by 
fluorescence microscopy. 
Results: Treatment of islets with atorvastatin for 24 h decreased GSIS stimulated by 15 
mM glucose in a concentration-dependent manner (control: 4.9±0.6 ng insulin/islet*h vs. 
15 µM atorvastatin: 3.3±0.3 ng insulin/islet*h, n=10, p≤0.05). Atorvastatin abolished the 
stimulatory effect of CDC (500 nM) on GSIS (n=6) and diminished the rise in [Ca2+]c 
induced by acute application of CDC (CDC-mediated increase in [Ca2+]c, control: 36±6 % 
vs. 24 h atorvastatin: 17±5 %, n=55 and 37, p≤0.05). Although the inhibitory effect of 
atorvastatin on GSIS persisted in islets of FXR-knockout mice (control: 5.2±0.6 ng 
insulin/islet*h vs. 15 µM atorvastatin: 3.3±0.5 ng insulin/islet*h, n=8, p≤0.05) an 
interaction with FXR seems to be involved: WT islets showing no elevation of insulin 
release in response to CDC (n=4), pointing to translocation of FXR from the cytosol to the 
nucleus, were more sensitive to the inhibitory effect of atorvastatin (15 µM) compared to 
CDC-responsive preparations (statin-induced reduction of GSIS: 49±8 %, n=4 vs. 10±10 
%, n=6, p≤0.05). The more hydrophilic pravastatin also decreased GSIS (n=10) and 
abolished the stimulatory effect of CDC on GSIS (n=5) or [Ca2+]c (n=27-33). 
Conclusion: Lipophilic and hydrophilic statins both reduce insulin release. This 
interaction does not require FXR but seems to be modulated by the nuclear receptor. In 
addition to their inhibitory influence on islet function, statins also prevent the positive 
effects of bile acids on [Ca2+]c and insulin secretion. In patients treated with statins these 
two mechanisms would act in concert and progressively impair glycemic control. 
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The author did not agree to the publication of his abstract. 
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The transcription factor isoforms inducible cAMP early repressor (ICER) and small 
ICER (smICER) demonstrate distinct differences of binding partners. 

K. Grimm1, M. D. Seidl1, A. Sternberg1, S. Hamer1, S. König2, F. U. Müller1 
1Universität Münster, Institut für Pharmakologie und Toxikologie, Münster, Germany 
2Universität Münster, IZKF Core Unit Proteomics, Münster, Germany 

ICER and smICER, isoforms of CREM (cAMP responsive element modulator) bind to 
CRE motif elements within the promoter sequences of target genes. They are expressed 
in various tissues and act as transcriptional repressors. Proteins of the family of 
CREM/CREB transcription factors bind as homodimers or heterodimers to the DNA and 
recruit proteins important for the transcriptional machinery. Here we investigated protein-
protein interactions of ICER and smICER, respectively, to identify possible binding 
partners and to elucidate differences between those two closely related isoforms. 
To assess possible protein binding partners a co-immunoprecipitation was conducted in 
HEK-293 cells overexpressing HA-tagged ICER or smICER, respectively. Determination 
of precipitated proteins via high-definition ion mobility mass spectrometry (n=3 against a 
control plasmid) and subsequent analysis revealed sets of overlapping (27 in both) and 
specific interaction partners, 22 proteins bind preferentially with ICER, 7 with smICER. 
The related transcription factors CREB and ATF1 were shown to bind to both. Functional 
annotation of identified proteins highlighted several pathways e.g. apoptosis and mitotic 
nuclear envelope reassembly. Validation of specific proteins by Western Blotting (n=3) 
confirmed that ICER interacts with XIAP (X-linked inhibitor of apoptosis), an E3-ubiquitin 
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protein ligase and an inhibitor of apoptosis and DIABLO homolog (direct IAP binding 
protein with low pI) a protein involved in the extrinsic and intrinsic pathway of apoptosis 
while no binding of XIAP and DIABLO homolog to smICER was detectable. Moreover, 
both isoforms bind with FAF1 (Fas associated factor 1), an anti-apoptotic protein. 
Proteins associated with mitotic nuclear envelope reassembly interact with both ICER 
and smICER proteins. Another prominent confirmed binding partner was the 
Serine/Threonine-Protein Phosphatase 6 Regulatory Subunit 3 (PPP6R3). 
In conclusion, our experiments revealed distinct sets of proteins specifically interacting 
with ICER, smICER or both suggesting different specific regulatory roles of these two 
highly similar transcription factors in cells. Published results link ICER to apoptosis by 
transcriptional inhibition of relevant genes e.g. Bcl-2. Our results expand this mechanism 
by a direct protein-protein interaction of ICER with proteins involved in apoptosis. 
(Supported by the DFG) 
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Histamine H1 receptors are sensors for fluid shear stress in the endothelium 

U. Storch1, S. Erdogmus1, L. Danner1, A. Wirth2,3, S. Offermanns2,4, T. Gudermann1 
 M. Mederos y Schnitzler1 
1Ludwig-Maximilians-Universität, Walther-Straub-Institut für Pharmakologie und 
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2Max-Planck-Institut für Herz- und Lungenforschung, Pharmakologie, Bad Nauheim, 
Germany 
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4Goethe-Universität Frankfurt, Medizinische Fakultät, Frankfurt am Main, Germany 

G-protein coupled receptors are not only sensors for small molecule and peptide 
agonists, but they are also sensitive to physical and chemical stimuli such as voltage, 
ions and mechanical forces. In previous studies, we found that Gq/11-protein coupled 
receptors are mechanosensitive. Particularly, angiotensin II AT1 receptors and cysteinyl 
leukotriene 1 receptors emerged as mechanosensors mediating myogenic 
vasoconstriction. Interestingly, among the receptors tested by us, histamine H1 receptors 
(H1Rs) exhibited the highest mechanosensitivity. To find out more about the physiological 
role of mechanosensitive H1Rs, we performed calcium imaging experiments with 
transfected HEK293 cells and with primary endothelial cells that endogenously express 
H1Rs and are sensitive to fluid shear stress. In the over-expression system, H1Rs were 
sensitive to hypoosmotically-induced membrane stretch. Likewise, endogenously 
expressed H1Rs in primary endothelial cells (human umbilical vein (HUVECs) and human 
aortic endothelial cells (HAoECs)) were also sensitive to hypoosmotically-induced 
membrane stretch. Interestingly, fluid shear stress of 4 and 20 dyn cm-2 caused transient 
calcium increases in HUVECs. The mechanically-induced calcium increases were 
significantly suppressed by the inverse agonist mepyramine. To elucidate the role of 
mechanosensitive endothelial H1Rs for flow-induced vasodilation, we next analyzed 
mesenteric artery segments of wildtype and of inducible, smooth muscle specific Gq/11-
protein knock-down mice under intravascular flow conditions. Interestingly, the inverse 
H1R agonists mepyramine and desloratadine and the potent Gq/11-protein inhibitor 
YM254890 significantly suppressed flow-induced vasodilation of wildtype arteries. 
However, inducible, smooth muscle specific Gq/11-protein knock-down arteries showed 
unaltered flow-induced vasodilation which was abolished by application of desloratadine, 
indicating that endothelial H1Rs are involved. Altogether, we identified a previously 
unknown physiological function of endothelial H1Rs as sensors for fluid shear stress 
mediating flow-induced vasodilation. 
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Structural determinants for mechanosensitvity of histamine H1 receptors 
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G-protein coupled receptors are polymodal and can be activated by small molecules and 
hormones and by physical and chemical stimuli like voltage, ions and mechanical forces. 
In our previous findings we showed that histamine H1 receptors, which are important e.g. 
for systemic vasodilation, bronchoconstriction, allergy-induced itching, and sleep-wake 
regulation, are highly mechanosensitive. To analyze the mechanosensory properties of 
H1 receptors on the molecular level, we performed calcium imaging and intramolecular 
dynamic fluorescence resonance energy transfer (FRET) measurements of different H1 
receptor constructs. Our findings suggest that agonist binding is not required for 
mechanosensation. As mechanical stimuli we employed hypoosmotically-induced 
membrane stretch and fluid shear stress. Interestingly, mechanical compared to agonist 
stimulation resulted in distinct active receptor conformations. Moreover, we found that the 
C-terminal helix 8 is crucial for mechanosensitivity of Gq/11-protein coupled receptors. 
Transfer of helix 8 of mechanosensitive H1 receptors to non-mechanosensitive human 
GnRH receptors conferred mechanosensitivity on GnRH receptors. In addition, disruption 
of the helix 8 structure by amino acid exchanges from phenylalanine to proline resulted in 
reduced mechanically-induced FRET signals and calcium transients. Altogether, our 
findings indicate that helix 8 is a crucial determinant for mechanosensation of G-protein 
coupled receptors. 
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Analysis of the cellular signaling of natural occurring rare genetic variants 
potentially influencing the course of sepsis 

A. Winkler1, B. Moepps2 
1Ulm University, Pharmacology and Toxicology, Ulm, Germany 
2Ulm University, Pharmacology and Toxicology, Ulm, Germany 

Sepsis is a major cause of death in intensive care units, and has been be defined as life-
threatening organ dysfunction caused by a dysregulated host response to infection 
(Singer et al., 2016, JAMA, 315:801). It is known that host genetic factors influence the 
course of sepsis, in particular rare genomic variants are suspected to contribute. In 
analysis focusing on rare deleterious single nucleotide variants genes important for 
cellular signaling and/or related to innate immunity pathways were identified in particular 
genes related to signaling of Gq proteins, referred to as Gq reactome (Taudien et al., 
2016, EBioMedicine. 12:227). Based on these finding that rare deleterious variants might 
be predictive for the outcome after sepsis, we set out to analyse the signalling properties 
of some of these variants in detail. Our initial analysis focused on variants of the Gq 
family, in particular Ga14, and on G protein coupled receptors, such as protease-
activated receptor-1 (PAR-1) and G2A (GPCR123). While the Ga14 variant carries a 
mutation within the amino terminal portion of the protein, a region that is likely involved in 
GPCR-mediated Ga14 activation; the two receptors displayed mutations in the carboxyl 
terminal portion known to be important for the interaction with Gq proteins and/or 
regulatory receptor kinases. We comparatively analyzed the activity of wild type and 
mutant proteins in ligand-induced G-protein-regulated signalling pathways (e.g. 
RhoGTPase-induced serum response factor [SRF] activity, changes in intracellular Ca2+-
concentrations, and phosphorylation of ERK1/2). The results showed that the rare 
mutations identified in PAR-1 and G2A, only mildly impair the signalling of the two 
receptors. In marked contrast, the Ga14 variant displayed reduced activity. Thus the 
synergistical enhancement of chemokine CCR2 receptor-induced activation of SRF was 
severely reduced in the presence of the Ga14-mutant when compared to the wild type. 
The results indicate that the rare mutation identified in Ga14 play a role for the outcome 
of sepsis by impairing signalling of Ga14-coupled receptors. 
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MOR-HA knock-in mouse: A new tool to study µ-opioid receptor regulation and 
expression 

S. Fritzwanker, S. Schulz, A. Kliewer 
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The author did not agree to the publication of his abstract. 
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Lycorine modifies the response to activation of NK1 receptors in HEK293 cells in 
vitro 

T. Plötz1, C. Thomaßen1, A. Aigner1, G. Abraham2, R. Regenthal1 
1University of Leipzig, Medical Faculty, Rudolf-Boehm-Institute, Leipzig, Germany 
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Current strategies in the treatment of chemotherapy-induced nausea and emesis (CINE) 
address two different receptor types. Serotonin receptor (5HT3) antagonists are used to 
prevent acute emesis, while neurokinin receptor 1 (NK1) antagonists successfully inhibit 
delayed emesis. To study the mechanism of action of emetic agents, we used the 
amaryllidaceae alkaloid lycorine as a suitable model substance to induce nausea and 
vomiting. Previous in vivo studies had revealed that the NK1 receptor antagonist 
maropitant efficiently prevented lycorine-mediated vomiting in beagle dogs. 
To study the still unknown molecular mechanism of nausea and vomiting, we examined 
the impact of lycorine-mediated receptor activation in cells expressing the NK1 receptor 
endogenously or after transfection. We analyzed intracellular calcium homeostasis (Gq-
coupled receptor), receptor internalization and cell motility. 
First, we showed, that lycorine stimulation failed to induce NK1-mediated intracellular 
calcium release and substance P release in endogenously receptor expressing cell lines. 
Furthermore, in competitive binding studies using substance P as a radioligand, lycorine 
was not able to displace the radioligand. 
To obtain insight into the lycorine involvement in receptor internalization, we generated 
fluorescently labeled NK1 receptor in HEK293 cells, stably expressing NK1-CFP receptor 
constructs. Neither substance P nor lycorine induced receptor internalization. 
Finally, lycorine treatment of HEK293 cells, transiently expressing the NK1 receptor, 
revealed the induction of cell motility via NK1 signal transduction. 
These observations suggest that lycorine modulation of responses to activation of the 
NK1 receptor is not as strong as expected, indicating the co-existence of several 
receptors whose interactions might presumably enhance lycorine action and hence 
emesis. 
Further studies will focus on figuring out the correlation of these receptors.  
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Analysis of GPCR phosphorylation and interaction with GRK's 
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The five members of the muscarinic Acetylcholine receptor (mAChR) family belong to 
class A G-protein coupled receptors (GPCRs) and are proving to be promising targets for 
drug research against neurodegenerative diseases like Alzheimer"s or Parkinson"s 
disease. Although, X-ray crystal structures for four of the five receptors have been solved, 
there is only a limited understanding of the activation mechanisms and the possible 
differences thereof between the mAChR subtypes. 
Here, we present an in vitro study where we have combined computational 
analysis[HC1] and drug design with mutational studies to investigate and characterize 
different activation mechanisms within mAChRs. Using our validated receptor FRET 
sensors, with fluorophores (FlAsH and CFP) attached to the intracellular loop 3 and C-
terminus, we were able to monitor receptor activation upon ligand binding. We have 
established ten iperoxo derivatives with increasing linker moieties to investigate specific 
differences in ligand receptor interactions. The results clearly show unique maximal 
activation patterns for each individual receptor subtype. The data in combination with 
data obtained by mutagenesis within the extracellular loop of the m3 receptor are best 
explained by a steric interaction with the conserved aromatic lid structure formed by 
conserved Tyrosine sidechains. The rationally designed ligands in combination with 
computational data provide structural information with a resolution of 1.5 Å. Therefore, we 
postulate a uniquely shaped orthosteric binding pocket for each receptor subtype. Our 
data also reveal the potential effect that the linker-moieties might have on the activation 
properties of orthosteric GPCR ligands. Finally, computational analyses revealed that the 
conservation at the amino acid level does not preclude the existence of differences in the 
three-dimensional architecture of the orthosteric pocket between the different mAChR 
subtypes. 
Taken together, our results serve as proof-of-concept study and will provide a better  
understanding for future subtype-specific drug design. 
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Sex-specific regulation of collagen I and III expression by 17β-Estradiol in cardiac 
fibroblasts: role of estrogen receptors 
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4University of Cincinnati Medical Center, Cincinnati, OH, United States 
5University Medical Center Göttingen, Göttingen, Germany 
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Question: Sex differences in cardiac fibrosis point to the regulatory role of 17β-Estradiol 
(E2) in cardiac fibroblasts (CF). We therefore asked whether male and female CF in 
rodent and human models are differentially susceptible to E2, and whether this is related 
to sex-specific activation of estrogen receptor alpha (ERα) and beta (ERβ). We further 
analysed whether sex-specific ER-actions in CF are linked to functional changes of 
engineered tissues.  
Methods and Results: In female rat CF (rCF), 24 h E2-treatment (10-8 M) led to a 
significant down-regulation of collagen I and III expression, whereas both collagens were 
up-regulated in male rCF. E2-induced sex-specific collagen regulation was also detected 
in human CF, indicating that this regulation is conserved throughout species. Using 
specific ER-agonists (10-7 M) for 24 h, we identified ERα as repressive and ERβ as 
inducing factor in female and male rCF, respectively. In addition, E2-induced ERα 
phosphorylation at Ser118 only in female rCF, whereas Ser105 phosphorylation of ERβ 
was exclusively found in male rCF. Further, in female rCF we found both ER bound to the 
collagen I and III promoters using chromatin immunoprecipitation assays. In contrast, in 
male rCF only ERβ bound to both promoters. In engineered connective tissues (ECT) 
from rCF, collagen I and III mRNA were downregulated in female ECT and up-regulated 
in male ECT by E2. This was accompanied by an impaired condensation of female ECT, 
whereas male ECT showed an increased condensation and stiffness upon E2-treatment, 
analysed by rheological measurements. Finally, we confirmed the E2-effect on both 
collagens in an in vivo mouse model with ovariectomy for E2 depletion, E2 substitution, 
and pressure overload by transverse aortic constriction.  
Conclusions: The mechanism underlying the sex-specific regulation of collagen I and III 
in the heart appears to involve E2-mediated differential ERα and ERβ signalling in CFs. 
Our data describe a mechanism to provide a better understanding of how E2 and ER 
regulate collagen I and III expression in both sexes, probably underlying observed sex 
differences in cardiac fibrosis. 
 
 

S28



P18 

Cardiac repair with engineered heart tissue from human induced pluripotent stem 
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Question: Cardiomyocytes derived from induced pluripotent stem cells (hiPSC-CMs) 
offer the potential for regenerative therapies. The feasibility of human engineered heart 
tissue (hEHT) for cardiac repair was recently shown in a myocardial injury model in 
guinea pigs using two hEHT-stripes. Optimizing hEHT-geometry and establishing GMP-
like culture conditions are the next steps from "proof of principle" towards clinical 
application. 
Methods: hEHTs were generated from hiPSC-CMs (15x106). To optimize hEHT-
geometry, we created 1.5 x 1.5 cm mesh structured tissue patches. hEHTS were cultured 
under serum-free conditions. Myocardial infarction was induced in guinea pigs by cryo-
injury and mesh structured hEHT-patches were sutured onto the heart 7 days after injury. 
Histological analyses were performed 28 days after transplantation.  
Results: hEHTS started to beat coherently after 7-10 days in culture. Transplanted mesh 
structured hEHTs completely covered the scar after transplantation. Histological analysis 
revealed survival of large human grafts after 28 days in vivo (indicated by a positive 
staining for human Ku80). A detailed analysis showed that the grafts consisted of densely 
packed, elongated human cardiomyocytes with regular sarcomere assembly. Human 
cardiomyocytes were smaller in size than the host cells. 
Conclusion: Human engineered heart tissue can be scaled up for clinical applications. 
Mesh structured hEHTs can be cultured under serum-free conditions. Optimized 
geometry can lead to complete coverage of the scar area and large grafts in a guinea pig 
injury model. 
 
 

P19 

Histamine H2-receptors affect atrial function during hypoxia and reoxygenation in 
transgenic mice 
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Histamine can mediate positive inotropic, chronotropic and proarrhythmic effects in the 
human heart via histamine H2-receptors. In contrast, we could not detect any functional 
H2-receptors in the wild type (WT) mouse heart (in vitro or in vivo). Therefore, we have 
generated transgenic mice (TG) that overexpress the human H2-receptor specifically in 
cardiomyocytes. In these TG mice, histamine mediates positive inotropic effects and 
positive chronotropic effects in vivo as well as in vitro, for example in isolated left and 
right atrial preparations. In this context, we wanted to know whether the H2-receptor has 
any impact on the atrial function during the course of hypoxia and reoxygenation. We 
measured the beating rate of isolated spontaneously beating right atria and the isometric 
force development in paced (1 Hz) left atria of TG and WT mice. Hypoxia was simulated 
by changing the oxygen supply against nitrogen for 30 min followed by 30 min of 
reoxygenation. There was no difference in the absolute force development in left atria 
from WT and TG (n = 6). But after 5 min of reoxygenation, force recovery in TG left atria 
was faster relative to pre-hypoxic values compared to WT (p < 0.05, n = 6, each). 
Accordingly, the mean time to 50 % increase of developed force (F½) during 
reoxygenation was shorter in TG compared to WT (148 ± 18 s vs. 319 ± 79 s, p < 0.05, 
n = 6, each). Moreover, the beating rate of TG right atria was higher than from WT before 
hypoxia (533 ± 26 bpm vs. 399 ± 18 bpm, p < 0.05, n = 6, each), but after reoxygenation 
there was no difference between TG and WT (348 ± 31 bpm vs. 324 ± 12 bpm, p > 0.05, 
n = 6). In summary, from these data we conclude that during atrial reoxygenation, H2-
histamine-receptors may be in part responsible for a better force recovery in TG left atria. 
In right atria, hypoxia may induce a decline of the beating rate that is more pronounced in 
TG possibly by influencing the viability of sinus node cells. 
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Overexpression of PP2C in mice alters cardiac response to hypoxia 
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Recently, we have demonstrated that cardiac overexpression of the serine/threonine 
protein phosphatase 2Cβ (PP2C) led to diminished cardiac contractility and an increased 
relative heart weight due to ventricular hypertrophy. To further examine the function of 
PP2C in the heart, we studied atrial preparations of transgenic (TG) mice with cardiac 
myocyte-specific overexpression of bovine PP2Cβ as well as littermate wild type (WT) 
controls. Firstly, electrically stimulated (1 Hz) left atrial preparations and spontaneously 
beating right atrial preparations were in the organ bath (37°C, Tyrode´s solution). 
Secondly, the influence of hypoxia on atrial contractility and beating rate was examined. 
Therefore, the Tyrode´s solution was gassed with nitrogen instead of oxygen to induce 
hypoxic conditions. Three protocols were assayed: a) One single hypoxia over 30 min; b) 
10 min hypoxia (preconditioning) followed by 20 min normoxia and 30 min hypoxia; c) two 

phases of 30 min hypoxia with 60 min normoxia in between. Isolated TG right atria 
developed higher beating rates than WT right atria before as well as after hypoxia 
(p < 0.05, n = 8, each). Developed force of contraction of TG left atria was not different 
compared to WT left atria. The first hypoxia led to a decrease of force of contraction to 
about 50 %. Subsequently, a second hypoxia was without any impact on force of 
contraction compared to values before hypoxia arguing for successful preconditioning. 
Differences between TG and WT left atria were noted with regard to a contracture of left 
atria during hypoxia: the mean time to develop 50 % of maximum contracture was shorter 
in TG compared to WT (21.3 ± 1.5 min vs. 26.4 ± 1.1 min, p < 0.05, n = 6). In contrast, 
the mean time to recover to 50 % of maximum contracture after hypoxia was also shorter 
in TG than in WT (1.6 ± 0.4 min vs. 3.3 ± 0.5 min, p < 0.05, n = 6). During a second 
hypoxia, absolute values of contracture were higher in TG compared to WT (4.7 ± 0.9 mN 
vs. 7.1 ± 0.6 mN, p < 0.05, n = 6). Our findings suggest that PP2C can affect the ability to 
endure cardiac hypoxia. Under hypoxic conditions, PP2C overexpression may increase 
the risk of myocardial contractures. Possibly, PP2C can also lead to higher heart rates in 
right atria, especially after hypoxia. 
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Mechanisms of cardiac hypertrophy in PP2AxPP5 double transgenic mice 
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1Institute for Pharmacology and Toxicology, Medical Faculty, Martin Luther University 
Halle-Wittenberg , Halle (Saale), Germany 

Cardiomyocyte-specific overexpression of serine/threonine protein phosphatases 2A 
(PP2A) and 5 (PP5) in mice can lead to cardiac hypertrophy and systolic heart failure. To 
get deeper insights into the signaling pathways in mouse cardiomyocytes, we crossed 
PP2A mice with PP5 mice to get double transgenic mice (PP2AxPP5 = DT). Single 
transgenic PP2A and PP5 mice as well as DT mice were compared to wild type (WT) 
littermates. First, echocardiography was performed at the age of 3-4 months with 
isoflurane anesthesia to study functional effects in vivo. Thereafter, organ weights were 
determined and total RNA was extracted from deep frozen heart tissue to synthesize 
cDNA. Quantitative PCR (SYBR green technique) was performed to determine the effect 
of protein phosphatases on the expression of marker genes for cardiac hypertrophy and 
fibrosis. Relative heart weight was increased in DT mice (8.97 ± 0.53 mg/g, p ˂ 0.05, 
n = 4) compared to PP2A mice (5.57 ± 0.41 mg/g, n = 3), PP5 mice (4.77 ± 0.14 mg/g, 
n = 7) and WT mice (4.38 ± 0.09 mg/g, n = 7). Echocardiographic measurements 
revealed a decreased ejection fraction in single TG mice compared to WT mice and this 
decrease was much more pronounced in DT mice when compared to all other groups 
(WT: 60.9 ± 1.2 %, n = 7; PP5: 42.7 ± 1.4 %, n = 7; PP2A: 28.4 ± 3.8 %, n = 3; DT: 
11.1 ± 2.3 %, n = 4). Accordingly, qPCR demonstrated an elevated expression of Nppa 
(ANP) in PP2A as well as in PP5 hearts and much more in DT mice (p < 0.05, n = 3-5). 
Also Nppb (BNP) expression was elevated in PP2A, PP5 and highest in DT mice 
compared to WT mice indicative for cardiac hypertrophy and heart failure. α-MHC, the 
adult isoform of the myosin heavy chain gene in mice, was reduced in PP2A and DT 
mice. Interestingly, also the β-MHC expression was reduced in DT mice. In line, the 
expression of fibrosis markers like Col1a1, Col3a1 and Fn1 were highly increased 
especially in DT mice. Perhaps, this can be interpreted as sign of cardiac remodeling, 
progressing fibrosis and loss of functional cardiomyocytes especially in DT. In summary, 
we conclude that an increased activity of both, PP2A and PP5, can lead to cardiac 
hypertrophy, fibrosis and heart failure. Obviously, signaling pathways of PP2A and PP5 
can interact and further deteriorate any adverse effects of increased protein phosphatase 
activity on the heart. 
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Co-overexpression of protein phosphatases 2A and 2C in a transgenic mice leads 
to altered systolic and diastolic heart function and increased relative heart weight 
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Institute for Pharmacology and Toxicology, Medical Faculty, Martin Luther University 
Halle-Wittenberg, Halle (Saale), Germany 

Protein phosphatases (PP) are involved in the regulation of excitation-contraction-
coupling of the human myocardium and in the development of heart failure. Here, we 
generated double transgenic mice (DT) selectively overexpressing the protein 
phosphatases 2A and 2C in cardiomyocytes by using the α-myosin heavy chain 
promoter. Cardiac function was evaluated by echocardiography of isoflurane-
anesthetized mice at the age of four, five and six months. Each ultrasound examination 
was performed under resting conditions and after treatment with isoproterenol. After six 
months, the mice were killed to determine the weights of the inner organs. The relative 
heart weight of DT was nearly doubled compared to the wildtype mice (WT: 
0.46 ± 0.01 % of body weight, DT: 0.91 ± 0.1 % of body weight, n = 9-10, p < 0.05). Also 
the systolic and diastolic left ventricular inner diameters (LVID) were dilated in DT (WT 
systolic: 3.04 ± 0.17 mm, DT systolic: 5.07 ± 0.31 mm, WT diastolic: 4.17 ± 0.08 mm, DT 
diastolic: 5.56 ± 0.29 mm, n = 9-10). Furthermore, we found that in DT the systolic 
function exemplarily represented as left ventricular ejection fraction (EF) was diminished 
(DT: 19.1 ± 2.7 %, WT: 51.7 ± 4.1 %, n = 9-10, p < 0.05). PP2A or PP2C single 
transgenic mice exhibited a smaller reduction of EF (PP2A: 32.0 ± 2.9 %, PP2C: 
44.9 ± 2.7 %, n = 10-12, p < 0.05). From our data we suggest that additive effects of 
PP2A and PP2C might also contribute to human heart failure. 
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Influence of aging on cardiac hypoxia in PP2A overexpressing mice 

M. Dörner, U. Gergs, J. Neumann 
Institute for Pharmacology and Toxicology, Medical Faculty, Martin Luther University 
Halle-Wittenberg, Halle (Saale), Germany 

It has been shown that cardiomyocyte-specific overexpression of the serine/threonine 
protein phosphatase 2A (PP2A) in mice leads to cardiac hypertrophy and alters cardiac 
function. Because aging is one of the most important risk factors in the development of 
heart diseases, we wanted to study the influence of aging on cardiac function in PP2A 
overexpressing (TG) mice in comparison to wild type (WT) mice. Left atria were prepared 
from young (3-4 months) and old (10-11 months) WT and TG mice and isometric force 
development was measured at 1 Hz in oxygenated Tyrode"s solution (37°C). Atria were 
exposed to increasing concentrations of the β-adrenoceptor agonist isoprenaline 
(cumulatively from 1 nM to 10 µM). In WT, atria from old mice developed a lower 
maximum force at 10 µM isoprenaline than the young ones (9.34 ± 0.41 mN vs. 
11.77 ± 0.78 mN, p < 0.05, n = 6-8) but the potency of isoprenaline was unchanged 
(logEC50: -8.05 ± 0.14 vs. -7.88 ± 0.10, n = 6-8). The maximum force at 10 µM 
isoprenaline in young and old TG atria was not different (3.67 ± 0.22 mN vs. 3.06 ± 0.29 
mN) but the potency of isoprenaline was decreased in old TG mice (logEC50 = 
-7.34 ± 0.18, n = 8) compared to young TG mice (logEC50 = -8.04 ± 0.10, n = 7). In this 
context, we studied the influence of hypoxia on force of contraction in left atria and the 
correlation with stimulation by isoprenaline. The simulated hypoxia (carbogen gas was 
exchanged by 95 % N2 and 5 % CO2) for 30 minutes resulted in decreased relative force 
after 30 minutes of reoxygenation in old WT (65.2 ± 3.0 %, p < 0.05, n = 5), young TG 
(63.7 ± 6.1 %, p < 0.05, n = 5) and old TG (56.5 ± 3.4 %, p < 0.05, n = 6) atria. In atria 
from young WT mice, there was no difference compared to the pre-hypoxic values. The 
concentration response curve of isoprenaline after hypoxia revealed an unchanged 
logEC50-value in young WT while the sensitivity in old WT atria was decreased compared 
to basal conditions (logEC50 = -7.38 ± 0.12, p < 0.05, n = 6). Although left atria from 
young TG mice were less sensitive to isoprenaline after hypoxia (logEC50 = -7.47 ± 0.09, 
p < 0.05, n = 6), there was no difference in the logEC50-value of old TG left atrial 
preparations. In summary, PP2A can influence the response to cardiac β-adrenergic 
stimulation in an age-dependent manner. Possibly, higher PP2A activity may be, at least 
in part, protective against hypoxia, an event frequently occurring in advanced age. 
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Ferric chloride-induced arterial thrombosis model in pre-clinical drug development 
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Despite recent advances in diagnosis and treatment, thromboembolic disorders are a 
leading cause of mortality worldwide. There is urgent need for development of more 
rational antithrombotic strategies. Ferric chloride (FeCl3)-induced arterial thrombosis is a 
useful model for evaluating the efficacy of new antithrombotic drugs. In this study we 
optimized FeCl3 concentration to better suit preclinical drug development. Carotid artery 
thrombosis was induced with FeCl3 (2.5, 2.8, 3.0 and 3.5%, 3min) in CD-1 mice. The 
concentration (3.5%) that consistently induced thrombosis was used to evaluate the 
effects of anticoagulant and antiplatelet drugs. Mice were dosed intravenously with 
heparin (200 U/kg) or vehicle (saline 3.33 mL/kg) 1 minute before applying FeCl3. Mice 
treated with Clopidogrel (3 and 10 mg/kg/dose) or vehicle (water 10 mL/kg) received oral 
administration 26 and 2 hours prior to FeCl3. Blood flow was monitored for 60min post-
FeCl3 using a Doppler flow probe and time to occlusion was defined as the time from the 
application of FeCl3 to the cessation of blood flow for 30 seconds. Following application 
of FeCl3, a mean time to occlusion for vehicle was 12.2±1.63 (saline) and 11.4±4.15 
(water) min. All animals treated with 200 U/kg heparin and 10mg/kg Clopidogrel retained 
vascular patency throughout the experimental period. Seven of 9 animals (71%) treated 
with 3 mg/kg Clopidogrel retained vascular patency throughout the experimental period; 
two animals had a mean time to occlusion of 7±1.0 min. Our FeCl3-induced arterial 
thrombosis model is a reliable method to assess the efficacy of potential antithrombotic 
compounds. 
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Dapagliflozin reduces platelet activation and atherosclerosis 
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Essen, Germany 

Question: Dapagliflozin, a novel antidiabetic compound that augments renal glucose 
secretion by inhibiting the sodium-glucose-co-transporter-2 (SGLT2), is increasingly used 
for the treatment of Type 2 diabetes mellitus (T2DM). T2DM is known as an important 
cardiovascular risk factor that promotes atheroprogression. Thrombin activity and platelet 
activation are elevated in patients with T2DM and lead to increased risk of 
atherothrombosis. Recent clinical trials have demonstrated cardiovascular risk reduction 
by SGLT2 inhibitors. The aim of the present study was to investigate possible effects of 
dapagliflozin on atherogenesis and to elucidate the underlying mechanisms. 
Methods: Male, 8-week-old low density lipoprotein receptor deficient (Ldlr-/-) mice were 
fed a high-fat, high-sucrose diabetogenic diet supplemented with or without 25 mg/kg 
dapagliflozin and were analyzed at 16 or 33 weeks of age. 
Results: In this model diet-induced obesity and insulin resistance as well as accelerated 
atherosclerosis developed. In 33-week-old animals atherosclerotic plaque burden, 
determined by en face Oil Red O staining of the total aorta and at the aortic root was 
reduced in dapagliflozin-treated mice. Immunohistochemical staining of Mac2 at the aortic 
root and flow cytometric analysis of the aorta revealed decreased amounts of 
macrophages in atherosclerotic lesions of dapagliflozin-treated mice. Further 
dapagliflozin decreased activated CD62P-positive platelet numbers in atherosclerotic 
mice without affecting bleeding time. Dapagliflozin also reduced the endogenous 
thrombin generation. Mechanistically, dapagliflozin"s direct inhibitory effects on isolated 
platelets as well as increased high-density lipoprotein-cholesterol (HDL) levels were 
observed. Dapagliflozin elevates hepatic gene expression of apolipoprotein A1 and 
lecithin cholesterol acyltransferase, both known to be involved in HDL metabolism and 
probably contributing to the increased HDL levels. Importantly, higher HDL levels likely 
contribute to dapagliflozin-mediated inhibition of platelet activation and thrombin 
generation. 
Conclusion: Dapagliflozin increases HDL, decreases thrombin-mediated platelet 
activation and subsequently reduces monocyte/macrophage recruitment into 
atherosclerotic lesions thereby ameliorating atherogenesis and –progression in Ldlr-/- 
mice. 
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The contribution of the pka subunit RIα to normal cardiac physiology 
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Although protein kinase A (PKA) is a well-known downstream effector of β-adrenergic 
signaling, the functional contribution of the PKA subunit RIα to cardiac physiology 
remains unclear. 
To study the role of RIα-associated PKA activity in the heart, we generated RIα-mutant 
mice by using the Cre/loxP system. Transgenic mice carry a point mutation in the 
regulatory PKA subunit (RIαB), which prevents binding of cAMP and leads to diminished 
kinase activity. The dominant negative mutation is controlled by a tamoxifen-inducible 
αMHC promotor-driven Cre transgene which allows a temporally controlled inhibition of 
PKA activity selectively in the ventricular myocardium. 
By analyzing genomic DNA and transcript expression of double transgenic animals, we 
confirmed the tissue selective expression of the mutation. A radioactive PKA assay 
demonstrated the inhibition of kinase activity. Phospho-specific antibodies revealed 
reduced phosphorylation levels of troponin I (TnI p23/24), myosin-binding protein C3 
(MyBPC3 pSer282) and phospholamban (PLB p16Ser). After induction of PKA inhibition 
in adult mice, the animals developed a pronounced cardiac phenotype with cardiac 
dysfunction. Mutant animals displayed a reduced ejection fraction, an impaired fractional 
shortening and elevated left ventricular volumes. The inhibited PKA activity resulted in an 
increased size of ventricular myocytes and an enhanced expression of cardiac stress 
markers. In addition, we found an impaired excitation-contraction coupling with delayed 
sarcomere shortening and Ca2+-decay kinetics and reduced intracellular Ca2+-levels. 
To our knowledge, this is the first report which directly addresses the PKA subunit RIα 
and its functional role in normal cardiac physiology. Our results suggest a RIα-dependent 
phosphorylation of TnI, MyBPC3 and PLB and emphasize the important role of RIα in the 
excitation-contraction coupling process of the heart. 
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Metamizol analgesia after coronary artery bypass surgery achieves plasma 
concentrations that can severely interfere with the antiplatelet action of aspirin 
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Aspirin largely improves survival early after coronary artery bypass surgery (CABP, 
Mangano et al, 2002). However, we have previously demonstrated frequent platelet 
nonresponse to aspirin after CABG. One possible cause is postoperative analgesia by 
the nonopioid analgesic metamizol, which we have previously shown to interfere with 
platelet COX-1 inhibition by aspirin. The present study examined whether metamizol, 
when given after CABP surgery, may attenuate or prevent the antiplatelet effect of 
aspirin. 
We collected a total of 242 plasma samples from 83 patients (age 37-88) within days 1-
10 after CABP. All patients received metamizol post surgery at approved doses according 
to clinical routine. The samples were examined by HPLC for methylaminoantipyrine 
(MAA), the primary active metamizol metabolite. Aminoantipyrine (AA) and 
acetylaminoantipyrine (AAA) were also determined. Further, patient plasma was exposed 
to platelets from healthy donors in order to examine the antiplatelet action of aspirin in 
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vitro by arachidonic acid-induced light transmission aggregometry (LTA) and platelet 
thromboxane formation (TXB2, immunoassay). Selected samples were used to study the 
effect of aspirin on arachidonic acid-induced platelet P-selectin expression (flow 
cytometry). 
Overall, plasma concentrations of MAA varied within a wide range from 0-649.8 µM. 
Similar variation was seen with AA and AAA. LTA revealed a remarkable impairment of 
patient-derived plasma with the antiplatelet effect of 30 µM aspirin. This was significantly 
(p<0.05) dependent of the actual MAA concentration in plasma. The interaction became 
apparent at about 1 µM MAA and was maximal at ≥10 µM. The other metamizol 
metabolites (AA, AAA) appeared not to influence the antiplatelet action of aspirin. Similar 
results were obtained for the effect of aspirin on platelet TXB2 formation. Platelet P-
selectin expression in the presence of MAA-free patient plasma and 30 µM aspirin 
(control) was 5.2±1.2%, but was increased up to 13.9±3.9% under identical conditions 
except for patient plasma containing high (≥10 µM) concentrations of metamizol (p<0.05 
vs. control). 
Taken together, the results demonstrate that metamizol, when administered for 
postoperative analgesia during the first 10 days after CABP, achieves plasma 
concentrations that can severely interfere with the antiplatelet action of aspirin. Further 
studies should examine the potential impact on clinical outcome. 
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Transcriptional effects of palmitoleic acid stimulation in primary murine 
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Modelling human heart muscle development in bioengineered heart muscle 

F. Raad1, J. E. Hudson1,2, M. Tiburcy1, A. Roa1, S. Uchida3, W. -H. Zimmermann1 
1Institute of Pharmacology and Toxicology, Göttingen, Germany 
2The University of Queensland, School of Biomedical Sciences, Brisbane, Australia 
3Goethe-University Frankfurt, Institute of Cardiovascular Regeneration, Frankfurt am 
Main, Germany 

Background: Human embryonic stem (HES) cells can differentiate to cardiomyocytes in 
monolayer or aggregate culture when exposed to a temporally defined cocktail of growth 
factors and small molecules. We hypothesize that HES cells in an appropriate three-
dimensional environment recapitulate bona fide embryonic-to-fetal heart muscle 
development, including the co-development of neural crest cells. 
Methods: Bioengineered heart muscle (BHM) was generated from HES cells (5x105 
cells/BHM) under stage-specific directed differentiation. Mechanical loading was 
introduced on day 13 followed by isometric force measurement on day 22 and 60. BHMs 
were subjected to RNA-sequencing at different time points for gene expression profiling. 
Enzymatic dispersion of BHMs was performed to determine total cell count and 
composition via flow cytometry. To analyze sympathetic nerve system development and 
function, a selective VMAT2 inhibition with reserpine (10 nmol/L) with concurrent BHM 
beating frequency analysis was performed. 
Results: RNA expression data revealed that BHMs closely mimic key steps of heart 
development with the induction of mesoderm, followed by specification towards cardiac 
lineages. At BHM culture day 22, flow cytometry results revealed 46±8% α-actinin+ cells 
and 22±5% CD90+ fibroblast-like cells with the remaining cells being mostly also of 
mesodermal origin (14±2%). On the molecular level, an elevation in the expression of 
ventricular cardiac marker MYL2 expression (FPKM value: 105±52 vs. 0.06±0.02 at day -
1; n=4; p<0.05) with a continuous increase in βMHC/αMHC ratio were indicative of 
maturation. BHM showed a classical Frank-Starling contraction and inotropic response to 
β-adrenergic stimulation with Isoprenaline (1 μmol/L). Bioinformatic analyses by a self-
organizing tree algorithm SOTA clustering of RNAseq data revealed the development of a 
neural crest component in day 60 cultures with the upregulation of neuronal markers such 
as NEUROD1, PAX6 and TH. Detailed morphological studies confirmed TH positive 
staining and presence of neuronal rosettes in close proximity to networks of striated 
cardiomyocytes in day 60 BHMs. Blocking VMAT2 with Reserpine lead to a 20±2% 
decrease in beating rate in 60% of BHMs tested (8/15 BHMs). 
Conclusion: Our study provides first evidence for the propensity of HES cells to self-
assemble into force-generating BHM under defined stimuli with a functional sympathetic 
nerve component. 
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Deletion of B56α, a regulatory subunit of protein phosphatase 2A, results in 
prolonged calcium and contraction kinetics 
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Protein Phosphatase 2A (PP2A) is a major serine/threonine phosphatase that regulates 
myocardial excitation-contraction coupling. Our group demonstrated that human heart 
failure is associated with reduced protein levels of B56α, representing the main regulatory 
subunit in the heart. It is unknown whether the downregulation of B56α has protective or 
detrimental effects in failing hearts. Therefore, we have examined the functional effects in 
a B56α knockout (KO, excision of exon 7) mouse model. Recently, we demonstrated that 
deletion of B56α results in lower PP2A activity and higher phosphorylation levels of Ca2+ 
regulatory and myofilament proteins. This effect was paralleled by improved relaxation 
parameters in in situ hemodynamic measurements and isolated work-performing hearts. 
In the present study, we tested whether the hastened relaxation kinetics is reflected at the 
myocellular level by changes of Ca2+ transient and sarcomere length shortening. 
Contraction was prolonged in KO compared to wild-type (WT) cardiomyocytes (time to 
baseline 50 %: 0.41±0.03 vs. 0.27±0.04 s and tau: 0.71±0.07 vs. 0.45±0.06 s, 
respectively, n=6, P<0.05) under basal conditions. This could be explained by slower 
Ca2+ transient kinetics in KO (time to baseline 50 %: prolonged by 16.3±4.4 % and tau: 
by 21.0±6.1 %, n=6, P<0.05). KO exhibited a decreased Ca2+ transient amplitude as 
compared to WT (∆[Ca2+]i 0.09±0.01 vs. 0.13±0.01 ratiometric emission (r.E.), 
respectively, n=6, P<0.05). Application of isoprotenerol resulted in comparable kinetics, 
but KO showed a higher relative increase of sarcomere length shortening (by 
1197.7±47.8 vs. 936.4±50.1 %, respectively, n=6, P<0.05) and Ca2+ transient amplitude 
(by 541.6±25.8 vs. 363.9±13.4 %, respectively, n=6, P<0.05) as compared to WT. By 
increasing the stimulation frequency from 0.5 up to 4 Hz KO cardiomyocytes exhibited a 
relatively hastened Ca2+ decay (time to baseline 50 %: by 68.9±0.3 vs. 66.5±0.4 % and 
tau: by 64.7±0.6 vs. 60.0±1.1 %, respectively, n=30, P<0.05) as compared to WT. This 
was paralleled by an accelerated relaxation in KO compared to WT (time to baseline 50 
%: by 66.8±1.0 vs. 65.6±1.1 % and tau: by 65.4±1.7 vs. 63.1±2.0 %, respectively, n=30, 
P<0.05). 
Our data suggest that improved relaxation kinetics in isolated hearts and in situ are not 
reflected at the cellular level. The discrepancy between whole animal and myocellular 
effect may be related to a frequency dependent mechanism. 
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Background: Protein phosphatase 1 (PP1) is a key regulator of important cardiac 
signaling pathways. Previous studies have shown that an altered phosphorylation pattern 
of cardiac proteins caused by an imbalance to regulation of kinases and phosphatases is 
an indication of cardiovascular disease. Furthermore clinical studies have shown 
differences in the propensity for malignant ventricular arrhythmias between women and 
men suffering from cardiomyopathies and heart failure (HF). Accordingly, 
pharmacological targeting of PP1 activity is considered for therapeutic intervention in 
human cardiomyopathies. Recent evidence from animal models implicated previously 
unrecognized, isoform-specific activities of PP1 in the healthy and diseased heart. But 
there are no known studies about gender-dependent regulation of protein phosphatase 1 
(PP1) isoforms in cardiovascular disease. 
Methods and Results: In previous studies we found distinct expression of the PP1 
isoforms PP1α, β, and γ in human HF and atrial fibrillation (AF). Using western blot 
analysis, we found greater abundance of PP1 isoforms α and γ but unaltered PP1β levels 
in left ventricular myocardial tissues from HF patients as compared to non-failing (NF) 
controls. Gender-based assessment of PP1 isoform expression revealed that only female 
HF patients showed a significant (2.0-fold) increase of PP1α, while PP1 α was 
unchanged in male patients. In contrast PP1γ expression was only (1.9-fold) changed in 
male HF patients but not altered in female HF patients. The isoform PP1β was not altered 
in males or females. 
Furthermore, expression of all three PP1 isoforms was higher in atrial appendages from 
patients with AF compared to patients with sinus rhythm (SR). Gender-based assessment 
showed an 2.3-fold, and 3.0-fold increase of PP1 α and β only in the female HF patients, 
while PP1γ expression was only significantly changed in male HF patients (2.0-fold).   
Conclusion: We propose that gender should be taken into account in case isoform-
specific targeting of PP1 will be considered as novel therapeutic strategy for the 
treatment of human cardiac diseases. 
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in electrically conditioned engineered human myocardium 
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Question: Is the generation of a positive Force-Frequency Relationship (FFR) modulated 
by the mitochondrial electron transport chain in electrically and mechanically conditioned 
engineered human myocardium (EHM)? 
Methods: EHM was generated from human embryonic stem (hES) cell-derived 
cardiomyocytes and fibroblasts interspersed in a collagen hydrogel and exposed to 
mechanical load.  EHM were exposed to either no electrical pacing (control) or 3 Hz 
electrical conditioning (2 V/cm, 5 ms duration) for 32 days.  All EHM underwent isometric 
contractile force and FFR assessment at physiologically-relevant field stimulation 
frequencies between 1-3 Hz.  Transcriptomic alterations evoked by electrical conditioning 
were examined by RNA sequencing (RNAseq; n=3/group).  Differentially expressed 
genes (DEGs) were benchmarked to adult human non-failing ventricular myocardium 
given that they natively generate a positive FFR.  To determine complex I participation in 
the FFR, 0.1 nM to 1 mM rotenone was added step-wise to EHM within an organ bath, 
and FFR measurements sampled after each concentration. 
Results: Mechanically and electrically conditioned EHM generated a more positive FFR, 
faster rates of contraction (+dF/dt: 10±0.3 vs. 4±0.3 mN.ms-1, p<0.001) and relaxation 
(‒dF/dt: 8±0.3 vs. 4±0.3 mN.ms-1, p<0.001), and decreased spontaneous beating (53±4 
vs. 18±6 bpm, p<0.001).  Gene ontologies of DEGs directed us towards mitochondrial 
metabolism processes being significantly upregulated in electrically conditioned EHM.  
When normalised gene counts of electrically conditioned EHM were compared to those of 
human adult myocardial tissue, the expression of genes encoding mitochondrial complex 
I accessory subunits correlated highly.  To validate this, complex I antagonism with 
rotenone revealed that electrically conditioned EHM generated a concentration-
dependent blunting of the positive FFR. 
Conclusions: Chronic, high frequency electrical conditioning of hES-derived EHM 
supports the development of a positive FFR. This appears to be dependent on 
mitochondrial complex I function. The blunting of the positive FFR in heart failure may be 
a direct consequence of mitochondrial dysfunction.  
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Analysis of the ligand binding site of the human Mas-related G protein-coupled 
receptor D by site-directed mutagenesis 

M. Arbogast, D. M. F. Hanna, S. Müller, N. Sargheini, K. Hoffmann  
I. von Kügelgen 
University of Bonn, Department of Pharmacology, Bonn, Germany 

The GPCR MRGPRD (MrgD) is expressed in small diameter dorsal root ganglion 
neurons. The receptor has been implicated to play a role in nociception. Amino acids 
including β-alanine and 3-aminoisobutyric acid act as agonists. In the present study, we 
searched for residues of the receptor involved in ligand recognition by site-directed 
mutagenesis. 
The human MRGPRD and mutant constructs were expressed in CHO (Chinese hamster 
ovary) Flp-In cells. β-Alanine (30 µM to 3 mM) caused concentration-dependent and rapid 
increases in fluo-4 fluorescence as well as concentration-dependent increases in nuclear 
factor of activated T-cells (NFAT)-directed luciferase reporter gene activity in agreement 
with a coupling of the activated receptor to increases in intracellular Ca++ concentration. 
β-Alanine (30 µM to 1 mM) also caused a decrease of the forskolin-induced cellular 
cAMP formation confirming the additional coupling of the activated receptor to Gi-
proteins. Receptor expression was monitored by immuno fluorescence staining. The 
expression of the mutant W6.55V (Ballesteros Weinstein numbering scheme) at the 
membrane was decreased; the expression of all other mutants tested did not differ from 
the expression of the wild type (WT) receptors. In cells expressing WT receptors or the 
K3.29A mutant, β-alanine increased NFAT-directed luciferase activities with half-maximal 
concentrations of about 90 µM and almost identical maximal responses. In cells 
expressing the S6.52A mutant, the maximal response to β-alanine was increased. In 
sharp contrast, cells expressing the R3.30A, W6.55A, and R7.39A mutant constructs 
failed to response to β-alanine. In cells expressing the Y6.54A mutant, the concentration-
response curve of β-alanine was shifted to the right by one log unit. Moreover, β-alanine 
increased NFAT-directed luciferase activities with lower maximal responses in cells 
expressing the E3.26A, Y3.33A, Y3.36A and Y6.59A mutant constructs. When analyzing 
the effects of β-alanine on forskolin (10 µM)-induced cAMP accumulation, β-alanine 
caused no or almost no inhibition in cells expressing the R3.30A, Y3.33A and Y3.36A 
mutants. In cells expressing the Y6.54A mutant, β-alanine inhibited the cAMP formation 
with an increased half-maximal concentration. 
In summary, the data indicate the involvement of residues of MRGPRD in 
transmembrane (TM) regions TM3, TM6 and TM7 in ligand recognition. The residues 
R3.30, W6.55 and R7.39 are likely to play major roles. 
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N2B-patch: An innovative intranasal CNS drug delivery platform 

J. Flamm, S. Ladel, F. Maigler, C. Hamp, C. Mavoungou, K. Schindowski 
Institute for Applied Biotechnology, Biberach University of Applied Science, Biberach an 
der Riss, Germany 

Question: CNS drug delivery is hindered by the blood brain barrier and in particular 
biopharmaceuticals show rather low CNS levels. The blood brain barrier can by bypassed 
with intranasal delivery, but currently no platform technology is available that guarantees 
a valid and reproducible delivery. Hence, we address in this ongoing project funded by 
the EU (grant 721098), if an intranasal CNS drug delivery platform is feasible for small 
molecules and in particular biopharmaceuticals? 
Methods: To ensure specific drug targeting at the olfactory cleft that enables brain 
penetration, a film patch shall be formed in situ with the aid of an intranasal applicator. 
The galenical forms that contains the drug adheres to the olfactory mucosa and releases 
the API in a controlled manner. The permeation of the drug through the mucosa is 
determined by a cellular model (RPMI 2650) and ex vivo mucosa specimen from porcine 
nasal cavity. Moreover, we have refined the intranasal administration technique in 
rodents to ensure drug delivery at the etmoid turbinate. Finally, a tissue engineered 
construct that is composed of an 3D anatomical model and included tissue specimen of 
the nasal mucosa is used for a translation to clinical studies. 
Results: We established a battery of in vitro and ex vivo models to determine permeation 
of APIs through the nasal mucosa. Furthermore, the influence of different formulations on 
permeation, controlled release, adherence and clearance of the film patch can be 
evaluated in these models. As the established administration technique in rodents was 
not specific for delivery at the olfactory region, we refined the technique and achieved a 
highly specific olfactory targeting. Last but not least, we have first prototypes for an 
intranasal olfactory applicator. 
Conclusions: Nose to brain (N2B) drug delivery is feasible and efficient for various 
drugs. In the refined animal model we were able to distinguish central from periphery 
bioactivity and we observe a strong flux of API to the CNS in particular the olfactory 
bulbs. The platform technique enables to use identical or similar formulations for CNS 
drug delivery for various APIs and to test them in the established N2B models. 
 
Figure 1 
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Changes of consumption of cannabinoids 

G. Bode1, M. Grapp2, A. Leha3, W. Grellner1 
1Department of Legal Medicine, University Medical Center Goettingen, Göttingen, 
Germany 
2Laboratory of Legal Medicine for forensic-toxicological Analysis, University Medical 
Center, Göttingen, Germany 
3Institute of Medical Biometry and Statistical Bioinformatics, University Medical Center, 
Göttingen, Germany 

Question: Is the general consumption of cannabinoids changing? 
1. Introduction The legal shackles are slackening regarding the use of cannabinoids. 
Many states in the western world are removing their bans. Many papers describe these 
toxicants as suitable therapeutics for painkilling. There is a change from illegal drug to 
recreational substances becoming more easily available. Blood samples from the recent 
9 years were assessed in the Department of Legal Medicine for any changes in the 
behaviour of those consumers who were involved in traffic or criminal offences. 
2. Material and Methods The blood samples were analysed by GC-MS or LC-MS. The 
statistical evaluation employed Pearson"s chi-squared, analysis of variance tests and 
Cochran-Armitage trend test. The review comprised 11,390 datasets which were divided 
into subgroups for THC concentrations (<10, 10<30, 30<50 and ≥50 ng/ml) and 
correlated to age, gender and times between event and blood sampling. 
3. Results The analysis detected in 79.8 % THC levels of <10 ng/ml; in 14.8 % for 
10<30; in 3 % for 30<50 and 1.3 % for ≥50 ng/ml. The mean THC concentrations during 
the first 4 years increased significantly from 8.6 to 11.8 ng/ml (p= 0.0002); thereafter, 
there was a rise for mean levels from 2.8% to 4.5% for 30-50 ng/ml and for ≥50 ng/ml 
from 0.9% to 2.3% (p=0.00024 and p=0.0003) only. The mean blood levels of THC-
COOH increased from 87.7 to 125.3 ng/ml during the first half of the observation period, 
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and varied thereafter between 83 and 116 (p<0.01) with an increase from 63 at <10 ng/ml 
to 318 ng/ml for ≥50 ng/ml of THC. 95 % of all subjects were males around 28 years. The 
percentage of females rose from 3.5 % to 6.8 % (p=0.048). All age groups (14-77 years) 
were involved. Approximately 50 % of all blood samples were taken 30-60 minutes after 
the incident, beyond 60 min high blood levels of THC were less frequently seen. 
4. Discussion and Conclusion The increase in general may reveal a higher frequency 
of consumption. The tendency for higher blood concentration of mean THC values and 
the mean elevated THC-COOH levels above 100 ng/ml may indicate chronic misuse. The 
dominance of males confirms literature data, but consumption by women increases. The 
mean age was 28 years, but all age groups from teens to seniors were included. 
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Assessing the transduction profile of the brain-endothelial directed gene vector 
AAV-BR1 

J. Körbelin1, M. Kleint1, G. Dogbevia1, J. Ohnmacht1, M. Trepel2, M. Schwaninger1 
1Universität zu Lübeck, Institut für Experimentelle und Klinische Pharmakologie und 
Toxikologie, Lübeck, Germany 
2Universitätsklinikum Hamburg-Eppendorf, Onkologisches Zentrum, Molekulare 
Onkologie, Hamburg, Germany 

Question: Gene therapy for neurovascular disorders relies on the availability of target 
specific and effective gene delivery platforms. The shortage of target-specific vector 
systems for intravenous administration is still limiting the huge potential of neurovascular 
gene therapy. The development of vectors that mediate strong gene expression 
specifically in brain endothelial cells has been a major focus of our research. We 
employed an adeno-associated viral (AAV) peptide library and screened brain targeting 
peptides directly within the structural constraint of the AAV capsid surface, thereby 
generating a brain-directed gene therapy vector. This vector, termed AAV-BR1, has been 
found to predominantly transduce endothelial cells but a more detailed transduction 
profile of AAV-BR1 under different conditions has not been presented so far 
Material and Methods: The brain-homing capsid AAV-BR1 was isolated from a random 
peptide library displayed on the surface of AAV2 after five rounds of an in vivo screening 
approach. AAV-BR1 was used to produce recombinant GFP reporter vectors which were 
administered into mice by tail vein injection at different doses at different time points in 
mice of different strains and ages of both genders. The transduction profile was assessed 
by immunohistochemistry. Transduced brain endothelial cells and neurons were counted 
in different areas of the brain (cortex, cerebellum, thalamus, striatum) and quantified as 
percentage of total endothelial cells and neurons in the respective brain areas. 
Results: AAV-BR1very efficiently infects brain vascular endothelial cells of the blood-
brain barrier (BBB) whereas non-BBB endothelial cells are spared. At a medium dose 
(5x1012 viral genomes/kg), AAV-BR1 transduced approx. 60% of BBB-associated 
endothelial cells in C57/BL6 mice and approx. 1% of neurons. At high vector doses 
(1x1013vg/kg) AAVBR1 transduced close to 100% of the animal"s brain endothelial cells 
and few percent of neurons. The highest number of transduced neurons can be found in 
the thalamus. There does not seem to be a significant difference in AAV-BR1 
transduction between the mouse strains and the sex of the animals. 
Conclusion: Although AAV-BR1 does not exclusively transduces endothelial cells, it can 
still be considered as a very powerful brain endothelial-directed vector with only little 
amount off-target transduction. AAV-BR1 therefore is a promising tool for gene therapy of 
neurovascular diseases. 
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Effects of metabotropic glutamate 5 receptor modulators on the severity of 
dystonia in the dtsz model 

S. Perl, F. Richter, A. Richter 
Insitut für Pharmakologie, Pharmazie und Toxikologie; Veterinärmedizinische Fakultät, 
Universität Leipzig, Leipzig, Germany 

Question: Dystonia is a common movement disorder characterized by sustained or 
intermittent involuntary muscle contractions leading to abnormal postures and 
movements. The pathophysiology of dystonia is poorly understood and the limited 
therapeutic options are often ineffective. There is evidence that striatal dysfunctions play 
an important role in the development of dystonia. The metabotropic glutamate receptor 5 
(mGluR5), which belongs to the family of G-protein coupled receptors, has a widespread 
expression within the striatum. Inhibition of mGluR5 has been shown to improve dystonic 
symptoms in animal models of levodopa-induced dyskinesia. Therefore, we examined if 
mGluR5 could be a promising pharmacological target in inherited dystonia and might be 
involved in the pathophysiology. 
Methods: In the present study, examinations of mGluR5 were carried out in the dtsz 
mutant hamster, a phenotypic model of paroxysmal dystonia, in which dystonic episodes 
can be induced by stressful stimuli including injections of drugs or vehicle. The mGluR5 
antagonist fenobam (10, 20, 30 mg/kg) as well as the agonist CDBBP (10, 20 mg/kg) 
were injected intraperitoneally. The severity of the dystonic attacks was rated by an 
established score system of six stages and compared with the results of the pre- and 
post-vehicle controls. 
Results: Fenobam did not exert significant antidystonic effects at all tested doses. 
CDPPB, which was hypothesized to worsen dystonia, also failed to show any effects on 
the severity of dystonia compared to the pre- and post-vehicle controls. However, CDPPB 
caused types of dyskinesia which are usually absent during a dystonic episode in mutant 
hamsters. This effect could not be observed in non-dystonic control hamsters. 
Conclusions: Although the present data do not suggest a therapeutic potential of the 
mGluR5 inhibitor fenobam for the treatment of inherited dystonia, the dyskinetic effects of 
CDPPB may point to changes in the expression of mGluR5 in dystonic hamsters. 

Analyses of the mGluR5 expression (immunohistochemistry, western blots) in dtsz 
mutant hamsters in comparison with control hamsters are under the way. 
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Investigation of central nervous system activities of aqueous leaf extract o Olax 
subscorpioidea Oliv. (Olacaceae) in mice 

O. Salako1, S. Adigun1, K. Salako2, A. Akindele1, O. Adeyemi1 
1College of Medicine, University of Lagos, Pharmacology, Therapeutics and Toxicology, 
Mushin-Lagos, Nigeria 
2University of Lagos, Pharmaceutics and Pharmaceutical Technology, Lagos, Nigeria 

Question: Olax subscorpioidea is used in Nigerian traditional medicine for managing 
CNS disorders. Little information exists in literature on the scientific evaluation of the 
effects of the leaf extract on the CNS. This study evaluated the aqueous leaf extract of O. 
subscorpioidea (OS) in mice for antidepressant, sedative and anxiolytic activities. 
Methods: OS (50, 100 and 200 mg/kg, p.o.) was administered to separate groups of 
mice 1 hour before the tests. Antidepressant effect of OS was studied using forced 
swimming test (FST). Sedative effect was evaluated using diazepam-induced sleep test 
while elevated plus maze (EPM) and hole-board (HB) tests were used to evaluate 
anxiolytic effect. The probable mechanism of antidepressant-like effect was also 
investigated.  
Results: OS significantly (p<0.001) reduced mean duration of immobility at all doses 
tested in FST compared with control. For diazepam-induced sleep, OS significantly 
(p<0.01) increased duration of sleep only at 100 mg/kg when compared with control. For 
EPM, OS significantly (p<0.001) increased mean time spent in open arm at all doses 
when compared with control. The number of crosses between open and closed arms was 
significantly (p<0.001) increased only at 100 mg/kg when compared with control. For HB 
test, OS significantly (p<0.001) increased number of sectional crosses when compared 
with control. For mechanism of antidepressant-like effect, pretreatment of mice with 
atropine (1 mg/kg, i.p.) and prazosin (62.5 µg/kg, i.p.) attenuated the effect of OS (100 
mg/kg). On the other hand, pretreatment with yohimbine (1 mg/kg, i.p.) and metergoline 
(4 mg/kg, i.p.) did not reverse the effect of OS.  
Conclusion: Results revealed that OS possesses antidepressant activity (possibly 
through interaction with α1-adrenegic receptors and cholinergic receptors), sedative and 
anxiolytic activities. These findings justify the ethnomedicinal use of OS. Keywords: Olax 
subscorpioidea, forced swimming test, antidepressant, anxiolytic activity, sedative activity 
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Understanding the role of glial cells in Interleukin-1β induced sickness behaviour  

S. Sundaram M, M. Bernau, H. Müller-Fielitz, M. Schwaninger 
University of Lübeck, Institute of Experimental and Clinical Pharmacology and 
Toxicology, Lübeck, Germany 

Inflammatory cytokines produced during peripheral inflammation act on the brain to 
mediate sickness behaviour.  Among the inflammatory cytokines, Interleukin-1β (IL-1β) 
has been proposed as a key player for the development of the centrally mediated signs of 
sickness, including the inhibition of food intake and food-motivated behaviour. IL-1β 
exerts its effect by activating the pro-inflammatory transcription factor nuclear factor 
kappa B (NF-κB). However, the exact pathogenic mechanisms as well as the cell types in 
the brain that are crucial for the signs of sickness remain unclear. Therefore, we 
generated and analysed NF-κB essential modulator (Nemo) mutant mice that lack NF-κB 
signalling in glial cells (NemogliaKO). Successful inactivation of NF-κB signalling in glial 
cells was confirmed by studying the expression of Vcam-1, a target protein of NF-κB. 
 Then, the effects of IL-1β on energy homeostasis were investigated in control and 
NemogliaKO mice. IL-1β treatment reduced food intake and body weight in control mice, 
however, these phenotypes were not observed in Nemo gliaKO mice. In addition, IL-1β 
stimulated the expression of cyclooxygenase-2 (COX-2) in α-tanycytes, which was 
abolished in NemogliaKO mice. Furthermore, BMS-345541, a known NF-κB signalling 
inhibitor, prevented the upregulation of COX2 and prostaglandin E2 in cultured tanycytes 
upon IL-1β treatment. Our data suggest that IL-1β induced activation of NF-κB signalling 
in tanycytes might play a major role in causing anorexia during inflammation. Ongoing 
experiments are expected to reveal to which extent a lack of tanycytes specific NF-κB 
signalling contributes to the signs of sickness upon inflammation. 
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Distribution of NOsGC in porcine brain: Evidence for a presynaptic role of NOGC-2 
in complex with Lin7a 

C. Elgert, V. Reimann, S. Behrends 
University of Braunschweig - Institute of Technology, Department of Pharmacology, 
Toxicology and Clinical Pharmacy, Braunschweig, Germany 

Question: The NO-sensitive guanylyl cyclase (NOsGC) is the major physiological nitric 
oxide receptor in the central nervous system. The two important isoforms, which catalyze 
the formation of GTP to cGMP, are NOGC-1 (α1β1) and NOGC-2 (α2β1). Several studies 
have analyzed the role of NO as a retrograde messenger on signal transmission and 
long-term potentiation in the brain. NOsGC plays a key role in this process. In the current 
study, we investigate the expression and enzyme activity of the NOGC isoforms in 
cerebrum of pigs. 

S33



Methods: By using a discontinuous sucrose gradient, we isolated the synaptic plasma 
membrane out of porcine brain tissue. Pre- and postsynaptic fractions were separated 
using 0,5% Triton X-100. Cytosolic and synaptic brain fractions were analyzed by co-
immunoprecipitation followed by Western blot and activity measurements. 
Results: Antibodies against the postsynaptic protein PSD-95 and DAT, a transporter 
localized in presynaptic membranes, demonstrate a successful separation into pre- and 
postsynaptic fractions. Western blot analysis reveals that the majority of NOsGC is 
localized in the postsynaptic fractions. In spite of this, only very low NOsGC activity is 
detected in postsynaptic fractions. We observed a preferential localization of the α1 
subunit in postsynaptic fractions from cerebrum, whereas the α2 subunit is found in 
similar amounts in both pre- and postsynaptic preparations. In addition, co-
immunoprecipitation demonstrates an interaction of NOGC-2 with Lin7a in the 
presynaptic fraction. 
Conclusion: We characterize the distribution of both NOsGC isoforms in pre- and 
postsynaptic preparations in cerebrum. Despite high amounts of NOsGC only low cGMP-
forming activity could be detected in postsynaptic preprations. We conclude that NOsGC 
in the postsynaptic density is in an inactive conformation that may be fine-tuned by 
interacting partner proteins. As NOGC-2 isoform is known to interact with the 
postsynaptic protein PSD-95, we were surprised to see equal amounts of NOGC-2 in pre- 
and postsynaptic preparations. In the presynaptic fraction NOGC-2 seems to interact with 
Lin7a, a small adapter protein also known as VELI1 or Mals1 that has been implicated in 
coupling of synaptic vesicle exocytosis to neuronal cell adhesion. 
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The regulation of septins in ciliogenesis and septin functions beyond the diffusion 
barrier 

F. Lehmann, K. Stevold, K. Aktories, C. Schwan 
Institut für Experimentelle und Klinische Pharmakologie und Toxikologie, Abt. 1, Freiburg, 
Germany 

Actin ADP-ribosylating toxins like the C. difficile transferase CDT cause depolymerisation 
of the cortical actin cytoskeleton and induce the formation of microtubule-based cell 
membrane protrusions. Septin 2, 6, and 7 accumulate at predetermined protrusion sites 
and form collar-like structures at the base of protrusions. Septins are a highly conserved 
family of small GTPases that form hetero-oligomers that assemble into filaments and 
higher ordered structures. Septins were shown to organize membrane diffusion barriers 
between the ciliary membrane compartment and the surrounding plasma membrane. We 
use the model of toxin induced protrusions to study the regulation of septins and their 
additional functions in ciliogenesis. 
Knockdown of septins or inhibition of septin dynamics strongly reduce ciliogenesis. 
Septins colocalize with active Cdc42 and its effector Borg which act as up-stream 
regulators of septin polymerization. Growing microtubules are guided along septin 
structures by an interaction of septins and the microtubule plus end tracking protein EB1. 
Septins are suggested to be involved in exocytotic processes, which are important for 
ciliogenesis and also for toxin-induced protrusion formation. Accordingly, translocation of 
septins is accompanied by a recruitment of Rab proteins and proteins of the exocytotic 
machinery. 
Our data indicate that septins are a structural component at the base of cellular 
processes like cilia, organizing the cross-talk between the actin cytoskeleton and 
microtubules. Moreover, septins function as a scaffold regulating the vesicle traffic- and 
exocytotic machinery that are necessary to form these structures. 
Septins guide microtubule protrusions induced by actin-depolymerizing toxins like 
Clostridium difficile transferase (CDT). 
Nölke T, Schwan C, Lehmann F, Østevold K, Pertz O, Aktories K 
Proc Natl Acad Sci U S A. 2016 Jul 12;113(28):7870-5 
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The author did not agree to the publication of his abstract. 
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Septin remodeling is essential for the formation of microtentacles in detached 
tumor cells 

K. Stevold, K. Aktories, C. Schwan 
Institut für Experimentelle und Klinische Pharmakologie und Toxikologie, Abt. 1, Freiburg, 
Germany 

Microtentacles are mostly microtubule-based cell protrusions that are formed by detached 
tumor cells. Microtentacles, appear to be regulated by an actin-microtubule balance that 

is disturbed upon cell detachment. The formation of tumor cell microtentacles depends on 
the presence and dynamics of guanine nucleotide-binding proteins of the septin family 
which are part of the cytoskeleton. Septins form hetero-oligomeric complexes that 
assemble into higher ordered structures such as filaments, bundles and rings. Septins 
play pivotal roles in numerous cellular functions, including cell division, branching of 
axons, vesicular traffic, exocytosis and cilia formation. 
In matrix-attached breast, lung, prostate and pancreas cancer cells, septins are 
associated with the cytosolic actin cytoskeleton. Detachment of cells causes redistribution 
of septins to the membrane, where microtentacle formation occurs. 
Forchlorfenuron, which inhibits septin functions, blocks microtentacle formation. The 
small GTPase Cdc42 and its effector proteins Borgs regulate septin assembly and are 
essential for microtentacle formation. Dominant active and inactive Cdc42 inhibit 
microtentacle formation indicating that the free cycling of Cdc42 between its active and 
inactive state is essential for septin regulation and microtentacle formation. 
Cell reattachment and aggregation models suggest that septins play an essential role in 
the metastatic behavior of tumor cells. 
Septin remodeling is essential for the formation of cell membrane protrusions 
(microtentacles) in detached tumor cells 
Østevold K, Meléndez AV, Lehmann F, Schmidt G, Aktories K and Schwan C 
Oncotarget. 2017 Sep 29; 8(44): 76686–76698. 
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Question: Platelets activation is not only essential for normal hemostasis but it is also a 
major pathomechanism underlying acute ischemic disease states such as stroke or 
myocardial infarction. Hence, platelet function is under tight control by various cell surface 
receptors including Gi-protein-coupled receptors. The latter transmit agonist-induced 
platelet activation. Of the three known Gαi-isoforms we confirmed expression of Gαi2 and 
Gαi3 in murine platelets. We hypothesize that in platelets both Gαi-isoforms differently 
regulate hemostasis, thrombus formation and inflammation. 
Methods: To answer the question of the biological significance of the Gαi proteins 
expressed in the platelets, we examine platelet functions in various global and conditional 
Gαi-deficient mouse lines. 
Results: Our data demonstrate that platelets from global deficient (gKO) Gαi2 mice 
display reduced ADP-induced aggregation, whereas platelets from Gαi3 gKO mice do not 
show an alteration of aggregation. Furthermore, a difference in the bleeding time from 
Gαi2 and Gαi3 gKO mice is detected. Platelets from conditional Gαi2 and Gαi3 knockout 
(cKO) mouse lines show no abnormalities in basal cell parameters (number, volume, cell 
surface receptors). In platelets from Gαi2 or Gαi3 cKO mice only a marginal aggregation 
defect on ADP is observed, whereas the platelet-specific double-deficient Gαi2/i3 cKO 
mice display a reduction in ADP-induced platelet aggregation. For a more detailed 
analysis an in vivo model of FeCl3-induced thrombosis of the carotid artery was 
established. Interestingly, conditional Gαi3-deficient mice are protected from thrombosis 
under the selected experimental conditions, which is a first hint that Gαi3 has a specific, 
Gαi2-independent role in hemostasis and thrombosis. Surprisingly, platelet-specific Gαi3-
deficient mice show reduced myocardial infarcts, which is further reduced in platelet-
specific Gαi2/i3 cKO mice. 
Conclusion: In summary, Gαi2 and Gαi3 seem to have both overlapping as well as 
independent functions in platelets. Gαi2 is involved in platelet aggregation and platelet-
dependent ischemia reperfusion (I/R) injury. Conversely, Gαi3-deficiency results in a 
massive protection against cardiac I/R injury whereas it has little effect on hemostasis 
which suggest it as therapeutic target for acute infarct situations. 
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Salmonella typhimurium effector protein SseI inhibits chemotaxis and prolongs 
survival of host cells by activation of heterotrimeric G proteins 
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Salmonella enterica serovar Typhimurium causes gastroenteritis and systemic infections 
in humans. Important virulence factors are encoded on two Salmonella pathogenicity 
islands (SPI-1&SPI-2). Intracellular proliferation and systemic infection depends on SPI2 
effectors. SPI-2-encoded Salmonella-secreted effector I (SseI) was described to be 
important for long-term systemic infection. We analyzed the molecular mechanism of 
SseI. Here, we show that SseI activates heterotrimeric G proteins of the Gai family by 
deamidation of a crucial glutamine residue. The covalent modification leads to a 
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permanent active phenotype of the G protein, inducing inhibition of AC and stimulation of 
PI3Kg by Gai-released Gbg subunits. This results in impaired directed migration of 
dendritic cells. Furthermore, we observed activation of survival pathways by 
phosphorylation of Akt and mTOR. Macrophages infected with an SseI deletion mutant 
(∆SseI) revealed higher cell-death rates and lower viability compared to wildtype-infected 
cells. 
Our findings elucidate the molecular mechanism of SseI and reveal a new mode of action 
of a Salmonella effector, which controls host cells by the activation of heterotrimeric 
G proteins in order to establish a hospitable replication niche for the pathogen. 
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cUMP hydrolysis by PDE3B 

E. Schneider1, J. Ostermeyer1, F. Golly1, S. Dove2, V. Kaever3, R. Seifert1 
1Hannover Medical School, Institute of Pharmacology, Hanover, Germany 
2University of Regensburg, Dept. of Medicinal Chemistry II, Institute of Pharmacy, 
Regensburg, Germany 
3Hannover Medical School, Research Core Unit Metabolomics, Institute of Pharmacology, 
Hanover, Germany 

Significant concentrations of the non-canonical cyclic pyrimidine nucleotide 3",5"-cUMP 
are generated in mammalian cells by soluble adenylyl cyclase (sAC) or soluble guanylyl 
cyclase (sGC). In vitro data indicate that cUMP is transported by multi-drug-resistance-
associated proteins or hydrolyzed by the class I PDEs 3A, 3B and 9A. 
Here we present an in-depth comparison of PDE3B-mediated hydrolysis of cUMP and 
cAMP. Educts (cNMPs) and products (NMPs) were quantitated by HPLC-coupled tandem 
mass spectrometry (HPLC-MS/MS). PDE3B hydrolyzes cUMP with a KM value of 548 ± 
195 µM at a Vmax of 75 ± 11 µmol/min/mg. By contrast, the affinity of cAMP is almost 800-
fold higher (KM = 0.7 ± 0.1 µM), while the maximum hydrolysis speed (Vmax) of cAMP 
is considerably slower (4.3 ± 0.2 µmol/min/mg). Thus, PDE3B represents a low-affinity 
and high-velocity PDE for cUMP. The hydrolytic activity of PDE3B for both cAMP and 
cUMP was sensitive to the PDE3-selective inhibitor milrinone. Interestingly, cCMP was 
not hydrolyzed by PDE3B and did not compete with cUMP, although it is structurally 
closely related to cUMP. Molecular docking studies reveal that cUMP forms only one 
hydrogen bond (3-NH of cUMP with the side chain oxygen of Q988) in the active center 
of PDE3B. By contrast, the high-affinity substrate cAMP forms two hydrogen bonds. 
Cellular experiments revealed that lysates from 3T3-L1 murine adipocytes contain 
significant amounts of cUMP as well as a milrinone-sensitive cUMP-hydrolyzing 
enzymatic activity, most likely PDE3B. However, cUMP neither stimulated nor inhibited 
lipolysis in 3T3-L1 adipocytes. Future experiments should address potential biological 
effects of cUMP on mature adipocytes, e.g. by microarray studies. Moreover, it would be 
interesting to investigate, whether cUMP modulates the differentiation of precursor cells 
into adipocytes. 
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Inhibition of cyclic GMP export by multidrug resistance protein 4: A new strategy to 
treat erectile dysfunction? 

J. Van de Voorde, C. Boydens, B. Pauwels, L. Vanden Daele 
Ghent University, Pharmacology, Ghent, Belgium 

Elevation of cyclic guanosine monophosphate (cGMP) levels is a key event for normal 
penile erection. Intracellular cGMP concentrations are regulated by degradation enzymes 
(phosphodiesterases, PDEs) as well as by active transport across the plasma membrane 
by multidrug resistance protein (MRP) 4 and 5. This study evaluated the functional effect 
of MRP 4 inhibition and the role of MRP 4-mediated cGMP export in mouse corpora 
cavernosa. Isometric tension of mouse corpora cavernosa was measured after 
cumulative addition of MK-571, an inhibitor of MRP 4, or sildenafil, a PDE-5 inhibitor. In 
addition the effect of MRP 4 inhibition on cGMP-(in)dependent relaxations was studied. In 
vivo intracavernosal pressure (ICP) and mean arterial pressure (MAP) measurements 
were performed after intracavernosal injection of MK-571. MK-571 and sildenafil both 
relaxed the corpora cavernosa concentration dependently with sildenafil being the most 
potent relaxing compound. Furthermore, MK-571 enhanced relaxing responses to cGMP-
dependent substances even under in vitro diabetic conditions. In contrast cGMP-
independent relaxations were not altered by MRP 4 inhibition. Intracavernosal 
administration of MK-571 significantly increased ICP, with minimal effect on MAP. cGMP 
analysis revealed that MRP 4 inhibition was accompanied with increased cGMP levels. 
This study demonstrates that inhibition of MRP 4 increases basal and stimulated levels of 
cGMP leading to corpora cavernosa relaxation and penile erection. Therefore it is 
suggested that, in addition to degradation of cGMP, export of cGMP by MRP 4 
substantially contributes to regulating the cGMP levels in mouse corpora cavernosa. As a 
consequence, MRP 4 might be a valuable alternative target for the treatment of (diabetic) 
erectile dysfunction. 
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Synergistic stabilisation of NOsGC by cinaciguat and non-hydrolysable 
nucleotides: Evidence for sGC activator-induced communication between the 
heme-binding and catalytic domains. 

A. Sömmer, S. Behrends 
University of Braunschweig - Institute of Technology, Department of Pharmacology 
Toxicology and Clinical Pharmacy, Braunschweig, Germany 

Question: Nitric oxide sensitive guanylyl cyclase (NOsGC) is a heterodimeric enzyme 
consisting of one α and one β subunit. Each subunit consists of four domains: the N-
terminal heme-nitric oxide oxygen binding (HNOX) domain, a PAS domain, a coiled-coil 
domain and the C-terminal catalytic domain. Upon activation by the endogenous ligand 
NO or activating drugs, NOsGC catalyses the conversion of GTP to cGMP. To study the 
domain arrangement and conformational changes upon activation, several techniques 
including small angle X-ray scattering (SAXS), electron microscopy (EM), 
hydrogen/deuterium exchange mass spectrometry (HDX-MS) and Förster resonance 
energy transfer (FRET) have been used. Several crystal structures of the isolated 
domains are known. However, the structure of the full-length enzyme remains unsolved 
to date. In the current study, we performed protein thermal shift assays of purified 
NOsGC to find conditions favourable for crystallisation of the full-length enzyme. 
Methods: The protein thermal shift assay (also referred to as differential scanning 
fluorimetry (DSF) or ThermoFluor), is a biochemical method to determine the melting 
temperature of a target protein. A high protein melting temperature can increase the 
likelihood of successful crystallisation. 
Results: Binding of non-hydrolysable nucleotides in the presence of Mn2+ leads to a 
small stabilisation of the enzyme by 0.3 °C. Incubation with the sGC activator cincaciguat 
increases the melting temperature by 3 °C. Interestingly, the combination of nucleotides 
and cinciguat leads to a striking increase of NOsGC melting temperature by up to 9 °C. 
This over-additive stabilisation is much higher than expected from the sum of the effects 
of nucleotide and activator. 
Conclusion: The marked increase in thermostability provides an improved starting point 
for future crystallisation trials of full-length NOsGC. In addition, the synergistic 
stabilisation of sGC activator and nucleotides suggests an activator-induced 
communication between the activator-binding HNOX domain and the nucleotide-binding 
catalytic domain. 
 
Figure 1 
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Pathophysiological interactions between miRNAs and nuclear receptors during 
inflammation 

N. Kugler1,2, K. Klein1,2, U. M. Zanger1,2 
1Dr. Margarete Fischer-Bosch-Institute of Clinical Pharmacology, Stuttgart, Germany 
2Eberhard-Karls-University, Tübingen, Germany 

Question: The hepatic detoxification system is dramatically downregulated during 
inflammation. However, the exact mechanisms behind this downregulation are not fully 
understood. MicroRNAs (miRNAs) may be involved as post-transcriptional regulators. 
Heterodimeric complexes of RXRα and nuclear receptors have been proposed as pivotal 
coordinators in the downregulation [1]. Here we further investigated the role of miRNAs 
and nuclear receptors in the downregulation of ADME genes during inflammation. 
Methods: Using pools of liver tissues from donors with elevated pathophysiological 
markers such as C-reactive protein (CRP) we carried out microarray analyses to identify 
miRNAs associated with inflammation. Results were validated by qPCR. HepaRG cells or 
primary human hepatocytes were treated with cytokines (IL-6, IL-1β & TNF-α) and miRNA 
mimics for 24h up to 96h. Gene expression was relatively quantified using qPCR and 
proteins were quantified by western blotting. CYP enzyme activities were determined 
using a cocktail LC-MS/MS assay. TargetScan prediction algorithm was applied to 3'-
UTR of 35 selected ADME genes. A potential miR-130b binding sequence within the 
RXRα 3'-UTR was inserted in different lengths, copy numbers and in a mutated version 
into luciferase reporter vector, co-transfected with miR-130b mimic and control into Huh7 
cells and binding of miR-130b was reported via luciferase activity. 
Results: Microarray analyses revealed 40 differentially expressed miRNAs including 
miR-130b in livers of donors with elevated CRP. Cytokine treatments reduced RXRα 
protein expression to 60-70% after 48h and 72h, while mRNA levels were not affected. In 
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addition, cytokines decreased mRNA expression of PXR and CAR. In silico analysis 
revealed RXRα mRNA to be a predicted target for miR-130b. In reporter gene assays 
miR-130b decreased luciferase activity for the RXRα WT constructs (to 50-80%), while 
the RXRα mutant construct was not affected. MiR-130b mimic treatments also reduced 
several ADME genes at mRNA and CYP enzyme activity levels. 
Conclusion: Certain miRNAs appear to be upregulated in liver during inflammation. 
Some of these miRNAs seem to play a role in the downregulation of ADME genes. Thus, 
RXRα was functionally confirmed as target of inflammation-associated miR-130b, 
emphasizing the potential indirect regulation of CYPs by miR-130b. 
References: [1] Keller et al., 2016 
Acknowledgement: Supported by the Robert Bosch Foundation, Stuttgart, Germany. 
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Hyaluronan synthase 3 deficiency leads to reduced leukocyte infiltration and 
neovessel-formation in a mouse model of hind limb ischemia 
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S. Hartwig3,4, L. Stefan3,4, J. W. Fischer1, M. Grandoch1 
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2Clinic for Cardiology, Pneumology and Angiology, University hospital Düsseldorf, 
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4German Center for Diabetes Research (DZD), München-Neuherberg, Germany 

Question: Vascular injury is often accompanied by changes in the extracellular matrix 
(ECM). Hyaluronan (HA), a major component of the ECM, is known to be dynamically 
regulated in response to vascular injury. Recently, the HA synthesizing isoenzyme Has3 
was shown to be involved in the pathogenesis of atherosclerosis by promoting plaque 
inflammation. Since leukocyte recruitment is a known trigger of neovessel-formation and 
collaterogenesis, it is likely that Has3 also plays a role in these processes. Thus, the aim 
of the present study was to elucidate the role of Has3 in ischemia-driven angiogenesis 
and arteriogenesis. 
Materials & Methods: 16-18 week old male Has3-deficient mice and wild-type controls 
were subjected to severe or moderate hind limb ischemia. Perfusion was analysed by 
Laser-Doppler-Perfusion-Imaging (LDPI). Vascular reactivity was determined by Flow-
mediated dilation measurement. Immunohistochemistry (IHC) for capillaries (CD31) and 
leukocytes (CD45) was performed in calf muscles. Calf muscle gene expression was 
determined 48 h after induction of ischemia. Collateral size was determined in thigh 
muscle sections. Immune cell composition of blood, calf and thigh muscles was analysed 
by flow-cytometry. 
Results: After severe as well as moderate hind limb ischemia, Has3-deficient mice 
showed reduced perfusion recovery as compared to control mice. This was in line with a 
decreased capillary density in calf muscles. Gene array analysis implied locally reduced 
pro-inflammatory and proangiogenic chemo- and cytokine (receptor)-expression. 
Moreover, Has3-deficient mice showed an impaired inflammatory response as 
determined by IHC-staining. This was further confirmed by flow cytometric analysis 
showing decreased numbers of neutrophils and macrophages in ischemic calf muscle. 
Conclusion: These data suggest that Has3 promotes angiogenesis and arteriogenesis in 
vivo by supporting leukocyte recruitment to the ischemic tissue. 
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Hyaluronan-synthase 2 deficiency results in poor cardiac healing and reduced 
macrophage abundance in the heart after ischemia/reperfusion 
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S. Lehr2, M. Grandoch1, J. W. Fischer1 
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2German Diabetes Center at the Heinrich-Heine-University Duesseldorf, Düsseldorf, 
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Question: Extracellular matrix (ECM) synthesis is involved in post infarct healing, scar 
formation and interstitial fibrosis after myocardial infarction (MI). How individual matrix 
components and their pathological remodeling contribute to complications such as heart 
failure, hypertrophy or ventricular dilatation post MI is not fully understood. The purpose 
of this study was to examine the role of early ECM synthesis post MI with regards to the 
inflammatory response, myofibroblast activation and differentiation. 
To examine the role of the hyaluronan (HA) matrix, in the acute and subacute phase post 
ischemia/reperfusion (I/R). 
Methods: Male conditional hyaluronan synthase 2 (Has2) knockout mice (Has2 KO) and 
the respective Cre control mice (control), as well as constitutive Has1-, Has3-, 
Hyaluronidase (Hyal) 1 KOs with their littermate wildtype controls were subjected 60 
minutes of ischemia followed by 24 hours to 3 weeks of reperfusion. Heart function was 
assessed with high resolution ultrasound at baseline and after reperfusion. Immune cell 
populations in the circulation and within tissues were analyzed by flow cytometry, while 
murine cardiac fibroblasts and bone-marrow-derived-monocyte interaction were 
investigated in vitro. 
Results: Hemodynamic function was significantly impaired in Has2 KO mice post I/R, but 
not changed in Has1 and Has3 KO mice. Has2 KO mice showed an impaired 
macrophage driven inflammatory response, while monocyte subsets within the heart 
remained unchanged. The abundance of immune cells subsets in the spleen, bone 
marrow and their release into the circulation were equal between Has2 KO and the 
control mice. Has2 deficiency also resulted in fewer myofibroblasts, suggesting deficient 
fibroblast activation. Has1, Has3, Hyal1 were not different to controls with respect to 
hemodynamics post MI. 

Conclusions: After the analysis of individual KOs of Has1, Has2, Has3 and Hyal1 after 
I/R our data suggest that the Has2 mediated HA-matrix is crucial for the inflammatory 
response and fibroblast phenotype and thereby directing the functional integrity of the 
heart after ischemic injury. 
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Identification of potent and selective human TLR2 inhibitors 

M. Grabowski, M. S. Murgueitio, M. Bermudez, G. Wolber, G. Weindl 
Freie Universität Berlin, Institut für Pharmazie, Berlin, Germany 

Question: Toll-like receptor 2 (TLR2) is a transmembrane protein and forms 
heterodimers with either TLR1 or TLR6 to induce early inflammatory responses to 
pathogen and damage-associated molecular patterns. Although TLR2 has been 
implicated in protective immunity against infection, excessive TLR2 signalling may 
contribute to inflammatory and metabolic diseases. Thus, TLR2 represents an important 
pharmacological target for the control of inflammatory conditions. However, only few 
TLR2 inhibitors have been reported and none are currently in clinical use. In the present 
study, we experimentally characterized and validated small molecule antagonists of TLR2 
which have been identified by computational modelling. 
Methods: Potential TLR2 modulators were identified by in silico screening based on their 
predicted ability to bind in the TLR2 binding pocket. Virtual screening hits were compared 
to the TLR2 antagonist CU-CPT22 and characterized in HEK293T-hTLR2 cells, THP-1 
macrophages and peripheral blood mononuclear cells for the ability to inhibit TLR2-
mediated responses. 
Results: A pyrogallol derivative (C15H14O7) inhibited TLR2/1 and TLR2/6 signalling and 
proved to be a more potent inhibitor than CU-CPT22. Concentration ratio analysis 
identified both compounds as competitive antagonists of Pam3CSK4- and Pam2CSK4-
induced responses. The pyrogallol derivative showed low cellular toxicity and failed to 
inhibit signalling induced by agonists for other TLRs. 
Conclusion: In conclusion, one out of 18 virtual screening hits was experimentally 
confirmed as a potent and selective TLR2 inhibitor with low cytotoxicity and may serve as 
a promising lead compound. Our results indicate that computer-aided drug design is an 
effective approach to identify small molecule inhibitors of TLR2 signalling. 
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Progranulin deficiency confers resistance to MOG-evoked autoimmune 
encephalomyelitis in mice   

K. Schmitz, A. Wilken-Schmitz, I. Tegeder 
University hospital frankfurt, Clinical Pharmacology, Frankfurt am Main, Germany 

Progranulin is a secreted neurotrophin with immune regulatory functions, suggested to 
rely in anti-TNFa-effects. Above that, progranulin assists in certain types of autophagy 
that essentially contribute to MHC-mediated antigen processing, pathogen removal and 
autoimmunity. To address the latter, we studied the incidence and disease severity of 
immunization-evoked experimental autoimmune encephalomyelitis (EAE) in progranulin 
knockout (Grn-/-) and myeloid-cell specific overexpressing mice (LysM-Grn-OE), 
additionally motivated by observation of high progranulin plasma levels in patients with 
multiple sclerosis. Progranulin-deficiency abrogated EAE susceptibility, which was 
reinstated by transplantation of progranulin wildtype or overexpressing myeloid cells, but 
was not recapitulated by antibody-mediated depletion of circulating progranulin, which 
rather aggravated the disease. Hence, EAE resistance in Grn-/- mice resided within their 
myeloid immune cell populations. FACS analyses of the spleen revealed a loss of MHC-II 
receptor expressing antigen-presenting cells (APCs) in Grn-/- mice but strong increases 
of scavenger receptor class B (CD36+) phagocytes, which are able of antigen cross-
presentation. These inverse changes were associated with relative low numbers of T-
cells, in particular CD8+ T-cells in the spleen, but increase of the phagocytotic activity at 
the site of immunization and in vitro. Bone marrow derived macrophages and dendritic 
cells showed increased uptake or receptor mediated internalization of E. coli particles, 
ovalbumin (OVA), IgG-FITC and EGF-FITC. Hence, the outcome in the EAE model 
reflects the dichotomy of progranulin-mediated immune silencing versus autoimmune 
stimulation, and our results reveal a novel progranulin-dependent path to autoimmunity. 
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Differential modulation of inflammatory responses in macrophages by chloroquine 
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Question: The autophagy inhibitor and antimalarial drug chloroquine (CQ) is commonly 
used in the treatment of autoinflammatory diseases like rheumatoid arthritis or lupus. It is 
suggested that the anti-inflammatory effect of CQ is partially attributable to the inhibition 
of cytokine production. However, CQ is also associated with induction or aggravation of 
psoriasis or psoriatic arthritis. In the present study, we investigated potential pro- and 
anti-inflammatory effects of the lysosomotropic agent CQ in human myeloid cells under 
different inflammatory conditions. 
Methods: THP-1 monocytes and macrophages as well as macrophages derived from 
primary monocytes were exposed to non-sterile or sterile inflammatory conditions in the 
presence or absence of CQ. Protein levels of cytokines were detected with ELISA. Gene 
expression was evaluated by quantitative real-time RT-PCR and western blot analysis 
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was performed to detect autophagy-related markers. Cytotoxicity was determined by 
Annexin V/PI staining. 
Results: In THP-1 macrophages, lipopolysaccharide (LPS)-induced tumor necrosis factor 
(TNF) and interleukin (IL-)6 secretions were decreased by co-stimulation with CQ 
confirming the anti-inflammatory effect. CQ did not affect IL-8 production provoked by 
LPS and the Toll-like receptor 2 ligands Pam2CSK4 and Pam3CSK4. Unexpectedly, in the 
presence of IL-1β, CQ increased the production of IL-8 in THP-1 macrophages but not 
monocytes. IL-8 secretion was completely suppressed by the ROS inhibitor N-acetyl-L-
cysteine. CQ increased LC3-I to LC3-II conversion and upregulated p62 expression in 
THP-1 macrophages indicating a late-stage block in autophagy. Co-stimulation with the 
autophagy inducer interferon gamma (IFNɣ) attenuated IL-8 release. The anti- and 
proinflammatory effects of CQ were confirmed in macrophages derived from primary 
monocytes. 
Conclusion: These data suggest that macrophages might mediate the therapeutic effect 
of CQ as well as potential adverse drug reactions. Our findings provide insight into a 
potentially crucial immunoregulatory mechanism in macrophages that may explain how 
lysosomotropic drugs regulate inflammatory responses. 
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Single molecule fluorescence in situ hybridisation-based investigations of 
cytokine-regulated gene expression  

C. Mayr-Buro, K. Beuerlein, V. Maßmann, S. S. Weiterer, M. Kracht 
Rudolf-Buchheim-Institut für Pharmakologie,, Giessen, Germany 

Inflammatory processes are driven by the release of cytokines and chemokines, such as 
interleukin (IL-) 1 and IL8 (CXCL8).  IL-1 is a prototypical trigger of the canonical NF-κB 
pathway, which is essential for activation of IL-1 target genes. Subsequent to the binding 
of IL-1 to its heterodimeric receptor the intracellular activation of NF-κB (p65) is achieved 
by phosphorylation-dependent proteasomal degradation of the inhibitory subunit of the 
NF-κB complex (IκBα). Upon its cytoplasmic release p65 translocates into the nucleus 
and acts as a strong transcriptional inducer of different pro-inflammatory genes, e.g. IL8 
and NFKBIA. Here, we used a fluorescence in situ hybridisation (FISH)-based system 
which allows quantitative measurements of transcription events and mRNA expression in 
individual cells with high resolution. This approach revealed the time-dependent IL-1-
induced expression of IL8 and NFKBIA transcripts as single mRNA molecules in human 
epithelial cells (HeLa) and diploid human retinal pigmented epithelial cells (hTERT-
RPE1). Inhibition of transcription by the cytostatic drug actinomycin D results in 
decreased numbers of transcripts, as expected. Further experiments show not only rapid 
induction of gene expression but also the simultaneous destabilisation of these de novo 
transcripts upon cytokine treatment suggesting that IL-1 regulates transcription and 
mRNA decay simultaneously. These RNA-FISH data corroborate population-based RT-
qPCR experiments but additionally reveal heterogeneity between individual cells. Using a 
specific FISH probe that binds to an intronic region of IL8 in combination with exonic 
RNA-FISH we determined the transcription sites of this chemokine within intact nuclei. 
Furthermore, combinations of the RNA-FISH approach with indirect immunofluorescence 
of p65 revealed the different phasing of signaling and the IL-1 gene response across 
individual interphase cells. In conclusion, these results show the suitability of single 
molecule RNA-FISH to determine (i) steady state mRNA levels and (ii) mRNA decay 
rates simultaneously, (iii) active transcriptions sites in the nuclei, and (iv) in combination 
with indirect immunofluorescence the nuclear translocation of transcription factors in 
individual cells. 
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The combined phosphoryl-, ubiquitinyl- and acetyl-proteome of cytokine-activated 
cells 
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The cytokine-triggered inflammatory gene response is regulated by multiple signaling 
pathways including several feedback mechanisms. Improvements in mass spectrometry-
based approaches have resulted in large scale efforts to reveal the post translational 
modifications (PTMs) within the proteomes of eukaryotic cells. For individual PTMs, most 
proteins are modified at several residues and the total number of sites known has not yet 
reached saturation. Moreover, it remains unclear which PTMs are functional or just 
"decoration". Thus, deep protein sequencing in physiological systems is needed to solve 
these issues and to decode PTM-controlled signaling networks. 
In this study, we have assessed the phosphoryl-, acetyl- and ubiquitinyl proteome of 
human epithelial cells treated with IL-1. Tryptic peptides from protein extracts were 
purified by silica-based immobilized metal affinity chromatography (IMAC) or by 
antibodies recognizing MAPK/CDK motifs to enrich phosphorylated peptides. 
Ubiquitinylated or acetylated peptides were isolated by antibodies directed against 
against K-ε-GG remnants or acetylated lysines. Peptides were identified using the 
quantitative label-free PTMscan® approach (Cell Signaling Technology) using a LC-
MS/MS set up and SORCERER software. Descriptive statistics and functional enrichment 
analyses (ORA, GSEA) were done in R statistical language using clusterProfiler and 
STRING database. 
The constitutive as well as the dynamic occurrence of PTMs was assessed by 52 mass 
spec PTM experiments of HeLa cells. During a time series of IL-1 treatment we 
additionally blocked the IL-1-upstream signaling by 5Z-7-oxozeaenol, a potent inhibitor of 
the protein kinase TAK1. We found 34,000 peptides representing 6700 proteins and 
identified more than 40,000 PTMs. 2380 proteins were regulated by IL-1 in at least one 
condition by at least 2-fold. The large majority of these modifications occur on proteins 

with unknown functions in the IL-1 system. Thus, this large comprehensive screen for 
PTMs in a cytokine-regulated cellular system reveals the complexity of intracellular 
inflammatory signal transduction. 
In conclusion, PTM-mediated control of cytokine signal transduction, rather than control 
of synthesis or release of proteins may therefore be the prevailing mechanism to control 
this type of innate immune response. These additional steps of signaling operating at the 
level of regulatory PTMs can be used to define new targets for anti-inflammatory 
compounds. 
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Transcriptional and epigenetic regulation of metabolizing enzymes and transporter 
proteins in the human intestine by rifampicin and carbamazepine  
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2University Hospital Schleswig-Holstein, Institute of Experimental and Clinical 
Pharmacology, Kiel, Germany 

Intestinal drug transporters and drug metabolizing enzymes are crucial determinants in 
the pharmacokinetics of orally administered drugs. Nuclear receptor ligands (NRL) such 
as rifampicin or carbamazepine are known to influence expression of these proteins and 
can cause thereby unwanted drug-drug interactions. However, the available knowledge is 
rather limited and was predominately focused on gene expression data. Moreover, little is 
known about the intestinal regulation of enzymes and transporters by epigenetic 
mechanisms such as microRNAs. Thus, it was the aim of this study to comprehensively 
analyse the impact of NRL on clinically relevant enzymes and transporters and their 
potential regulation by microRNAs in the human intestine. 
Tissue specimen (~ 2-5 mg) from duodenal mucosa were taken before and after 
treatment with rifampicin (600 mg, 8 days) or carbamazepine (600 mg, 18 days), 
respectively. Protein abundance of clinically relevant intestinal transporters was 
quantified using validated LC-MS/MS-based targeted proteomics assays. In parallel, the 
mRNA expression of 43 ADME genes and 754 microRNAs was analysed. In order to 
conclude on the regulatory relevance of microRNAs, correlation analysis to the respective 
protein amounts, in silico-based target gene prediction and luciferase reporter assays 
have been performed. 
Rifampicin treatment led to a significant increase in gene expression of ABCB1, ABCC2, 
CYP2B6, CYP2C9, CYP2C19, CYP2D6, CYP3A4, CYP3A5 and the UGT1A family while 
the protein abundance was significantly increased only for ABCB1, CYP3A4, CYP2C9 
and UGT1A1. In contrast to this, pre-treatment with carbamazepine led to no significant 
changes on protein levels of the investigated transporters and enzymes, whereas mRNA 
expression of several ADME genes were found to be significantly increased. 127 
microRNAs were negatively correlated to the protein content of intestinal transporters. Of 
these, several microRNAs could be verified as regulators of some intestinal transporters 
in silico and in vitro. 
Rifampicin but not carbamazepine was found to be a strong inducer of several intestinal 
enzymes and transporters which is in good agreement to profound DDI observed in 
clinical studies. In addition to the activation of nuclear receptors, the expression of 
intestinal enzymes and transporters may be also influenced by microRNAs. 
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Contribution of MATE1 to the renal secretion of trimethylamine-N-oxide (TMAO) 
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Question: High plasma levels of the small molecule osmolyte trimethylamine-N-oxide 
(TMAO) were identified as a predictor and putative contributor to the development of 
cardiovascular disease and chronic kidney disease. TMAO is removed from the 
circulation almost exclusively via renal filtration and secretion. A transport protein 
mediating the uptake from blood into proximal tubular cells is organic cation transporter 2 
(OCT2). Interestingly, and despite the fact that OCT2 shares substrates with the apically 
localized multidrug and toxin extrusion protein 1 (MATE1), TMAO transport by MATE1 
was not yet demonstrated. Therefore, we assessed the vectorial transport of TMAO by 
OCT2 and MATE1 in vitro, using single- and double-transfected cell models expressing 
the respective transport proteins. 
Methods: We used single-transfected Madin-Darby canine kidney (MDCK) cells stably 
expressing OCT2 or MATE1 and double-transfected MDCK cells stably expressing both 
OCT2 and MATE1 to study TMAO uptake and transcellular transport across polarized 
grown cell monolayers. 
Results: Transcellular transport of TMAO (10 µM) from the basal to the apical 
compartment was significantly higher in double-transfected cells compared to controls 
(6.3 fold) and single-transfected cells (3.3 fold for MATE1 and 6.4 fold for OCT2). 
Addition of the OCT2 and MATE1 inhibitor trimethoprim reduced this transport in double-
transfected cells to the level of controls. Interestingly, intracellular TMAO accumulation in 
control cells was 2.3 fold higher than in OCT2 single-transfected cells. 
Conclusion: Our data demonstrate that MATE1 transports TMAO across cell 
membranes in vitro and may contribute to its renal secretion in vivo. However, 
mechanisms of intracellular uptake other than OCT2 appear to exist in the cell lines 
investigated. Treatment of patients with inhibitors of OCT2 and/or MATE1 may elevate 
plasma concentrations of TMAO. 
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Contribution of OCT2-mediated uptake and MATE1-mediated export to renal 
secretion of trospium 

B. Deutsch1, C. Neumeister2, U. Schwantes2, M. Fromm1, J. König1 
1Institute for Experimental and Clinical Pharmacology and Toxicology, Friedrich-
Alexander-University Erlangen-Nürnberg, Clinical Pharmacology and Clinical Toxicology, 
Erlangen, Germany 
2Dr. R. Pfleger GmbH, Bamberg, Germany 

Background: The anticholinergic trospium is frequently used to treat symptoms of an 
overactive bladder. It is highly soluble in water and mainly excreted by the kidneys with a 
renal clearance of approximately 540 ml/min indicating substantial transporter-mediated 
renal secretion. One predominant pathway for the renal elimination of cationic drugs is 
the OCT2-mediated uptake from blood into proximal tubule cells and the MATE1-
mediated export across the apical membrane into urine. Trospium has previously been 
shown to be a substrate of these transporters. However, the interplay of both uptake and 
efflux transporters for trospium transport in polarized monolayers has not been 
investigated so far. 
Methods: We used polarized grown monolayers of single-transfected Madin-Darby 
canine kidney (MDCKII) cells stably overexpressing OCT2 (MDCK-OCT2) or MATE1 
(MDCK-MATE1), double-transfected MDCKII cells expressing both transporters (MDCK-
OCT2-MATE1) and vector-transfected MDCK-Co cells to examine the vectorial transport 
and intracellular accumulation of trospium. 
Results: The transcellular transport of trospium (1 µM) was much higher in MDCK-
MATE1 and MDCK-OCT2-MATE1 cells compared to MDCK-Co cells (18.7 fold and 33.7 
fold, P <0.001 each), while MDCK-OCT2 cells showed an increase of only about 5.6 fold 
(P <0.05). The intracellular accumulation was significantly higher in MDCK-OCT2 and 
MDCK-OCT2-MATE1 cells compared to MDCK-Co cells (2.5 fold and 1.7 fold, P <0.001 
each), whereas the accumulation in MDCK-MATE1 cells was lower (0.8 fold). Over a 
range of 30 min up to 120 min and 0.1 µM up to 50 µM, respectively, a clear time and 
concentration dependency in the vectorial transport could be detected. 
Conclusions: We could demonstrate that the interplay of OCT2-mediated uptake and 
MATE1-mediated export is important for trospium renal secretion. 
This work was supported by the Dr. R. Pfleger GmbH. 
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Development of solute carrier (SLC) transporters kidney cell models using hTERT-
immortalized renal proximal tubule epithelial cells (RPTEC/TERT1) 

J. Lier1, C. Zou2, R. McDaniel 2, C. Annesi 2 
1LGC Standards GmbH, Wesel, Germany 
2ATCC Cell Systems, Gaithersburg, MD, United States 

Question: Kidney membrane transporters play a key part in drug disposition and renal 
clearance. Among the SLC families, OAT1, OCT2 and OAT3 are the most important 
transporters in kidney tissue recommended for drug interaction studies by the FDA and 
EMA. Unfortunately, primary RPTEC cells lose OAT1, OCT2 and OAT3 transporters 
expression in culture. Transiently expressing these transporters in primary RPTEC cells 
show large variations between batches which makes data hard to interpret. Cell line-
based models either comes from animal species or are cancerogenic, which means the 
clinical predictability is greatly compromised. 
The aim of this study is to generate a new in vitro kidney toxicity model that have human 
kidney origin, accurate clinical predictability and consistent data output for initial drug 
interaction studies. 
Methods: We have generated transporter cell models using a well characterized hTERT-
immortalized Renal Proximal Tubule Epithelial Cells (RPTEC/TERT1) that stably 
overexpress either the OAT1, OCT2 and OAT3 gene. 
Results: Immunostaining shows that OAT1, OCT2 and OAT3 are correctly trafficked to 
the membrane. Clones show epithelial morphology and correct markers expression. The 
overexpressed transporters have normal transport activities using 5-CF and ASP+(4- (4-
(dimethylamino)styryl)-N-methylpyridinium iodide) uptake assays and the uptake can be 
inhibited by specific inhibitors. 
Conclusion: The OCT2/3 and OAT1 modified RPTEC/TERT1 cell lines are a new model 
for in vitro renal toxicology, which provide human kidney tissue related results, improved 
consistency over time, and have more predictability for clinical trials versus current 
models for in vitro testing. 
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Expression and regulation of metabolizing enzymes and transporter proteins in 
intestinal cell lines 

A. Fritz, S. Brück, P. Erdmann, L. Plantera, J. Müller, S. Oswald 
Universitiy Medicine Greifswald, Clinical Pharmacology, Greifswald, Germany 

Intestinal metabolizing enzymes and transporter proteins are can be induced via 
activation of nuclear receptors (e.g. PXR) resulting in unwanted drug-drug interactions 
(DDIs). However, prediction of the aforementioned induction is challenging as the 
induction potential for each nuclear receptor ligand seems to be different and there is a 
lack of appropriate in vitro models which can mimic this scenario. Thus, it was the aim of 
this study to characterize the expression pattern of clinically relevant ADME genes / 
proteins in different intestinal cell lines compared to human jejunum as well as their 
transcriptional and epigenetic regulation as caused by prototypic inducers. 

Caco-2, LS180, FHs74Int and HuTu80 cells were subjected to gene / protein expression 
analysis of ADME genes before and after time-course induction with rifampicin (100 µM) 
and carbamazepine (100 µM) for 24, 48, 72, 96, 120 and 144h. Comprehensive targeted 
expression analysis of enzymes and transporters was done by real time RT-PCR 
(TaqMan low density arrays) and targeted proteomics (mRNA, N=44; microRNA, N=754; 
and proteins, N=13). 
Of the investigated cell lines, only LS180 cells showed an expression of the required 
nuclear receptor PXR and of clinically relevant phase I and II enzymes and transporter 
proteins (e.g. ABCC2, CYP2C9, CYP3A4, UGT1A1) that are known to be present in the 
human small intestine. Consequently, LS180 cells were used for the time-course 
experiment. Incubation of the aforementioned cells with the nuclear receptor ligands 
rifampicin and carbamazepine caused time-dependent and significant up-regulation of 
ABCB1, ABCG2, SLC51A / B, CYP1A1, CYP2C9, CYP3A4 and UGT1A enzymes. 
Surprisingly, the highest induction has been observed in each case after incubation for 
120-144h. Preliminary data indicate that activation of nuclear receptors caused also time-
dependent regulation of several miRNAs that were predicted to bind to transcripts of the 
investigated enzymes / transporters. 
In conclusion, our data indicate that LS180 cells may be an appropriate in vitro model to 
investigate intestinal metabolism and transport which are also useful for studying the 
induction of the respective enzymes and transporters. Rifampicin and carbamazepine 
caused a substantially different induction of ADME genes / proteins. Moreover, 
preliminary data suggest that microRNAs may contribute to the extent of induction. 
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Cellular uptake of the atypical antipsychotic agent clozapine and its major 
metabolite desmethylclozapine is independent from hepatic OATP1B membrane 
transporters 

A. T. Nies1,2, E. Schäffeler1,2, M. Schwab1,3,4 
1Dr. Margarete Fischer-Bosch Institute of Clinical Pharmacology, Stuttgart, Germany 
2University of Tübingen, Tübingen, Germany 
3University Hospital Tübingen, Department of Clinical Pharmacology, Tübingen, Germany 
4University of Tübingen, Department of Pharmacy and Biochemistry, Tübingen, Germany 

Clozapine is an atypical antipsychotic agent and the most effective medication for treating 
refractory schizophrenia. However, its" use is limited partially due to the risk of clozapine-
induced agranulocytosis/granulocytopenia (CIAG), which are rare but severe 
hematological adverse drug reactions. The bioactivation of clozapine or its major 
metabolite desmethylclozapine to reactive nitrenium ions within the neutrophils has been 
considered a potential mechanism of clozapine-induced cytotoxicity. Genetic factors may 
contribute to CIAG risk. A recent genome-wide analysis identified an association of CIAG 
risk with a variant within the genomic locus covering the hepatic uptake transporters 
organic anion transporting polypeptide 1B1 (OATP1B1) and 1B3 (OATP1B3). Therefore, 
OATP1B1 and OATP1B3 may contribute to clozapine pharmacokinetics and hence 
causally to CIAG by mediating the hepatocellular uptake of clozapine, which is currently 
unknown. The aim of this study was to determine whether cellular uptake of clozapine 
and desmethylclozapine is mediated by OATP1B proteins. HEK cells stably expressing 
either the OATP1B1 reference sequence, or the OATP1B3 reference sequence, or 
OATP1B3 haplotype 1, the latter being the most frequent one in Caucasians, Mexicans 
and Han Chinese, were used to perform uptake and inhibition studies. We found that 
neither clozapine nor demethylclozapine is transported by OATP1B proteins. Moreover, 
transport of estradiol 17β-glucuronide transport, a prototypic OATP1B substrate, was not 
inhibited by clozapine or desmethylclozapine. We conclude that hepatocellular uptake of 
clozapine and its major metabolite desmethylclozapine is independent of OATP1B 
proteins indicating that OATP1B proteins are apparently not involved in clozapine-
induced neutrophil toxicity. 
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Cloning and functional characterization of primate Ntcps and their interaction with 
the human and woolly monkey hepatitis B virus 

S. F. Müller1, A. König2, B. Döring1, D. Glebe2, J. Geyer1 
1Justus Liebig University, Institute of Pharmacology and Toxicology, Giessen, Germany 
2Justus Liebig University, Institute of Medical Virology, Giessen, Germany 

Question: The liver-specific Na+/taurocholate co-transporting polypeptide (NTCP) allows 
the hepatic reuptake of bile acids after their enterohepatic recirculation and was identified 
as the entry-receptor for human hepatits B virus (HBV) - a classical hepadnavirus of the 
old world - as well as the receptor for the woolly monkey hepatits B virus (WmHBV) - a 
hepadnavirus isolated from a new world monkey. We want to identify the role of various 
Ntcps of primates as possible viral entry receptors for HBV and WmHBV in order to shed 
light onto known and unknown species barriers between old and new world primates and 
respective hepadnaviruses. 
Methods: We cloned and newly described Ntcps of various primate species with habitats 
throughout the new and the old world by extracting the respective coding Ntcp sequences 
from primate liver tissue and cloned them into the pcDNA5 vector. After transfection into 
HEK293 cells plasma membrane expression, bile acid transport and HBV/WmHBV 
receptor function were examined. Alexa633-coupled myr-preS1 peptides of HBV and 
WmHBV were used as models for virion binding to the different Ntcps and peptide 
binding capacity was quantified by measurement of bound fluorescence. Furthermore, we 
performed infection experiments in Ntcp-transfected HepG2 cells with hepatitis delta virus 
(HDV) particles, pseudotyped with envelope proteins of HBV or WmHBV, respectively. 
Results: All primate Ntcps showed sodium dependent bile acid transport. HBV and 
WmHBV myr-preS1 peptides showed no obvious differences in their binding affinities to 
different primate Ntcps neither in the peptide binding nor in the transport inhibition 
experiments. However, in infection experiments the different primate Ntcps seemed to be 
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differently susceptible to HBV or WmHBV infection. Myr-preS1 binding and infection 
experiments correlate for most, but not for all of our instances. 
Conclusion: Our data indicate that a certain region of the host Ntcp is necessary for 
attachment of both viral peptides and that only Ntcps supporting peptide binding can 
support infection. Old world monkey Ntcps could not support infection. Both findings 
match with common literature and accepted theories. Whilst some new world monkey 
Ntcps showed interaction with viral peptides they could not support infection. Therefore, 
we propose further factors beyond viral peptide binding to Ntcps to be needed for 
successful infection. 
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Relevance of the last exon of the WWOX gene for cytostatic drug sensitivity 

T. Moik, K. Bokelmann, J. Brockmöller, M. A. Schirmer 
UMG Göttingen, Clinical Pharmacology, Göttingen, Germany 

A genome-wide association study and an independent subsequent confirmation revealed 
an inherited genetic polymorphism of the WWOX (WW domain-containing 
oxidoreductase) gene as a potential marker for outcome upon chemotherapy for 
pancreatic cancer. Moreover, in pancreatic cancer cell lines, knock-down of WWOX by 
siRNA reduced responsiveness to the cytostatic drug gemcitabine. As the clinically 
associated polymorphism is located in a vast intron separating the last and the second-
last exon we interrogated mechanistic effects by CRISPR/Cas9-mediated knock-out the 
last exon of WWOX. For comparison, an analogous knock-out was executed concerning 
the core region of WWOX (i.e. exon 3). Functional effects of the cytotoxicity of drugs 
typically used in pancreatic cancer (i.e., gemcitabine, 5-fluoruracil, irinotecan, oxaliplatin) 
were assayed with PrestoBlue® cell viability reagent. We here report data concerning the 
pancreatic cancer cell line PaTu-8988t. 
We obtained two clones with heterozygous (termed Het1 and Het2) and one with 
homozygous (Hom) loss of the last exon of WWOX as verified by sequencing. Het1 
exhibited 20% and 5% of the normalized transcription of the WWOX core region and the 
last exon, respectively, in comparison to wild-type PaTu-8988t. This clone was negative 
for WWOX protein staining. Analogous transcription rates for Het 2 were 40 and 15% and 
this clone presented positive WWOX immunostaining. The clone identified as a 
homozygous knock-out of WWOX (Hom) was accompanied by no detectable 
transcription of the last exon whereas that of the core WWOX region reached 55% in 
relation to the wild-type. EC50 values of all four tested drugs were strongly increased by 
at least two-fold in the Hom clone whereas no substantially altered drug sensitivity was 
observed for the two heterozygous clones. Strikingly, the Hom clone presented with a 
clear morphologic change to more spindle-like. In contrast, knock-out of the WWOX core 
region resulted in absence of mRNA of the corresponding exons and no detectable 
WWOX protein but this did not translate into altered drug sensitivity. There was also no 
microscopic change in morphology of these cells. 
In conclusion, loss of the WWOX last exon, but not of other regions, strongly changes the 
cellular morphology and rendered highly increased resistance to cytostatic drugs. Loss of 
the WWOX 3ꞌ-region might be an important mechanism in several cancers accompanied 
by chemotherapy resistance and worse outcome. 
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Chances for reducing rodent carcinogenicity testing 

G. Bode1, J. W. van der Laan2 
1Institute of Pharmacology and Toxicology, University Medical Center, University of 
Göttingen, Göttingen, Germany 
2Medicines Evaluation Board, Utrecht, Netherlands 

Multi-hit and multi-step long-term reactions by pharmaceutical and chemical compounds 
can induce neoplasms. Drug Regulatory Authorities (DRA"s) request therefore in 
International Conferences on Harmonization (ICH S 1 A) to conduct rodent 
carcinogenicity studies when human treatment is necessary for longer than 6 months. 
ICH Guideline S 1 A defines conditions where long-term bioassays are not needed (e.g. 
infrequent use or short term duration, unequivocal genotoxicity, limited life-expectancy, 
topically applied drugs with poor systemic exposure, endogenous peptides or protein 
substances). The need for bioassays continues to be questioned because of too many 
positive outcomes. In addition, retrospective analyses of various datasets (PhRMA, FDA, 
JPMA, and EU) concluded that the outcome of these studies could be predicted as 
follows: Negative predictions can be made when carcinogenic signals are absent and 
positive predictions are possible when such signals are present. In between compounds 
remain for which the outcome is equivocal and where experimental studies may add 
value to identify real hazards. These hypotheses stimulated ICH to test in an ongoing 
exercise by DRA"s and Industry if the number of rodent bioassays can be reduced. Such 
prospective evaluation is necessary to justify any revision of the present 
recommendations of the ICH S1. Sponsors are strongly encouraged to submit 
Carcinogenicity Assessment Documents (CADs) to DRA"s for all investigational 
pharmaceuticals with ongoing or planned 2-yr rat carcinogenicity studies. The CAD would 
address the overall carcinogenic risk of the investigational drug based on available 
pharmacology and toxicology data and a rationale for why the conduct of long-term 
studies would not add value to that assessment. DRA"s independently review the 
submitted documents and evaluate the degree of concordance with Sponsors. During this 
prospective evaluation period waiver requests will not be granted, the data are collected  
solely for real world experience. Submitted CADs will finely be compared to the real 
outcome of the 2-yr carcinogenicity studies and/or any other factors of a weight of 

evidence evaluation. Main objective will be the assessment of accuracy of the 
predictions. This paper will inform about the present details of this retrospective analyses. 
More than 40 cases have been collected, the initial aim is 50 examples, refined later as 
20 virtual waivers. First trends will be reported. 
 
 

P66 

Lung cell carcinoma and immunohistochemical staining of MUC 1  

G. Bode1, M. Paulitschke2, K. Joehrens3 
1Institute of Pharmacology and Toxicology, University Medical Center, Göttingen, 
Germany 
2Provitro, Berlin, Germany 
3Pathology, Charité, Berlin, Germany 

Question: Can Mucin1 (MUC1) expression be used to identify NSCLC (non-small-cell 
lung carcinoma)? 
Introduction: Mucin 1 (MUC1) is a large transmembrane glycoprotein found on the 
apical surface of most secretory epithelial cells. Tumors often reveal an overexpression of 
MUC1. This overexpression is speculated to be a target for possible immunotherapeutic 
interventions. This study analysed the MUC-1 immunohistochemical staining incidences 
in human non-small cell lung carcinoma, compared two different antibody clones in lung 
carcinoma and their metastases and the staining incidences and intensities of tumors 
with adjacent normal lung tissue. 
Material and methods: The MUC-1 specific antibody clones BC-2 and 214D4 were 
selected by Merck-Serono for their reactivity in other tumor types. 200 primary NSCLC 
samples, 50 matched pairs of primary NSCLC samples and lymph nodes as well as 20 
matched pairs of primary NSCLC and distant metastases were evaluated. The tumor 
staging was performed and the MUC 1 expression quantified by a immunoreactive score 
(IRS), defined as the product of percentage of positive cells and staining intensity. The 
cytoplasmic and membranous staining pattern was separately evaluated. 
Overall results and conclusion: MUC-1 expression could be detected in 99 % of all 
primary tumors. MUC-1 expression in primary tumors correlated with the expression in 
paired lymph node metastases. Compared to the primary tumors, distant metastases 
showed more frequently positive membranous MUC-1 staining. Most often, a 
heterogeneous distribution in staining intensity across the tumour tissue section and in 
the normal lung tissue was observed. Lymph nodes and distant metastases exhibited a 
similar heterogeneity. Both applied antibodies showed a similar performance with regard 
to the cytoplasmic staining, but there were considerable differences for the membranous 
staining patterns varying between 27% or only 12% of cases. The normal tissue adjacent 
to the primary tumor tissue expressed MUC-1 in 99% in the cytoplasm, and only in rare 
cases in membrane structures. Despite the differences for membranous MUC-1, the 
MUC-1 expression patterns of both antibodies are remarkably similar, suggesting that 
MUC-1 is suitable for biomarker assessment by immunohistochemistry in routine tissue. 
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Insights into the mechanism of isoenzyme-specific signal peptide peptidase-
mediated translocation of Heme oxygenase 

B. Schäfer1, I. Glöckner1, K. Moriishi2, S. Behrends1 
1University of Braunschweig - Institute of Technology, Department of Pharmacology, 
Toxicology and Clinical Pharmacy, Braunschweig, Germany 
2Faculty of Medicine Yamanashi University, Department of Microbiology, Yamanashi, 
Japan 

Question: It has recently been shown that signal peptide peptidase (SPP) can catalyze 
the intramembrane cleavage of heme oxygenase-1 (HO-1) that leads to translocation of 
HO-1 into the cytosol and nucleus. While there is consensus that translocated HO-1 
promotes tumor progression and drug resistance, the physiological signals leading to 
SPP-mediated intramembrane cleavage of HO-1 and the specificity of the process remain 
unclear. 
Methods: In this study, we used co-immunoprecipitation and confocal laser scanning 
microscopy to investigate the translocation mechanism of HO-1 and its regulation by 
SPP. 
Results: We show that HO-1 and the closely related HO-2 isoenzyme bind to SPP under 
normoxic conditions. Under hypoxic conditions SPP mediates intramembrane cleavage of 
HO-1, but not HO-2. In experiments with an inactive HO-1 mutant (H25A) we show that 
translocation is independent of the catalytic activity of HO-1. Studies with HO-1 / HO-2 
chimeras indicate that the membrane anchor, the PEST-domain and the nuclear shuttle 
sequence of HO-1 are necessary for full cleavage and subsequent translocation under 
hypoxic conditions. In the presence of co-expressed exogenous SPP, the anchor and the 
PEST-domain are sufficient for translocation. 
Conclusion: We identified the domains involved in HO-1 translocation and showed that 
SPP-mediated cleavage is isoform-specific and independent of HO-activity. A closer 
understanding of the translocation mechanism of HO-1 is of particular importance 
because nuclear HO-1 seems to lead to tumor progression and drug resistance. 
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Impact of the green tea polyphenol (-)-epigallocatechin-3-gallate on histone 
deacetylases in human colon carcinoma HT29 cells 

T. Pöppelmann, J. Feuls, M. Esselen 
Westfälische Wilhelms Universität, Institut für Lebensmittelchemie, Münster, Germany 

The green tea polyphenol (-)-epigallocatechin-3-gallate (EGCG) is known for its health 
potential and in particular for its anticarcinogenic potential [1]. Up to this point the 
mechanism of EGCG is not fully elucidated. Because of its limited stability under cell 
culture conditions and further processes such as degradation and metabolism, a direct 
influence on nuclear proteins is unlikely. We are focusing on whether epigenetic 
mechanism of EGCG might contribute to its reported bioactivity in vitro [2]. 
The deactivation of tumor suppressor genes and activation of oncogenes affect genomic 
integrity and have an impact on the process of carcinogenesis. This process can be 
influenced by epigenetic modifications such as DNA-methylation and histone 
modification, like deacetylation and acetylation. Histone acetyltransferases and histone 
deacetyltransferases (HDAC) are enzymes that are able to affect the acetylation status of 
histones [3]. In tumor cells different HDAC-isoforms are overexpressed [4]. SUMO (small 
ubiquitin-like modifier)-proteins are able to modulate the activity of their cellular 
substrates by covalent binding. HDAC are known substrate proteins of SUMO-proteins 
[5]. 
Under cell culture conditions in the presence of HT29 cells the concentration of EGCG 
decreases rapidly in a time-dependent manner. The presence of ascorbic acid 
substantially affected the stability of EGCG, whereas catalase is not effective. Despite its 
limited stability, EGCG increases the SUMO-1 protein level in the nucleus and inhibits the 
transcription and expression of HDAC isoforms 1, 5 and 6 in HT29 cells at micromolar 
concentrations. By using the method of immunoprecipitation, we were able to show a 
direct correlation between the SUMO-1 and HDAC 1 protein status. 
[1] Chen and Dou Int. J. Mol. Sci. 2008, 9, 1196.  
[2] Groh et al. J. Nutr. Metab. 2013, 2013, 821082.  
[3] Link et al. BiochemPharmacol. 2010, 80, 1771.  
[4] Kim et al. J BiochemMolBiol 2003, 36, 110.  
[5] Shiio & Eisenman ProcNatlAcadSci USA. 2003, 100, 13225. 
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Loss of MARCKS increases chemoresistance 

T. Wenzel, T. Büch, A. Aigner, M. Schaefer, H. Kalwa 
RBI Leipzig, Leipzig, Germany 

The development of resistance against chemotherapy is a major cause of tumor relapse. 
Emerging evidence implicates the PIP2 binding protein "Myristoylated Alanine-Rich C 
Kinase Substrate" (MARCKS) in a critical role for the progession of chemotherapy 
resistance. Especially in colorectal cancers (CRC), MARCKS is frequently genetically 
deleted or functionally uncoupled through enhanced phosphorylation. We found that 
either reintroduction of MARCKS or overcoming its hyperphosphorylation via the receptor 
tyrosine kinase inhibitor bosutinib resensitized various CRC models to chemotherapeutic 
interventions. Here we could increase the potency of 5-fluorouracil (5-FU), the most 
commonly used chemotherapeutic agent in CRC. The activity increase of the ABCB1 
(MDR) transporter is a well-known mechanism how CRC protects itself against 5-FU 
exposure. We could show that mechanistically, upon bosutinib treatment, MARCKS 
translocates from the cytosol to the plasma membrane. Simultaneously, ABCB1 is 
expelled from the membrane to intracellular compartments. Measuring different pools of 
phosphatidylinositols with fluorescent biosensor proteins showed that reconstitution of 
MARCKS function reduces the amount of available PIP2 via sequestration. Subsequent 
time lapse microscopy revealed actin polymerization as well as clathrin and dynamin 
translocation typical for endocytic processes. Endocytosis is a complex process largely 
dependent on the precise spatial control of different PIP2 species. Here the beneficial 
effect of bosutinib on ABCB1 activity could be significantly reduced via the inhibition of 
endocytosis. Taken together these findings show an important role for MARCKS in the 
progression of CRC malignancy as well as offering a pharmacological intervention to 
potentially reverse this undesirable state. 
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Development of a cell-based corin assay 

F. Wunder1, P. Lambertz1, L. Theisen1, C. Garvie2, B. MacDonald2, N. Elowe2,  
D. Zubov1, V. Kaushik2 
1Bayer AG, Cell Biology, Wuppertal, Germany 
2Broad Institute of MIT and Harvard, Cambridge, MA, United States 

Corin is a transmembrane serine protease expressed in cardiomyocytes. Single 
Nucleotide Polymorphisms (SNPs) and mutations in the Corin gene leading to reduced 
Corin activity were identified in patients with hypertension, cardiac hypertrophy and heart 
failure. Corin exerts its cardioprotective effects via the proteolytic cleavage and activation 
of pro-atrial natriuretic peptide (pro-ANP) to ANP. Binding of mature ANP to the ANP 
receptor (GC-A) augments intracellular cGMP levels in target organs such as kidneys and 
peripheral blood vessels, ultimately leading to reduced blood volume and pressure. 

We recently described a reporter cell line stably expressing both the receptor guanylyl 
cyclase GC-A and the cGMP-dependent cation channel CNGA2, which was used as a 
real-time cGMP biosensor. Additional expression of the Ca2+-sensitive photoprotein 
Aequorin allowed natriuretic peptide detection by luminescence measurements. However, 
upon ANP stimulation luminescent signals were found to be transient. Therefore, we 
generated a second reporter cell line which expressed the calcium-sensitive GFP variant 
GCaMP6 instead of Aequorin. In contrast to the luminescence-based reporter cell line, 
ANP stimulation of our novel GCAMP6 reporter cell resulted in stable, long-lasting 
fluorescence signals. 
Using this reporter system, we could show that recombinant soluble wildtype Corin 
(solCorin), but not the active site mutant Corin(S985A) is able to convert proANP to ANP, 
resulting in left-shifted concentration-response curves. Equally, the cardiomyocyte 
derived HL-1 cell line converted proANP to ANP while HL-1 Corin knockout cells did not. 
Furthermore, transient overexpression of Corin conferred proANPase activity to HEK293 
cells. 
Our findings underline the role of Corin as the proANPase. The fluorescence-based ANP 
reporter cell line is well-suited for the characterization of Corin modulators, structure-
function studies of Corin variants, and might be used for the identification of novel Corin 
activators by HTS. 
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Regenerative potential of adipocytes – Potential treatment for hypertrophic scars? 
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A universal design of fully synthetic shark-human antibody 

A. Solemanizadeh1, P. Martineau2, K. Schindowski3 
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der Riss, Germany 

Question: There are great demands to identify new format antibodies with smaller size 
and less complexity. Hence, the aim of this project is using shark (vNAR) and human 
antibodies as a scaffold to introduce a novel and small antibody formats against different 
antigens with high stability, solubility and less immunogenicity.  
Methods: In this project, we wanted to gain deeper insight into the potential of shark 
antibody as immunotherapeutic. To this end, we screened a robust aligned collection of 
single domain shark vNAR antibody scaffolds and compiled in silico the structures of 
antibody–antigen complexes. Free energy of binding of all the residue side chains was 
quantified, allowing the first large-scale quantitative description of antibody paratopes. 
Results: These analyses revealed that there only few residues in the complementarity-
determining region 3 (CDR3) of shark vNARs are sufficient to explain the binding free 
energy of most complexes. According to this, we designed a pipeline for the development 
of functional synthetic libraries based on a unique framework for expression in E.coli with 
high diversity.  
Conclusions: In silico design and in vitro selection of antibodies rapidly allows obtaining 
highly functional binders, with lower cost. This fully synthetic humanized shark phage 
library with high diversity will provide the possibility of selection of binders with high 
affinity against different antigens and could be used in numerous biotechnological and 
therapeutic applications. 
 
Figure 1 
 

Figure 2 
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Comparison between singular gas chromatography mass spectrometry detection 
(GC/MS) and combined GC/MS plus GC nitrogen-phosphorus detection in general 
unknown screening of acute clinical toxicological analysis 

N. Apel, U. Walther 
Institute of Pharmacology and Toxicology, Rostock University Medical Center, Rostock, 
Germany 

Clinical toxicological analyses are often caused by acute either accidental or suicidal 
intoxications with unknown substances. To ensure an impact on clinical decisions, 
toxicological analyses should be as rapid as possible. On the other hand, such analyses 
are expected to cover a maximal number of possible substances. Standard procedures 
are based on gas chromatography-coupled mass spectrometry (GC/MS). Given that 
modern GC/MS analysis offers the possibility of a simultaneous “total ion measurement” 
(TIC) combined with a “single ion modus” (SIM), single substances of interest which are 
contained at low concentrations might be covered as well. However, the question arises 
whether a more time-consuming combined procedure of GC/MS and GC coupled with a 
nitrogen-phosphorus detector (GC/NPD) is worthily regarding its improved coverage. In 
the current work 154 compounds were chosen as substances of interest due to their 
toxicological relevance, prescription rates, or missing monitoring procedures. Only 145 of 
them were available as commercial standards and were screened for detection at highest 
therapeutic and lowest toxic concentrations in blood samples after liquid/liquid extraction 
and analysis by modern GC/MS and GC/NPD. At the highest therapeutic concentration 
range 98 substances were detected when the combination of GC/MS and GC/NPD was 
used. 56 of them were detected by both methods, 15 by GC/MS only and 27 by GC/NPD 
only. At the lowest toxic concentration range 112 substances were detected by either of 
the methods, 84 of them by both methods, 21 exclusively by GC/MS and 7 by GC/NPD 
only (isradipine, nitrendipine, opipramol, paroxetine, pregabalin, sildenafil, theophylline). 
Among the 7 substances additionally detected by GC/NPD, only theophylline has a high 
analytical toxicological relevance. In view of the more time-consuming procedure by the 
combined GC/MS and GC/NPD detection mode as compared to an exclusive GC/MS 
system we cannot highly recommend this combined mode for toxicological general 
unknown screening when a modern GC/MS system is used.  
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Cytotoxicity monitoring for safety assessments: IPS cardiomyocytes and cancer 
cells 

K. Juhasz1, S. Stölzle-Feix1, C. T. Bot2, E. Dragicevic1, L. Doerr1, M. Beckler1  
M. George1, R. Haedo2, N. Fertig1 
1Nanion Technologies GmbH, Munich, Germany 
2Nanion Technologies Inc., Livingston, NJ, United States 

Question: Human stem cell-derived cardiomyocytes (hIPSC-CMs) have recently proven 
to recapitulate key features of cardiac electrophysiology in vitro. Here, we show a 
thorough overview of the Comprehensive In-vitro Proarrhythmia Assay (CiPA) initiative 
compounds, and their effects on the impedance and extracellular field potential (EFP) 
signal of diverse spontaneously beating hIPS-CMs. We also demonstrate alternative 
application of impedance for cell cytotoxicity and proliferation assays. 
Methods: Diverse cell types were monitored using a 96-well hybrid screening instrument 
that combines impedance (or cell monolayer resistance) with MEA-like EFP recordings, 
under physiological conditions (temperature, humidity and CO2), which enabled short and 
long-term recordings without using an incubator. Changes in the impedance signal 
indicate effects on cell contractility, cell morphology and proliferation over prolonged 
periods of time, giving a crucial advantage of this technique over standard cytotoxicity 
assays. The EFP parameters provide information about the electrophysiological activity of 
the beating network of cells.   
Results: We focus on concentration-dependent effects of compounds such as nifedipine, 
pentamidine, dofetilide, E4031, isoproterenol and mexiletine on the impedance and EFP 
of hIPSC-CMs. In addition to data obtained from spontaneously beating cells, we also 
demonstrate optical stimulation of hIPSC-CMs, with an advantage over electrical 
stimulation due to the highly precise timing and simultaneous delivery of the light stimulus 
to all cells of the beating network. Optogenetic approach delivered optical pacing of 
hIPSC-CMs in a range from 1Hz to 3Hz, and impedance and EFP traces adapting to the 
paced beat rate were compared.  In addition, we describe the development and 
optimization of a label-free cell monitoring assays using impedance measurements. 
These assays provide reproducible results for toxicity screens of adherent, proliferating 
(e.g. cancer) or non-proliferating cells. We focus on the data obtained from testing the 
concentration dependent effects of chemotherapeutic drugs on cancer cells and their 
proliferation patterns as well as of cytotoxic and hepatoxic drug effects using diverse 
cellular models. 
Conclusion: In summary, our data and technical innovations strengthen the importance 
of testing compounds in assays complementary to patch clamp electrophysiology, to 
provide an all-inclusive safety and toxicity compound profile. 
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Intrinsically increased expression of skin barrier proteins and antimicrobial 
peptides in filaggrin-deficient skin models is abolished by Th2 cytokines  

S. Hönzke, M. Schäfer-Korting, S. Hedtrich 
Freie Universität Berlin, Institute for Pharmacy, Pharmacology & Toxicology, Berlin, 
Germany 

The author did not agree to the publication of his abstract.  
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Chronic statin exposure increases the lifespan of C. elegans in a DAF-16 
(hFOXO3a) dependent manner 

A. Jahn, G. Fritz, S. Honnen 
Heinrich-Heine-University, Medical Faculty, Institute of Toxicology, Düsseldorf, Germany 

Statins are broadly used as cholesterol-lowering agents in the clinic since 1989. Their 
competitive inhibition of the HMG-CoA reductase (HMGR-1) within the mevalonate 
pathway causes a depletion of mevalonate, a precursor for cholesterol synthesis and the 
prenylation and glycosylation of proteins. Recently, a cohort study showed that a 
decreased mortality rate in humans between age 78 – 90 correlates with statin treatment, 
but is independent of cholesterol levels. As C. elegans harbors the mevalonate pathway, 
but the branch leading to cholesterol synthesis is missing, it is a well-suited model 
organism to study cholesterol–independent effects of statins on ageing-associated 
phenotypes and the underlying molecular mechanisms. 
Here, we show that chronic exposure of C. elegans to low doses of lovastatin or 
atorvastatin substantially decelerated the accumulation of age pigments, which is an 
established marker for biological ageing. Consistently both statins prolonged the lifespan 
of C. elegans (atorvastatin about 10% and lovastatin about 20%). Together with further 
results (reduced fertility, shifted development, partial thermal stress resistance) these 
outcomes point to an involvement of the master regulator DAF-16. Neither lovastatin nor 
atorvastatin reduce age pigments in a daf-16-KO mutant and not even lovastatin 
extended the lifespan in this background. RT-qPCR shows an increased expression of 
JNK, a known activator of DAF-16, caused by mevalonate depletion (lovastatin). In line 
with that lovastatin failed to reduce age pigments and to increase the mean lifespan in a 
jnk-1-KO mutant. However lovastatin treatment in a DAF-2 (IGF1R) deficient background, 
which leads to a constitutive active DAF-16, still prolonged the lifespan of C. elegans 
about 10%. This shows that the statin induced longevity probably isn"t fully DAF-16 
dependent. 
In summary, statin exposure leads to a longevity phenotype in C. elegans, which seems 
to be at least partly DAF-16 dependent. Currently we investigate the molecular 
mechanism leading from HMG-CoA-reductase inhibition to DAF-16 activation. DAF-16 is 
a key molecule to understand the molecular mechanisms underlying the cholesterol-
independent and protective effects of statins in humans. 
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The role of HCA2 activation for the treatment of pemphigoid diseases  

M. Wannick1, J. Assmann1, D. Zillikens2, C. Sadik2, M. Schwaninger1 
1Institute of Experimental and Clinical Pharmacology and Toxicology, Lübeck, Germany 
2University Hospital, Clinical Dermatology , Lübeck, Germany 

The Gi protein-coupled hydroxycarboxylic acid receptor 2 (HCA2) is activated by the 
ketone body β-hydroxybutyrate as well as monomethyl fumarate (MMF), the primary 
metabolite of the multiple sclerosis (MS) and psoriasis drug dimethyl fumarate (DMF). 
Previous work identified HCA2 as a mediator of the therapeutic effect of DMF in 
experimental autoimmune encephalomyelitis, a mouse model of MS. Activation of HCA2 
has been shown to affect the migration and activation of immune cells, e.g. neutrophils, 
which highly express the receptor. It is therefore conceivable, that other neutrophil-driven 
diseases can be targeted by DMF treatment in a HCA2-dependent manner as well. 
Previous publications already showed that DMF is effective in a mouse model of the 
autoimmune blistering skin disease epidermolysis bullosa acquisita (EBA). Based on 
these observations, we investigated whether this therapeutic effect of DMF in EBA is 
mediated by HCA2. For this purpose, we induced antibody transfer EBA in both HCA2-
deficient mice (Hcar2-/-) and their littermate controls (Hcar2+/+) receiving an oral DMF 
treatment or the corresponding amount of vehicle control. The clinical score was 
determined based on the affected body surface area in a blinded fashion. Indeed, DMF 
treatment ameliorated skin lesions in Hcar2+/+ but not in Hcar2-/- animals. Further analysis 
revealed, that these observations were only true for female mice, as DMF was able to 
reduce the disease burden in male Hcar2+/+ and Hcar2-/- mice. Furthermore, DMF 
treatment prohibited increasing numbers of immune cells in the blood stream in EBA. 
DMF reduced the infiltration of monocytes and neutrophils into the skin explaining the 
improved disease outcome in DMF treated animals. These findings confirm the 
effectiveness of DMF in EBA, highlighting the potential use of DMF in other autoimmune 
diseases. 
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Modeling skeletal muscle disorders in engineered 3D cultures 

T. Rekersbrink1,2,3, J. Zschüntzsch2, W. H. Zimmermann1,3, J. Schmidt2, M. Tiburcy1,3 
1Institute of Pharmacology and Toxicology, University Medical Center Göttingen, Georg-
August-University Götting, Göttingen, Germany 
2Department of Neurology, University Medical Center, Göttingen, Germany 
3DZHK (German Center for Cardiovascular Research), partner site Göttingen, Göttingen, 
Germany 

Question: Disorders of the skeletal muscle (myopathies) are characterized by weakness 
and disability. The complex pathogenesis of muscle weakness is only partially 
understood and consists of an impaired myodegeneration and concomitant 
myoinflammation. The myoinflammation includes an upregulation of pro-inflammatory 
cytokines such as interleukin (IL)-1β and Interferon (IFN)-γ as well as an infiltration of 
mononuclear cells. To elucidate the nature of weakness in myopathies, we aimed to 
study the functional effects of pro-inflammatory cytokines in a novel in vitro model of 
human-derived engineered skeletal muscle (ESM).  
Methods: The ESMs were generated by mixing human primary myoblasts (95-100% 
CD56+) with fibroblasts (80%/20%). To test the inflammatory paradigm, human 
myoblasts in 2D and 3D cell culture were exposed to IFN-γ and IL1-β for 48 or 96 hours. 
MHC class 1 staining was performed to confirm the cytokine effect. Isometric 
measurement of contractile force was performed at culture day 16. 
Results: ESM from primary human myoblasts could be reliably generated under defined, 
serum-free conditions and be kept in culture for at least 23 days. ESMs showed typical 
skeletal muscle properties with tetanic contractions (contractile force up to 0,83 ±0,09 mN 
at 100 Hz, n=3). The cytokines IL1-β and IFN-γ elicited a pro-inflammatory response with 
increased MHC class 1 expression in muscle cells in 2D and 3D culture. Exposure of 
ESM with IL1-β and IFN-γ for 96 hrs reduced the tetanic contractile force (0.27 ±0.04 mN 
in treated vs. 0.42 ±0.02 mN in control at 100 Hz, n=8-10, P<0.05). Also, higher 
fatigability and a shift of the frequency-force response to lower frequencies were induced 
indicating a direct functional effect of cytokines on muscle cell performance. 
Conclusion: Pro-inflammatory cytokines impair the contractile function in human ESM. 
ESM may be a useful model to study mechanisms and potential therapeutic strategies in 
disorders of the skeletal muscle. 
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Cardioprotection against hypoxia/reoxygenation injury in engineered human 
myocardium 

E. Levent1,2, W. H. Zimmermann1,2, D. Katschinski2,3, L. C. Zelarayán1,2, C. Noack1,2  
K. Sharkova1, M. Tiburcy1,2 
1Universitätsmedizin Göttingen, Institute of Pharmacology and Toxicology, Göttingen, 
Germany 
2DZHK (German Center for Cardiovascular Research), Göttingen, Germany 
3Universitätsmedizin Göttingen, Institute of Cardiovascular Physiology, Göttingen, 
Germany 

Background: Reperfusing myocardial tissue after prolonged ischemia may contribute to 
50% of the final infarct size in the heart. Hypoxia inducible factor-1 (HIF-1), being the key 
transcription factor that mediates systemic adaptation to low oxygen tension, play a 
critical role during ischemic conditioning to reduce ischemia/reperfusion (I/R) injury. We 
hypothesized that engineered human myocardium (EHM) can be used as a pre-clinical 
test bed to investigate the putative cardioprotective role of HIF-1α stabilizers (e.g., prolyl-
hydroxylase inhibitors [PHDi]) in a human in vitro model of hypoxia/reoxygenation (H/R) 
injury. 
Methods: A hypoxia reporter human embryonic stem cell (hESC)-line was developed 
using TALEN genome editing for the expression of a fusion protein composed of the 
oxygen dependent degradation domain of HIF-1α (ODD) and firefly luciferase (Luc). 
Cardiomyocytes (CMs; >90% ACTN2-positive by flow cytometry) were obtained through 
directed differentiation of ODD-Luc HES cells. EHM was generated from defined pools of 
ODD-Luc cardiomyocytes and human dermal fibroblasts in a collagen hydrogel. H/R 
injury was induced by exposing EHM to 72 h 1% O2 followed by 24 h at 21% O2. The 
PHDis JNJ-42041935, and FG-4592 (Roxadustat) were tested at a concentration up to 
300 µmol/L. Cardiomyocyte survival and function in EHM were investigated by total 
myocyte number and isometric force measurements. 
Results: ODD-Luc CMs showed a significant Luc-signal (relative light unit - RLU) 
increase after treatment with JNJ-42041935 and FG-4592 (275±23 and 10,657±325 
RLU/protein, respectively). IC50 for JNJ-42041935 and FG-4592 were 40 and 158 µmol/L 
in cardiomyocytes, respectively. In addition, ODD-Luc CMs treated with FG-4592 showed 
endogenous HIF-1α protein stabilization and the expression of HIF-1 target genes such 
as LDHA, PHD2, GLUT1 and VEGF. Exposure to H/R injury resulted in a significant 
reduction in cardiomyocyte amount (-30±6%; n=6) and contractility (-70±8%; n=6). 
Interestingly, treatment with FG-4592 during 24 h of reoxygenation decreased the 
detrimental effects of H/R injury by ameliorating cardiomyocyte death (-15±4%; n=4) and 
dysfunction (-58±7%; n=4) in EHM. 
Conclusion: EHM was established as a model system for the evaluation of 
cardioprotective strategies under H/R injury. Reoxygenation following hypoxia impairs the 
myocyte content and the function of EHM. Here we confirmed that FG-4592, a HIF-1 
stabilizer, offers moderate protection upon H/R. 
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3D organoid culture: hiPSC-derived kidney organoid as a potential new tool for 
disease modelling and drug testing 

K. Sekeres1, A. Wagner2, C. Hugo2, K. Guan1 
1Institut für Pharmakologie und Toxikologie, Dresden, Germany 
2Universitätsklinikum Carl Gustav Carus, Medical Clinic and Polyclinic III, Dresden, 
Germany 

Question: So far, there are more than 160 known inherited kidney diseases. 
Establishment of patient-specific in vitro disease models could overcome the limitations of 
current models to discover new therapeutic targets and strategies. In this study, we aim 
to establish human induced pluripotent stem cell (iPSC)-based kidney organoids as an in 
vitro human model system, which can mimic organ structure and function of the kidney, 
and provide a more physiological alternative to current 2D cell culture and animal models 
for studying kidney diseases. 
Methods: To generate kidney organoids from human iPSCs, we optimized and 
standardized the previously published differentiation protocol (Fig. 1). The generated 
kidney organoids were characterized for their expression of nephrogenic-related genes 
(Podocytes: Synaptopodin, Wilms tumor 1, Nephrin; proximal tubules: Cubilin; distal 
tubules and collecting duct: Paired box gene 2, E-cadherin, GATA binding protein 3 and 
loops of Henle: Uromodulin) and compared to human fetal kidney. Immunofluorescence 
staining of nephrogenic-related proteins (Podocytes: Nephrin; proximal tubules: Cubilin; 
distal tubules and collecting duct: paired box gene 2, E-cadherin, GATA binding protein 3) 
were perform to investigate the structure of the generated kidney organoids in 
comparison to human fetal kidney. 
Results: We tested different concentration of inducing factors, initial cell numbers and 
size of organoid and successfully established and standardized the differentiation 
protocol for the generation of kidney organoids from human iPSCs. The generated iPSC-
derived kidney organoids show the expression of nephrogenic-specific genes, similar to 
the human fetal kidney. All iPSC-derived kidney organoids consist of cells with the 
characteristics of podocytes, proximal and distal tubules, loops of Henle, collecting duct 
and endothelium in a fetal kidney-like phenotype arrangement as demonstrated by 
immunofluorescence staining. Microfluidic system with endothelial cells in combination 
with kidney organoids are in progress. 
Conclusion: Successful establishment of human iPSC-derived kidney organoids provide 
the possibility to generate patient-specific models to study kidney diseases and to test 
new therapeutic agents in vitro in a highly efficient manner. Microfluidic systems with 
endothelial cells can contribute to induced vascularization of kidney organoids and further 
improve the nephrogenic formation. 
 
Figure 1 
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Investigation of selective and non-selective cyclooxygenase-inhibitors on sulfur 
mustard (SM) induced cell damage 

S. Wagner1, S. Lang1, T. Popp2,1, A. Schmidt1, K. Kehe3,2, H. Thiermann1, D. Steinritz2,1 
1Bundeswehr Institute of Pharmacology and Toxicology, Munich, Germany 
2Ludwig-Maximilians-University, Walther-Straub-Institute of Pharmacology and 
Toxicology, Munich, Germany 
3Bundeswehr, Medical Academy, Munich, Germany 

Question: Sulfur mustard (Bis(2-chlorethyl) sulfide), is a blister agent that has been used 
as chemical warfare agent during various conflicts in the past 100 years. Because of its 
deleterious effects and its relatively simple synthesis, a use by terrorist or in future 
conflicts cannot be ruled out. Exposure of the skin leads to inflammation, blistering and 
deep ulceration. SM is known to alkylate DNA, membranes and proteins, thus causing 
inflammation and cytotoxicity. However, the molecular pathomechanism is not completely 
understood, resulting in deficient therapeutic options. For this reason, research focuses 
on new strategies especially for post-exposure treatment. 
Methods: In this study, cyclooxygenase-inhibitors (COX-inhibitors) were investigated as 
potential drugs after sulfur mustard exposure in vitro. In a keratinocyte model (NHEK) we 
compared eight different drugs: the non-selective COX-inhibitors Ibuprofen, Diclofenac, 
Piroxicam, Acetylsalicylic acid, the selective COX-Inhibitors Celecoxib, Parecoxib and the 
anti-inflammatory substances Paracetamol and Tofacitinib. Change of cytokine 
expression, as a surrogate parameter for inflammation was assessed using a multiplex-
assay. Viability, as a parameter for cytotoxicity was determined by XTT-viability assay. 
COX-inhibition was checked by measurement of PGE2-activity using a specific ELISA. 
Results: Celecoxib reduced IL-6, IL-8 and TNFα release, whereas other COX-Inhibitors 
and Tofacitinib had only minor effects. 
Conclusions: These results indicate, that the selective COX-Inhibitor Celecoxib is the 
most promising option to reduce inflammatory effects in post-exposure treatment after 
contact to SM. 
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Impact of fasted or fed conditions on pharmacokinetic (PK) profile of ibuprofen 
(IBU) from a fixed dose combination IBU/caffeine (400/100 mg; FDC) in comparison 
to 400 mg IBU as acid or lysinate: Data from 2 single dose, randomized crossover 
studies in healthy subjects  

T. Weiser, T. Mück, E. Richter, R. Lange 
Sanofi-Aventis Deutschland GmbH, Frankfurt am Main, Germany 

Question: When treating acute pain patients want fast and effective pain relief. After 
overnight fasting, IBU lysinate reaches higher peak plasma levels (Cmax) earlier than IBU 
acid (tmax) but pain occurs independent from food intake. Moreover, IBU is usually taken 
with a meal. While fastened (>10 h) conditions are useful in PK studies to improve 
comparability by reducing variability, PK studies under "fed conditions" may better 
characterize pharmacokinetic properties under real life conditions. 
How do PK parameters of IBU (from the FDC or lysinate) thus compare in the presence 
of food? 
Methods: Two single dose, randomized, crossover studies in healthy subjects (36 per 
study), PK parameters: Cmax, exposure (AUC0-tz, AUC0-inf), and tmax of IBU. 
Study 1 (NCT01879371): The FDC was compared with 400 mg IBU as acid (Brufen®), 
and 400 mg IBU as lysinate (Nurofen® Immedia) after an overnight fast. 
Study 2 (NCT02629354): The FDC was compared with IBU lysinate (Dolormin® extra) 
after a standard breakfast. Standard study designs and analytical methods were used. 
Cmax and AUC0-tz: as geometric means (%geometric coefficient of variation); tmax values 
as medians. 
Results: After fasting, PK results of IBU from FDC were comparable to those of IBU acid. 
Caffeine did not affect PK parameters. As expected, PK results were different for IBU 
lysinate. Taken with food important PK parameters (Cmax and tmax ) of IBU lysinate were 
quite different compared to administration after fasting. With food IBU from FDC reached 
tmax more than 23% earlier than IBU from lysinate, and Cmax was more than 12% higher, 
with similar exposure (see Table). 
Conclusion: High Cmax and short tmax of analgesics are linked to fast onset of pain relief. 
With food the PK profile of IBU from FDC was superior compared to IBU lysinate, adding 
to the pharmacodynamic superiority of the FDC vs IBU alone as shown in a clinical 
efficacy trial (NCT01929031). 
 
Figure 1 
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Determination of the permeation and penetration of flurbiprofen from a locally 
acting sore throat lozenge and spray into human pharynx tissue using a novel ex-
vivo model and a validated analytical method 

R. Turner 1, S. R. Wevrett1, S. Edmunds1, M. Brown1,2, R. Atkinson3, T. Shea4 
1MedPharm Ltd, Guildford, United Kingdom 
2School of Pharmacy, University of Hertfordshire, Hatfield, United Kingdom 
3Reckitt Benckiser, Hull, United Kingdom 
4Reckitt Benckiser, New Jersey, NJ, United States 

Aim: Patients with sore throat experience pain and discomfort resulting from 
inflammation occurring in the pharynx. Relief of these symptoms can be achieved through 
local or systemic delivery of non-steroidal anti-inflammatory drugs (NSAIDs). The aim of 
this study was to determine the penetration of flurbiprofen from 8.75 mg spray and 
lozenge formulations into human pharynx tissue. 
Methods: The Franz diffusion cell model was used to mimic the physiological and 
anatomical conditions of the human pharynx tissue in situ. Human pharynx tissue was 
mounted between the donor compartment (containing the spray or lozenge formulation) 
and receiver compartment (containing the receiver fluid). Doses of 187.73 (±171.22) µg 
and 15.11 (±0.09) µg flurbiprofen were applied to the pharynx tissue from the spray and 
lozenge formulations, respectively. Samples of receiver fluid were removed for analysis of 
flurbiprofen at 10-minute intervals between 0–60 minutes (the fluid was replaced after 
each time point). Flurbiprofen was recovered from the surface and within the pharynx 
tissue using an extraction solution. The receiver fluid and extraction solution were 
analysed using a validated high-performance liquid chromatography analytical method.    
Results: Flurbiprofen that had permeated through the tissue was detected in the receiver 
fluid from 10 minutes onwards following spray application and the total amount of 
flurbiprofen present in the receiver fluid at 60 minutes was 0.35 (±0.25) µg. Flurbiprofen 
was not initially detected in the receiver fluid following lozenge application, however, upon 
concentration of the lozenge receiver fluid samples via evaporation and reconstitution in a 
smaller volume, flurbiprofen was also detected from 10 minutes onwards. The flurbiprofen 
recovered from the surface of the pharynx tissue was 45.91 (±56.96) µg for spray and 
1.28 (±0.40) µg for lozenge. The amount of flurbiprofen recovered from within the pharynx 
tissue was 87.30 (±58.65) µg for spray (46.50% [±31.24] of applied dose) and 8.26 
(±0.81) µg for lozenge (54.65% [±5.35] of applied dose). 
Conclusion: The results show that flurbiprofen from 8.75 mg spray and lozenge 
formulations penetrates into the human pharynx tissue. These data help to confirm that 
flurbiprofen reaches the site of pharyngeal inflammation in the deeper layers of the tissue 
after local application. 
Conflicts of interest: This study was funded by Reckitt Benckiser. Robert Atkinson and 
Tim Shea are employees of RB.  
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Rivaroxaban and macitentan can be administered concomitantly without dose 
adjustment 

L. Werntz1, A. Huppertz1, N. Hohmann1, A. D. Meid1, K. I. Förster1, J. Burhenne1  
D. Czock1, J. Weiß1, G. Mikus1, W. E. Haefeli1 
1University Hospital Heidelberg, Department of Clinical Pharmacology and 
Pharmacoepidemiology, Heidelberg, Germany 

Objective: We aimed to assess the effect of the non-selective endothelin receptor 
antagonist macitentan on rivaroxaban (factor Xa inhibitor) pharmacokinetics before and 
after metabolic induction by St. John"s Wort (SJW). Throughout the study, we also 
quantified changes of cytochrome P450 (CYP) 3A activity at critical time points using 
midazolam microdose phenotyping. 
Methods: This open-label, monocenter, two-period, oral dose, one sequence phase I 
clinical trial was completed by twelve healthy volunteers (4 females). Plasma 
concentrations of macitentan (Opsumit®, 10 mg), its active metabolite 
despropylmacitentan, rivaroxaban (Xarelto®, 20 mg), and midazolam (Dormicum®, 30 µg) 
was quantified with sensitive validated UPLC-MS/MS methods and geometric mean 
ratios (GMR) and 95 % confidence intervals (CI) of Cmax, AUC0-τ, and AUC0-∞ were 
calculated by non-compartmental pharmacokinetic analyses. Net endothelin-antagonistic 
activity was calculated as AUCmacitentan + (AUCdespropylmacitentan/5) considering that 
despropylmacitentan possesses 1/5 of the activity of macitentan. 
Results: SJW increased CYP3A activity by 273 % (p < 0.01) and decreased macitentan 
exposure by approximately 50 % (Table 1). Concurrently, the GMR AUC of 
despropylmacitentan did not alter (Table 1). In sum, predicted net endothelin-antagonistic 
activity decreased to 0.80 (95 % CI 0.70-0.90); p < 0.01). Rivaroxaban slightly decreased 
the GMR of macitentan AUC and of macitentan Cmax (Table 1) while the AUC of 
despropylmacitentan slightly increased (Table 1). Conversely, macitentan increased Cmax 
of rivaroxaban without affecting its AUC (Table 1). 
Conclusion: There is no evidence for a clinically relevant pharmacokinetic interaction 
between macitentan and rivaroxaban suggesting that these two drugs can be combined 
without dose adjustment. SJW strongly increased CYP3A activity and substantially 
reduced macitentan and rivaroxaban exposure. Therefore, the combination of 
rivaroxaban with SJW should be avoided and the combination of macitentan and SJW 
should only be given with caution. 
Table 1 Geometric mean ratios (95 % CI) of macitentan, despropylmacitentan, and 
rivaroxaban pharmacokinetics in 12 healthy volunteers in the presence and absence of 
St. John"s wort 
 
Figure 1 
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Lack of mutual pharmacokinetics DDIS for a novel transporter phenotyping 
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Question: In drug development, new molecular entities must be tested for transporter-
mediated drug-drug interactions. Cocktail approaches are expected to be effective tools 
to assess such interactions, however, they have not been evaluated sufficiently yet. To 
establish a cocktail approach as a phenotyping method for transport proteins is a 
challenge since many substrates lack specificity. As part of the validation process, the 
question of this study was to assess whether there is any potential mutual DDI within the 
probe drugs which we selected. 
Methods: Metformin (OCT1/2 and MATE1/2K), sitagliptin (OAT3), adefovir dipivoxil 
(OAT1), pitavastatin (OATP1B1) and digoxin (P-gp) were chosen as probe drugs. In this 
randomized, six-way crossover study, 24 volunteers received each of these probe drugs 
separately (reference periods) and a cocktail of all probe drugs in one period (test 
period). Nineteen blood and 24-hour urine samples were collected in each period and 
quantified via LC-MS/MS. Genotyping for common polymorphisms of transporters was 
done using the DMET™ Plus microarray. Pharmacokinetics including primary endpoints 
were evaluated via non-compartmental pharmacokinetic analysis. The standard 
bioequivalence approach was used to evaluate differences between test and reference 
periods. 
Results: Application of the cocktail was safe and well tolerated by the volunteers. With 
regard to primary pharmacokinetic endpoints, no relevant mutual interactions between 
the drugs within the cocktail were observed (see Figure1). The renal clearance test to 
reference (T/R) ratios of adefovir, sitagliptin and digoxin were 0.923 (0.84-1.02), 1.02 
(0.971-1.08) and 0.953(0.882-1.03) respectively (point estimate and 90% CI). Cmax T/R 
ratios of digoxin were 1.06 (0.945-1.19). Secondary pharmacokinetic endpoints are 
shown in Figure2. The AUC0-24h T/R ratios of metformin and sitagliptin were 1.04 
(0.942-1.15) and 0.989 (0.942-1.05). The renal secretion T/R ratios of sitagliptin and 
digoxin were 1.04 (0.967-1.12) and 0.95 (0.822-1.08). However, minor interactions could 
not be excluded for OAT1 (AUC0-24h T/R ratio of 1.25 [1.05-1.49], renal secretion T/R 
ratio of 0.812 [0.637-1.04]) and renal secretion T/R ratios of metformin was 0.928(0.880-
0.978). 
Conclusion: The lack of relevant drug-drug interactions between cocktail drugs indicates 
that the cocktail selected here might be a useful clinical tool to assess transporter-based 
interactions. 
Fig.1& Fig2.  Pk parameter  
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Tolerability and analgesic efficacy of loxapine in patients with refractory, 
chemotherapy-induced neuropathic pain 
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2Witten/Herdecke University, Department of Clinical Pharmacology, School of Medicine, 
Faculty of Health, Witten, Germany 
3HELIOS Clinic Wuppertal, Clinic of Internal Medicine I, Division of Oncology and 
Palliative Care, Wuppertal, Germany 
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Background / Aim: Neuropathic pain is a chronic debilitating disease that affects 7-10% 
of the general population. More than half of neuropathic pain patients report inadequate 
pain relief with currently available drugs. Recent data from animal studies in mice 
suggested a potential analgesic effect of the antipsychotic compound loxapine via 
opening the Slack (KNa1.1) channel, a sodium-activated potassium channel. Hence, we 
aimed to evaluate the tolerability and analgesic efficacy of loxapine in a proof-of-principle 
study in patients suffering from neuropathic pain (EudraCT Number: 2014-005440-17; 
NCT02820519). 
Methods: In this monocentric, open label study, it was planned to treat 12 patients with 
refractory, chemotherapy-induced neuropathic pain (including mixed pain) with loxapine 
as add-on analgesic in a dose-escalating manner (4 treatment episodes à 14 days, daily 
dose: 20, 30, 40, or 60 mg loxapine) depending on tolerability and analgesic efficacy. 
Neuropathic pain was measured by using an 11-point numeric rating scale (NRS). A 
clinically relevant pain reduction or analgesic efficacy was defined for a particular 
treatment episode by an at least 30% decrease or an absolute decrease of two NRS units 
comparing the median of the NRS values covering the last 5 days of an episode versus 5 
baseline values. 
Results: After enrolling four patients, this study was prematurely terminated due drug-
related adverse events (e.g., drowsiness, akathisia, extrapyramidal side effects) occurring 
in all patients. Notably, in two patients receiving loxapine for at least 2 treatment 
episodes, a clinically relevant pain reduction was found for a daily dose of 20 mg or 30 
mg loxapine, respectively. Two patients received loxapine for 4 days only and no clinically 
relevant pain reduction was found in these patients. 
Conclusion: Opening of the Slack potassium channel might be a novel treatment option 
for patients with refractory neuropathic pain. However, the benefit-risk profile of loxapine 
for this indication seems to be of limited value due to side effects frequently occurring 
with first-generation antipsychotic drugs. (This study was supported by an internal 
research funding of the Witten/Herdecke University. The investigational compound was 
provided free of charge by Lannett Company, USA). 
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Desorption kinetics of organic chemicals from albumin 

S. Krause, K. U. Goss 
Helmholtz-Zentrum für Umweltforschung, Analytical Environmental Chemistry, Leipzig, 
Germany 

Question: Many chemicals, e.g. pharmaceuticals or pesticides, tend to bind to the 
human plasma protein albumin when present in blood. Desorption kinetics from albumin 
can affect a chemical's metabolism, because slow desorption from albumin limits hepatic 
uptake of a chemical. Despite its potential relevance, desorption kinetics are currently 
neglected in pharmaco- or toxicokinetic models by assuming instantaneous sorption 
equilibrium. Apart from a few singular studies there has been no systematic investigation 
of desorption kinetics from albumin until now. 
Methods: We used a time-resolved extraction method of the test chemicals from albumin 
suspensions. In this method, the albumin suspension with the test chemical is pumped 
through a thin capillary, which is coated with an extraction material on the inner surface. 
Variation of the flow rates used for pumping leads to different residence times of the 
albumin suspension inside the capillary. As soon as the test chemical desorbs from 
albumin, extraction into the extraction material occurs. The concentration of the test 
chemical, which is still present in the albumin suspension after passage through the 
capillary, is determined and compared to the concentration in the input suspension. As a 
result, a concentration-time profile can be measured which allows determination of the 
desorption rate constant. 
Results: We measured desorption rate constants for 15 neutral organic chemicals, 
including pollutants like polycyclic aromatic hydrocarbons and a pesticide. The 
determined desorption rate constants kdes range from 0.2 s-1 to 1.8 s-1. Our data revealed 
a mechanistically plausible correlation between desorption rate constants and a 
chemical's molecular weight which could, in fact, be extended to include literature values 
for kdes of bilirubin as low as 0.03 s-1. The desorption kinetics appear to be dominated by 
the diffusional transport within the albumin molecule. 
Conclusion: Based on the presented experimental data we were able to derive a 
predictive model which can be used to estimate kdes for chemicals that have not been 
tested experimentally. Preliminary evaluation of the results indicates that the desorption 
from albumin may indeed become a kinetically limiting process for hepatic metabolism if 
the intrinsic metabolism rate constant is fast. 
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Structure-dependent activation of the human nuclear receptors AhR and CAR by 
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A. Braeuning1 
1German Federal Institute for Risk Assessment, Food Safety, Berlin, Germany 
2Biochemical Institute for Environmental Carcinogens-Prof. Dr. Gernot Grimmer 
Foundation, Grosshansdorf, Germany 

Polycyclic aromatic hydrocarbons (PAH) represent a complex mixture of compounds and 
occur in considerable amounts as contaminants in environment and food. Some PAH 
have been demonstrated to be carcinogenic and mutagenic. Benzo[a]pyrene (BP), the 
most known and studied member of the potent carcinogenic PAH, is classified by IARC 
as group 1 carcinogen. Although the activating potential of BP for the aryl hydrocarbon 
receptor (AHR) and Pyrene for the constitutive androstane receptor (CAR) is already 
known a lot of different PAH were not investigated for receptor activation yet. Therefore 
reporter gene assays were used for analyzing interactions of ten structurally different 
PAH on the nuclear receptors AhR and CAR. The analysis comprises PAH considered to 
be non-carcinogenic (e.g. Pyrene), possibly carcinogenic (e.g. Benzo[c]phenanthrene), 
probably carcinogenic (e.g. Dibenzo[a,l]pyrene) and carcinogenic (BP) to humans. The 
observed activations were verified at the gene expression level of target genes in the 
human hepatoma cell line HepaRG. 
Beside known AhR ligands like BP new AhR agonists (e.g. Benzo[j]fluoranthene, 
Benzo[a]anthracene) were identified using CYP1A1 promoter reporter gene assay.  
These results were also verified on CYP1A1 mRNA expression level in HepaRG cells. 
Numerous PAH analyzed were identified as direct CAR agonists (e.g. Pyrene, 
Fluoranthene, Benzo[c]phenanthrene) using CAR transactivation assay. The CYP2B6 
mRNA expression analysis in HepaRG cells showed differences only after treatment with 
Pyrene and Fluoranthene. The mRNA expression of both receptors was elucidated in 
HepaRG cells. No induction of AHR mRNA expression was determined. However, CAR 
mRNA content significantly decreased. 
PAH representing ligands for both AhR and CAR or individual nuclear receptor were 
identified. In further experiments strong receptor agonists/antagonists were combined 
resulting in partially additive, antagonistic or synergistic effects in regard to receptor 
activation. 
In conclusion, several PAH alone can act by different mode of action. As PAH are always 
present in complex mixtures the alteration of molecular key events must be taken into 
account for a better risk assessment. 
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Harmful body care products – An insight into a possible detoxification pathway in 
humans by AKR1B1 and AKR1B10 

D. Appel, J. Hintzpeter, H. J. Martin, E. Maser 
Institute of Toxicology and Pharmacology for Natural Scientists, University Medical 
School Schleswig-Holstein Campus Kiel, Kiel, Germany 

Question: The aldo-keto reductase (AKR) superfamily consists of enzymes involved in 
reduction of active carbonyl groups occuring e.g. in carbohydrates, steroids, tobacco and 
tobacco smoke, peroxidation products and many other potent toxicants. This reduction is 
the first step towards detoxication and excretion. The human enzymes AKR1B1 and 
AKR1B10 as members of the AKR superfamily play crucial roles in the polyol pathway as 
well as in the reduction of all-trans-retinal to retinol. Furthermore they are expressed in 
human skin cells. 
The fragrances bourgeonal, lilial and cyclamal are often part of commercial shower gels, 
shampoos or body milks and possess an aldehyde group. Animal data shows that 
exposure to lilial can cause testicular damage, reduced fertility, miscarriage and can act 
allergenic. 
We investigated whether AKR1B1 or AKR1B10 can reduce the fragrances bourgeonal, 
lilial and cyclamal to their corresponding alcohols. For that purpose we used recombinant 
enzymes as well as A431 and HaCat cell lines. 
Methods: AKR1B1 and AKR1B10 were expressed in Escherichia coli and purified using 
Ni-affinity chromatography. Enzyme kinetic parameters were determined by photometric 
measurements. 
For cell culture experiments we used the human skin cancer cell lines A431 and HaCat. 
Identification of reaction products was done by GC-MS and NMR spectroscopy. 
Results: The fragrances bourgeonal, lilial and cyclamal are reduced by recombinant 
AKR1B1 and AKR1B10 with low KM values and high catalytic efficiency (KM= 1.52 – 7.06 
µM; kcat/KM= 9.24 – 614.47 [(µM*min)-1]). Cell culture experiments show that the human 
skin cancer cell lines A431 and HaCat express cytosolic AKR1B1 and AKR1B10 and 
reduce bourgeonal, lilial and cyclamal to their corresponding alcohols. 
Conclusion: We show that the fragrances bourgeonal, lilial and cyclamal as part of body 
care products can be metabolically reduced efficiently by the human aldo-keto reductases 
AKR1B1 and AKR1B10. The reduction of reactive carbonyl species to their 
corresponding alcohols by members of the aldo-keto reductase superfamily is often a first 
step in the detoxification process of these substrates. Therefore we assume that the 
fragrances bourgeonal, lilial and cyclamal are potentially detoxified by AKR1B1 and 
AKR1B10 and pose a lower risk for fertility damage or allergenic potential. 
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Reverse dosimetry approach for potential endocrine disruptors: Simple kinetic 
modeling versus PBTK 

E. Fabian, A. Ochs, C. Haase, C. Gomes, B. Birk, T. Ramirez-Hernandez  
R. Zbranek, B. van Ravenzwaay, R. Landsiedel 
BASF SE, Experimental Toxicology, Ludwigshafen am Rhein, Germany 

In animal-free risk assessments, in vitro obtained effect concentrations are translated to 
external, e.g. oral, doses by kinetic modeling (reverse dosimetry). For this approach, we 
extrapolated lowest effect concentrations (LOEC) from in vitro assays for potential 
endocrine disruptors to lowest observed effect levels (LOEL). Here, we compare 1) a 
simple kinetic 1 compartment model versus 2) an 8 compartment PBTK model. For 1), 
the calculated, dose dependent steady state concentration in rat plasma for a continuous 
dosing scenario was related to the effect concentration in vitro whereas for 2), the dose 
dependent maximum plasma concentration was used to link in vitro to in vivo. Substance 
specific input parameters for 1) are molecular weight, plasma protein binding (PPB) and 
hepatic clearance whereas for 2) additionally logP and apparent permeability through 
Caco-2 cells (Papp) were taken into consideration. Calculations were performed for 10 
compounds (e.g. Bisphenol A (BPA), Fenarimol (FEN), 17α- Ethinylestradiol (EE), 
Acetaminophen (APAP), Caffeine (CAF), Ketoconazole (KET), Flutamide (FLU), 
Genistein (GEN), Methyltestosterone (MTT), Trenbolone (TRE)), using lowest effect 
concentrations from in vitro assays for interaction with estrogen and androgen receptors 
as well as steroidogenesis. To evaluate the quantitative reverse dosimetry, in vitro based 
extrapolated oral LOELs were compared to determined LOELs in the rat. For 1) and 2), 7 
and 6 out of 10 substances resulted in estimated LOELs in the same order of magnitude 
than in vivo-derived LOELs, respectively (assessed as correctly predicted). Correct 
predictions in both models were obtained for BPA, FEN, APAP, CAF and KET, whereas 
in model 1) FLU and MTT and in model 2) GEN were additionally correctly predicted. It 
should be mentioned that although less complex, the simple kinetic model yielded results 
closer to the measured in vivo LOELs than the PBTK model for 6 out of the 10 modeled 
substances (FEN, APAP, CAF, FLU, MTT, TRE). In conclusion, our results demonstrate 
that for reverse dosimetry, also the application of a simple 1 compartment model is 
possible in principle. 
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Characterization, modification and applicability of an in vitro placental transfer 
assay for screening purposes  

C. Gomes, C. W. van Dongen, B. Birk, E. Fabian, J. Doersam, B. van Ravenzwaay, 
R. Landsiedel 
BASF SE, Experimental Toxicology, Ludwigshafen am Rhein, Germany 

Embryotoxicity is a toxicological endpoint with high impact in the registration process of 
chemicals and drugs. Alternative methods to animal testing are being developed for 
developmental toxicity and are applied already for screening purposes. Nevertheless, 
transfer of an active substance via the placenta is essential to induce potential direct 
effects on the embryo. Placental transfer can be investigated in vitro by the determination 
of the placental transfer rate and the thereof derived apparent permeability coefficient 
(Papp value) of a substance. Using a trophoblastic cell line (BeWo b30) on a transwell 
system, a cell barrier is formed separating the apical (representing maternal side) from 
the basolateral (representing fetal side) compartment. However, varied protocols exist 
and often insufficient characterization is performed. Therefore, in the present study the 
main methodology is extensively characterized and optimized to enable screening 
processes. Characterization parameters are trans-epithelial electrical resistance (TEER), 
fluorescein transfer (paracellular control), histology, immunohistochemistry of cell tight 
junctions and transfer of permeability controls amoxicillin (low) and antipyrine (high). The 
modification alters the frequency of medium change. Stable cell layer integrity was 
observed on day 6 based on the characterization parameters, which also showed high 
reproducibility. The TEER increased from day 3 to 6 reaching a value of 46.8 Ω·cm-2. 
This increase was followed by a decrease of 80% on the Fluorescein transfer, confirming 
the barrier integrity. The Papp values of permeability controls amoxicillin and antipyrine 
were in the literature range for both methodologies. Moreover, several substances, 
difenoconazole, flusilazole and triadimefon were tested for its placental transfer rate, 
resulting in Papp values from 7.8 to 41.8 x106 cm/s. These results demonstrate that even 
compounds from the same chemical class can have different transfer rates. Determining 
the relative Papp to the reference compound antipyrine facilitates the comparison among 
substances in different experiments or laboratories. In conclusion, the established 
protocol may be combined with other in vitro or in silico developmental toxicity assays to 
support an animal free higher tier testing strategy. 
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States 
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Very few studies have been published on kidney safety biomarkers in canines. This might 
be due to the shortage of high quality sandwich immunoassays for canines. Therefore, 
we designed peptide-centric assays which work across model species – mouse, rat, 
canine, monkey, and human. This test system for protein quantification combines the 
sensitivity of immunoprecipitation and the specificity of mass spectrometry (MS). For this, 
blood or urine samples are denatured and enzymatically proteolyzed. One peptide from 
each protein, which can be assigned unambiguously, is identified via MS and quantified 
by means of an isotope-labeled reference. Prior to LC-MS analysis, the peptides are 
enriched by antibodies which recognize a short C-terminal epitope motif. These epitopes 
are selected based on conserved protein/peptide regions. Therefore, the antibodies can 
be used for several target species. In case the complete surrogate peptide is conserved, 
the complete assay can be transferred between several target species. 
In a 10-day (D) study, tobramycin-induced nephrotoxicity was monitored in six male 
beagle canines where potential nephrotoxicity biomarkers were analyzed and compared 
with histopathology and standard clinical pathology parameters. For this, canine-specific 
sandwich immunoassays were used along with the MS-based immunoassays (IP-
LC/MS). Animals received tobramycin (60 mg/kg, n=6) or vehicle (n=3) for ten days. 
Urine/serum were collected at pre-dosing, selected days post dosing and termination. 
Minimal to moderate proximal tubular injury was identified amongst the tobramycin-
treated dogs only. 
There were no deaths/clinical observations. Tobramycin plasma exposures with respect 
to mean C(max), mean AUC(LAST) and mean AUC∞ on D9 were higher when compared 
to D1. When normalized to urinary creatinine, increases in urine levels of gamma-
glutamyl transferase (D7 and D10) and N-acetyl-b-D-glucosaminidase (D10) were 
detected in treated canines versus controls. Utilizing the newly established multiplex IP-
LC/MS assay has demonstrated the upregulation of urinary osteopontin, clusterin, retinol 
binding protein 4, kidney injury molecule 1 and alpha-1-microglobulin on D7 and D10 
versus controls. No changes in the standard parameters such as serum creatinine and 
urea nitrogen were detected, indicating that the innovative multiplex IP-LC/MS assay is a 
value-added platform for simultaneous detection of monitorable changes in urine-based 
proximal tubular injury biomarkers. 
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Poisoning with organophosphorus compounds (OP), which include nerve agents and 
pesticides, represents a substantial threat. Intake of pesticides accounts for ~ 160,000 
deaths/year and exposure to nerve agents as the dissemination of sarin in Syria 2013 
and 2017, pose a substantial risk to humans. Unfortunately, a universal antidotal therapy 
covering all OP does not yet exist despite more than sixty years of research. This 
underlines the urgent need for the development of improved medical countermeasures. 
To assess candidate therapeutics, different pre-clinical organ models were established. In 
the past small bowel samples from different animal species were used to study the 
smooth muscle relaxing effect after cholinergic pre-contraction with various compounds. 
However, species-specific differences play a major role for OP antidotes, but have not 
been evaluated regarding smooth muscle relaxation. Hence, we investigated the 
spasmolytic impact of different oximes and bispyridinium-non-oximes in human and rat 
small bowel after pre-contraction with the parasympathomimetic carbamoylcholine or the 
nerve agent sarin. Muscle force relaxation was recorded for at least seven concentrations 
to allow reliable calculation of dose-response curves. Additionally, the tissue 
cholinesterase activities from both species were compared. All tested substances 
displayed a concentration-dependent smooth muscle relaxing effect following classical 
dose-response curves, the bispyridinium-non-oxime MB 327 being the most potent tested 
bispyridinium compound in both species (human EC50 = 0.7 × 10-5 M, rat EC50 = 0.7 × 10-

5 M). The comparable results suggest a transferability and absence of species-specific 
effects. Furthermore, the AChE activity for human and rat native tissue did not differ 
significantly (rat jejunum = 1351 ± 166; rat ileum = 1078 ± 123; human jejunum = 1030 ± 
258; human ileum = 1293 ± 243; all data given as mU/mg wet weight). In conclusion, 
isolated human and rat small bowel preparations seem to be a suitable tool to assess the 
spasmolytic effects of candidate antidotal therapeutics for OP poisoning in pre-contracted 
smooth muscle, with results being transferable between rat and humans. 
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Baseline variability of the gut microbial community and related metabolic changes 
in plasma and feces 
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In metabolomic studies the influence of strain, sex and other factors has to be taken into 
account. The aim of this study was to evaluate the baseline variability of rat plasma after 
treatment with corn oil, carboxymethyl cellulose (CMC) and 20% reduced food as well as 
to investigate if this has an effect on the key metabolites or co-metabolites related to gut 
microbial changes which have been described earlier previously. Additionally, to allow a 
distinction between a systemic effect and microbial changes, the gut community was 
analyzed and a metabolic profiling in the feces was performed. 
Corn oil (5 mL/kg bw/d) and 0.5% CMC (10 ml/kg bw/d) were administered to rats, and 
another group of single-caged animals received 20% less food. Metabolic profiling after 7, 
14 and 28 days and a metabolomic profiling on day 28 in feces was performed. A 16S 
analysis after DNA isolation from the feces was done to determine microbiome 
communities. This analysis showed the following findings: 
CMC: minor changes in the community of Bacteroidetes (34% to 38%) and 
Verrucomicrobia (11% to 5%) and negligible changes in the metabolome, 
Corn oil: negligible changes in the community and metabolic changes in the lipid 
metabolism, 
Reduced diet: changes in the community of Firmicutes (53% to 64%), Bacteroidetes 
(33% to 29%), Verrucomicrobia (11% to 5%) and Proteobacteria (1.0% to 0.5%) and 
metabolic changes of fatty acids, complex lipids and amino acids. 
The results indicate that reduced diet has an impact on the community of the microbiome 
as well as on the metabolome profile. Most metabolic changes both in feces and plasma 
could be observed in the corn oil and reduced diet group of male animals, but not in the 
corresponding group of female animals. 
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These investigations suggest that there is a baseline variability of metabolite changes in 
plasma and feces, especially in the lipid metabolism. They should be taken into account 
for the evaluation of the plasma metabolome when using vehicles for test substances 
regarding microbial changes. 
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Although a lot of effort on the development and application of alternatives to animal 
testing has been made in the past, relevant toxicological endpoints (e.g. nephrotoxicity) 
can currently not fully be replaced by in vitro studies and often the mode of action of toxic 
compounds is still unclear. Metabolomics in vitro in kidney cells might be a novel 
approach that can enable the identification of nephrotoxicity including investigation of its 
mode of action. Therefore, a robust system based on NRK-52e cells was established 
(partly within the InnoSysTox Project "Risk-IT" founded by BMBF, Germany) by 
cultivation of the cells on Lumox dishes (Sarstedt), treatment for 48h and sensitive 
harvesting of the cells. Bezafibrate, known as a mild nephrotoxic substance, was 
identified as an appropriate quality control compared to vehicle control DMSO 0.5% 
(PCA1= 0.30, PCA2 = 0.06). These results show that this technology is now ready for 
validation by testing substances with different modes of action. Four different nephrotoxic 
compounds were applied: acetaminophen and 4-aminophenol with the known mode of 
action "covalent binding" and polymyxin B sulfate and vancomycin with the mode of 
action "lysosomal overload". The number or significantly changed metabolites (MET) 
versus control was for 4-aminophenol 123 of 326 MET, for acetaminophen 65 of 326 
MET, for polymyxin B sulfate 147 of 326 MET and for vancomycin sulfate 106 of 326 
MET. A principle component analysis shows that 4- aminophenol, and polymyxin B 
sulfate changed the intracellular NRK-52e metabolome with a clear separation of both 
clusters compared to the control samples. Although the effect of acetaminophen and 
vancomycin hydrochlorid was weaker, a different metabolic fingerprint was identified also 
for these two substances. These observed differences in the metabolome of the four 
known nephrotoxic substances suggest that the metabolome analysis might be a suitable 
tool for analysis of the mode of action of nephrotoxicants. These data will be confirmed by 
investigation of further nephrotoxic substances with the same mode of action. 
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Chronic AngII-induced hypertension leads to impaired renal function and initiation 
of epithelial to mesenchymal transition in rat kidneys 
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Question: Epidemiological studies revealed an association between hypertension and 
the risk to develop kidney cancer. A possible explanation for this enhanced cancer risk 
could be oxidative damage to DNA caused by elevated levels of the blood pressure 
regulating hormone angiotensin II (AngII). We already have shown the potential of AngII 
to increase oxidative stress and DNA damage in vitro and in vivo. In this study we 
investigated the effects of chronic AngII-induced hypertension in a rat-model regarding 
kidney function, proliferation, apoptosis and expression of epithelial to mesenchymal 
transition (EMT) markers. 
Methods: To induce hypertension, Big Blue®+/- rats were treated with AngII (0.4 mg/kg x 
day). After 20 weeks of treatment kidneys were isolated for further analysis. 
Results: AngII-treated animals showed significantly increased levels of blood pressure. 
We also observed impaired kidney function and altered morphology in these animals 
compared to wildtype animals, detected via creatinine clearance, albumin in urine and 
histological analysis of the kidney. Furthermore, AngII-treated animals exhibited more 
proliferating cells (PCNA-positive cells) and more apoptotic cells, which were measured 
via TUNEL assay. Moreover, increased expression of the EMT markers fibronectin and 
vimentin was found in AngII-treated animals. 
Conclusion: In this study we detected an activation of EMT with a simultaneous increase 
of proliferation. This could indicate that a chronic upregulation of AngII may allow 
differentiated kidney cells to dedifferentiate and regain their proliferative activity. With an 
activation of EMT cells are able to pass on mutations to daughter cells which can 
facilitate the development of cancer cells. 
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Tight junction proteins and barrier integrity of the Caco-2 intestinal model are 
affected by the marine biotoxin okadaic acid 

J. Dietrich, I. Grass, A. Braeuning, A. Lampen, S. Hessel-Pras 
German Federal Institute for Risk Assessment, Food Safety - Unit Effect-based Analytics 
and Toxicogenomics, Berlin, Germany 

Question: The main representative of diarrhetic shellfish poisoning (DSP) toxins, okadaic 
acid (OA), is produced by dinoflagellates of the genus Dinophysis and Prorocentrum. OA 
is a heat-stable, lipophilic compound which accumulates in the hepatopancreas and fatty 
tissue of water-filtrating organisms, e.g. mussels or oysters. The consumption of highly 
contaminated seafood provokes the DSP syndrome which is characterized by severe 
gastrointestinal disorders like diarrhea, nausea, vomiting and abdominal pain. These 
acute symptoms are due to OA-induced damage of the intestinal epithelium. There is still 
a lack of data concerning the molecular mechanisms which lead to OA-induced disruption 
of the human gut barrier. Thus, the aim of the present study was to investigate the 
influence of OA on the integrity and permeability properties of the Caco-2 cell monolayer 
as well as on selected tight junction proteins (TJPs). 
Methods: The transepithelial electrical resistance of the cell monolayer was determined 
before and after treatment with OA. Transport studies with fluorescein isothiocyanate 
were conducted in a Transwell system. Furthermore we performed gene expression 
analysis of genes encoding occludin, claudins (CLDN1, CLDN2, CLDN3, CLDN4, 
CLDN7, CLDN12, CLDN15), and zonula occludens (TJP1, TJP2, TJP3) proteins.  
Differences in gene expression were verified via Western Blotting. 
Results: Our data indicate that higher OA concentrations (≥ 80 nM) affect the integrity of 
the Caco-2 cell monolayer. In addition, OA regulates gene expression of CLDN2, CLDN4, 
TJP1, and TJP3 in a concentration-dependent manner after 8 and 24 hours of incubation. 
In addition, the protein levels of claudin-4 and ZO-1 were affected by OA within the same 
treatment period. 
Conclusion: In conclusion, our results confirm OA-induced disruption of the cell 
monolayer of differentiated Caco-2 cells. We show that treatment of Caco-2 cells with OA 
leads to altered levels in gene expression and protein amounts of several TJPs in 
differentiated human intestinal epithelial-like Caco-2 cells.    
[1] European Food Safety Authority (EFSA), The EFSA Journal, 2008, 1-62. 
[2] Ehlers, Scholz, These, Hessel, Preiss-Weigert, Lampen, Toxicology, 2011, 279(1), 
196-202. 
[3] Tripuraneni, Koutsouris, Pestic, De Lanerolle, Hecht G., Gastroenterology, 1997, 
112(1), 100-108. 
[4] Berven, G., Sætre, F., Halvorsen, K., & Seglen, P. O., Toxicon, 2001, 39(2), 349-362. 
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Pyrrolizidine alkaloid-induced hepatotoxicity in the human hepatoma cell line 
HepaRG: Single versus repeated exposure 

J. Waizenegger, A. Braeuning, A. Lampen, S. Hessel-Pras 
German Federal Institute for Risk Assessment, Food Safety, Berlin, Germany 

Pyrrolizidine alkaloids (PA) are secondary plant compounds widespread among plants 
and plant products. Consumption of some PA-containing herbal teas can exceed the 
tolerable daily intake of 0.007 µg/kg BW. PA intoxication in humans causes severe 
hepatotoxicity: while acute intoxication leads to veno-occlusive disease, hepatomegaly, 
ascites and liver hardening, chronic PA intoxication is characterized by hepatic necrosis, 
fibrosis and cirrhosis. The molecular mechanisms of PA hepatotoxicity are not well 
understood. 
The aim of this study was to investigate cell death parameters in human HepaRG 
hepatocarcinoma cells in vitro following treatment for either 24h or 14d with the four 
structurally different PA Echimidine (Em), Heliotrine (Hn), Senecionine (Sc) and 
Senkirkine (Sk)). 
The viability assays MTT and DAPI were performed and apoptosis/necrosis detection 
was accomplished using fluorescence microscopy and flow cytometry. Following 
hallmarks of apoptosis were also examined: changes of the mitochondrial membrane 
potential, nuclear and DNA fragmentation and caspase activities. 
Both PA exposure scenarios (24h and 14d) showed structure- and concentration-
dependent cytotoxicity in HepaRG cells. An apoptotic potential of PA was revealed for the 
retronecine-type PA Em and Sc. Furthermore, PA structure- and time-dependently 
induced depolarization of the mitochondrial membrane potential, nuclear as well as DNA 
fragmentation and also an increase in pro-caspase cleavage and activity. 
In conclusion, the morphology and viability of HepaRG cells was drastically affected by 
PA and a pro-apoptotic potential of the PA was demonstrated. We show that HepaRG 
cells are suitable as an in vitro model to investigate hepatotoxicity of PA. 
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Pyrrolzidine alkaloids – Metabolism-dependent molecular effects in human 
endothelial cells 

J. Ebmeyer1, M. Lorenz2, A. Braeuning1, A. Lampen1, S. Hessel-Pras1 
1German Federal Institute for Risk Assessment, Food Safety, Berlin, Germany 
2Charité – Universitätsmedizin Berlin, Medical Clinic for Cardiology and Angiology, Berlin, 
Germany 

Question: Pyrrolizidine alkaloids (PA) are a group of secondary plant metabolites 
produced in a wide variety of different plant species as a defence mechanism against 
herbivores. Humans are exposed to these substances via the consumption of 
contaminated food. PA intoxication can lead to severe liver damage such as veno-
occlusive disease (VOD) which affects sinusoidal endothelial cells in the liver. It is 
considered that PA toxicity is based on PA metabolites formed during a metabolic 
activation processes in the liver. However, the mechanism of the development of VOD is 
not well understood until now. Therefore, the aim of this project was to analyze molecular 
effects on human endothelial cells comparing non-metabolized with in vitro-metabolized 
PA. 
Methods: We used human umbilical vein endothelial cells as a cell model. In vitro 
metabolism of the two PA representatives senecionine and lasiocarpine was 
accomplished by using a rat S9 fraction. Cell viability was determined via the MTT 
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viability assay. Alterations in gene expression were analyzed with a human endothelial 
cell biology PCR array and verified via qPCR. 
Results: Without bioactivation, the two tested PA did not show any effect on cell viability 
up to high micromolar concentrations. In combination with a preincubation period with rat 
liver S9 fraction, a concentration-dependent decrease in HUVEC viability was observed. 
Gene expression analysis showed an increased expression of the FAS receptor and of 
different interleukins, along with opposite-directed regulation of the two genes PTGIS and 
PTGS2 that encode enzymes involved in prostanoid synthesis. Non-metabolized PA 
produced no relevant effects in gene expression analysis. 
Conclusion: The results confirm that metabolism of PA causes their toxification. Gene 
expression data give rise to the hypotheses that PA (i) sensitize endothelial cells against 
FAS-mediated apoptosis, and (ii) disturb the expression of vasoactive mediators. 
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Insights into the production of neurotoxin associated proteins from C. botulinum 
strain Beluga 

A. Przykopanski1, M. Krüger2, J. Lübke1, A. Kroh1, R. Jin3, B. Dorner2, A. Rummel1 
1Hannover Medical School, Toxicology, Hanover, Germany 
2Robert Koch Institute, Berlin, Germany 
3University of California, Irvine, CA, United States 

Question: Botulinum neurotoxins (BoNTs) belong to the most potent poisons causing 
flaccid paralysis and are classified into nine serotypes named from A to H and X. All 
BoNTs are encoded together with the non-toxic non-hemagglutinin (NTNHA) in two 
different gene clusters called ha- and orfx-clusters. NTNHA forms a medium progenitor 
toxin complex (M-PTC) with BoNT thereby mediating protection against degradation 
during GI passage. Three additional hemagglutinins (HA1-3) bound to the M-PTC 
increase intestinal absorption of BoNT. OrfX-clusters encoding serotypes BoNT/E, F, H, 
X and some BoNT/A subtypes lack the hemagglutinins, but encode four HA unrelated 
proteins called orfX1-3 and p47. Currently, the physiological function of OrfX1-3 and P47 
as well as their potential interaction with the M-PTC remains unclear. The aim of our 
study is to examine expression of these orfX- proteins by the C. botulinum strain Beluga 
producing BoNT/E1 and to identify interactions between them. 
Methods: We cultured C. botulinum strain Beluga under various anaerobic conditions 
and compared different purification methods to obtain OrfX proteins and M-PTC/E. To 
show interaction between BoNT/E, NTNHA-E, M-PTC/E and OrfX1-3 extracts and 
supernatants were analysed by immunoprecipitation studies with various antibodies 
directed to individual components, size exclusion chromatography and native PAGE. 
Results: We are able to show expression of OrfX1-3 proteins as well as BoNT/E and 
NTNHA/E. All proteins could be isolated together and were immunoprecipitated by their 
respective monoclonal antibodies. In addition, NTNHA-E was co-immunoprecipitated with 
BoNT/E at pH 6.0 and vice versa from cell pellet extract while hardly any M-PTC/E was 
detectable in the culture supernantant. 
Conclusions: C. botulinum strain Beluga producing BoNT/E1 belongs to the non-
proteolytic eurypsychrophilic C. botulinum group II. Knowing the production and release 
of BoNT/E together with non-toxic neurotoxin associated proteins is fundamental to 
understand the mechanism of intoxication in BoNT/E caused food borne botulism. 
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Investigations of the neurotoxic effects of engineered nanoparticles in the mouse 
brain – The N3RvousSystem project 

A. Sofranko1, T. Wahle1, H. J. Heusinkveld1,2,3, D. Breitenstein4, B. Stahlmecke5  
B. Hellack5, C. Albrecht1, R. P. F. Schins1 
1IUF-Leibniz Research Institute for Environmental Medicine, AG Schins, Düsseldorf, 
Germany 
2National Institute for Public Health and the Environment (RIVM), Bilthoven, Netherlands 
3Institute for Risk Assessment Sciences (IRAS), Utrecht, Netherlands 
4Tascon-GmbH Analytical Services and Consulting, Münster, Germany 
5Institute for Energy and Environmental Technology e.V. (IUTA), Duisburg, Germany 

In recent years, major concerns have emerged about the potential neurotoxic effects of 
nanomaterials. Despite the widespread applications of nanoparticles (NPs), for instance, 
in cosmetics, food or medical applications, and observations that brain exposure actually 
can occur, only limited neurotoxicity data are available. A specific goal of the research 
project N3RvousSystem is the development of a strategy for the detection and evaluation 
of potential adverse effects in the brain following oral exposure to NPs. Neurotoxicant-
induced effects on neurophysiology are often reflected in behavioural changes that 
precede neuropathological changes. In the current study, NP-induced effects on 
behaviour and neuropathology are being explored in C57BL/6J mice following protocols 
based on the OECD guideline for the testing of neurotoxicity in rodents (#424). The 
studies involve ad libitum exposures to pellets enriched with either CeO2-NPs (NM-212, 
EU-JRC repository), TiO2-NPs (NM105) or Ag-NPs (Aldrich, #576832) in different 
concentrations or control pellets. With the use of Time-of-Flight Secondary Ion Mass 
Spectrometry (ToF-SIMS), scanning electron microscopy (SEM) and dynamic light 
scattering (DLS) the nanoparticles were thoroughly characterized in their pristine form. 
The feasibility of in situ detection by ToF-SIMS and SEM was demonstrated for CeO2-
NPs in feed pellets, which ensured homogeneous distribution of NPs. Both methods were 
also used for the in situ detection of these NPs in mouse brain and intestine. In mice 
exposed to CeO2-NPs (1 or 10 mg/g feed pellets) no major behaviour impairments could 
be observed. Moreover, immunohistochemical analyses revealed no alterations in the 
level of neuroinflammation. Investigations with TiO2-NPs and Ag-NPs are ongoing and 
first results will be presented. 
Acknowledgement: The project N3RvousSystem has been awarded within the Dutch-
German bilateral project call InnoSysTox "Innovative systems toxicology for alternatives 

to animal testing", and is funded on the German part by the Federal Ministry of Education 
and Research (BMBF). 
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Practice-driven approach to harmonize reproductive and thyroid hormones 
measurements in the evaluation of pesticides and biocides 

O. Kucheryavenko1, G. Lurman1, A. Lehmann1, J. Braz2, L. Niemann1, V. Ritz1  
A. Terron3, R. Solecki1 
1German Federal Institute for Risk Assessment, Safety of pesticides, Berlin, Germany 
2National Health Surveillance Agency (ANVISA), Brasilia, Brazil 
3European Food Safety Authority (EFSA), Parma, Italy 

Question: It is anticipated that concentrations of circulating hormones will be more 
frequently determined as part of the toxicological evaluation of active substances in plant 
protection and biocidal products for endocrine disruptive properties. There is guidance 
available in the medical field to support, e.g., the conduct and interpretation of thyroid 
hormone measurements. However, for toxicological purposes, specific recommendations 
are needed. A number of factors (e.g. stress, circadian rhythm, oestrous cycle) may 
influence hormone concentrations and must be considered. 
Methods: To gather information on the practice of hormone measurements in toxicology, 
we have screened the open literature (published 2007-2016), in particular the method 
sections of research papers. Besides, more than 40 laboratories were approached by 
means of an online survey tool. The resulting overview formed the basis for a discussion 
by experts from contract research organizations, industry, academia and regulatory 
agencies which took place in October, 2017, in Berlin. 
Results: Recommendations for measuring thyroid and reproductive hormones were 
compiled describing various aspects of experimental design, sample collection, hormone 
measurements, assay validation and applicability of internal historical control data. These 
recommendations were submitted to the European Food Safety Authority (EFSA) for 
potential inclusion in the Guidance Document for the implementation of the hazard-based 
criteria to identify endocrine disruptors. 
Conclusion: There is a body of expertise and knowledge accumulated in laboratories 
routinely measuring thyroid (T3, T4, TSH) and reproductive hormones (testosterone, 
estradiol, LH, FSH, progesterone). Different methods may be applied but it is essential to 
justify their use and to provide evidence of validation. Examination of a battery of 
hormones is preferential over measuring a single hormone in isolation. If incorporation of 
hormone measurements in the routine studies is not feasible, a specific mechanistic 
study may be needed. Endocrine physiology, appropriate measures to reduce stress, or 
stratification for sampling times should be taken into consideration for study design. 
Changes in hormone levels may contribute much to the identification of endocrine 
disrupting properties but such findings must not be used as "stand alone" information. 
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Mitochondrial damage induced by methylene blue and toluidine blue in A549 and 
L929 cells 

E. Bekka1,2, C. Hopfer1, F. Eyer2, H. Mückter1, T. Gudermann1 
1Walther-Straub-Institute of Pharmacology and Toxicology, Ludwig-Maximilian-University 
Munich, Munich, Germany 
2Technical University of Munich, School of Medicine, Klinikum rechts der Isar, 
Department of Clinical Toxicology, Munich, Germany 

Question: The phenothiazine dyes toluidine blue (TB) and methylene blue (MB) have 
several clinical applications (reversal of methemoglobinemia, chromodiagnostics). There 
have been reports of severe cardiac arrhythmias following the IV administration of TB [1]. 
Despite their widespread use, little is known about the therapeutic and the toxic 
concentration range of these agents. This in vitro study aimed at comparing the cellular 
distribution of TB and MB and their effects on several metabolic endpoints, with indigo 
carmine (IC) as a non-phenothiazine reference.  
Methods: Human lung adenocarcinoma cells (A549) and mouse fibroblast cells (L929) 
were treated with various concentrations of the three dyes. The subcellular dye 
distribution was spectrophotometrically assessed after cell fractionation. In intact cells, 
mitochondrial membrane potential (MMP), adenosine triphosphate (ATP) content, 
reactive oxygen species (ROS) production and total glutathione (GSX) concentrations 
were measured. 
Results: After treatment with 200 µM TB and MB for 2 hours, the dyes were found mainly 
in nuclei and mitochondria. Both dyes significantly decreased the MMP after 75 minutes 
and 4 hours at concentrations ≥50 µM, with the exception of fibroblasts treated 75 
minutes with MB. ATP-content decreased significantly at concentrations ≥100-500 µM. In 
A549 cells the EC50 for ATP content reduction was significantly lower for TB than MB. At 
concentrations >50 µM, TB significantly increased ROS production in both cell lines after 
20 minutes. No significant ROS production occurred after MB exposures; neither dye 
affected GSX concentrations. IC did not enter the cell or affect metabolic parameters. 
Low-dose MB and TB pretreatment of fibroblasts significantly reduced ROS production 
induced by hydrogen peroxide.  
Conclusion: The distribution pattern and metabolic effects of high-dose MB and TB 
exposures suggested mitochondrial toxicity, which could have contributed to the reported 
cardiovascular effects, since fluctuations in cardiac MMP may lead to arrhythmias [2]. 
High-dose effects were in contrast to low-dose exposures, which reduced oxidative stress 
generation in fibroblasts. MB appeared to be less toxic than TB for most endpoints, and 
might constitute a safer treatment for methemoglobinemia. For chromodiagnostic 
procedures IC might be the drug of choice. 
1. Petrat F et al. Langenbeck's Archives of Surgery. 2012;397(6):983-93. 
2. Brown DA et al. Cardiovascular Research. 2010;88(2):241-9. 
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Skin sensitization quantitative risk assessment for occupational exposure of 
hairdressers to hair dye ingredients 

C. Goebel1, T. Diepgen2, B. Blömeke3, A. Gaspari4, J. McFadden5, A. Schnuch6  
A. Fuchs7, K. Schlotmann8, M. Krasteva9, I. Kimber10 
1Coty, Toxicology , Darmstadt, Germany 
2University Hospital Heidelberg, Dept. of Social Medicine, Occupational and 
Environmental Dermatology, Heidelberg, Germany 
3Trier University, Dept. of Environmental Toxicology, Trier, Germany 
4University of Maryland, Dept. of Dermatology, School of Medicine, Baltimore, MD, United 
States 
5St John's Institute of Dermatology, King's College, Dept. of Cutaneous Allergy, London, 
United Kingdom 
6University of Göttingen, Information Network of Depts. of Dermatology (IVDK), 
Göttingen, Germany 
7Kao Germany GmbH, ERL, Darmstadt, Germany 
8Henkel AG & Co. KGaA, Düsseldorf, Germany 
9L’Oréal, Research and Innovation, Clichy, France 
10University of Manchster, Faculty of Biology, Medicine and Health, Manchster, United 
Kingdom 

Exposure to hair dye precursors, such as p-phenylenediamine (PPD) and toluene-2,5-
diamine (PTD), has been associated with the development of allergic contact dermatitis in 
consumers and in hairdressers. For consumers, a quantitative risk assessment (QRA) for 
the induction of skin sensitization has been based on the actual hair dye exposure on 
head1. We now introduce, a skin sensitization QRA for occupational exposure of 
hairdressers. It is based on data from published hand rinsing studies assessing hand 
exposure to PPD, PTD and resorcinol following typical salon working conditions. By 
considering ethnic and sex differences for hand size, uneven distribution of hand 
exposure during cutting and styling, as well as wet working conditions and rinsing factors, 
daily hand exposure concentrations were derived. Next, daily hand exposure was 
compared with the sensitization induction potency of the individual hair dye defined as the 
No Expected Sensitization Induction Levels (NESIL). For PPD and PTD hairdresser hand 
exposure levels were 2.7 and 5.9 fold below the individual NESIL when inter-individual 
variability for professionals was considered. In contrast, hand exposure to resorcinol was 
50 fold below the NESIL. Correspondingly, the risk assessment for PPD and PTD 
indicates that contact sensitization may occur, most likely when skin protection and skin 
care are not rigorously applied. We conclude that awareness of health risks associated 
with occupational exposure to hair dyes, and of the importance of adequate protective 
measures, should be emphasized more fully during hairdresser education and training. 
1Goebel C, Diepgen TL, Krasteva M, Schlatter H, Nicolas JF, Blömeke B, Coenraads PJ, 
Schnuch A, Taylor JS, Pungier J, Fautz R, Fuchs A, Schuh W, Gerberick GF, Kimber I. 
Quantitative risk assessment for skin sensitisation: consideration of a simplified approach 
for hair dye ingredients. Regul Toxicol Pharmacol. 2012; 64:459-65. 
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Impact of pesticide residues in feed on animal health 

A. Schmitt, L. Niemann 
German Federal Institute for Risk Assessment, Safety of pesticides, Berlin, Germany 

Question: Before approval of plant protection and biocidal products, it has to be shown 
that the level of risk to the health of animals is acceptable. Risk assessment must be 
performed on the basis of the available, usually scarce, information. Suitable information 
must be sought from different sources including toxicological studies in laboratory 
animals, metabolism and feeding studies in farm animals, case reports about poisoning 
incidents and studies on particular features of the active substance. 
However, it is still unclear, if different or additional uncertainty factors should be used to 
extrapolate from the studies in laboratory animals. Furthermore, it is an open question if 
the reference doses established for humans can be applied to animals. 
Methods: A case study was performed. Germany worked closely with EFSA (European 
Food and Safety Authorization) to consider the impact of glyphosate residues in feed on 
animal health. Relevant information was drawn from the Renewal Assessment Report 
(RAR, 2015). Additionally, results of a research project commissioned by the German 
Federal Institute for Risk Assessment (BfR) in cooperation with the University of 
Veterinary Medicine, Hannover were taken into account. The study focused on the effects 
of a glyphosate-based herbicide on bacterial communities in an in vitro system by means 
of the "Rumen Simulation Technique". The background of this investigation was a 
possible effect on intestinal microflora due to inhibition of the target enzyme of glyphosate 
in plants, which is present also in bacteria. The toxicological data are compared to the 
expected exposure of farm animals.  
Results: On the basis of the calculated margin of exposure, no health concerns were 
identified for equine, porcine and avian species. In contrast, no final conclusion could be 
drawn for the assessment of the impact of glyphosate on bacterial communities and 
perhaps other microorganisms in the gastrointestinal tract, due to the limitations of the 
available studies. 
Conclusion: Current legislation requires risk assessment with regard to animal health. 
Availability of data is usually poor. As shown for glyphosate, all possible sources of 
information must be taken into account but major uncertainties still remain. Further 
research is needed. 
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Measuring microbial pattern changes in the murine gut by high-resolution flow 
cytometry 

A. Weker1, F. Heinrich2, H. D. Chang2, C. Esser1 
1IUF, Düsseldorf, Germany 
2German Rheumatism Research Centre Berlin (DRFZ), Berlin, Germany 

It is increasingly recognized that the gut microbiome is very important for health and 
disease. It influences metabolism and in the context of toxicology is both involved in the 
degradation of chemicals and drugs, and in the toxification of chemicals taken up orally.  
Currently, the microbiome is assessed by deep sequencing methods such as next-
generation sequencing (NGS) based on 16S RNA from bacteria. The high cost of this 
method and complex bioinformatic analysis is a barrier for screening purposes or for 
kinetic studies. We therefore explored a novel method [1], which uses flow cytometry to 
assess the microbial pattern in a given sample. The method, which we call FCM, 
discriminates bacteria based on DNA-staining and size/shape. We collected feces from 
mice and prepared a 2% formaldehyde-fixed suspension of the bacteria therein, stained it 
with the DNA-dye DAPI and analysed it for scatter and fluorescent characteristics. For 
further statistical analysis of the data, up to 120 gates were placed in the resulting dot-
plots and the percentage of particles therein was recorded. Principal component analysis 
and statistics were computed with the adonis-function from the R vegan package, method 
option was set to euclidean distances. It is known from NGS studies, that the microbiome 
of wildtype mice and AHR-deficient mice differs. We could verify this using the FCM 
method. Also, removal of AHR ligands from the diet changed the microbiome 
significantly. We then asked whether feeding of mice with a dietary AHR pre-ligand, indol-
3-carbinol, changes the microbiome. Dietary intervention (2g I3C/kg chow) was for up to 
three months. The results suggested that the microbiome changed, albeit only after some 
time. However, due to the low mouse numbers used in the study (n=3-5) additional 
verification is needed to improve statistical power. We are currently assessing the 
sensitivity threshold of the method and parameters, which might confound measurements 
such as co-housing, coprophagie, age and sex of mice. In conclusion, FCM is a useful 
and non-invasive method to follow changes in the gut microbiome over longer period of 
times. 
[1] Zimmermann,J, Hubschmann,T., Schattenberg,F., Schumann,J., Durek,P., Riedel,R., 
Friedrich,M., Glauben,R., Siegmund,B., Radbruch,A., Muller,S., and Chang,H.D., High-
resolution microbiota flow cytometry reveals dynamic colitis-associated changes in fecal 
bacterial composition. Eur.J Immunol 2016. 46: 1300-1303. 
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An in vitro coculture system composed of THP-1 cells and 3D reconstructed 
human epidermis to assess activation of dendritic cells by sensitizing chemicals  

M. T. Schellenberger1, U. Bock1, J. Hennen1, F. Gröber-Becker2, H. Walles2  
B. Blömeke1 
1Trier University, Department of Environmental Toxicology, Trier, Germany 
2Fraunhofer Institute for Silicate Research ISC, Translational Center for Regenerative 
Therapies in Oncology and Musculoskeletal Diseases, Würzburg, Germany 

Dendritic cell activation is a key event of the adverse outcome pathway (AOP) for skin 
sensitization. In an attempt to integrate the impact of the skin environment created by 
stratified keratinocyte layers on the activation of dendritic cells, we investigated whether 
available 3D reconstructed human epidermis (RHE) models can be cocultured together 
with THP-1 cells, as surrogate dendritic cells, to assess chemical-induced dendritic cell 
activation in vitro. For this purpose, THP-1 cells were placed underneath the RHE, which 
was topically exposed to increasing concentrations of the model sensitizer eugenol 
(dissolved in aceton-olive oil, 4:1). Cell surface expression of the costimulatory molecule 
CD86 and the adhesion molecule CD54 on THP-1 cells were analyzed by flow cytometry. 
Preliminary results are promising and we conclude that this approach may allow the 
investigation of compounds with varying physicochemical properties and exposure at the 
air liquid interface. 
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An example about the conceptual work in evaluation and classification of chemical 
substances: A guideline for the evaluation of the carcinogenicity looking at the 
human relevance of tumors in animal experiments 

S. Michaelsen, B. Laube, P. Kreis, V. Meischner, G. Schriever-Schwemmer  
N. Volz, K. Ziegler-Skylakakis, H. Greim, A. Hartwig 
Karlsruher Institut für Technologie (KIT), Abteilung Lebensmittelchemie und Toxikologie 
Institut für Angewandte Biowissenschaften, Karlsruhe, Germany 

The Permanent Senate Commission for the Investigation of Health Hazards of Chemical 
Compounds in the Work Area (MAK Commission) proposes occupational exposure limits 
and classifications of chemical substances with respect to different toxicological 
endpoints. The task of the MAK Commission includes transparent and comprehensive 
information on their working procedures, i.e. the conceptual work in evaluation and 
classification of chemical substances. An example is the development of a guideline for 
the evaluation of the carcinogenicity focussing at the human relevance of tumors 
observed in animal experiments. For the evaluation of the carcinogenicity of chemical 
substances besides epidemiologic data, information from animal carcinogenicity studies 
contribute significantly to the classification of a chemical substance as a carcinogen. 
Clear evidence for the carcinogenic potency is given if carcinoma occur in animal 
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experiments, possibly confirmed by epidemiological data, and/or the chemical substance 
is direct genotoxic (for example direct alkylating) or the genotoxic metabolite appears also 
in humans. Chemical substances having such properties have clearly to be classified as 
carcinogenic at the work place. Profound expert knowledge is needed to assess the 
borderline cases. This concerns chemical substances, which are only genotoxic at 
cytotoxic concentrations or which are not at all genotoxic, but result in tumors in animals, 
e.g. only at relatively high doses. Items to be elucidated are: 1. The occurrence of the 
tumors only at or nearby the Maximal Tolerable Dose (MTD). 2. The postulated 
mechanism of the tumor development. 3. The dose-response relationship including the 
metabolic inactivation of the chemical substance. 4. Species, strain and organ specificity 
of tumors and their relevance for humans. 5. Qualitative and quantitative differences 
between the species. 6. The significance of high spontaneous tumor rates. 7. The 
evaluation of adenoma and their potential for development of malignancy. The MAK 
commission worked out a guideline to evaluate the biological plausibility and 
transferability of the results found in animal experiments concerning their human 
relevance in order to classify the substance as a carcinogen. To gain an insight into the 
procedure of the MAK Commission the present poster provides an example about the 
conceptual work in evaluation and classification of chemical substances. 
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GHS additivity formula: can it predict the acute systemic toxicity of agrochemical 
formulations that contain acutely toxic ingredients? 
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In vivo acute systemic testing (via oral, dermal and inhalation assays) is routinely 
conducted on agrochemical formulations as a regulatory requirement. The results of 
these tests are used to classify a formulation"s hazards according to criteria established 
by the USEPA, Global Harmonized System (GHS) or other regulatory systems. As an 
alternative to in vivo toxicity testing, GHS specifies a computational approach (GHS 
additivity formula) for calculating the Acute Toxicity Estimate (ATE) of mixtures. This 
calculation uses the acute toxicity of the ingredients to estimate the toxicity of the final 
formulation. Implicit in the application of the GHS additivity formula is the assumption that 
ingredients in the formula do not interact. We collected acute systemic toxicity data from 
formulations that contained a toxic active ingredient (an ingredient that caused mortality 
when tested as a pure compound at a dose less than a limit dose). The resulting data set 
includes 210 formulations tested for acute oral toxicity, 128 formulations tested for acute 
inhalation toxicity and 31 formulations tested for acute dermal toxicity. The GHS additivity 
formula was applied to each of these formulations and compared with the experimentally 
derived in vivo result. In the acute oral assay (210 evaluated formulations) the GHS 
additivity formula misclassified 110 formulations using the GHS classification criteria 
(48% accuracy) and misclassified 118 formulations using the USEPA classification 
criteria (44% accuracy). For acute inhalation (128 evaluated formulations) the GHS 
additivity formula misclassified 50 formulations using the GHS classification criteria (61% 
accuracy) and misclassified 34 formulations using the USEPA classification criteria (73% 
accuracy). For acute dermal toxicity (31 evaluated formulations) the GHS additivity 
formula misclassified 16 formulations using the GHS classification criteria (48% accuracy) 
and misclassified 20 formulations using the USEPA classification criteria (36% accuracy). 
This data indicate the acute systemic toxicity of many formulations is not simply the sum 
of the ingredients" toxicity (additivity); but rather, ingredients in a formulation can interact 
to result in both lower or higher toxicity than expected from the GHS additivity formula. A 
proper application of the GHS additivity formula first must ensure the toxic chemical(s) in 
the formulation do not interact with other ingredients of the formulation. 
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Bladder cancer in crack testers applying azo dye-based sprays to metal bodies: 
Report from recent experience 

T. Kadhum1, H. Niedner1, C. Lukas2, H. M. Prager2, S. Kopps1, S. Selinski1, H. M. Bolt1, 
K. Golka1 
1Leibniz Research Centre for Working Environment and Human Factors at TU Dortmund 
(IfADo), Dortmund, Germany 
2Institute for Occupational, Social and Environmental Medicine, Castrop-Rauxel, 
Germany 

Objective: Bladder cancer may be caused by azo dyes based on carcinogenic aromatic 
amines. Suspected occupational bladder cancer cases that were exposed to different 
crack test sprays in metal-related jobs were reported simultaneously and independently 
by two groups (1,2). However, further information on exposure conditions and metabolism 
of the applied dyes is needed. 
Methods: Another 10 bladder cancer patients with occupational exposure to crack test 
sprays applied to metal bodies were subject to medical survey in Dortmund and Castrop-
Rauxel and, if possibly, genotyped for possibly relevant polymorphic xenobiotic 
metabolizing enzymes like NAT2. 
Results: The handling of the crack test spray included spraying the red dye-containing 
matter on the metal body and washing-off the spray with a rag. Thus the workers were 
exposed by dermal contact as well as by inhalation and possibly to lesser extent, by 
ingestion. The crack test spray, which makes the cracks visible after washing-off the red 
testing spray compounds and applying an additional white spray, containing e.g. Sudan 

Red 7B (Solvent Red 19, N-ethyl-1[4-phenylazo) phenylazo]-2-naphthylamine). The 
aromatic amine 2-naphthylamine, which is an element of the Sudan Red 7B compound, is 
classified as human carcinogen by IARC and the national authorities and has been 
banned in many countries since the mid 1950s. It is worthwhile to be noted that this 
substance can be released from the above mentioned dye Sudan Red 7B by metabolism. 
In the case of Sudan Red 7B, N-deethylation is an important metabolic step. In the case 
of lidocaine, N-deethylation by CYP3A4 and CYP1A2 are the main metabolic steps (3). In 
the case of amiodarone, CYP2C8, and to a lesser extent, CYP3A4 are involved in N-
deethylation of the drug (4). In certain other azo dyes used in crack test spray, the class 1 
carcinogen o-toluidine can be released by azo reduction. 
Conclusion: Therefore, bladder cancer patients with metal-related jobs should be 
explicitly asked for the use of crack test sprays. 
References: 1. Golka et al. J Toxicol Environ Health A 2012; 75: 566-571; 2. Noon et al. 
Occup Environ Health 2012; 69: 300-301; 3. Wang et al. Drug Metabol Disp 2000; 28: 
959-964; 4. Hanioka et al. Basic Clin Pharmacol Toxicol 2011; 108: 359-362 
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Human nucleotide excision repair pathway counteracts toxicity of abasic sites 

N. Kitsera1, M. Rodríguez1, C. Seebode 2, J. Lehmann 2, S. Emmert 2, A. Khobta1 
1University Medical Center Mainz, Institute of Toxicology, Mainz, Germany 
2University Medical Center Rostock, Clinic and Policlinic for Dermatology and 
Venereology, Rostock, Germany 

Apurinic/apyrimidinic (AP) sites are among the most common lesions generated in DNA 
of human cells by endogenous mechanisms, e.g. spontaneous hydrolysis of purine bases 
or action of DNA glycosylases during the basic excision repair (BER). The specialised 
AP-endonucleases of the BER pathway, such as human APE1, are crucial for fast and 
faithful repair of this potentially toxic and mutagenic lesion type. However, not all 
chemical species of AP sites can be efficiently cleaved by APE1 and thus would require a 
backup repair pathway. Accordingly, mutations in the key nucleotide excision repair 
(NER) gene Rad14 exacerbate the mutator phenotype associated with the AP 
endonuclease deficiency in yeast. However, no evidence for NER of AP sites was 
reported to date in mammalian cells. 
Because APE1 is essential in higher eukaryotes and manipulation of expression levels or 
global activity in mammalian cells cannot be achieved without massive toxicity, we have 
chosen a chemical approach to construct AP-sites resistant to cleavage by human APE1. 
We have generated reporter gene constructs containing synthetic AP site analogue 
tetrahydofuran (THF) as a model substrate of APE1 as well as the APE1 resistant 
counterpart with a thiolated 5′ linkage. We found that expression of constructs containing 
synthetic AP sites in the template strand of the reporter genes was significantly lower in 
NER deficient (XP-A) cells than in the reference cell lines. This could not be attributed to 
variable BER activity between the cell lines, because the difference was also observed 
and was even more pronounced for the APE1-resistant AP site. Futhermore, the 
expression was not affected in the Cockayne syndrome (CS-A and CS-B) cells in contrast 
to cells with the defects in the XPA, XPF and XPC genes, thus indicating that repair of AP 
sites takes place primarily by the global genome (GG-NER) rather than the transcription 
coupled (TC-NER) pathway. In addition, we detected transcriptional bypass of BER-
resistant synthetic AP sites placed at the affected nucleotide of the nonsense EGFP 
c.613C>T mutant. Importantly, XPA deficiency caused 2 to 2.5 fold increase of the RNA 
mutagenesis rates (detected as reversal to the fluorescent EGFP form). This result once 
again underscores the significance of NER for faithful repair. 
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Overexpression of different Rac1 Forms alters the DNA damage response in mouse 
embryonic fibroblasts after treatment with topoisomerase II poisons 

R. Kitzinger, G. Fritz, C. Henninger 
Medical Faculty of the Heinrich-Heine-Universität Düsseldorf, Institute of Toxicology, 
Düsseldorf, Germany 

Introduction: The small Ras-homologous (Rho) GTPase Rac1 is a signal transducer at 
the outer membrane and is involved in the regulation of a wide range of cellular functions 
such as cell-cell adhesion, proliferation, and organisation of the cytoskeleton. Rac1 
regulates cellular responses to genotoxic stress by controlling the activity of transcription 
factors and stress kinases and is often found overexpressed in tumorigenic cells. Recent 
data suggest a possible involvement of Rac1 in the regulation of so far unknown nuclear 
functions. Previously, protection against topoisomerase II (top2) poison-induced DNA 
double-strand break (DSB) formation as well as apoptotic cell death was observed 
following pharmacological inhibition of Rac1 in wild-type cells. 
Question: Here, we asked the question whether a genetic approach (transient 
overexpression of dominant-negative, wild-type, and constitutive active Rac1 variants) 
leads to similar/opposite phenotypes compared to pharmacological inhibition of Rac1, 
respectively. Moreover, it is still unclear whether cytosolic and/or nuclear Rac1 is involved 
in the modulation of the DNA damage response (DDR) after treatment with prototypical 
genotoxins. 
Methods: Mouse embryonic fibroblasts (MEFs) are an established model system to 
analyse the functions of small Rho GTPases. Rac1-wt (wild-type) and MEFs with floxed 
Rac1, which allows a Cre recombinase-mediated Rac1 knockout (Rac1flox/flox), were used. 
Various Rac1 expressing plasmids ± nuclear localization sequence were employed (e.g., 
overexpression of Rac1-wt, constitutively active Rac1 and dominant-negative Rac1) to 
differentiate between nuclear and cytosolic functions. We analysed the DDR in Rac1 
overexpressing cells after treatment with top2 poisons by western blot and examined the 
formation of nuclear ɣH2AX foci (DSB) by immunochemistry. 
Results: MEFs that were transiently transfected with wildtype or constitutively active 
Rac1 showed a reduced repair of top2 poison-induced DSB as compared to non-
transfected cells. After overexpression of dominant negative Rac1, we detected an 
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increased repair of DSB after treatment with top2 poisons. DDR protein expression was 
reduced in the transfected cell lines compared to the non-transfected cell lines 
independent of the Rac1 variants used. 
Conclusion: The data are partially in line with the results obtained upon pharmacological 
inhibition of Rac1 and underline the small Rho GTPase Rac1 as a player in the top2 
poison-induced DDR. 
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Development of a high-throughput screening for oxidative DNA damage in human 
cells 

M. Mack, A. Bürkle 
University of Konstanz, Molecular Toxicology, Konstanz, Germany 

The detection of oxidative damage in cellular DNA has posed analytical challenges over 
the last decades. High background levels of oxidative lesions and a lack of inter-
laboratory comparability have been considered as problematic issues. 
Our group has developed an automated version of the "Fluorimetric Detection of Alkaline 
DNA Unwinding" (FADU) assay as a high-throughput screening method for the detection 
of DNA strand breaks in living cells (Moreno-Villanueva et al. 2009). For several reasons, 
this method is an attractive alternative for the comet assay to assess genotoxicity. As a 
modification of the "classical" comet assay DNA glycosylases were used to address the 
detection of specific DNA lesions (e.g. oxidative DNA adducts). We could already show 
that the automated FADU assay, in combination with fapy-DNA glycosylase (Fpg), can 
detect oxidative DNA damage in purified DNA (Müller/Moreno-Villanueva et al. 2013). 
Thereby oxidized bases like 8-oxo-2"-deoxyguanosine are enzymatically converted into 
single strand breaks. 
In our ongoing work we are establishing a modified FADU assay to determine oxidative 
DNA lesions in mammalian cells. We successfully measured Fpg sensitive sites using the 
FADU assay. However, cell lysis likely introduced a high amount of spurious DNA 
oxidation leading to an unacceptable background. Nevertheless, we have made progress 
in reducing the spurious oxidation of DNA by using iron chelators and antioxidants during 
cell lysis. 
This new detection method could become a high-content screening for the sensitive and 
specific measurement of genotoxicity in human primary cells or human cell lines. 
Therefore, the "Fpg-FADU" assay could gain in importance in pharmaceutical, chemical, 
cosmetic and food industry. 
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AKT2 suppresses pro-survival autophagy triggered by DNA double-strand breaks 
in colorectal cancer cells 

N. Seiwert 1,2, C. Neitzel1,2, S. Stroh2, T. Frisan 3, M. Audebert4, M. Toulany5, B. Kaina2 
 J. Fahrer1,2 
1Justus-Liebig-Universität, Rudolf-Buchheim-Institut für Pharmakologie, Giessen, 
Germany 
2Unimedizin der Johannes-Gutenberg Universität, Institut für Toxikologie, Mainz, 
Germany 
3Karolinska Institutet, Department of Cell and Molecular Biology, Stockholm, Sweden 
4Université de Toulouse, Toxalim Research Centre in Food Toxicology, Toulouse, France 
5University of Tuebingen, Department of Radiation Oncology, Tübingen, Germany 

Question: DNA double-strand breaks (DSBs) are critical DNA lesions, which threaten 
genome stability and cell survival. DSBs are directly induced by ionizing radiation (IR) 
and radiomimetic agents, including the cytolethal distending toxin (CDT). This bacterial 
genotoxin harbors a unique DNase-I-like endonuclease activity. Here we studied the role 
of DSBs induced by CDT and IR as a trigger of autophagy, which is a cellular degradation 
process involved in cell homeostasis, genome protection and cancer. The regulatory 
mechanisms of DSB-induced autophagy were analyzed, focusing on the ATM-p53-
mediated DNA damage response and AKT signaling in colorectal cancer cells. 
Methods: Autophagosome formation upon CDT and IR was monitored by CytoID 
staining using flow cytometry, which was confirmed by the autophagy marker LC3B-II and 
the autophagy substrate p62 with western blot analysis or immunofluorescence. Cell 
death analysis was determined by cell viability assays (MTS) and AnnexinV/PI staining. 
Results: We showed that CDT or IR treatment increased the levels of LC3B-II. 
Consistently, an enhanced formation of autophagosomes and a decrease of p62 were 
observed. Both treatments suppressed mTOR signaling and stimulated the autophagic 
flux. DSBs were demonstrated as the primary trigger of autophagy using a DNase I-
defective CDT mutant, which neither induced DSBs nor autophagy. Genetic abrogation of 
p53 and inhibition of ATM signaling impaired the autophagic flux as revealed by LC3B-II 
accumulation and reduced formation of autophagic vesicles. Blocking of DSB-induced 
apoptotic cell death, by the pan-caspase inhibitor Z-VAD, stimulated autophagy. In line 
with this, pharmacological inhibition of autophagy increased cell death, while ATG5 
knockdown did not affect cell death after DSB induction. Interestingly, both IR and CDT 
caused AKT activation, which repressed DSB-triggered autophagy independent of the 
cellular DNA-PK status. Further knockdown and pharmacological inhibitor experiments 
provided evidence that the negative autophagy regulation was largely attributable to 
AKT2. Finally, we show that upregulation of CDT-induced autophagy upon AKT inhibition 
resulted in lower apoptosis and increased cell viability. 
Conclusion: Collectively, these findings demonstrate that DSBs trigger pro-survival 
autophagy in an ATM- and p53-dependent manner, which is curtailed by AKT2 signaling. 
Seiwert et al., Cell Death and Disease (2017) 
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Evaluation of toxicity, cytotoxicity and genotoxity of organotheluran RF07 in 
meristematic cells of Allium cepa L. 

O. A. d. Carvalho Maia 1, S. B. Cunha Fontele2, D. Cavalcante Braz 2,  
A. M. Viana Nunes 2, R. L. Oliveira Rodrigues Cunha3, J. M. de Castro e Sousa4,  
A. A. Carvalho Melo Cavalcante 2, P. M. D. Almeida 1 
1State University of Piauí, Teresina, Brazil 
2Federal University of Piauí, Teresina, Brazil 
3Federal University of ABC, São Paulo, Brazil 
4Federal University of Piauí, Program in Pharmaceutical Sciences, Teresina, Brazil 

Since Tellurium (Te) was discovered in 1782, various applications with this chemical 
element have been performed in industry, nanotechnology, agriculture and 
pharmacology. In the last segment, the discoveries are promising, especially in the class 
of organic derivatives based on tellurium, with emphasis on organotolurane RF07. Thus, 
the objective of the study was to evaluate the toxicity, cytotoxicity and genotoxicity of 
RF07 through the Allium cepa L. A. cepa with roots of approximately 2 cm were 
submitted to different concentrations (5, 10 and 20 μg/mL) of RF07, using distilled water 
as negative control (CN), dimethylsulfoxide (5% DMSO), solvent control and copper 
sulfate (0.006 mg/mL) as positive control (CP). After 72 h of exposure, the roots of each 
treatment and controls were fixed (ethanol: acetic acid, 3: 1) and stained with Schiff's 
reagent for 2 h. For each treatment, the Mean Root Size (MRS) was analyzed for toxicity. 
The cytotoxicity (Mitotic index, IM) and genotoxicity (total mean of chromosomal 
alterations) were analyzed from 5,000 meristematic cells of A. cepa. Statistical analysis 
was performed using a Tukey test at a 5% level of significance. The results of the present 
study demonstrated the toxic and cytotoxic effect at all concentrations (5, 10 and 20 
μg/mL) in meristematic cells of A. cepa. In addition, the lower concentration of RF07 
interfered with mitotic spindle fibers and the bridging-fusion-fusion cycle, resulting in 
significant chromosomal changes (micronuclei, C-metaphase and chromosomal bridges), 
which demonstrates its genotoxic effects. The results of the present study demonstrated 
the toxic and cytotoxic effect at all concentrations (5, 10 and 20 μg/mL) in meristematic 
cells of A. cepa. In addition, the lower concentration of RF07 interfered with the mitotic 
spindle fibers and the bridge-fusion-fusion cycle, resulting in significant chromosomal 
changes (micronuclei, C-metaphase and chromosomal bridges), which proves its 
genotoxic effect. However, it could not be observed in the higher concentrations (10 and 
20 μg/mL) due to their higher cytotoxicity. In view of these results and the various 
applications of RF07, the importance of further toxicological studies in other bioassays is 
emphasized to reinforce and elucidate the mechanisms of cell cycle and DNA damage 
interference. 
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Impact of perfluoroalkylated substances (PFAS) on the phospho-proteome in 
HepaRG cells. 

A. C. Behr1, T. Buhrke1, M. F. Templin2, A. Braeuning1, A. Lampen1 
1Federal Institute of Risk Assessment, Food Safety, Berlin, Germany 
2Natural and Medical Sciences Institute at the University of Tuebingen, Reutlingen, 
Germany 

Question: The perfluorinated substances (PFAS) perfluorooctanoic acid (PFOA) and 
perfluorooctanesulphonic acid (PFOS) are used for the fabrication of water- and dirt-
repellent surface coatings. They are highly persistent and bioaccumulative, resulting in a 
broad distribution in humans and environment. PFAS are hepatotoxic in rodents due to 
the activation of the peroxisome proliferator-activated receptor alpha (PPARa). Recent 
studies revealed that PFOA stimulates c-jun and c-fos gene expression in human primary 
hepatocytes which are targets of the mitogen-activated protein kinase (MAPK) signaling 
pathway. An activation of this pathway is often associated with cancer development and 
may be relevant for PFAS-mediated carcinogenicity. 
Methods: The human hepatocarcinoma cell line HepaRG was used in the present study. 
Fully differentiated HepaRG cells were treated with 100 µM of either PFOA or PFOS for 
different times in a range between 0.5 h and 6 h. A set of 108 selected proteins involved 
in apoptosis, cell cycle control or MAPK signaling were examined by DigiWest analysis 
which is a combination of SDS-PAGE and a multiplexed, bead-based immunoassay 
platform which allows the quantification of phosphorylated proteins in relation to their non-
phosphorylated isoforms. 
Results: Incubation of HepaRG cells with either PFOA or PFOS induced phosphorylation 
of MEK1/2 and ERK1/2. Elk-1, a downstream target of ERK1/2, was strongly 
phosphorylated after 0.5 h of incubation with PFOA and PFOS. There was a time-
dependent increase of the phosphorylation of c-Jun after treatment with PFOS. Moreover, 
PFOA led to a dephosphorylation of hepatocyte nuclear factor 4 alpha (HNF4α) at ser313 
and ser304, whereas PFOS induced phosphorylation of both sides. 
Conclusion: DigiWest analysis revealed a number of novel signaling pathways in 
HepaRG cells which are deregulated by PFOA and PFOS. These substances affect the 
MAPK signaling pathway via MEK1/2-ERK1/2 activation. The phosphorylation of Elk-1 
and c-Jun may activate the AP-1 transcription factor which plays a crucial role in cellular 
differentiation and proliferation. The phosphorylation of HNF4α by PFOS is supposed to 
decrease the transcriptional activity of HNF4α and to increase its degradation. This could 
result in a deregulation of HNF4α target genes. Further studies will be conducted to verify 
the results of this screening approach and to elucidate the impact of PFAS on molecular 
targets in human hepatocytes in more detail. 
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The BALB/c 3T3 cell transformation assay – A helpful tool for the development of 
new cancer therapeutics 

R. Thierbach, D. Hoelzer 
Friedrich-Schiller-Universität Jena, Abteilung Humanernährung, Jena, Germany 

Question: The development of new cancer therapeutics relies mainly on animal studies. 
In order to reduce the duration and costs of rodent bioassays, in vitro methods like the 
BALB/c 3T3 cell transformation assay (BALB-CTA) are of special interest. 
Methods: The BALB-CTA mimics different stages of the in vivo neoplastic process and is 
usually used for the risk assessment of chemicals. BALB/c cells (untransformed murine 
fibroblasts) are treated with a tumour initiator (3-Methylcholanthrene, MCA) and promotor 
(12-O-Tetradecanoylphorbol-13-acetate, TPA), which leads to the formation of 
morphologically aberrant foci. After fixation with methanol, transformed foci can be 
distinguished from the monolayer of untransformed cells by giemsa staining. 
Results: In addition to the classical two-stage transformation assay with MCA/TPA 
treatment a parallel administration with preventive or therapeutic cancer agents is 
possible. Usage of substances can be performed as a chronic treatment or in different 
phases of the transformation process. Furthermore, the combination of the BALB-CTA 
with methods like western blot, immunofluorescence or the determination of energy 
parameters (glucose/oxygen consumption) offers the possibility to analyse essential 
mechanisms. Suitability of the BALB-CTA was proven with several inhibitors like OSI-906 
(insulin/IGF receptor), LY294002 (PI3K), U0126 (Erk), Rapamycin und OSI-027 (mTOR). 
Conclusion: The BALB-CTA proves to be a potent preclinical method for the evaluation 
of cancer therapeutics. Although this method does not mimic the whole in vivo neoplastic 
process, it can be used to provide essential information regarding their mode of action 
during the different stages of transformation. 
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Multimodular fluidic in vitro platform for nanosafety screening 

Y. Kohl1, T. Knoll1, M. Hesler1, A. Nelson2 
1Fraunhofer Institute for Biomedical Engineering, , Sulzbach, Germany 
2University of Leeds, School of Chemistry , Leeds, United Kingdom 

Qestion: A step increase in the capacity to perform risk assessment of chemicals or 
nanomaterials (NM) is urgently required, in relation to the development of new materials 
and their registration in the framework of REACH. In both cases, an understanding of the 
transport of the substance in the organism is essential for the risk assessment 
formulation. Currently there is as lack of sensitive, modular tools for simulating the 
pathway of nanoparticles through the human body and evaluating the effects of NM on 
the organism. 
Methods: To address the problem of the dearth of high-quality tools for nanosafety 
assessment an innovative multimodular in vitro screening platforms was developed, 
including a set of individual cell culture modules. Each module comprises a fluidic system 
with pumps and a microfluidic cartridge. The cartridge contains a microfabricated silicon 
microwell and is employed as a miniaturized incubator. Cells are transported through a 
microchannel to the microwell and adhere on an optically transparent silicon nitride 
membrane (2.5 mm² culture area), which contains microholes diameter <5 µm to simulate 
biological barrieres. Thin film electrodes in the microchannels of the cartridge enable 
impedance measurements in the microwell. Besides an in vitro intestine co-culture model 
of two epithelial cell lines (Caco-2/HT29-MTX-E12), BeWo cells (placenta) and TH1 cells 
(kidney) were used for establishing miniaturized biological barriers in the modules. For 
system validation the cell models were cultured in the microwell and in a standard 
Transwell® system. Functionality of the barrier was determined via transepithelial 
electrical resistance (TEER) measurement, cell functionality via FDA staining. 
Results: Longterm cultivation of cells over several weeks was realized in the miniaturized 
modules. Integrated electrodes guarantee online impedance measurement. TEER 
measurements of the intestine co-culture model in the Transwell® system (180Ω/cm²) 
verified the density of the barrier. Also in the in vitro microwell the resistance of the barrier 
could be detected. Experiments are ongoing to determine the TEER values of the 
placenta and kidney in vitro models in the microwell. Fluorescence imaging of the 
intestinal co-culture model was successful after Fluorescein diacetate (FDA) staining. 
Conclusion: The developed platform is crucial for realistic nanosafety assessment and 
will find extensive application in toxicity and pharmaceutical screening due to 
multimodularity of the platform 
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Approaches on MWCNT diameters and its relation to tumor development 

D. Schwotzer1, A. Meyer-Plath2, S. Rittinghausen1, O. Creutzenberg1, A. Leonhardt3  
D. Schaudien1 
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2Federal Institute for Occupational Safety and Health, Berlin, Germany 
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Question: Some forms of carbon nanotubes (CNT) have been found to exhibit 
carcinogenic potential depending on their morphological characteristics and catalyst 
impurities. The use of CNTs therefore requires appropriate risk and safety assessment. 
Correlation of hazards of biodurable fibres to specific morphologies is an approach that 
has been successfully developed for microscale fibres. The derived "fibre toxicological 
paradigm" achieves morphology-based hazard classification for a broad class of 
materials. The present study aims at contributing to an extension of this paradigm to the 
world of nanoscale fibres. 
Methods: CNTs of different diameters will be compared with respect to tumor 
development after intraperitoneal (i.p.) injection. It will be studied whether a diameter-
based threshold for CNT carcinogenicity can be identified. Rats will be administered a 
single i.p. injection. The tumor incidence will be histopathologically evaluated 
approximately two years post application. Additionally, an interim sacrifice will be 
performed after three month to investigate potential inflammatory effects in the 
peritoneum. Five different types of CNT will be tested in two concentrations (0.1 and 1.0 x 
109 WHO-fibers): One single-walled CNT type, one multi-walled CNT type with an 
average diameter of 10 nm and a length of > 5 µm, two custom-synthesized multi-walled 
CNTs with average diameters of 20 and of 30 nm and a length > 5 µm, and one short 
MWCNT (max. 4-5 µm) with a diameter of > 40 nm. Amosite will be used as positive 
control. All nanomaterials will be comprehensively characterized before and after 
dispersion to reliable determine administered diameter distributions together with other 
characteristics that potentially influence toxicity, including length, purity and rigidity. 
Conclusion: The generated data is expected to provide information on morphology-
induced modes-of-action of CNTs including inflammation and carcinogenicity. The data is 
expected to contribute to the development of a morphology-based classification approach 
for CNTs and other inert nanofibres. This project is funded by the German Federal 
Institute for Occupational Safety and Health (F2376). 
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Toxicological assessment of magnesium oxide nanoparticles on human intestinal 
cells 

A. Mittag, T. Schneider, M. Glei 
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Jena, Germany 

Magnesium oxide (MgO) is one of the EU-approved food additives without quantity 
limitations with the E number 530. So it is particularly suitable as an acid regulator, as 
drying agent for powdered foods or for color retention. MgO is also used as a promising 
constituent of food packaging. In magnesium-containing food supplements, MgO is the 
most frequently used magnesium form. Under biological conditions, MgO complexes of 
different sizes are formed, including those within the nanometer range. As a result from 
their small size, nanoparticles have an increased surface area and different 
physicochemical properties compared to larger particles with the same chemical 
composition. Depending on type, size and method of preparation of the nanoparticles 
properties and behavioral characteristics differ, so each nanoparticle must be considered 
separately for characterization. Therefore, the aim of these studies was to examine the 
toxic potential of MgO nanoparticles on HT29 cells. 
Human HT29 colon adenocarcinoma cells were treated with MgO nanoparticles (0.001-
100 µg/ml) for 6 and 24 hours. As parameters for their cytotoxic potential, MTT assay and 
DAPI staining were performed to investigate cell viability and cell number, respectively. 
The alkaline Comet assay with and without the repair enzyme FPG was used to 
determine the genotoxic potential and the incidence of oxidized bases after treatment 
with MgO nanoparticles. The DCFH-DA assay was used to study the potential induction 
of reactive oxygen species. Furthermore, apoptotic processes and cell cycle changes 
were analyzed by flow cytometry. 
MTT assay and DAPI staining have shown that MgO nanoparticles did not affect cell 
viability and proliferation. Furthermore, MgO nanoparticles did not induce apoptotic 
processes, cell cycle changes or oxidative stress. Comet assay revealed that MgO 
nanoparticles did not have a genotoxic effect, but they significantly reduced the 
proportion of oxidative DNA damage in HT29 cells (67% less compared to untreated 
control; p < 0.01).   
MgO nanoparticles have no cytotoxic and genotoxic effects on HT29 cells in 
concentrations up to 100 µg/ml. In addition, MgO nanoparticles offer the potential to 
protect the cells from oxidative DNA damage. A comparison with previously conducted 
studies shows that the results of one cell type are not transferable to others. Therefore, 
further studies on cancer precursor and primary cells of different origins are 
indispensable. 
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Comparative proteomic analysis of effects in rat testis induces by 28-days 
subacute oral nanosilver treatment 

S. Juling, A. Oberemm, J. Bornemann, C. Meckert, J. Potkura, A. Braeuning 
A. Lampen 
German Federal Institute for Risk Assessment, Food Safety, Berlin, Germany 

Silver nanoparticles and ions are advertised as antimicrobial agents, but there are 
concerns about the possible impact of silver on human health. It is difficult to predict the 
effects nanoparticles may exert on living organisms. Proteomic analyses allow for the 
untargeted experimental identification and quantification of cellular responses after 
nanoparticle treatment.   
This study compared proteomic effects of nanosilver and ionic silver in the testes of male 
rats after 28-days repeated-dose oral exposure. In order to avoid overt signs of toxicity, 
silver was dosed moderately at 60 and 6 mg/kg body weight per day for nanosilver and 
corresponding doses of soluble silver acetate (9.3 and 0.93 mg/kg) were used. Testis 
tissue protein crude extract was separated by 2-D gel electrophoresis and differentially 
expressed spots were identified by MALDI-MS. 326 unique proteins, showing a log2 ratio 
of ≤ -0.3 for downregulation and ≥ 0.3 for upregulation were identified in all treatment 
groups. Protein lists were analyzed with Ingenuity Pathway Analysis (IPA) and with tools 
from the Expasy Website. 
The results from particulate and ionic silver treatment show similar alterations for 
signaling pathways associated with oxidative stress response, energy metabolism, metal 
homeostasis, cellular morphology and cellular proliferation and differentiation. 
In conclusion, the proteomic analysis of both types of silver treatment revealed that in rat 
testis similar signaling pathways are affected by nanoparticulate and ionic silver. 
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Caracterization and cytotoxic assessment of poly (methyl methacrylate) 
nanoparticles containing alpha-terpineol 
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A. Nogueira Mendes1, J. C. Ramos Gonçalves2 
1Federal University of Piauí, Biophysics and Physiology, Teresina, Brazil 
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Questions: Nanocapsules of poly(methyl methacrylate) (Nc-PMMA), when associated 
with other molecules can promote a controlled drug release and improve the uptake 
efficiency by the target. Thus, this study aimed to incorporate the natural compound α-
terpineol (α-Tp) into Nc-PMMA and further evaluate its cytotoxic potential. 
Methods: Nc-PMMA were produced by the miniemulsion and radical polymerization 
methods, the MW determined by GPC/SEC (1mL/min) and thermal stability estimated by 
Zetasizer Nano ZS. Cell viability was evaluated by the MTT test in B16F10 melanoma 
cells and normal murine macrophages. Drug toxicity against Artemia salina was also 
assessed. Cells were placed in 96-well plates (1x106cells/well) and incubated for 48h 
(37°C/5% CO2) with α-Tp and α-Tp/PMMA at concentrations ranging from 10-7 to 10-3M. 
Doxorubicin (DOXO) and potassium dichromate (KDCr) were used as standards. Plates 
were later analyzed by spectrophotometry (570nm) and the IC50 determined. 
Results: By IR spectroscopy the synthesis of Nc-PMMA and total encapsulation of α-Tp 
was demonstrated, since only the regions related to the polymer were identified. TG/DTG 
curves indicated the thermal stability of Nc-PMMA as proper for biomedical use. 
Additionally, the Mn, Mw, PDI and the size of the Nc-PMMA produced was of 2.3x105, 
7.6x105, 3.3 and 22 nm, respectively. The α-Tp alone induced cytotoxicity in B16-F10, 
reducing cell viability from 99.6±5.1% (control) to 56.9±2.6, 49.1±7.0, and 17.3±9.0% 
(p<0.05) at 3x10-5, 3x10-4 and 3x10-3 M, respectively. This effect was potentiated by α-
Tp/PMMA, which reduced the cell viability to 58.6±9.8, 45.6±15.9 and 46.3±4.3% 
(p<0.05) at 1.9x10-7, 1.9x10-6 and 1.9x10-5 M, respectively. As expected, the positive 
control doxorubicin (10μM) reduced cell viability to 15.6±3.7% but not the PMMA alone. 
Interestingly, normal macrophage cells viability was not affected by the α-Tp alone nor 
nanocapsulated (p>0.05), indicating the selectivity of these drugs against the cancer cells 
only. The α-Tp/PMMA was also effective against A. salina, exhibiting IC50/IC of 4.5x10-
3M/698.8 ppm and 3.0x10-3M/881.7 ppm, when incubated at 24 and 48 h, respectively. 
Conclusion: The synthesis of Nc-PMMA and further encapsulation of α-TP 
demonstrated a viable method for the development of more effective anticancer drugs. 
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The peptide antibiotic bacitracin protects mammalian cells from intoxication with 
bacterial AB-toxins 

L. Schnell, I. Felix, M. Sadi, H. Barth 
Institute of Pharmacology and Toxicology, University of Ulm Medical Center, Toxicology, 
Ulm, Germany 

Question: The cyclic polypeptide antibiotic bacitracin is known to act on Gram-positive 
bacteria by inhibiting cell wall synthesis. We observed that in addition bacitracin inhibits 
the intoxication of mammalian cells with a variety of medically relevant bacterial protein 
toxins including diphtheria toxin (DT), anthrax toxins and clostridial binary toxins. These 

toxins consist of an enzymatically active (A-) and a binding/translocation (B-) subunit, 
which mediates the cytosolic uptake of A. Following receptor-binding, the A-subunit 
translocates via a trans-membrane pore formed by the B-subunit from acidified 
endosomes into the cytosol and modifies its substrate. This results in cellular effects, 
responsible for the clinical symptoms of the associated diseases. Here, we analyzed how 
bacitracin protects cells from intoxication with DT, anthrax toxins, C2 and iota toxins. 
Methods: Applying a cell-based intoxication assay, the effect of bacitracin on the 
intoxication of cultured cells was investigated. Following this, the different steps of toxin 
action were tested. To study its effect on toxin-binding, enzymatic activity and 
translocation, an intoxication assay, Western blot analysis and a well-established 
translocation assay across the cytoplasmic membrane, respectively, were applied. 
Results: Bacitracin protected cells from intoxication with DT, anthrax toxins, C2 and iota 
toxins. Effects on the enzymatic activity and receptor-binding were excluded. Bacitracin 
prevented the pH-dependent toxin-translocation across cell membranes. 
Conclusion: Our results show that bacitracin protects cells from intoxication with several 
bacterial AB-toxins most likely by preventing the membrane translocation of the A-subunit 
into the host cell cytosol. The underlying mechanism might be an elevation of the 
endosomal pH and/or blocking of the translocation pore. In conclusion, bacitracin might 
represent an attractive therapeutic against infections with toxin-producing bacteria since it 
inhibits both, bacterial growth and the secreted toxins. 
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Pertussis toxin requires host cell chaperones for its uptake into mammalian cells 

K. Ernst, A. K. Mittler, N. Eberhardt, M. Vollmer, J. Wirsching, A. Anastasia, H. Barth 
University of Ulm Medical Center, Institute of Pharmacology and Toxicology, Ulm, 
Germany 

Introduction: Bordetella pertussis toxin (PT) is the causative agent of the childhood 
illness whooping cough. Especially in infants and newborns the severe coughing can lead 
to death through apnea and cyanosis (195,000 death and ~16 Mio cases in 2008 in spite 
of available vaccination)1. PT is composed of five binding subunits and one enzyme 
subunit (PTS1) and is taken up into the cytosol of mammalian cells via a retrograde 
transport. Here, PTS1 catalyzes the ADP-ribosylation of inhibitory G proteins (Giα) 
causing its inactivation which results in enhanced adenylate cyclase activity and thereby 
in disturbed signaling2. Since no causative therapy against the severe PT-caused 
symptoms is available, novel therapeutic strategies are demanded acting on the toxin 
level. 
Objectives: Our group showed that the host cell chaperones Hsp90, Hsp70, cyclophilins 
(Cyps) and FK506-binding protein (FKBPs) are necessary for the translocation of 
bacterial ADP-ribosylating toxins (ADP-RTs) into the cytosol of mammalian cells3. Since 
PT also belongs to the group of ADP-RTs, we investigated whether these factors are also 
required for uptake of PTS1 into the cytosol. 
Results: PTS1 showed a direct interaction with Hsp90, Hsp70, Cyps and FKBPs in vitro. 
Moreover, interaction of PTS1 and Cyp isoforms was observed not only in vitro but also in 
cells. Inhibition of chaperones by specific pharmacological inhibitors in cells led to 
inhibition of PT-intoxication, reduced ADP-ribosylation of Giα by PTS1 and prevention of 
elevated intracellular cAMP concentration. However, binding of PT to cells and PTS1 
enzyme activity in a cell free system was not impaired by the inhibitors. Moreover, 
fluorescence microscopy revealed that less PTS1 reached the cytosol upon chaperone 
inhibition implicating that Hsp90, Hsp70, Cyps and FKBPs, which are all part of a cellular 
Hsp90-multichaperone complex, facilitate the translocation of PTS1 into the cytosol. 
Conclusion: These results represent an important contribution to the understanding of 
PT uptake into cells. Additionally, the identified host cell chaperones represent potential 
novel drug targets with regard to developing novel therapeutic strategies to prevent 
uptake of PT into cells and thereby the severe symptoms caused by PT. 
References: 
1WHO Publication (2011) Vaccine 29, 2355-2356 
2Carbonetti (2015) Pathog. Dis. 73, ftv073 
3Ernst, Schnell and Barth (2016) Curr. Top. Microbiol. Immunol. 
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Development of a cellular transport system for the tumor metastasis suppressor 
protein Nm23H1/NDPK-A 
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Question: In patients suffering from adenocarcinomas metastasis is as threatening to the 
patients´ life as the primary tumor. In breast cancer patients, high expression levels of the 
endogenous metastasis suppressor protein[1] NDPK-A (nucleoside diphosphate kinase 
isoform A) positively correlate with reduced metastasis formation and improved clinical 
outcome[2]. Therefore, we develop a molecular transport system based on non-toxic 
transport subunits of bacterial protein toxins to introduce Nm23H1/NDPK-A protein into 
carcinoma cells. The transport component PA63 of the binary anthrax toxin is able to 
deliver His6-tagged proteins into the cytosol of cells[3]. The potential of PA63 to deliver 
enzymatically active His6-Nm23H1/NDPK-A into human MDA-MB-231 breast carcinoma 
cells for inhibition of their motility would provide proof-of-concept for development of novel 
therapeutic strategies. 
Methods & Results: His6-tagged Nm23H1/NDPK-A was recombinantly expressed in 
E. coli, purified via affinity chromatography (FPLC™ system) and enzyme activity was 
confirmed by luciferase assay. The PA63-mediated uptake of His6-Nm23/NDPK-A into 
MDA-MB-231 cells was confirmed performing immunoblotting and fluorescence 
microscopy. The use of specific antibodies against the His6-tag allowed differentiation of 
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endogenous from induced His6-Nm23H1/NDPK-A. Here, immunoblots revealed an 
increase of intracellular signals after incubation of MDA-MB-231 cells with His6-
Nm23H1/NDPK-A/PA63 in a time- and dose- dependent manner. Comparable results 
were obtained with fluorescence microscopy. 
Conclusion: These results reveal a PA63-mediated transport of His6-Nm23H1/NDPK-A 
into human MDA-MB-231 breast carcinoma cells, thus representing a promising starting 
point for further establishing of the transport system by changing the receptor specificity 
of PA63 to selectively target adenocarcinoma cells. 
Further experiments will address the enzymatic activity of His6-Nm23H1/NDPK-A in vitro 
and its role in anti-migratory and anti-invasive effects. 
[1] Steeg, P. et al., 1988, J. Natl. Cancer Inst. 80 
[2] Howlett, AR. et al., 1994, J Natl. Cancer Inst. 86 
[3] Beitzinger, C., Stefani, C. et al., 2012, PLOS ONE 7(10) 
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Exploitation of non-toxic diphtheria toxin for molecular trojan horse development 

S. Carle, M. Fellermann, H. Barth 
University of Ulm Medical Center, Institute of Pharmacology and Toxicology, Ulm, 
Germany 

Question: The blood-brain barrier (BBB) is an efficient protection for the brain and 
central nervous system (CNS) against potentially harmful molecules, however, it is also 
an obstacle for possible drugs targeting pathologies in the brain and CNS. Hence, 
molecular transporters are needed to circumvent the BBB. AB-type bacterial toxins, like 
diphtheria toxin (DT), are known to be capable of translocating (transport: B-domain) their 
enzymatic subunit (A-domain) into the cytosol of target cells1. Furthermore, it was shown 
that the enzymatically inactive DT mutant CRM197 (G52E) is able to not only transport N-
terminally fused cargo into target cells but also to transcytose through models of the 
BBB2,3. Therefore, we want to exploit these features to create a new cargo-delivery tool 
to target strict biological barriers. 
Methods: We created an eGFP-CRM197 fusion protein as a model construct and several 
further DT-mutants using molecular cloning and affinity purification. These proteins will be 
used to estimate their transport properties in trans-well assays with human endothelial 
cells (hCMEC/D3) by evaluating fluorescence microscopy. In addition, their uptake into 
cells will be investigated by cell-based competition assays and Western blotting. 
Additionally, a novel multifunctional transporter was generated by fusing CRM197 to 
streptavidin (strept.-CRM197). The binding affinity of biotin-labelled molecules was tested 
by dot blotting. 
Results: Binding and internalization of the eGFP fusion was detectable on hCMEC/D3 
cells, which will be further used as a BBB model in transwell studies. Additionally, 
binding-defective (bd) eGFP-CRM197 and translocation defective (td) eGFP-CRM197 
were created using site-directed mutagenesis and validated in competition assays. 
Furthermore, we demonstrated that the newly produced strept.-CRM197 is able to bind 
biotinylated-BSA as a surrogate cargo in vitro. 
Conclusion: The set of eGFP-CRM197 based mutants will be valuable tools in transport 
studies. Subsequently, we will establish a BBB model using hCMEC/D3 cells, which 
showed binding and internalization of the constructs. Moreover, since in vitro binding of 
biotinylated cargo to strept.-CRM197 was verified, the transport of biotinylated cargo 
molecules into cells and across the in vitro BBB model will be analyzed. 
1. Schuster, Schnell, Feigl et al. Sci. Rep. 7 (2017) 
2. Wang, Xue et al. Cell. Mol. Neurobiol. 30 (2010) 
3. Auger, Park. et al. Mol. Pharm. 12 (2015) 
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Introduction: Silibinin (SIL), the active compound in the milk thistle (Silybum marianum), 
is used as a hepatoprotective drug and is approved – amongst others - for therapeutic 
use in Green deathcap (Amanita phalloides) poisoning. Frequently, SIL is combined 
sequentially with penicillin G (PEN). However, in vitro data assessing the efficacy of this 
regimen are largely missing. In our study we compared SIL-bis-succinate (SIL-BS), a 
water-soluble drug approved for i.v.-administration, SIL solved in ethanol (SIL-EtOH) 
which is normally used in research and the combination of both with PEN. In addition, we 
investigated HepG2 cells derived from hepatocellular carcinoma and primary hepatocytes 
cultivated in monoculture or 3D-microtissues to evaluate the benefit of these antidotes 
after α-amanitin (AMA) intoxication.  
Methods: Monocultures or 3D-microtissues were challenged with AMA and treated with 
SIL-BS, SIL-EtOH, PEN and their combinations. Cell viability was determined on day 2 
and 5 using XTT or CellTiter-Glo assay. The integrity of the microtissues after AMA 
intoxication was monitored by light microscopy. Finally, the expression of the transporters 
OATP1B1 and B3 was analysed by qRT-PCR.  
Results: Primary hepatocytes were more sensitive to AMA compared to HepG2 
independent of mono- or microtissues culture conditions. Neither SIL-BS nor SIL-EtOH 
protected HepG2 cells from the cytotoxic effects of AMA. By contrast, SIL-BS and SIL-
EtOH improved cell viability of primary hepatocytes in monoculture. In microtissues, 
treatment with SIL-BS protected cells from AMA completely up to day 2, still revealing a 

positive effect at day 5 whereas SIL-EtOH showed only minor protective effects within the 
first 2 days. Treatment with PEN alone or in combination had no effect on cell viability in 
all experiments. Studies of the expression profile of the transporters OATP1B1 and B3 
revealed that primary hepatocytes do express both transporters whereas in HepG2 cells 
none were detectable.  
Conclusion: Our study showed that HepG2 cells may not represent an appropriate 
model to study Amanita phalloides poisoning in vitro since they are lacking sensitivity 
towards AMA due to missing cytotoxicity-associated transporters. A slight advantage of 
SIL-BS over SIL-EtOH was evident in our experiments. Our data suggest that addition 
of PEN does not increase the protective effect of SIL. Further in vivo studies should be 
conducted to validate our in vitro results. 
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Question: The Gram-positive bacterium Clostridium (C.) difficile is a serious hospital bug 
distributed in clinics worldwide. It produces two protein exotoxins TcdA and TcdB, which 
possess UDP-glucosyltransferase activity and modify Rho-GTPases including Rho, Rac1, 
and Cdc42, which results in destruction of the actin cytoskeleton and cell rounding. C. 
difficile infections (CDI) can lead to symptoms that vary from mild diarrhea to severe 
pseudomembranous colitis and occur most frequently after intense antibiotics-treatment 
in hospitals. Therefore, novel therapeutic strategies against CDI are urgently needed. 
Bacitracin is an approved antibiotics and already used inclinics. As we found recently that 
Bacitracin prevents cells from intoxication with several bacterial protein toxins including 
diphtheria toxin, we investigated wether this compound also inhibits TcdA and/or TcdB. 
Methods: To monitor intoxication of cells with TcdA or TcdB, the toixn-inducedcell-
rounding was analyzed as a sensitive and specific endpoint. To this end, cells treated 
with either TcdA or TcdB in the presence or absence of bacitracin, pictures from the cells 
were taken after different time points and the amount of round cells was analyzed from 
the pictures. Western blotting was performed to analyze the Rac-1 glucosylation status 
from the cells, which represents a further specific endpoint for intoxication with these 
toxins. 
Results: By using different cell lines, the protective effect of Bacitracin on intoxication 
with TcdA or TcdB was demonstrated by analyzing morphological changes as well as 
Rac1 glucosylation. Bacitracin protected the cells from these toxins in a time- and 
concentration-dependent manner. Bacitracin had no effect on the enzyme activity of the 
toxins but most likely inhibits their uptake into cells. 
Conclusion: The licensed drug Bacitracin efficiently protects human colon cells from 
TcdA and TcdB clearly indicating that this peptide antibiotic not only acts on the cell wall 
synthesis of bacteria but also inhibits the mode of action of already released protein 
toxins, which might pave the way for novel therapeutic strategies against CDI 
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Enhanced uptake of clostridium sordellii lethal toxin into murine fibroblasts upon 
stress induction 
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Lethal Toxin from Clostridium sordellii (TcsL) is involved in the toxic shock syndrome and 
in gas gangrene. TcsL enters its target cells by receptor-mediated endocytosis. Inside the 
cell, Rac/Cdc42 and Ras subtype GTPases are mono-O-glycosylated and thereby 
inactivated by TcsL, resulting in changed actin dynamics and cell death as well as in 
activation of p38 MAP kinase. p38 MAPK is involved in the regulation of actin dynamics, 
differentiation, cell death and survival. Furthermore, stress-induced activation of 
p38alpha/beta facilitates clathrin-mediated internalization of (non-occupied) cell surface 
receptors. This study is based on the hypothesis that stress induction, that involves 
activation of p38 MAP kinase, accelerates uptake of the not yet identified cell surface 
receptor of TcsL, resulting in enhanced uptake of TcsL into its target cells. Stress is 
induced by cell treatment with the antibiotic anisomycin, a pyrrolidine inhibitor of protein 
synthesis, known as a potent activator of p38 MAP kinase. TcsL was more rapidly taken 
up into stressed fibroblasts as compared to non-stressed fibroblasts, as analyzed in 
terms of glycosylation of intracellular substrate GTPases. Cellular uptake of TcsL was 
susceptible to genetic or pharmacological inhibition of p38alpha/beta. In contrast, cellular 
uptake of the related C. difficile Toxin B (TcdB) was neither responsive to anisomycin-
mediated stress induction nor to inhibition of p38alpha/beta. The observations of this 
study suggest an involvement of p38MAP kinase in the cellular uptake of specifically 
TcsL. TcdB and TcsL apparently differ in their routes of cellular uptake. 
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Role of integrin α5β1 in binding of C3 exoenzyme 

N. Schecker, S. Hagemann, I. Just, A. Rohrbeck 
Hannover Medical School, Institute for Toxicology, Hanover, Germany 

Cellular binding and uptake of the bacterial exoenzyme C3, from Clostridium botulinum, is 
not completely understood. Intracellularly, it covalently transfers an ADP-ribose moiety to 
the Rho-GTPases A, B, and C. This modification inhibits the function of these regulators 
for targeted signal transduction processes concerning the actin cytoskeleton and 
apoptosis. Recently, superficial vimentin was identified as membranous binding partner of 
C3 in intact host cells. However, some hints indicated an additional receptor. 
Subsequently, it was demonstrated that C3 exhibits an Arg-Gly-Asp (RGD)-motif, 
indicative for an interaction with integrins, which are receptors involved in cell adhesion. 
Furthermore, the application of a monoclonal antibody binding to the β1-integrin subunit 
resulted in strongly reduced binding of C3. Based on these findings the role of the α5-
integrin subunit was studied. Binding of C3 to intact murine neuronal HT22 cells was 
reduced by the monoclonal antibody binding to the α5-integrin subunit but to a lesser 
extent than by the monoclonal antibody binding to β1-integrin subunit. Moreover, a 
sequential pre-incubation of cells with both antibodies did not lead to an additive effect in 
decrease of C3-binding. This indicates that the integrin subunits α5 and β1 together 
mediate binding of C3 to cells. Additionally, C3-binding to cells was examined by divalent 
cation-activation of integrins by pre-incubation of cells with manganese (II) chloride. 
Regarding the uptake of C3 a concentration of 50 nM of C3 seemed to be sufficient for 
the inhibitory effect of C3 via the ADP-ribosylation of the Rho-GTPases. Taken together, 
the data confirm the previous finding that α5β1-integrin plays a role in C3-binding to intact 
cells. It indicates that vimentin and integrin together or a possible interaction of both 
mediates binding and uptake of C3. This points to a novel uptake mechanism of bacterial 
toxins. 
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The translocation rate of clostridium difficile TcdB is decisive for the induction of 
cytopathic or cytotoxic effects in host cells 

L. A. Beer, H. Tatge, R. Gerhard 
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Clostridium difficile is a gram-positive, spore-forming and obligate anaerobe bacterium 
capable of causing severe infections of the gastrointestinal tract. The main pathogenicity 
factors toxin A (TcdA) and B (TcdB) are glucosyltransferases that exhibit toxicity through 
glucosylation and thereby inactivation of Rho GTPases in the host cell cytosol. Besides 
this cytopathic effect, TcdB but not TcdA is able to induce another effect on cells leading 
to an early cell death. This cytotoxic effect is characterized by a rapid loss of cell viability, 
disturbed membrane integrity, blistering of the nuclear envelope and condensed 
chromatin (pyknosis). Early cell death only takes place when high concentrations of TcdB 
are applied. Furthermore, functional Rac1 is a prerequisite for this phenomenon, since 
Rac1-deficient cells are insensitive towards early cell death. Since Rac1 is inhibited by 
TcdB we hypothesized that induction of early cell death occurs before Rac1 
glucosylation. To investigate whether rapid translocation of TcdB facilitates early cell 
death we generated chimeras with different glucosylation and uptake kinetics and 
performed cytotoxicity assays. Chimeras with the translocation domain from TcdB of a 
hypervirulent strain providing a more rapid translocation rate were more potent in 
inducing early cell death compared to chimeras with the translocation domain from TcdB 
of the reference strain. In a second approach we manipulated cells either by 
overexpression of the endosomal chloride/hydrogen exchanger ClC-5 or inhibition of the 
sodium/hydrogen exchanger NHE. Both ion/proton transporters contribute to the 
acidification of the endosome necessary for toxin translocation into the cytosol. 
Overexpression of v-ATPase supporting ClC5 increased TcdB-induced pyknosis in 
HEK293 cells, whereas inhibition of NHE decreased the number of pyknotic cells. We 
conclude that an increased acidification rate facilitates early pyknotic cell death. Taken 
together our results clearly demonstrate that the translocation rate and the presence of 
functional Rac1 is decisive for cell fate and that a rapid translocation of TcdB to the host 
cell cytosol is necessary for the induction of early cell death. 
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Botulinum neurotoxins (BoNTs) are produced by Clostridium botulinum and different 
other Clostridia (C. butyricum, C. baratii, C. argentinense) and represent the most lethal 
substances known so far. 
To reach their target location at neuromuscular junctions triggering flaccid paralysis, 
BoNTs have to pass the intestinal barrier. The neurotoxins form complexes with different 
non-toxic accessory proteins. BoNTs are organized in high molecular weight complexes, 
either as M-PTCs (progenitor toxin complexes) with NTNH (non-toxic non-hemagglutinin), 
or as L-PTCs with NTNH and different HA-proteins (hemagglutinins). NTNH (non-toxic 
non-hemagglutinin) is considered to protect the neurotoxin from proteolytic digestion and 

hydrolysis in the acid environment of the gastrointestinal tract. The HA proteins 
(HA33, HA17, HA70) are probably involved in uptake of BoNTs in the gastrointestinal 
tract (GI) by binding of carbohydrates and E-cadherin. In some BoNT-producing strains, 
HA proteins are missing and are replaced by several OrfX proteins, for which the 
physiological role has not been deciphered yet. 
Here we report on advanced immunization and screening strategies to isolate a panel of 
high affinity monoclonal antibodies recognizing multiple epitopes on the BoNT complex 
proteins NTNH, HA and OrfX. The antibodies are well-suited to be applied in various 
immunological assay formats to analyze diverse issues concerning structure, stability and 
role of the complex proteins. 
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Ciguatera food poisoning outbreak in Germany in 2012 
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Question: Ciguatera is one of the most frequently reported fish poisonings. It is caused 
by ciguatoxins, synthesized by dinoflagellates (e.g., Gambierdiscus toxicus) living on 
coral reefs. Dinoflagellates are ingested by eatable fish. Traditionally, ciguatera is 
observed in tropical and subtropical coastal regions, e.g., the Caribbean. This is first 
report of a mass outbreak of ciguatera caused by imported fish purchased from 
supermarkets in Germany. 
Methods: All cases of ciguatera reported to a PC serving Northern Germany in 2012 
were extracted from the PC local case database, followed-up by phone, and analysed. 
Results: In November 2012, the PC was consulted 11 times due to poisonings after 
ingestion of Red Snapper (Lutjanus spec.), purchased from different shops of a single 
trade chain company in six cities of Germany. In total, 11 patients that had eaten this fish 
on 7 November 2012 or a few days later developed poisoning symptoms: all patients 
were suffering from nausea, vomiting and diarrhea, in most cases starting about 6 h after 
the dish. Concomitantly paraesthesia of mouth, hands, and feet and pathognomonic 
dysfunctional temperature perception (cold allodynia) developed. The latter symptoms 
lasted – with decreasing intensity – for several weeks and in some cases up to 1 year. In 
addition, most patients complained of sleeping disorder, myalgia, and severe general 
weakness. Based on the characteristic symptoms ciguatera was diagnosed early in most 
all cases by the PC or the patients themselves. Analytical confirmation was achieved 
after the outbreak. As there is no specific treatment for ciguatera; all patients were treated 
symptomatically, mainly by analgetics. Local food safety authorities, the trade chain 
company and the importer were informed early by the PC and the fish was withdrawn 
from the market rapidly. The product was delivered from India, and thus fish was traced 
back to a tropical area.  
Conclusions: To our knowledge, the outbreak reported here was the first Ciguatera 
outbreak in Germany. Further cases were recorded by other German PCs. Five further 
outbreaks with smaller number of patients were detected between 2013 and 2017. 
Increased global food trading and maybe climate changes caused by global warming 
seem be the cause of this food safety problem. Alertness of poisons centres facilitated 
early detection and management avoiding more poisonings in almost all outbreaks so far. 
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Mucus-mediated protection of colonic HT29 cells from C. difficile Toxin B  

M. Wilhelm, G. Grassl, H. Genth 
Hannover Medical School, Hanover, Germany 

Clostridium difficile is the causative microbe of the antibiotic-associated diarrhea and its 
severe form, the pseudomembranous colitis (PMC). The major virulence factors of C. 
difficile are Toxin A (TcdA) and Toxin B (TcdB), that enter colonic epithelial cells by 
receptor-mediated endocytosis. Inside the cell, TcdA and TcdB mono-O-glucosylate small 
GTPases of the Rho/Ras families, resulting in a loss of epithelial barrier function and 
massive colonic inflammation. The intestinal mucus creates a physical barrier that 
protects epithelial cell surfaces from insults including enteric microbial pathogens and 
their virulence factors. This study is based on the hypothesis that mucus confers 
cytoprotection against entry of TcdA and TcdB into the colonic epithelium. The effect of 
mucus is investigated by comparing the toxin effects in mucus-secreting HT29-MTX-E12 
cells and parental non-mucus-secreting HT29 cells. HT29-MTX-E12 cells were 
susceptible to TcdB when applied at the basolateral site of the epithelial layer (as 
analyzed in terms of the loss of transepithelial resistance, TER). In contrast, HT29-MTX-
E12 cells were hardly susceptible to TcdB applied at the apical site of the epithelial layer. 
Apical protection against TcdB is consistent with the idea that mucus is present at the 
apical side of the layer. Distinct susceptibilities of the epithelial HT29-MTX-E12 layer to 
TcdB upon apical or basolateral treatment corresponded with distinct rates of TcdB 
uptake into the epithelium (as analyzed in terms of reduced glucosylation of the 
intracellular substrate GTPases). In contrast, non-mucus-secreting HT29 cells exhibited 
comparable susceptibility to TcdB upon treatment from the apical or basolateral site, 
confirming that mucus is responsible for cytoprotection. Interestingly, either site of HT29-
MTX-E12 cells and parental HT29 cells were comparably susceptible to TcdA-induced 
loss of TER and to TcdA uptake. Mucus thus protects the colonic epithelium from TcdB 
but not from TcdA. These observations highlight a yet non-identified difference between 
the two homologous C. difficile toxins and enforces the paradigm that TcdA breaks down 
epithelial barrier allowing TcdB to enter the deeper tissue. 
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Asthma and COPD therapeutics for supportive treatment in nerve agent poisoning: 
A study in rat PCLS  

J. Herbert, F. Worek, H. Thiermann, T. Wille 
Bundeswehr Institute of Pharmacology and Toxicology, Munich, Germany 

The dissemination of nerve agents in military conflicts or terroristic attacks may account 
for many casualties, as last seen in Syria 2017. Hence, the need for effective 
countermeasures is highly evident. Nerve agents evoke toxic effects by inhibition of the 
enzyme acetylcholinesterase (AChE). The subsequent accumulation of the 
neurotransmitter acetylcholine (ACh) in the body induces life-threatening symptoms, 
whereby paralysis of respiratory muscles, airway contraction, mucus hypersecretion and 
loss of central respiratory control can eventually lead to death. As standard therapy, 
AChE-reactivating oximes combined with the muscarinic receptor antagonist atropine are 
administered. However, optimization of this regimen is necessary, as reactivation by 
oximes can be impeded and repetitive applications of high atropine doses to antagonize 
muscarinic ACh-overstimulation can be connected with adverse effects. 
Several clinically licensed therapeutics for acute asthma or COPD exacerbations are 
directed against respiratory symptoms comparable to those occurring in acute nerve 
agent poisoning. Therefore, our study sought to evaluate possible beneficial effects of the 
anticholinergics ipratropium and glycopyrrolate as well as β2-agonists formoterol and 
salbutamol. We assessed their ability to counteract an irreversible ACh-induced airway 
contraction in nerve agent-poisoned rat precision cut lung slices (PCLS). Key parameter 
of analysis were airway area changes. Dose response experiments revealed a 
concentration of 10 nM ipratropium or glycopyrrolate to be adequately effective (airway 
area increase from about 35 ± 4 % to 84 ± 6 %). However, sole applications of different 
concentrations of β2-agonists were inefficient. Surprisingly, combined administration of 
β2-agonists and very low concentrations of anticholinergics antagonized the irreversible 
airway contraction also efficiently, as shown for e.g. 10 nM formoterol combined with 
1 nM atropine or glycopyrrolate (airway area increase from about 31 % to 74 %). 
Our study shows beneficial effects of asthma and COPD therapeutics in nerve agent 
poisoning, proposing a potential off-label use of these compounds. In particular, 
optimization of the treatment regimen in nerve agent poisoning could be achieved either 
by combining β2-agonists and low doses of atropine to mitigate side effects, or by 
providing an equally efficient anticholinergic substitute. 
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Two novel clostridial glucosylating-like toxins expressed in a Yersinia spp 

S. Ost, B. Schorch, P. Papatheodorou, C. Schwan, Y. Belyi, K. Aktories 
Albert-Ludwigs-Universität Freiburg, Institut für Experimentelle und Klinische 
Pharmakologie und Toxikologie, Freiburg, Germany 
 
At least 18 Yersinia species are known. Only three of them are recognized as human 
pathogenic species including Y. enterocolitica, Y. pseudotuberculosis, and Y. pestis. 
Yersinia produce numerous types of protein toxins and effectors. Best known are Yersinia 
outer proteins (YOPs), which are translocated into target cells by the type-III-secretion 
system. 
 
Here, we report on novel putative Yersinia toxins, which share the structure of large 
clostridial glucosylating toxins. The Yersinia toxins contains an N-terminal enzyme 
domain, which is followed by a cysteine protease domain. The C-terminal parts of the 
toxins exhibit significant sequence similarity with the delivery domains of large clostridial 
toxins. The enzyme domain of the Yersinia toxin, termed YGT, possesses glycohydrolase 
and glycosyltransferase activity. Surprisingly, the enzyme domain of the second Yersinia 
toxin, termed YART, harbors ADP-ribosyltransferase activity. Like the auto-protease 
domains of clostridial glycosylating toxins, the cysteine-protease domains of YART and 
YGT are activated by InsP6. This activation results in cleavage of the holotoxin and 
release of ADP-ribosyltransferase domain in the case of YART. However, activation of 
the cysteine domain of YGT results in cleavage of the holotoxin downstream of the 
cysteine domain, thereby releasing the glycosyltransferase domain linked to the cysteine 
protease domain. 
 
The data indicate that typical toxin modules known from large clostridial glucosylating 
toxins are found in various Yersinia proteins. Targets and functions of the putative toxins 
are currently studied in the laboratory. 
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PubPharm – The search engine for pharmacology, toxicology & pharmacy-specific 
literature 

A. Krüger1, K. Keßler1, J. Wawrzinek2, S. Wulle1, W. T. Balke2, K. Stump1 
1Technische Universität Braunschweig, Universitätsbibliothek , Braunschweig, Germany 
2Technische Universität Braunschweig, Institut für Informationssysteme, Braunschweig, 
Germany 

The Specialised Information Service (SIS) Pharmacy (Fachinformationsdienst Pharmazie) 
aims at sustainably improving the supply of literature for academic pharmaceutical 
research in Germany [1]. Therefore new search tools are being developed, e.g. 
PubPharm (www.pubpharm.de). The project is being funded by the German Research 
Foundation (Deutsche Forschungsgemeinschaft) since January 1st 2015. A special 
feature of the project is the collaboration between Braunschweig University Library and 
the Institute for Information Systems at Braunschweig University, through which cutting 
edge informatics research is being incorporated into innovative retrieval tools. 
PubPharm is a search engine for pharmacology, toxicology & pharmacy-specific 
literature. The underlying database index goes well beyond Medline (PubMed) data to 
provide a comprehensive set of publications for pharmacological, toxicological and 
pharmaceutical research. Hence, using one single query, many different literature 
resources can be found, for example, interesting articles, e-books and PhD theses. The 
PubPharm search engine contains an availability check which, for users from universities 
in Germany, is personalized based on location. Through this, the full text of many 
publications can be directly accessed. 
A further feature in PubPharm is a structure search function which allows to search for a 
compound not only by its (textual) name but also by its molecular structure. Another 
innovative application from informatics research is based on Deep Learning techniques 
[2]. It will provide new ways to find similar documents or bioactive compounds with similar 
effects. Furthermore, content expansion of the PubPharm database is planned: Data 
about ongoing clinical trials will be integrated. 
Acknowledgments: This work was funded by the Deutsche Forschungsgemeinschaft 
(Wissenschaftliche Literaturversorgungs- und Informationssysteme, 
Fachinformationsdienst Pharmazie) 
References: 
[1] Keßler, K., Krüger, A., Ghammad, Y., Wulle, S., Balke, W., & Stump, K. 2016 Sep 30. 
PubPharm - Der Fachinformationsdienst Pharmazie. o-bib. Das offene Bibliotheksjournal 
/ herausgegeben vom VDB. [online] 3:3 
[2] Wawrzinek, J., Balke, W.-T.: "Semantic Facettation in Pharmaceutical Collections 
using Deep Learning for Active Substance Contextualization", 19th Int. Conference on 
Asia-Pacific Digital Libraries (ICADL), Bangkok, Thailand, 11/2017 
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Finally confident – Self-appraisal of pharmacological deficits by medical students 
and alumni 

B. Frings, W. Johannsen, S. Herzig, J. Matthes 
University of Cologne, Center of Pharmacology, Cologne, Germany 

Question: In a recent study we have analysed 3rd and early 5th year medical students" 
perceived deficits in pharmacology. Of note, there was a significant drop of self-appraisal 
results in the last term preceding the final practical year (late 5th year students). Since 
3rd and (early) 5th year students had recently attended one of our two main 
pharmacology courses this might have made students more self-confident here. On the 
other hand, the putative fear to be not prepared well for the practical application of their 
pharmacological knowledge might have biased late 5th year students" self-appraisal. 
Thus, we now explored students" perceived deficits in pharmacology a) in a term without 
a pharmacology course ("pharma free"), b) during the final practical year, and c) after 
graduation and leaving university ("alumni"). 
Methods: Participants answered several items on a Likert scale from 1 (=fully agree) to 5 
(=totally disagree). In an earlier study two distinct components were identified consisting 
of four items each: 1) deficits regarding rather declarative knowledge ("type 1 deficits") 
and 2) those regarding rather application-oriented knowledge ("type 2 deficits"). Items 
within each component were averaged and compared by ANOVA and Tukey post tests. 
Data obtained from 4th ("pharma free") year students, final year students and alumni 
having graduated circa one year ago were compared with data from 3rd year and 5th 
year students obtained in a recent study. Of note, neither final-year students nor alumni 
had to pass the final written national exam before entering their final year. 
Results: Regarding both type 1 and type 2 deficits students in a "pharma free" term or 
during the last final year of their studies were more skeptical compared to 3rd year 
students who just recently attended the course on basic pharmacology. The same was 
true compared to 5th year students after attending a course on Clinical Pharmacology 
except for comparison to last-year students regarding type 2 deficits. Regarding both type 
1 and type 2 deficits alumni were similarly confident as 3rd and 5th year students were, 
but there were differences regarding the pattern of appraisal of the underlying single 
items. 
Conclusion: During their studies recent attendance of pharmacology courses made 
students more confident regarding their pharmacological knowledge. Though self-
appraisal of alumni is similarly confident the pattern of perceived deficits seems to differ. 
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Recognition and training of specialists in Clinical Pharmacology in europe: A pilot 
survey of the UEMS section of pharmacology 

T. Griesbacher1,2 
1Medizinische Universität Graz, Institut für Experimentelle und Klinische Pharmakologie, 
Graz, Austria 
2UEMS Union Européenne des Médecins Spécialistes, Section of Pharmacology, 
Bruxelles, Belgium 

UEMS, the European Union of Medical Specialists, represents all medical specialists in 
Europe. Members of UEMS are those organisations that represent these specialists in 
the European Union, Switzerland, Norway and Iceland. These can either be national 
medical associations (NMA), such as in Austria (Österreichische Ärztekammer) and 
Switzerland (Foederation Medicorum Helveticorum), or another organisation that 
represents specialists, such as in Germany (Spitzenverband Fachärzte Deutschland 
e.V.). While the NMAs of Austria and Switzerland each have nominated 2 delegates to 
the Section, unfortunately no delegates have been nominated from Germany. 
The UEMS Section of Pharmacology has initiated a pilot survey on the status of 
Pharmacology as a medical specialty in Europe. A survey form with 16 open questions, 
regarding representation of the specialty in the NMA, legal framework of the specialty, 
training requirements, examination procedures, typical occupational environment, 
interaction of NMAs with national scientific societies of (clinical) pharmacology, current 
challenges and opportunities, and needs for support of the specialty in the respective 
country, was sent to all NMAs in Europe. 
Data from 27 countries could be collected. Pharmacology is recognised as a medical 
specialty in 23 of those. In 17 European countries it is recognised as a full specialty, in 
7 countries it is (also) a subspecialty of, or additive specialty to, other medical specialties. 
In the majority of European countries, the specialty is named "Clinical Pharmacology", 
only Austria and Germany use "Pharmacology and Toxicology" and "Clinical 
Pharmacology" for their two specialties. Length of training for the stand-alone specialty 
varies between 4 and 8 years, with highly different lengths of time to be spent in other 
(clinical) specialties. For additive or subspecialties, training time varies between 1 and 3 
years. 
In light of the obvious considerable differences in the legal framework and in the definition 
of (Clinical) Pharmacology as a medical specialty, a more detailed follow-up survey, 
which shall collect more detailed information about the specific regulations governing 
training contents for medical specialists in Europe, is currently performed. Given the large 
variety of possible professional roles for medical pharmacologists, defining harmonised 
training requirements on a European level will be a major challenge for the near future. 
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Ten years master program in toxicology at the University of Kaiserslautern 

S. Stegmüller, D. Schrenk 
University of Kaiserslautern, Food Chemistry and Toxicology, Kaiserslautern, Germany 

Ten years ago, a new and unique Master Program started at the University of 
Kaiserslautern. To cover the excessive substantial demand for well-educated young 
toxicologists, the group of Prof. Dr. Dr. Dieter Schrenk designed, in cooperation with local 
and national institutes and companies, a novel Master Program in Toxicology. The idea 
was to create a curriculum with a deep chemical background without missing other 
important fields such as toxicological pathology, clinical toxicology, cell and organ 
toxicology, regulatory toxicology and risk assessment etc. Thanks to the large number of 
cooperation and partners it was possible to implement coordinated internships at industry 
(practical industry courses I and II) and to allure external lecturers to cover fields of 
toxicology which could not be taught at the university. During the last 10 years, the 
master program was continuously refined also following suggestions by an external 
board. 
Here we want to review the story of this master program, the development and the 
challenges we faced. A few alumni report of their experiences during the master program 
and the use of this qualification at their further training (Ph. D. thesis) and in their jobs. 
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Metronomic doxorubicin treatment with a new nanogel-based drug delivery system 

D. Hölzer1, M. N. Leiske2, M. Hartlieb2, T. Bus2, D. Pretzel2, S. Hoeppener2, K. Kempe2 
R. Thierbach1, U. S. Schubert2 
1Institute of Nutrition, Friedrich Schiller University Jena, Human Nutrition Research 
Group, Jena, Germany 
2Friedrich Schiller University Jena, Laboratory of Organic and Macromolecular Chemistry, 
Jena Center for Soft Matter, Jena, Germany 

Question: The clinical benefit of the anti-cancer drug Doxorubicin is limited by several 
side effects. To avoid the problems caused by a treatment with the maximum tolerated 
dose a more precise delivery to the target area is desirable. Therefore, nanogels offer 

several advantages as a drug delivery system: (i) high drug loading capacity, (ii) 
prolonged blood circulation, (iii) high biocompatibility and (iv) an accumulation in the 
tumour tissue. Additionally, the combination with the emerging new drug administration 
regime called "metronomic chemotherapy" should clearly reduce the required drug 
concentrations. 
Methods: Nanogels were synthesized via cross-linking of a block copolymer micelle with 
a cationic POx core and a poly(2-ethyl-2-oxazoline) shell. Cross-linking as well as drug 
loading with Doxorubicin (Dox) was accomplished by pH responsive imine chemistry. 
Toxicity, biocompatibility and cellular uptake of Dox loaded nanogels were studied in vitro 
(HT29 and L929 cells) and compared to free Dox or unloaded nanogels. The therapeutic 
efficiency of a metronomic doxorubicin treatment with the new drug delivery system as 
well as localization of the drug in vivo was investigated in a xenograft mouse model. 
Results: Dox loaded POx based nanogels showed in HT29 and L929 cells a toxicity 
profile comparable to the free drug, while unloaded drug carriers had no toxic effect. The 
haemolytic activity and erythrocyte aggregation of the drug delivery system was found to 
be low. For in vivo investigations the nanogel drug delivery system was combined with a 
metronomic treatment of Dox. Low doses of free Dox were compared to equivalently Dox 
loaded nanogels in a xenograft mouse model. Treatment with POx based nanogels 
showed a significant tumour growth inhibition and an increase in survival time, while pure 
Dox alone had no effect on tumour progression. The biodistribution was investigated by 
microscopy of organs of mice and revealed a predominant localization of Dox within 
tumorous tissue, most likely associated to the enhanced permeability and retention (EPR) 
effect. 
Conclusion: The newly synthesized POx based nanogel system was proven to be 
biocompatible and able to release its payload. In addition, the drug delivery system 
revealed a therapeutic efficiency despite the low Dox concentrations of the metronomic 
schedule. Thus, POx based nanogels could be a promising approach for cancer therapy 
with less side effects compared to conventional drug delivery systems. 
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MicroRNA expression and clinical outcome of chronic myelogenous leukemia 

T. Klümper1, H. Bruckmüller1, M. Kähler1, T. Diewock1, S. Haenisch1, C. Pott2  
M. Kneba2, O. Bruhn1, I. Cascorbi1 
1Institute for Experimental and Clinical Pharmacology, UKSH Campus Kiel, Kiel, 
Germany 
2UKSH Campus Kiel, 2nd Department of Internal Medicine, Kiel, Germany 

Question: Chronic myeloid leukemia (CML) is a hematopoetic disorder mostly 
characterized by constitutive expression of the BCR-ABL1 fusion protein. Although 
tyrosine kinase inhibitors (TKIs) are effective drugs in CML treatment, the development of 
drug resistance is a major issue in clinical practice. Beside other molecular mechanisms, 
short non-coding microRNAs have been implicated in CML progression and in 
development of TKI resistance. Based on their high tissue specificity and stability 
microRNAs were discussed as potential prognostic as well as predictive biomarkers for 
drug response. However, as further evaluation is needed, the aim of our study was the 
confirmation of functional interactions between CML associated genes and microRNAs 
differentially expressed in CML patients at diagnosis before TKI therapy. 
Methods: Total RNA was isolated from blood and bone marrow samples of CML patients 
at diagnosis before TKI therapy. Expression of 384 microRNAs was determined using 
qRT-PCR based low density arrays and microRNA expression levels were compared 
between patients responding to TKI therapy vs. non-responders. For microRNAs showing 
significant expression differences, individual TaqMan microRNA expression assays were 
performed followed by an in-silico search (TargetScan7.0, microRNA.org) to identify 
putative miRNA/target gene interactions. The predicted interactions were then confirmed 
using reporter gene assays and site-directed mutagenesis. 
Results: Significant expression differences between responders and non-responders 
were found for hsa-miR-1-3p, hsa-miR-133a-3p, hsa-miR-142a-5p and hsa-miR-365a-3p. 
To confirm the predicted binding of these microRNAs to the 3"-UTR of the CML 
associated genes ABL2, MCL1, cKIT, PTEN, SHC4 and sorcin reporter gene assays 
were performed. The results reveal a binding to 3"-UTR of ABL2 by miR-142a-5p and 
hsa-miR-1-3p (p=0.03; p=0.01), of MCL1 by miR-142a-5p (p=0.002), of cKIT by hsa-miR-
365a-3p (p=0.02) and of PTEN by hsa-miR-365a-3p (p=0.01). 
Conclusion: In summary the differences in microRNA expression between responders 
and non-responders support an involvement of microRNAs in leukemogenesis. The 
identified interactions between microRNAs and CML associated target genes contribute 
to the deeper understanding of microRNA function in CML. It will allow further estimation 
of the prognostic and predictive value of microRNAs as biomarkers for CML progression 
and drug response. 
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Formation of the novel MKL1-Filamin A complex upon loss of the tumor 
suppressor deleted in liver cancer 1 (DLC1) promotes hepatocellular carcinoma 
growth 

M. A. Meier, K. Woerther, C. Hermanns, T. Gudermann, S. Muehlich 
Ludwig-Maximilians-Universität München, Walther-Straub-Institute for Pharmacology and 
Toxicology, Munich, Germany 

Megakaryoblastic Leukemia 1 (MKL1) is a coactivator of Serum Response Factor (SRF) 
that regulates the transcription of genes involved in cell migration, cell proliferation, cell 
motility, cell adhesion and differentiation and plays an essential role for hepatocellular 
carcinoma (HCC) growth. We recently described a novel mechanism of MKL1 activation 
mediated by binding to Filamin A (FLNA), an F-actin binding protein, however, the 
pathophysiological role of the MKL1-FLNA complex for hepatocarcinogenesis remains to 
be investigated. Here, we show that loss of the tumor suppressor Deleted in Liver Cancer 
1 (DLC1), which is deleted in 50% of liver cancers, results in increased MKL1-FLNA 

S57



complex formation. Conversely, reintroduction of DLC1 in DLC1-deficient HCC cells leads 
to dissociation of FLNA and MKL1 and inactivation of MKL1. We provide evidence that 
the MKL1-FLNA complex is required for the expression of MKL/SRF target genes, HCC 
cell proliferation and migration, whereas dissociation of the MKL1-FLNA complex reduces 
MKL/SRF target genes and inhibits HCC cell proliferation by inducing oncogene-induced 
senescence. Our findings suggest that dissociation of the MKL1-FLNA complex is a 
promising, senescence-inducing therapeutic strategy to curb HCC growth. 
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Extracellular vesicles (exosomes) as new tissue specific delivery system for 
therapeutic small RNAs 

P. Zhupanyn1, A. Ewe1, A. Malek2, A. Aigner1 
1University of Leipzig, Institute for Pharmacology, Leipzig, Germany 
2Institute for Oncology, Sankt-Petersburg, Russian Federation 

Exosomes are the smallest class of extracellular vesicles with an approximate size of 30-
120 nm. They are generated during multivesicular body formation and secreted to the 
extracellular space (exocytosis), and can be taken up by neighboring or other specific 
target cells through endocytosis. Both processes are tightly connected. Thus, exosomes 
are known to play an important role in intercellular communication and to transport 
different macromolecules between cells, including proteins, peptides or miRNAs.  
In this project, we explore isolated exosomes for therapeutic delivery of small RNA 
molecules into tumor cells, including siRNAs for the induction of RNA interference (RNAi) 
or miRNAs for miRNA replacement therapy.  
Using the Nanoparticle Tracking Analysis (NTA) as a high resolution particle-by-particle 
technology, we have measured particle size distributions, concentrations and aggregation 
events of exosomes in liquid suspension. Vesicle sizes, exosome secretion and optimal 
preparation conditions were determined for exosomes from tissue culture supernatants of 
different tumor cell lines. For siRNA loading into monodisperse exosome populations, 
chemical methods and electroporation were explored, prior to in vitro transfection of 
target cells. Our data demonstrate efficient siRNA loading, cellular exosome uptake and 
subsequent siRNA-mediated target gene knockdown, as determined in reporter cell 
lines.  
We conclude that exosomes can be reproducibly isolated and efficiently loaded with 
therapeutic RNAs. They thus represent promising formulations in particular for drugs 
which show otherwise poor pharmacokinetics, like small RNA molecules. This opens 
novel treatment options in diseases like cancer. 
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HER3 activation in gastric cancer cells leads to increased cellular adhesion and 
reduced invasiveness 

T. Büch1, M. Rein1,2, H. Kalwa3, R. Jenke1,2, F. Lordick2, A. Aigner1 
1University of Leipzig, Medical Faculty, Clinical Pharmacology - Rudolf-Boehm Institute of 
Pharmacology and Toxicology, Leipzig, Germany 
2University Cancer Center Leipzig (UCCL), Leipzig, Germany 
3University of Leipzig, Medical Faculty, Rudolf-Boehm Institute of Pharmacologie and 
Toxicology, Leipzig, Germany 

Heregulin-promoted activation of HER3 regulates the integrity of the epithelial lining and 
wound healing in the gastric mucosa. The aim of this study was to investigate the role of 
HER3 signaling in gastric cancer cells with respect to cellular adherence, motility and 
invasiveness. For this purpose a panel of human gastric cancer cell lines was used. In 
these cells, morphological changes, cellular motility, adherence on different surfaces, and 
invasiveness in matrigel assays were investigated after stimulation with the HER3 agonist 
heregulin in the presence or absence of pharmacological inhibitors of HER receptors 
including a HER3-specific inhibiting monoclonal antibody or by using HER-directed 
siRNAs. All gastric cell lines investigated in this study showed expression of HER1, 
HER2, and HER3 receptors. Treatment of the cells with heregulin led to the activation of 
ERK1/2 and Akt signaling, which could be blocked by inhibition of HER3. 
Furthermore, heregulin increased the adhesion of tumor cells on different cell 
culture surfaces and promoted the growth of three-dimensional tumor spheroids. 
Morphologically, these changes were associated with an increase in actin filaments in 
intercellular interfaces. More importantly, treatment with heregulin reduced the invasive 
capacity of gastric cancer cells in matrigel assays. These effects of heregulin were 
blocked by inhibition of HER3, giving evidence that this receptor is involved in the 
observed effects. Thus, in gastric cancer cells heregulin signaling regulates the tumor 
integrity and impairs invasiveness. Of note, inhibitors of HER receptors have been 
introduced in treatment protocols in gastric cancer. The data presented herein suggest 
that the well-established antiproliferative effects of HER inhibition could come along with 
a loss of cell-cell contacts, potentially leading to an enhanced invasive potential. 
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Sensitization of colorectal cancer cells to topoisomerase I Inhibitors via 
pharmacological inhibition of IAPs 

C. Steigerwald, B. Rasenberger, B. Kaina, M. Christmann, M. Tomicic 
University Medical Center Mainz, Department of Toxicology, Mainz, Germany 

Colorectal cancer (CRC) is amongst most frequent tumor types in women and men 
worldwide. Unfortunately, resistance to standard chemotherapy occurs frequently, and 
thus a multimodal approach based on targeting specific key molecules is urgently 
needed. Inhibitors of apoptosis proteins (IAPs), such as c-IAP1, c-IAP2, XIAP and 
survivin are frequently found to be well-expressed pro-survival factors in CRC. The aim of 
the study was to ascertain whether pharmacological inhibition of IAPs via second 
mitochondria-derived activator of caspase (SMAC) mimetics is a feasible approach to 
sensitize CRC cells to the first-line therapy based on administration of the topoisomerase 
I inhibitor irinotecan (IT). We have been working with a panel of CRC cell lines differing in 
their p53- and mismatch repair (MMR) status. Some of the cell lines do not respond to IT 
well. Thus, we first examined the basal and IT-induced IAP expression in all cell lines of 
interest by Western Blot to ensure the defined IAP targets could be induced. At the 
beginning of our study we used the natural XIAP inhibitor Embelin that was described to 
compete with SMAC for binding the BIR3 domain of XIAP, thus abrogating the inhibition 
of caspase-9 and directing cells into apoptosis. Some cell lines showed a higher 
frequency of apoptosis after single treatment with Embelin and some of them were 
sensitized to IT after combined exposure, as determined by SubG1 and Annexin V/PI 
flow cytometry. Also, some cell lines responded neither to Embelin nor to the combined 
Embelin/IT exposure. Therefore, we decided to use a clinically relevant IAP inhibitor, the 
bivalent compound BV6 with binding affinities to the BIR3 domain of XIAP and c-IAP1/2 
triggering rapid proteasomal degradation of those anti-apoptotic proteins. Here only the 
cell lines with defined MMR and p53 status showed a higher frequency of apoptosis after 
the BV6 single and combined BV6/IT exposure. In conclusion, BV6 exposure might 
sensitize some subgroups of CRC to topoisomerase I inhibitor based therapy. 
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A promising building block in the chemotherapy of colorectal cancer:  
The first-in-class mitochondrial disruptor CPI-613 

C. Neitzel1,2, S. Stroh2, G. Nagel2, J. Fahrer1,2 
1Justus Liebig University Giessen, Rudolf Buchheim Institute of Pharmacology, Giessen, 
Germany 
2University Medical Center Mainz, Institute of Toxicology, Mainz, Germany 

Question: Although standard chemotherapy for colorectal cancer patients is available, 5-
year survival rates are devastating. In the need for novel drugs, the lipoate derivative 
CPI-613, lacking the redox potential of its parent substance, exhibits promising 
properties. While energy metabolism in cancer cells is highly altered, CPI-613 selectively 
disrupts mitochondrial metabolism by inhibition of enzyme complexes performing 
oxidative decarboxylation, such as KGDH and PDH, which utilize a redox-reactive co-
factor. In this project, we aimed to investigate the potential of CPI-613 in the treatment of 
colorectal cancer (CRC) alone and in the combination with established antineoplastic 
drugs (5-Fluoruracil (5-FU), Irinotecan (IT)).  
Methods: In order to model heterogeneous cancerous environments, a panel of CRC 
lines was screened next to non-transformed colonic epithelial cells (HCEC). To assess 
cytotoxicity and the induction of cell death pathways (e.g. apoptosis/necrosis), cell 
viability assays based on ATP content and flow cytometric AnnexinV/PI staining were 
used. While autophagy levels were determined using the CytoID® autophagy detection 
kit, DNA damage was measured using ɣH2AX quantified by In-Cell Western. 
Combination effects were evaluated via the Chou-Talalay method and Combenefit 
software.  
Results: Regardless of the p53- and microsatellite stability-status, CPI-613 displayed an 
invariable cytotoxicity among a panel of CRC lines (IC50 ~ 175 µM). Advantageously, 
non-transformed HCEC were found to be more resistant against CPI-613 treatment 
(IC50 ~ 290 µM) indicating a tumor-selectivity. Investigations of the combination effect of 
standard antineoplastic drugs (5-FU, IT) and CPI-613 indicate a putative synergistic effect 
(CI = 0.82 and 0.39 respectively). As confirmed in cell death measurements, primarily 
necrotic cell death is elicited upon CPI-613 treatment alone and in combination with 5-
FU/IT. Whereas DNA damage levels are unchanged upon the combination of 5-FU/IT 
with CPI-613, autophagy levels dramatically decrease, which may result in tumor 
suppression.  
Conclusion: Taken together, our results suggest a beneficial combination effect of 
standard antineoplastic drugs and CPI-613 by both damaging DNA and concomitantly 
targeting mitochondrial metabolism. A transfer of the recent findings into in vivo studies 
using a Xenograft mouse model and, thus, a proof for its antitumor activity are currently in 
progress. 
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The effect of anesthetic on hemodynamics measurements in a rat model of 
monocrotaline-induced pulmonary arterial hypertension 

J. Huang1, H. Wang1, L. A. A. Neves1, O. Tiniakova1, P. B. Senese1, M. R. Gralinski1  
F. J. Hock2 
1CorDynamics, Inc., Chicago, IL, United States 
2CorDynamics, Inc., Dieburg, Germany 

Monocrotaline (MCT)-induced pulmonary arterial hypertension (PAH) in rats is a well 
characterized animal model. MCT administration results in damage of the pulmonary 
arterial vascular endothelium, pulmonary hypertension, right ventricle hypertrophy and 
failure. In this study, we compared the hemodynamic parameters from PAH rats 
anesthetized with isoflurane vs. ketamine/xylazine. Male Sprague-Dawley rats were 
injected subcutaneously on day 0 with 60 mg/kg monocrotaline. On day 28, animals were 
anesthetized by intra-muscular injection of ketamine/ xylazine (Ket; 80/10 mg/kg) or 
connected to a vaporizer that delivers 1-2% MAC isoflurane (Iso) driven by 100% oxygen. 
A Millar catheter was inserted into the femoral artery to measure arterial blood pressure. 
The pulmonary artery and right ventricular (RV) pressures were measured via venous 
approach using a curved 3.5 French umbilical vessel catheter. Hemodynamics were 
monitored for 15-20 minutes. Iso anesthetized rats exhibited systolic, diastolic and mean 
pulmonary arterial pressure values (32±3.8, 25±2.4 and 28±3.1 mmHg, respectively 
p>0.05) comparable with the Ket anesthetized rats (38±4.5, 22±2.4 and 29±3.3 mmHg, 
respectively). Systemic pressures were also comparable, Iso –SAP 93±2.7, DAP 67±2.3 
and MAP 79±2.1 mmHg (p>0.05); and Ket- SAP 95±3.6, DAP 68±3.5 and MAP 80±3.9 
mmHg. Heart rate was similar in both groups, 361±41.2 bpm (Iso) vs 278±8.5 bpm (Ket). 
Isoflurane anesthesia is similar to ketamine for evaluating hemodynamic function of 
monocrotaline-induced pulmonary hypertension in rats. 
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Histamine increases contractility in isolated cardiomyocytes of mice 
overexpressing the H2-receptor 

J. Fröba, U. Gergs, J. Neumann 
Institute for Pharmacology and Toxicology, Medical Faculty, Martin Luther University 
Halle-Wittenberg, Halle (Saale), Germany 

In humans the tissue hormone histamine can, despite its functions in inflammatory 
processes, lead to positive inotropic and chronotropic effects in the heart via H2-
receptors. These receptors are functionally expressed in human hearts but not in mouse 
hearts. To further investigate the function of histamine in the heart, we generated a 
transgenic mouse model with cardiomyocyte specific overexpression of the human H2-
receptor (TG). Previous studies showed that histamine is able to induce positive inotropic 
and chronotropic effects in isolated atria as well as Langendorff-perfused isolated hearts 
of TG, but not of wild type mice (WT). The aim of this study was to investigate histamine 
effects on the level of cardiomyocytes. Therefore, ventricular cardiomyocytes were 
isolated from TG and WT. The isolated cardiomyocytes were electrically stimulated (1 Hz, 
100 V, 6 ms) and, as a parameter of contractility, the shortening of the cell length was 
determined with a video edge detector combined with PTI Felix32 software. After 
recording basal cell shortening, cardiomyocytes were treated either with 10 µM histamine 
or with 1 µM isoprenaline, as a positive control. With histamine only ventricular 
cardiomyocytes from transgenic mice showed an increase of 430.5 ± 75.0 % in cell 
shortening when compared to basal conditions (n = 3, p < 0.05). In contrast, 
cardiomyocytes of wild type mice only demonstrated an increase of cell shortening when 
treated with isoprenaline (427.2 ± 83.7 %, n = 3, p < 0.05), but not with histamine 
(0.2 ± 12.3 %, n = 3) compared to basal conditions. These data show that the positive 
inotropic effect of histamine previously noted in whole hearts of transgenic mice 
overexpressing the human H2-receptor cannot only be measured in atria or isolated 
hearts, but also on cellular level in isolated cardiomyocytes, making indirect inotropic 
effects of histamine in TG unlikely. 
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Effects of nebivolol on myofilament calcium sensitivity in muscle strips of mouse 
and human hypertrophic cardiomyopathy heart tissue 

F. Friedrich, S. Stücker, N. Kresin, L. Carrier 
University Medical Center Hamburg-Eppendorf, Department of Experimental 
Pharmacology and Toxicology, Hamburg, Germany 

Question: Hypertrophic cardiomyopathy (HCM) patients often present with diastolic 
dysfunction and a normal to supranormal systolic function. Guidelines recommend 
treatment with beta-adrenoceptor and Ca2+ channel antagonists to attenuate this 
hypercontractility. Another treatment strategy could be the lowering of an increased 
myofilament Ca2+ sensitivity, which is a feature frequently observed in HCM patients and 
several HCM mouse models. Nebivolol, a often used beta-adrenoceptor antagonist, has 
been reported to lower maximal force development and myofilament Ca2+ sensitivity in 
rabbit and human heart tissues. Our study aim was to evaluate the effect of nebivolol in 
cardiac muscle strips of an established HCM Mybpc3 mouse model with increased Ca2+ 
sensitivity. Additionally, we investigated effects of nebivolol and epigallocatechin-gallate, 

a myofilament desensitizer for Ca2+ in mouse and human HCM models, in cardiac strips 
of HCM patients with mutations in the most frequently mutated HCM gene MYBPC3. 
Methods and Results: Nebivolol effects were tested on contractile parameters and 
force-Ca2+ relationship of skinned ventricular muscle strips isolated from Mybpc3-
targeted knock-in (KI), wild-type (WT) mice and cardiac strips of three HCM patients with 
MYBPC3 mutations. KI strips showed no difference in baseline maximal force 
development compared to WT mouse heart strips. Neither 1 nor 10 µM nebivolol had an 
effect on maximal force development in both genotypes. 10 µM nebivolol induced 
myofilament Ca2+ desensitization in WT strips and had a more pronounced effect in KI 
strips. Neither 1 nor 10 µM nebivolol influenced Ca2+ sensitivity in cardiac muscle strips 
of three HCM patients with MYBPC3 mutations, whereas epigallocatechin-gallate induced 
a right shift in the force-Ca2+ curve. 
Conclusions: Nebivolol induced a myofilament Ca2+ desensitization in both WT and KI 
strips, with a greater extent in KI muscle strips. In human cardiac muscle strips of three 
HCM patients nebivolol had no effect on myofilament Ca2+ sensitivity 
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Rat atrial engineered heart tissue – A new tool to study atrial biology in vitro 

J. Krause1,2, A. Löser3,2, M. Lemoine2,4, T. Christ3,2, S. Blankenberg1,2, T. Zeller1,2  
T. Eschenhagen3,2, J. Stenzig3,2 
1University Heart Center Hamburg, Hamburg, Germany 
2DZHK (German Center for Cardiovascular Research), Partner site Hamburg/Kiel/Lübeck 
, Hamburg, Germany 
3University Medical Center Hamburg-Eppendorf, Experimental Pharmacology and 
Toxicology, Hamburg, Germany 
4University Heart Center Hamburg, Cardiac Electrophysiology, Hamburg, Germany 

Question: Engineered heart tissue (EHT) from rat cells is used to study heart biology in 
general and cardiac drug response and toxicity in particular. However, as atrial and 
ventricular cells differ significantly, EHT and other 3D tissue culture formats have been of 
limited value to study atrial biology. We have therefore established and characterized a 
new EHT model using rat atrial cells. 
Methods: Isolated atrial cells from neonatal rats were used to prepare fibrin-based EHT 
in 24-well culture format. Contractility of EHT was assessed over 30 days by video-optical 
recording and pattern recognition software. EHTs were furthermore analysed with regard 
to histology, gene expression, and response to carbachol. Ventricular EHT was used as 
control. 
Results: Atrial EHTs revealed significant differences to their ventricular counterparts. 
Despite equal cell number per tissue, maximal force was about 40% lower in atrial EHT, 
while contraction and relaxation kinetics were faster. Force-normalised time from pacing 
impulse to peak force in atrial EHT was ~60% of the time in ventricular EHT. Moreover, 
atrial EHT followed electrical pacing up to a higher frequency (>10 Hz in atrial EHT vs. 
7 Hz in ventricular EHT) and displayed a more continuous beating pattern, as opposed to 
the burst-like beating pattern of ventricular EHT. Atrial-specific genes (e.g. Mlc2a and 
Sln) were highly expressed in atrial EHTs, whereas expression of ventricular genes was 
very low. Treatment with the cholinomimetic drug carbachol had a strong negative 
inotropic and chronotropic effect on atrial but not ventricular EHT, consistent with the 
restriction of muscarinic potassium channel expression (IKACh) to the atria. 
Conclusion: Atrial EHT is a novel 3D tissue culture model which could become a useful 
tool to study atrial molecular physiology in both health and disease (e.g. atrial fibrillation). 
Moreover, it could improve the predictive value of cardiac drug safety testing by 
expanding the analysis to atrial cells. 
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Identification of bindings sites of short CREM isoforms to the human genome 
using chromatin immunoprecipitation DNA sequencing. 

A. Sternberg, M. D. Seidl, S. Hamer, K. Grimm, F. U. Müller 
University Münster, Institute of pharmacology and toxicology, Münster, Germany 

The transcription factor cAMP response element modulator (CREM) regulates gene 
transcription in response to various signaling pathways e.g. beta adrenergic signaling. 
The inducible cAMP early repressor (ICER) and small ICER (smICER) are short, 
inducible and repressive isoforms of CREM, which are regulated by their own internal 
promotors within the CREM gene. They show different inducibility and expression levels 
in several tissues suggesting a different function. Here we determine the genome-wide 
binding sites of ICER and smICER and potential different target genes. We 
overexpressed ICER (exon structure: X-γ-H-Ib), smICER (exon structure: γ-H-Ib) and a 
control (Ib fragment) in HEK-293 cells tagged with the HA motive (n= 8). An antibody 
against the HA tag was used for chromatin immunoprecipitation, followed by high- 
throughput DNA sequencing (ChIP-Seq). Enrichment of the DNA fragments was 
analyzed with the algorithm model- based analysis of ChIP-Seq (MACS) and mapped to 
the human genome hg38. We identified 2093 significant peaks for ICER and 3565 for 
smICER versus control. The distribution of the peaks in relations to annotated exons and 
introns of genes was similar between the both TF (upstream: 25.7/ 25.8 %; 5’UTR: 
16.4/16.2%; exons 13.8/ 14.4 %; introns: 25.8/ 25.4%). Also the distribution of gene types 
showed the same pattern (protein coding: 91.1//91.7%; lincRNA: 6.1/ 5.7 %; miRNA: 1.2/ 
1.0%). Genes, with common peaks in upstream regions for ICER and smICER, play a 
role in e.g. RNA processing or cellular response to stress. Exclusively for ICER we found 
genes from the mTOR pathway, whereas potential smICER targets are connected among 
others to translation. In conclusion, the Chip-Seq experiment revealed several gene loci 
occupied by ICER and smICER throughout the human genome. In spite of their structural 
similarity unique gene loci exist only bound by one of these TF. This suggested that ICER 
and smICER act also on different regions of genes, expanding the modulation of the 
transcriptional response e.g. after elevated cAMP levels. (supported by the DFG)  
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Cardiovascular effects of cannabidiol in normotensive and spontaneously 
hypertensive rats 

B. Malinowska1, R. Kossakowski1, E. Grzeda1, J. Weresa1, E. Schlicker2 
1Medical University of Bialystok, Department of Experimental Physiology and 
Pathophysiology, Bialystok, Poland 
2University of Bonn, Department of Pharmacology and Toxicology, Bonn, Germany 

Cannabidiol (CBD), a non-psychotropic constituent of Cannabis sativa, is suggested to 
play a beneficial role in the cardiovascular system. It activates vanilloid TRPV1 and 
inhibits serotonin 5-HT3 receptors in vitro (Pisanti et al., Pharmacol Ther. 2017;175:133-
150), i.e. receptors involved in Bezold-Jarisch reflex stimulation. The aim of our study 
was to examine the cardiovascular effects of CBD in spontaneously hypertensive (SHR) 
and normotensive Wistar Kyoto (WKY) rats. 
Rats were anaesthetized with urethane. Basal heart rate (HR), systolic (SBP) and 
diastolic (DBP) blood pressure were higher in SHR than in WKY. Rapid i.v. injection of 
CBD (3, 10 and 30 mg/kg [≈ 100 µmol/kg]) induced biphasic cardiovascular effects. The 
first phase was a short-lasting dose-dependent decrease in HR, SBP and DBP, 
maximally by 221±17 and 156±13 beats/min; 25±4 and 19±2 mmHg and 45±4 and 33±3 
mmHg (SHR vs WKY, respectively; P<0.05; n=9 in each group). The CBD-induced 
bradycardia but not hypotension was diminished by the TRPV1 receptor antagonist 
capsazepine 1 µmol/kg. The decrease in HR induced by the first dose of CBD 10 mg/kg 
was 222±25 and 162±16 beats/min but only 35±10 and 23±4 beats/min if CBD 10 mg/kg 
was re-injected 15 min after CBD 30 mg/kg (SHR vs WKY, respectively; n=5 in each 
group). The second phase was bradycardia (by about 35 beats/min in both groups) and 
an increase in SBP by 22±2 and 6±1 mmHg and DBP by 18±2 and 2±1 mmHg (SHR vs 
WKY, respectively; P<0.05; n=10 in each case). The i.v. injections of the TRPV1 and 5-
HT3 receptor agonists capsaicin (3.2-1000 nmol/kg) and phenylbiguanide (6-180 
nmol/kg), respectively, induced a dose-dependent decrease in HR, stronger in SHR than 
in WKY. In both groups CBD 10 mg/kg reduced the reflex bradycardia evoked by 
phenylbiguanide but not that evoked by capsaicin. Microinjection of CBD 60 nmol/rat into 
the paraventricular nucleus increased SBP and DBP, stronger in SHR (by about 35 and 
65% of basal values) than in WKY (by about 25 and 35% of basal values). 
In conclusion, cardiovascular effects of CBD are stronger in SHR than in WKY. The CBD-
induced initial bradycardia is mediated via TRPV1 receptors that undergo tachyphylaxis 
and the subsequent pressor response probably via central mechanisms. CBD inhibits the 
Bezold-Jarisch reflex induced by 5-HT3 but not by TRPV1 receptors. 
This work has been supported by the National Science Centre (Poland), grant 
2015/19/B/NZ7/02270. 
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Modulation of Crem-isoforms represent a time dependent regulatory system for the 
transcriptional gene response after beta adrenergic stimulation in the heart 

M. D. Seidl1, K. Grimm1, S. Hamer1, B. Fels2, D. S. Kranick1, A. Sternberg1  
J. S. Schulte1, F. U. Müller1 
1Pharmakologie und Toxikologie, University of Münster, Münster, Germany 
2Institute of Physiology II, University of Münster, Münster, Germany 

Beta adrenergic (βAR) signaling plays a pivotal role in cardiac physiology and the 
pathophysiology of cardiac diseases. Short isoforms of the transcription factor cAMP 
responsive element (CRE) modulator (CREM) act as transcriptional repressors by binding 
to CREs. The Crem gene consists of 15 exons and 6 published (P1-6) promoters; more 
than 30 transcripts and proteins are generated by alternative splicing. Here we use RNA-
Seq technology to quantitatively study the transcription of Crem-isoforms after βAR 
stimulation in heart. 
Wildtype mouse cardiomyocytes were isolated after 6h, 24h and 7d of stimulation with the 
β-adrenoceptor agonist isoproterenol (ISO) via osmotic minipumps (10 mg/kg/h) and 
transcription of Crem-isoforms was identified by RNA-Seq and polymerase chain reaction 
approaches. 
Analysis of RNA-Seq data showed the existence of a new exon named "S" in the CREM 
gene, which was confirmed by rapid amplification of cDNA-ends with PCR. This exon is 
transcribed by the P6 promoter coding for short small Icer (smIcer; small inducible cAMP 
early repressor) isoforms. The Crem gene structure can now be described by the 
following pattern (hyphens: introns; bold: exons; underlined: intronic promoters): 
P1–A0–P5–A–B–ψ–P3–θ1–P4–θ2–C–E–F–G–P2–X–P6–S–γ–H–Ia–Ib 
Transcriptional changes in the Crem gene after ISO stimulation revealed an overall 
expression of short Crem isoforms like Icer (X-H-Ia, X-H-Ib, X-γ-H-Ib, X-γ-H-Ia) and 
smIcer (S-H-Ia, S-H-Ib, S-γ-H-Ib, S-γ-H-Ia), while long Crem isoforms seem to be absent 
in cardiomyocytes. SmIcer isoforms were predominant in the heart and were elevated 
from moderate levels before βAR stimulation (13 fold vs. Icer levels) to high levels after 
24 h and 7d (3 fold vs. before stimulation, around 7 fold higher vs. Icer) after βAR 
stimulation. Icer isoforms were nearly absent before βAR stimulation and were strongly 
induced in a peak-like manner changing from low levels (before stimulation) to 80 fold 
after 6h to low levels after 7d (6 fold). 
In conclusion, the predominant SmIcer isoforms induced in the long term and Icer 
isoforms induced in a peak-like manner represent two different mechanisms to modulate 
the transcriptional regulon in a time dependent way after βAR stimulation. Together with 
a different target genes and interaction partners of smICER and ICER, this provides new 
insights in the transcriptional processes after βAR stimulation in the heart which might 
contribute to cardiac diseases. (Supported by the DFG) 
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SB202190 inhibits endothelial cell apoptosis via induction of autophagy and heme 
oxygenase-1 

M. Schwartz, S. Boeckmann, P. Borchert, B. Hinz 
Institut f. Pharmakologie u. Toxikologie, Universitätsmedizin Rostock, Rostock, Germany 

Activation of the p38 mitogen-activated protein kinase (MAPK) pathway has been 
implicated in various detrimental events finally leading to endothelial dysfunction. The 
present study therefore investigates the impact of the p38 MAPK inhibitor SB202190 on 
the expression of the cytoprotective enzyme heme oxygenase-1 (HO-1) as well as 
metabolic activity, apoptosis and autophagy of endothelial cells. To this end, human 
umbilical vein endothelial cells (HUVEC) were incubated with test substances and 
analysed for HO-1 expression (Western blot, real-time RT-PCR), metabolic activity (WST-
1 assay) and apoptosis (DNA fragmentation ELISA). Expression of microtubule-
associated protein 1 light chain 3 II (LC3-II) was assessed by Western blot to examine 
activation of autophagy. SB202190 was found to cause a time- and concentration-
dependent induction of HO-1 protein. Induction of HO-1 protein expression was mimicked 
by SB203580, another p38 MAPK inhibitor, but not by SB202474, an inactive structural 
analogue of p38 MAPK inhibitors. HO-1 induction by both SB202190 and SB203580 was 
also demonstrated by analysis of mRNA expression. On the functional level, SB202190 
was shown to increase metabolic activity and autophagy of HUVEC along with 
diminishing basal apoptosis. Treatment of cells with tin protoporphyrin IX (SnPPIX), a 
well-characterised HO-1 enzymatic inhibitor, or HO-1 siRNA left SB202190-modulated 
metabolic activity and autophagy virtually unaltered but caused a significant reversal of 
the anti-apoptotic action of SB202190. Conversely, however, HO-1 expression by 
SB202190 became completely suppressed by the late-phase autophagy inhibitor 
bafilomycin A1. Bafilomycin A1 likewise fully reversed effects of SB202190 on metabolic 
activity and apoptosis, albeit significantly inducing apoptosis per se. Collectively, this 
work demonstrates SB202190 to confer upstream induction of autophagy followed by 
HO-1 induction resulting in potential protective effects against apoptosis. On the other 
hand, our data oppose HO-1 to contribute to SB202190-mediated increases in metabolic 
activity and autophagy, respectively. 
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Phosphorylation of β-catenin by β2-adrenoceptor activation in endothelial cells 

S. Jansen, T. Wieland 
Institute for Experimental and Clinical Pharmacology and Toxicology, Mannheim, 
Germany 

During the past decade, multiple epidemiological studies have linked the use of β-
adrenoceptor (β-AR) antagonists to decreased tumor progression. Mechanistically, this is 
supported by enhanced production of pro-angiogenic factors in cancer cells by β-AR 
activation, thereby driving formation of tumor vasculature. As the first contact side of 
circulating catecholamines in the tumor microenvironment are endothelial cells (ECs), we 
previously studied whether β-AR activation in ECs also promotes angiogenesis. We 
reported that the cAMP effectors PKA and Epac1 mediate a β2-AR-induced expression of 
vascular endothelial growth factor (VEGF) and its receptor VEGFR2, respectively, which 
results in increased sprouting angiogenesis. Although the acute effects of β-AR activation 
are well-studied, knowledge on the long-term effects of β-AR activation is limited. The 
canonical Wnt pathway mediator β-catenin is an important transcriptional co-factor that 
can regulate EC adaptation to environmental demands. Although β-catenin can be 
activated independent of Wnt, a β2-AR-mediated activation of β-catenin has not been 
described. Therefore we studied β-catenin activation in response to β-AR activation in 
ECs. 
Stimulation of cultured EC with the non-selective β-AR agonist isoproterenol (ISO, 1 nM-
10 µM) increased cAMP production and activated PKA. In parallel, a rapid and transient 
increase β-catenin phosphorylation at ser552 occurred (PKA/AKT/MSK1 target residue), 
while no ISO-induced phosphorylation was detected at ser675 (PKA/PAK target residue), 
ser33/37 or thr41 (GSK3β/CK1 target residues). The β2-AR selective agonist salbutamol 
mimicked the effects of ISO, whereas the β2-AR antagonist ICI-118,551, but not the β1-
AR antagonist atenolol, prevented ISO-induced β-catenin phosphorylation. Concomitant, 
we observed activation of Src and ERK. Moreover, a direct activation of adenylyl cyclase 
by forskolin also increased β-catenin ser552 phosphorylation. Similar data were obtained 
in primary HUVEC and a newly established human microvascular cell model that 
maintains endothelial characteristics in culture. Our findings therefore argue for a β2-AR-
induced, cAMP-dependent β-catenin phosphorylation in ECs and thus demonstrate a link 
between β2-AR signaling and the canonical Wnt pathway. The functional contribution of 
the observed β-catenin phosphorylation on pro-angiogenic behavior is currently under 
investigation in angiogenesis and tumor models. 
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GSH and H2O2 redox assessment in human stem cell derived cardiomyocytes 

I. Eckhardt1,2, P. L. Soong1,2, V. Belousov3,4, W. H. Zimmermann1,2 
1University Medical Center, Georg-August-University, Institute of Pharmacology and 
Toxicology, Göttingen, Germany 
2DZHK (German Center for Cardiovascular Research), partner site Göttingen, Göttingen, 
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3University Medical Center, Georg-August-University, Institute of Cardiovascular 
Physiology, Göttingen, Germany 
4Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of 
Sciences, Laboratory of Molecular Technologies, Moscow, Russian Federation 

Question: In cardiomyocytes, locally and temporally defined production of reactive 
oxygen species (ROS) has been shown to modulate contractile function and cellular 
homeostasis. In order to systematically investigate ROS events in cardiomyocytes, we 
made use of genetically encoded fluorescent redox sensors, which allow for a fast 
detection of redox changes in living cells. Grx1-roGFP2 is a sensor for the cellular redox 
buffer glutathione (GSH), whereas HyPer senses changes in cellular H2O2 concentration. 
In this study, we aimed to investigate redox changes in cardiomyocytes upon 
physiological and pharmacological stimulation in order to elucidate redox signaling 
mechanisms underlying cardiomyocyte drug response. 
Methods: We generated redox sensor expressing TSA and hPSC lines using a TALEN 
mediated integration strategy targeting the AAVS1 locus on human chromosome 19. 
Redox sensor fluorescence intensity was measured subsequently at 405 nm and 488 nm 
excitation and 520 nm emission wavelength in a 96-well plate reader with automated 
compound addition after baseline recording. Ratiometric analysis of redox probe 
oxidation allowed for the calculation of cellular GSH redox potential (Grx1-roGFP2) and 
the analysis of cellular production and removal of H2O2 (HyPer). 
Results: We established a plate reader based 96-well assay for cellular redox events 
using Grx1-roGFP2 and HyPer expressing TSA cells. The normalized fluorescence ratio 
increased up to 2.8 ± 0.2 fold relative to baseline for Grx1-roGFP2 upon stimulation with 
100 µM H2O2 and 2.9 ± 0.1 fold for HyPer under the same conditions (average ± SEM, 
n=3). Upon treatment with the reducing agent DTT no change in fluorescence intensity 
ratio could be observed. Assuming the cells were already in a fully reduced state at the 
time point of measurement, the calculated cellular EGSH for TSA cells at baseline was -
290 mV. After proof-of-concept in TSA cells, human redox sensor stem cell lines were 
generated and are currently undergoing characterization. Directed differentiation enables 
us to study redox responses in highly purified cardiomyocytes and engineered heart 
muscle. 
Conclusion: Genetically encoded fluorescent redox sensors are valuable tools for the 
investigation of cellular redox events. Combining state-of-the-art genome editing and 
stem cell differentiation techniques, we will be able to elucidate redox signaling in human 
stem cell derived cardiomyocytes in a medium throughput in-vitro system. 
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Effect of the oxidant tert-butylhydrochinone (tBHQ) on functionality of WRN-
deficient endothelial cells (HUVEC). 

K. Laarmann1, J. M. Kreß2, B. Kaina2, G. Fritz1 
1Institute of Toxicology, Düsseldorf, Germany 
2Institute of Toxicology, Mainz, Germany 

Question: Werner syndrome protein (WRN) is a DNA helicase and is involved in various 
processes including DNA replication, transcription and DNA repair. In DNA repair, WRN 
is involved in eliminating small DNA lesions that are mainly caused by reactive oxygen 
species (ROS). Patients with a defect in the WRN gene show premature aging and age-
related diseases, like cancer and arteriosclerosis. The latter is characterized by 
endothelial dysfunction that goes along with an increase in intracellular ROS. The aim of 
this study was (i) to examine whether endothelial cell migration, cell-cell adhesion and 
mRNA expression of endothelial specific factors were effected by slightly toxic (IC10) and 
moderate toxic (IC40) concentrations of the oxidant tert-butylhydrochinone (tBHQ) and (ii) 
whether WRN influences migration, adhesion and mRNA expression in the presence or 
absence of tBHQ in primary human umbilical vein endothelial cells (HUVEC). 
Methods: HUVECs were treated with different concentrations of tBHQ. After 24 h or 72 h, 
viability was measured by the Alamar Blue assay to determine IC10 and IC40. WRN was 
knocked down by RNA interference technique. WRN-proficient and WRN-deficient 
HUVECs were treated with slightly toxic or moderate toxic concentrations of tBHQ for 24 
h before endothel-related functions were analyzed. Endothelial cell migration was 
investigated by scratching the confluent HUVEC monolayer and measuring gap closure 
at different time points. To examine cell-cell adhesion, HT29 cells were labeled with 
fluorescent calcein and their adhesion to the HUVEC monolayer was investigated. Gene 
expression of adhesion molecules (ICAM, VCAM, E-Selectin), nitric oxide synthases 
(eNOS, iNOS) and vasodilator endothelin1 (EDN1) were analysed by real-time PCR. 
Results: For HUVECs, 60 ÂµM and 120 ÂµM tBHQ were determined as IC10 and IC40 
respectively. WRN-deficient HUVECs showed 20 % less migration compared to WRN-
proficient HUVECs. Under situation of oxidative stress, migration was further reduced. 
Cell-cell adhesion increased after treatment with IC40. WRN-deficiency stimulated mRNA 
expression of adhesion molecules under basal condition. EDN1 expression was reduced 
following tBHQ treatment. WRN or tBHQ had no impact on iNOS or eNOS mRNA 
expression. 
Conclusion: The data reveal that WRN as well as oxidative stress influence prototypical 
endothelial functions of HUVEC. 
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in vivo and in vitro differentiation of cardiac myocytes differentially affects 
chromatin organization and DNA methylation 

R. Gilsbach1, S. Nothjunge1, V. Ngo1, S. A. Doppler2, M. Hesse3, B. Fleischmann3 
 M. Krane2, L. Hein1 
1University of Freiburg, Institute of Experimental and Clinical Pharmacology and 
Toxicology, Freiburg, Germany 
2German Heart Center Munich, Department of Cardiovascular Surgery, Munich, Germany 
3Institute of Physiology, Bonn, Germany 

Introduction: Different layers of epigenetic regulation, including DNA methylation and 
spatial chromatin organization, are crucial for cell differentiation. However, there is limited 
knowledge about the chronology of these mechanisms during in-vivo differentiation and 
maturation of cardiac myocytes, and how this compares to in-vitro differentiation. 
Methods: To get insight into the dynamics of DNA methylation and gene expression in 
vivo, we isolated cardiac progenitor cells (E9, E11) as well as fetal (E14.5), postnatal (P1) 
and adult cardiac myocytes by flow cytometry. Cardiac progenitor cells were identified by 
a transgenic construct driving expression of green fluorescent protein under control of a 
progenitor-specific NKX2-5 enhancer and are able to develop into the cardiac lineage. 
For comparison in-vitro differentiated cardiac myocytes (ES-CM) were obtained from ES-
cells after 3 weeks of differentiation. During differentiation, cardiac myocytes were 
selected utilizing a puromycin-resistance under control of the alpha-myosin heavy chain 
promoter. To investigate the spatial chromatin organization, DNA methylation and gene 
expression, we performed chromatin capture analysis (Hi-C), whole-genome bisulfite and 
RNA sequencing for the mentioned cell-types. 
Results: Bioinformatic analysis of chromatin capture data showed establishment of 
spatial chromatin interaction patterns during differentiation of cardiac myocytes. Cardiac 
myocyte-specific chromatin organization was almost completed at fetal stage in-vivo. 
Comparison of spatial chromatin architecture of EC-CM and fetal cardiac myocytes did 
not show major differences.  Analysis of DNA methylation data identified low-methylated 
regions with cis-regulatory properties (LMRs) and induction of gene expression to be 
established in a spatial chromatin conformation dependent manner. More than 50.000 
LMRs were present in adult cardiac myocytes, of those only 36% were detected in ES-
CM.   
Conclusion: Here we show that the spatial chromatin organization of in vivo and in vitro 
differentiated cardiac myocytes is highly similar. In contrast, DNA methylation signatures 
established during pre- and postnatal development of cardiac myocytes in-vivo were not 
fully established during in vitro differentiation. 
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Chromatin accessibility in healthy and diseased cardiac myocyte nuclei 
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Universität Freiburg, Institut für Pharmakologie und Toxikologie, Freiburg, Germany 

Question: Gene expression in diseased cardiac myocytes is orchestrated by epigenetic 
mechanisms, including chromatin accessibility. Open chromatin at cis-regulatory sites 
(enhancers) and promoters is associated with DNA binding factors including transcription 
factors (TF). The assay for transposase accessible chromatin (ATAC) is a useful tool for 
the disclosure of accessible chromatin and thus for the identification of active regulatory 
sites. 
The aim of the study was to compare the chromatin accessibility in healthy and diseased 
cardiac myocyte nuclei to gain insight into the interplay of the genomic regulatory 
landscape and gene expression in diseased cardiac myocytes. 
Methods: We used heart tissue from either control animals or mice that underwent 
transverse aortic constriction (TAC). FACS sorted cardiac myocyte nuclei were used for 
ATAC. After DNA purification, libraries were amplified and sequenced. Sequencing reads 
were aligned to the Mus musculus genome (mm9) using Bowtie2. Peak-calling was 
performed with MACS2. TF motif enrichment within ATAC-peaks was determined by 
HOMER tools. Differentially accessible regions were identified using featureCounts and 
DESeq2.    
Results: In this study, we identified ~94,000 accessible regions in healthy and diseased 
cardiac myocyte nuclei. These regions were associated with distinct binding sites for TFs 
like Mef2, Gata4, and CTCF (< log10 (p-value) -139). In addition, we found ~1,400 
differentially accessible regions with a higher accessibility in either sham (810) or TAC 
(598) cardiac myocytes. Regions that showed higher accessibility in diseased cardiac 
myocyte nuclei were associated with known hypertrophy marker genes like Nppa, Nppb, 
and Acta1. Furthermore, these genes showed a higher expression level in TAC vs. sham 
RNA-seq data. 
Conclusion: The data generated in this study allows for the identification of accessible 
chromatin in healthy and diseased cardiac myocytes. It facilitates the prediction of TF 
binding in regulatory regions and the identification of active promoters. The dynamic 
chromatin accessibility landscape of cardiac myocytes clearly shows the relevance of 
regulatory regions for gene expression control in heart disease. 
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Influence of chronic AT1 receptor blockade on gastric barrier function in mice 

L. Nickel1,2, E. Rawish1,2, A. Sünderhauf3, C. Sina3, W. Raasch1,2,4 
1Institute of Experimental and Clinical Pharmacology and Toxicology, University of 
Lübeck, Lübeck, Germany 
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Lübeck, Germany 
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Germany 

Question: Individuals suffering the Metabolic Syndrome seem to profit from a treatment 
with the AT1 receptor blocker Telmisartan (TEL) as it not only reveals antihypertensive 
effects but also improves glucose and lipid control and lowers body weight. Additionally, 
we showed that TEL has an impact on the brain barrier function and comes along with 
variations in gut microbiota. Thus, we here investigated whether TEL also influences the 
gut barrier function which may be followed in decrease of energy intake. 
Methods: BL6 mice were fed with chow or high fat diet (45% fat) and were additionally 
treated with vehicle (CONchow or CONHFD) or TEL (8 mg/kg/d, 12 w, TELchow or 
TELHFD). Visceral and subcutaneous fat mass was quantified by MRI. Segments of 
lower intestine were "Canoy" fixed to determine thickness of mucus by 
immunohistochemistry. PAS staining was performed for depicting goblet cells. The 
signalling pathway being involved in necroptosis was investigated by Western blots and 
qPCR. 
Results: Mice that received HFD showed an increased gain in body weight (3.4±0.5 vs. 
14.4g±1.2 g), compared to chow feeding. This effect was prevented by TEL treatment 
(TELchow: 1.7±0.5, TELHFD: 2.8±0.5g). Visceral fat and liver mass was higher in 
CONHFD than CONchow but remained normal by TEL treatment. Thickness of intestinal 
mucus was lower in CONHFD than CONchow. TEL additionally reduced mucus thickness 
independent on diet. Numbers of goblet cells were not affected by HFD feeding and TEL 
treatment, as well as structural abnormalities, measured by the depth of intestinal crypts. 
RIP3 expression was increased in lower intestine particularly when HFD-fed mice were 
treated with TEL. 
Conclusions: In contrast to our expectations, the antiobese effect of TEL was associated 
with a decrease in mucus thickness. Indicating that this may lead to a closer interaction 
with the microbiota and a limited protection of intestinal cells, increase in RIP3 indicates 
that necroptosis may be enhanced by TEL. We now must investigate in further studies to 
evaluate whether these are true and relevant detrimental effects of TEL. 
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Impact of trimethylamine N-oxide (TMAO) on antiplatelet effect of a loading dose of 
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Background: Plasma levels of trimethylamine N-oxide (TMAO) have been associated 
with an increased risk for cardiovascular events. It has been shown, that elevated TMAO 
levels are predictive for an incident risk for thrombotic events with TMAO increasing 
platelet hyperreactivity and thrombosis potential as suggested mechanism. Yet there is 
no data whether TMAO also has impact on antiplatelet efficacy of the P2Y12 receptor 
antagonist clopidogrel.  
Objectives: We investigated association of TMAO plasma concentrations and platelet 
reactivity (PR) after a loading dose of clopidogrel 600 mg.  
Methods: This sub-study of the EXCELSIOR trial comprised 760 patients with stable 
coronary artery disease undergoing percutaneous coronary intervention with stent 
implantation (PCI). Platelet reactivity was assessed by light-transmission aggregometry 
after stimulation of platelet rich plasma with adenosine diphosphate (ADP; 5 µmol/l), 
before (intrinsic) as well as at the day after a loading dose of clopidogrel 600mg and 
administration of the first maintenance dose (75mg). Plasma TMAO levels were 
determined by stable isotope dilution liquid chromatography with online tandem mass 
spectrometry. CYP2C19 genotype, which determines clopidogrel bioactivation, was 
analyzed by real-time PCR.  
Results: Reliable TMAO plasma concentrations could be determined in all samples. 
Intrinsic PR showed no significant correlation with TMAO levels (Spearman´s r = 0.057, p 
= 0.114).  At day 1 after PCI, a somewhat closer association between TMAO plasma 
levels and platelet reactivity was observed for the entire group (r = 0.107; p = 0.003). The 
association was improved further if the analysis was restricted to CYP2C19 wild-type 
patients (n = 527; r = 0.135; p = 0.002). We calculated an optimal cut-off for TMAO by 
ROC analysis and Youden-Index respective high on-treatment PR (>14% ADP-induced 
aggregation). Thereafter, univariate (OR 1.7 [CI: 1.2-2.4], p < 0.001) and multivariate 
analysis (OR 1.6 [CI: 1.1 – 2.3], p= 0.01) yielded predictive values for elevated TMAO 
levels on high PR. 
Conclusions: A statistically significant association between elevated TMAO levels and 
high on-treatment platelet reactivity was observed in patients on treatment with 
clopidogrel. Thus, our results demonstrate for the first time that TMAO plasma 
concentration seems to be another piece in the puzzle of variables contributing to the 
variability in antiplatelet response to clopidogrel.  
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Impact of clopidogrel therapy on incidence of early hypo-attenuated leaflet 
thickening after transcatheter aortic valve replacement 
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Inducible cAMP early repressor (ICER) protects from electrophysiological 
remodeling induced by short-term β-adrenergic stress 

J. S. Schulte, J. Obergassel, M. D. Seidl, A. Sternberg, K. Grimm, F. U. Müller 
Institute of Pharmacology and Toxicology, University of Muenster, Münster, Germany 

Question: The inducible cAMP early repressor (ICER) isoforms belong to the 
CREB/CREM/ATF1-family of cAMP-dependent transcription factors and are acutely 
inducible by β-adrenergic stimulation. Chronic β-adrenergic stimulation is thought to 
contribute to cardiac remodeling in chronic heart disease. Here we tested whether ICER 
repressors play a role for an early electrical remodeling within 24 hours after β-adrenergic 
stress induced by isoproterenol. 
Methods: Wildtype (WT) mice and mice with global inactivation of ICER (KO) were 
treated 2 times with isoproterenol i.p. (ISO; 50 mg/kg bodyweight, 12 h interval). 24 h 
after the first injection mice were sacrificed and cardiomyocytes isolated by 
collagenase/protease digestion. Myocytes were used within 6 h for electrophysiological 
analysis with the patch-clamp technique. Ventricular homogenates were used for analysis 
of mRNA and protein levels by real-time RT-PCR and western blot. 
Results: Action potential durations (APD) of cardiomyocytes from untreated mice were 
not different between groups. However, the APD until 50% and 70% repolarization was 
prolonged in cardiomyocytes from KO mice after ISO treatment (KO vs. WT; in ms; 
APD50: 14±1.8* vs. 8.5±1; APD70: 26±3* vs. 15.2±1.8;*p<0.05 vs. WT). AP prolongation 
in cardiomyocytes from ISO treated KO mice went along with a reduction of the peak- 
and steady-state amplitudes of unseparated potassium currents on average by 30% 
suggesting an attenuation of these currents as the underlying cause for the observed 
increase in APDs. The peak amplitude of the L-type calcium current was at the same time 
reduced in cardiomyocytes from ISO treated KO mice (-30% vs. WT) when recorded 
under basal conditions but not under acute stimulation with isoproterenol. mRNA levels of 
major potassium channel subunits (Kv4.2/Kcnd2, Kv4.3/Kcnd3, KChIP2/Kcnip2, 
Kv1.5/Kcna5, Kv2.1/Kcnb1) and the L-type calcium channel subunit Cav1.2/Cacna1c 
were not different between ISO-treated groups, as well as protein levels of Kv4.2 and 
NCX1. 
Conclusion: Inactivation of ICER in mice leads to an altered electrophysiological 
remodeling probably in terms of a posttranslational or functional modulation of potassium 
and calcium currents that ultimately leads to AP prolongation already 24 h after β-
adrenergic stress induced by isoproterenol. These results point to a protective role of 
ICER in the heart against an electrophysiological remodeling induced by short-term β-
adrenergic stress. (Supported by the DFG)  
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Calcitriol enhances contractile function of engineered human myocardium 
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4Institute of Bioinformatics, University Medical Center, Göttingen, Germany 

Question: In the development of engineered human myocardium (EHM), a functional 
syncytium is formed in two phases - an early consolidation phase, followed by functional 
maturation. An essential cardio-instructive environment during these processes is 
provided by fibroblasts. Vitamin D (VitD) deficiency has been associated with 
cardiovascular diseases. We identified vitamin D receptor (VDR) as being specifically 
expressed in fibroblast in EHM and sought to investigate whether VitD supplementation 
enhances EHM development and contractility by enhancing fibroblast-cardiomyocyte 
cross-talk. 
Methods: RNA-sequencing data was obtained from fibroblasts (from primary human 
foreskin [HFF] and adult ventricular heart tissue [CF]) and HES2- derived cardiomyocytes 
(CMs) and screened for differentially transcribed Vitamin D related genes. EHM was 
generated from HFFs and CMs (ratio of 30:70) suspended in a collagen type I hydrogel. 
EHM were treated with increasing concentrations of VitD (calcitriol) during the entire 
culture period, starting at culture day 3 after consolidation. After 4 weeks in culture EHM 
were subjected to isometric force measurements in Tyrode"s solution at 37 °C.  
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Results: RNA-sequencing data revealed expression of vitamin D receptor (VDR) 
primarily in fibroblasts (RPKM, HFF 4.7±1.6; CF 3.8±0.1; CM 0.08±0.01; n=3/group). 
Treatment with calcitriol strongly enhanced contractile function in EHM in a concentration 
dependent manner (FOC in mN: Ctrl 0.28±0.03; 1 nM 0.3; 10 nM 0.37±0.07; 100 nM 
0.55±0.05; n=3/group, except 1 nM n=2). When subsequently combining VitD with its 
serum transporter protein GC in EHM culture, the effect was dampened, possibly due to 
sequestration of active VitD. Interestingly, GC protein (1 ng/ml) alone also enhanced 
contractile performance, independently of VitD (FOC in mN: Ctrl 0.32±0.03 vs. GC 
0.55±0.06; n=11/group). 
Conclusion: In this study, we demonstrate that VitD signaling exerts improved 
cardiomyocyte function likely via activation of fibroblasts-cardiomyocyte cross-talk. 
Further studies are needed to define the mediators of the observed cardio-instructive 
effect elicited by fibroblasts. 
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Insulin augments calcium transients and increases spontaneous calcium release 
events in rat atrial myocytes 

B. Kollmeier, C. Dienemann, E. Knefeli, J. Kockskämper 
Pharmacology and Clinical Pharmacy, Marburg, Germany 

Question: Diabetes mellitus is associated with atrial fibrillation. Insulin may alter atrial 
function but its effects on atrial myocyte calcium (Ca) handling are only poorly 
understood. Hence, we studied the effects of insulin on excitation-contraction coupling 
and cellular Ca handling in rat atrial myocytes. 
Methods: Isolated atrial myocytes from Wistar-Kyoto rats were loaded with Ca dyes fluo-
4/AM (5μM) or fura-2/AM (5μM). Myocytes were electrically-stimulated to record global 
(fura-2, epifluorescence) or subcellularly-resolved (fluo-4, confocal imaging) Ca transients 
(CaTs). Rapid application of caffeine (10mM) was used to estimate SR Ca load. 
Sarcomere shortening was measured in cells not loaded with any Ca dye. 
Results: During the 12 min observation period, untreated control myocytes exhibited a 
small rundown of systolic Ca and CaT amplitude (of approx. 10-15%, n=13). By contrast, 
insulin (60nM) elevated both systolic Ca (by 23±10%) and CaT amplitude (by 21±11%, 
n=17, both P<0.01 vs control). Insulin also augmented unloaded sarcomere shortening. 
SR Ca load was unaffected, but fractional SR Ca release was increased by insulin from 
41±5% (control, n=9) to 61± 6% (insulin, n=8, P<0.05 vs control). When atrial myocytes 
were challenged by increasing stimulation frequency (1–2–4 Hz) followed by a 20 s 
resting period, spontaneous Ca release events were observed during rest, including Ca 
sparks, local and global Ca waves and extra CaTs. During the 20 s resting period, the 
number of all spontaneous Ca release events (Insulin: 7.1±1.6 vs Control: 1.6±0.5; 
P<0.01) as well as the number of global Ca waves and extra CaTs (Insulin: 3.2±1.5 vs 
Control: 0.2±0.1; P<0.05) were significantly larger in insulin-treated cells than in control 
myocytes. 
Conclusion: Insulin augments CaTs and contractility in rat atrial myocytes by increased 
SR Ca release. Following high frequency stimulation, insulin also increases pro-
arrhythmic spontaneous Ca release events, suggesting that insulin may also directly 
increase the risk of atrial arrhythmias. 
 
 

P168 

Defining the role of Wnt-mediated extracellular vesicle signalling during cardiac 
remodelling 
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Question: Developmental Wnt signalling is reactivated in the heart upon pathological 
remodelling. Accordingly, we found that Wnt/β-catenin signalling activation in 
cardiomyocytes (CM) results in severe heart failure (HF). Conversely, Wnt inactivation 
prevented the onset of HF, indicating an important role of the pathway in disease 
progression. During disease progression, CM-Wnt/β-catenin activation also induces 
activation of the β-catenin-independent (non-canonical) Wnt-pathway. In this study, we 
aimed to test the hypothesis that similar to the described macrophages/tumor cell 
crosstalk resulting in tumor invasion, extracellular vesicles (EV) play a role in Wnt 
signalling and cellular crosstalk in the heart. 
Methods: CM isolation via Langendorff, EV isolation via ultracentrifugation, western blot, 
nanoparticle tracking analysis (NTA), transmission electron microscopy (TEM), 
transcriptomic and immunofluorescence analysis. 
Results: Transcriptome and protein expression data from CM-Wnt/β-catenin activated 
hearts showed significant upregulation of the non-canonical Wnt11 as well as the Wnt-
inhibitor SHISA3 in non-CMs. Similarly, pressure overload-induced hypertrophy induced 
Wnt/β-catenin signalling in CM followed by activation of SHISA3 in non-CMs in wild-type 
mice. In order to define a possible role of EV in Wnt signalling and intercellular crosstalk 
in the heart we established a protocol of EV isolation including exosomes from mature 
murine heart tissue. By ultracentrifugation we were able to isolate exosomes (40-120 nm) 
in the 100.000 x g pellet from isolated and homogenized murine heart tissue. Western 
blotting showed the presence of exosome marker CD81 and the absence of Calnexin 
(endoplasmic reticulum marker) and GM130 (Golgi marker) in the 100.000 x g pellet. In 
addition NTA revealed the presence of particles according to the size of exosomes (40-
120 nm). TEM imaging confirmed the presence of exosomes. Exosomes isolated from 
CM-Wnt/β-catenin activated and control hearts were submitted for proteomic analysis for 
further characterization. 

Conclusion: Our data suggest a previously unappreciated intercellular crosstalk between 
Wnt signalling components in the adult heart upon pathological remodelling. 
Characterization of exosomes in this process will allow a better understanding of the role 
of EV-mediated Wnt crosstalk as extracellular communicators in cardiac disease and help 
to define therapeutic tools to interference with this signalling. 
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The characterization of cardiac molecular defects in an in vitro disease model of 
Vici syndrome and identification of potential therapeutic target 
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Question: Vici syndrome is a rare multiorgan disorder characterized by defective 
autophagy due to mutations in Epg5. As the disease progresses, development of dilated 
and hypertrophic forms of cardiomyopathies is observed. However, the mechanisms of 
cardiomyopathies development and possible therapeutic targets remain to be elucidated. 
Interestingly, previous work in c. elegans showed that targeting the O-GlcNAc 
transferase (OGT) in Epg5 deficient nematodes restored a fully functional autophagy.  
However, the effect of targeting OGT in a human Vici disease model is unknown. The 
unknown mechanisms of Vici cardiomyopathies and the unknown effect of targeting OGT 
in a Vici disease model intrigued us to establish a human Vici disease model. This model 
allowed us to provide further insight into the mechanisms of cardiomyopathies 
development and to test the effect of OGT inhibitors in attenuating the Vici 
cardiomyopathies. 
Methods: We generated Vici patient-specific induced pluripotent stem cells (iPSCs). The 
iPSC-derived cardiomyocytes served as a human in vitro disease model allowing the 
characterization of cardiac defects, mechanisms of cardiac defects and testing the effects 
of potential therapeutic targets. 
Results:  We successfully generated patient-specific iPSC lines, which retained the Epg5 
mutation. Then we derived cardiomyocytes from the Vici patient-specific iPSCs, which 
exhibited defective autophagy as predicted for the Epg5 mutation. In addition, we 
observed some of the known Vici associated cardiomyopathies including hypertrophy and 
sarcomere disarray. Furthermore, We showed that Vici derived cardiomyocytes 
accumulates fragmented and dysfunctional mitochondria and exhibit oxidative stress. 
Next, we tested the effect of several OGT inhibitors on oxidative stress in our disease 
model. We observed a reduction in cellular oxidative stress in OGT inhibitor treated cells. 
Conclusion: In this work, we established an in vitro human Vici syndrome 
cardiomyopathy model. We observed some of the known disease phenotypes in our 
disease model, and at the same time, provided further insight into the disease 
mechanisms. Additionally, we have preliminary results of a possible therapeutic target for 
Vici syndrome associated cardiomyopathies Currently, we are characterizing further 
cellular defects including ER stress and reliance on glycolysis. In addition, we are further 
validating the therapeutic target we identified in attenuating the disease phenotype. 
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Exosomes in aortic valve disease: Identification and potential function 
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Question: Aortic valve stenosis (AVS) is the most common acquired heart valve disease 
in western civilization. One key contributor to the progression of AVS is calcification of the 
aortic valve. Shear stress causes endothelial damage and dysfunction leading to 
inflammation and release of extracellular vesicles (EV) into the extracellular space. 
Exosomes (30-120nm) are a type of EV, which can be released by a broad spectrum of 
cells, including endothelial cells and fibroblasts. Exosomes carry different cargoes like 
proteins and nucleic acids, including microRNAs (miRNAs). Exosomal derived miRNAs 
function as signaling molecules that can cause phenotypic transformation of 
target/recipient cells. Previously, EVs were shown to have calcifying potential in 
atherosclerosis. However, the function of exosomes during aortic valve stenosis remains 
unclear. We hypothesize that exosomal miRNAs regulate the calcification process and 
might be directly involved in the pathomechanisms of AVS. 
Methods: Exosomes were isolated from human calcific vs. non-calcific aortic valves and 
incubated with target cells: valvular endothelial cells (VECs) and valvular interstitial cells 
(VICs). Recipient cells were then analyzed for presence or absence of calcification 
markers and phenotypic changes. Furthermore, we screened exosomal miRNAs in liquid 
biopsies from patients with or without calcific AVS. 
Results: We developed a protocol to isolate VECs and VICs from human and murine 
aortic valves. Furthermore, using blood-derived exosomes and miRNA arrays, we found 
that exosomal miRNAs are differentially regulated in patients with aortic stenosis. These 
miRNAs are currently being examined in vitro (VECs/VICs) and in vivo in our mouse 
model of aortic stenosis. 
Conclusion: Exosomal miRNA could be a powerful diagnostic and therapeutic tool in 
AVS. 
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Transcriptome and chromatin changes in rat cardiomyocytes upon differentiation 
and cytokine stimulation  
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Heart hypertrophy and subsequent heart failure develop slowly in response to stress-
mediated transient or structural damage of cardiomyocytes. At the molecular level, 
multiple lines of evidence place changes in gene expression programs at the center of 
this pathogenesis. The changes at the mRNA level appear to be reversible, raising the 
question of which factors mediate this type of remodeling, in particular within the nucleus 
and at the level of mRNA synthesis. Moreover, mechanistic insight into how the cellular 
signaling machinery that senses damage is dynamically connected to activation of 
enhancers, promoters and regulation of chromatin is missing. To address the question if 
enhancers and the chromatin environment fulfil specific roles in cardiac gene expression 
of right heart disease we have established protocols to perform genome-wide ChIP-seq 
experiments in primary adult cardiomyocytes with the ultimate goal to determine the 
signals and enhancer elements in the right and left hearts in cells obtained from PAB rat 
model. Additional experiments like RNA-seq and ATAC-seq were performed in the rat 
H9C2 cell line. In RNA-seq studies we found 149 up- and 228 downregulated genes upon 
differentiation of these cells, including several cardiomyocyte differentiation markers. 
Moreover, we found a number of genes differentially expressed upon TNF stimulation, a 
cytokine with unknown protective functions in the heart. Treatment of H9C2 cells with 
agents inhibiting p300/CBP histone acetyltransferase activity, histone methyltransferase 
activity or the interaction of bromo domains with acetylated histones dramatically change 
the morphology and mRNA expression of H9C2 cells suggesting that chromatin 
modifications play a fundamental role in differentiation. To deeper analyze cell 
differentiation we made use of different small molecules whose combination ("9C-
cocktail") is able to induce the conversion of human fibroblasts into functional 
cardiomyocytes. In H9C2 cells, initial results of these compounds show strong effects on 
cell morphology and upregulation of CM differentiation marker genes at the mRNA level. 
 Based on these initial results we plan to annotate the rat right heart transcriptome in 
relation to the regulatory genome to reveal how (re)organization of the enhancer 
landscape contributes to pathological right heart cardiac stresses and how this relates to 
the functional decline of cardiomyocytes and if epigenetic mechanisms provide targets for 
intervention. 
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Enhanced phospholamban activity suppresses cardiomyocyte calcium cycling in 
the remote myocardium early after myocardial infarction 
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Question: Myocardial infarction (MI) and concomitant progression to heart failure is one of 
the leading causes of death. In addition to the infarcted region the non-infarcted region of 
the heart, the remote myocardium (RM), contributes to depression of cardiac 
performance. The molecular mechanisms involved in RM dysfunction remain 
incompletely understood and seem to differ with respect to time after MI. We aimed at 
identifying underlying causes for the depressed contractility of the RM in the acute as well 
as in the subacute phase post MI. 
Methods & Results: Calcium cycling of cardiomyocytes isolated from the RM (RM-CM) of 
wild-type mice was measured 24 h after 1 h ischemia using the fluorescent calcium 
marker Fura2. Cytosolic calcium clearance was significantly slower than in sham 
operated mice due to reduced SERCA2a activity (P<0.05). Depressed calcium cycling 
could be rescued upon stimulation with isoproterenol (ISO), pointing at a regulatory 
defect in β-adrenergic signaling. Interestingly, specifically phospholamban (PLN) 
phosphorylation at S16, but not T17, was reduced by about 60 % (P<0.01), whereas 
phosphorylation of other cAMP-dependent protein kinase A (PKA) targets was 
unaffected. In line with decreased PLN phosphorylation, we observed an increased 
activity of the major PLN dephosphorylating protein phosphatases-1 and -2A (PP1/PP2, 
P<0.05) of which particularly PP2A activity was significantly increased (1.3-fold, 
P<0.005). 
10 days post I/R, cytosolic calcium clearance of RM-CM was still slower compared to CM 
of sham operated mice. In contrast to the early timepoint, PLN phosphorylation at S16 as 
well as T17 was not significantly different from control hearts. Further, calcium cycling 
was not accelerated to sham control levels upon stimulation with ISO. The underlying 
reasons involved decreased expression of both PLN and SERCA2a (P<0.05). 
Conclusion: Our data show that increased PLN activity contributes to the decreased 
contractile performance of the RM early after MI. The specific effect on PLN S16-
phosphorylation together with increased PP1/PP2A activity point to a role for localized 
dephosphorylation events which may act to specifically suppress SERCA2a activity in the 
acute phase of MI. 
Furthermore, we demonstrate that mechanisms leading to depression of RM-CM calcium 
cycling differ with respect to time after MI. Strategies to normalize RM function after MI 
should aim at correcting the underlying defect at each timepoint. 
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Cardiomyocyte NO-sensitive guanylate cyclase limits the extent of ischemia- and 
reperfusion-induced cardiac injury 

S. Frankenreiter1, A. Kuret1, D. Groneberg2, P. Ruth1, A. Friebe2, R. Lukowski1 
1Institute of Pharmacy/University of Tuebingen, Department of Pharmacology, Toxicology 
and Clinical Pharmacy, Tübingen, Germany 
2Institut für Physiologie/University of Wuerzburg, Würzburg, Germany 

Question: Pharmacological activation of the nitric oxide-sensitive guanylate cyclase (NO-
GC) / cyclic guanosine-3',5'-monophosphate (cGMP) - dependent signalling pathway may 
afford protection against cardiac injury provoked by ischemia and reperfusion (I/R).  It has 
not yet been established if endogenous NO-GC activity in cardiomyocytes (CM) 
contributes to infarct-limiting effects of mechanical conditioning stimuli or pharmacological 
targeting of the cGMP pathway in vivo. 
Methods: Gene targeted mice with a cardiomyocyte-specific deletion of the b1-subunit of 
the NO-GC (CM NO-GC KO) and their litter-matched controls (CM NO-GC CTR) were 
subjected to an in vivo model of acute myocardial infarction (MI) to study I/R injury. Infarct 
size was studied at baseline, after ischemic postconditioning (iPost) and in response to 
pharmacological agents either directly targeting NO-GC i.e. cinaciguat or agents that 
modulate cGMP such as PDE5 inhibitors sildenafil and tadalafil or the NO synthase 
inhibitor L-NAME. In addition, we studied the effect of mitochondrial potassium channels 
during I/R in CM NO-GC deficient and control mice by applying NS 11021, an opener of 
the large-conductance and Ca2+-activated potassium channel (BK). 
Results: CM NO-GC KO mice have normal heart rate and pulse pressure, but display a 
slight increase in blood pressure. Baseline infarct size after 30 min ischemia followed by 
120 min reperfusion did not differ in NO-GC deficient and control mice. Ischemic 
postconditioning provided protection in a CM NO-GC-dependent manner and 
pharmacological elevation of cGMP either by activating NO-GC with cinaciguat or by 
sildenafil and tadalafil reduced infarct size in CM NO-GC CTR but not in CM NO-GC KO 
mice. The BK-opener NS11021 protected both genotypes from cardiac I/R injury. 
Conclusion: CM-specific NO-GC contributes to cardioprotection against I/R injury in vivo. 
Ischemic postconditioning and pharmacological elevation of cGMP via cinaciguat, 
sildenafil and tadalafil require functional NO-GC in CM to elicit their beneficial effects on 
infarct size. However, mitochondria-based cardioprotection via potassium channels such 
as the BK, which display recently identified downstream effectors of the NO-GC / cGMP 
pathway in CMs, remains intact in the absence of CM NO-GC. 
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Lipopolysaccharide-induced renal prostaglandin E2 formation preserves renal 
function in endotoxemia-related acute kidney injury in mice 

M. Meurer1, F. Schweda2, K. Höcherl1 
1Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU), Institute of Experimental and 
Clinical Pharmacology and Toxicology, Erlangen, Germany 
2University of Regensburg, Institute of Physiology, Regensburg, Germany 

Question: Sepsis is one of the leading causes of acute kidney injury (AKI). The present 
study was undertaken to examine the role of prostaglandin (PG) E2 in the pathogenesis 
of endotoxemia-related AKI. 
Methods: Male C57BL/6 mice, 8-10 wk old, were used. Endotoxemia was induced by the 
injection of lipopolysaccharide (LPS; 1 or 3 mg/kg; i.p.) for 4, 8, and 16 hours. The mRNA 
expression levels were measured by q-RT-PCR. PGE2 levels and plasma renin 
concentration (PRC) were determined by assay kits. Glomerular filtration rate (GFR) was 
determined by FITC-sinistrin clearance in conscious mice. Renovascular resistance 
(RVR) and renin secretion rates (RSR) were investigated from isolated, perfused kidneys 
of control and endotoxemic mice. 
Results: LPS caused a time-dependent induction of mRNA for microsomal PGE 
synthase (mPGES)-1, but not for mPGES-2 or cytosolic PGE synthase (cPGES). This 
was paralleled by an increase in renocortical PGE2 concentration. The COX-1 inhibitor 
SC-560 (20 mg/kg; i.p.) and the COX-2 inhibitor SC-236 (10 mg/kg; i.p.) decreased basal 
tissue PGE2 levels. However, only pretreatment with SC-236 attenuated the LPS-induced 
increase in tissue PGE2 concentration. Inhibition of COX-2 did not alter basal GFR, but 
augmented the LPS-induced decline in GFR. LPS caused an induction of the mRNA for 
the prostaglandin EP4 receptor, whereas the abundances of the prostaglandin EP1 and 
EP3 receptors were decreased. The mRNA expression of the EP2 receptor was not 
altered in response to LPS. In addition, PGE2 exerted a dual effect on renal vascular 
tone, inducing vasodilatation at lower concentrations and vasoconstriction at higher 
concentrations in kidneys of control mice. In kidneys from endotoxemic mice, the 
vasodilatory component was more pronounced, whereas the vasoconstriction at higher 
PGE2 concentrations was absent. Similarly, PGE2 stimulated RSR was enhanced in 
endotoxemic kidneys, and SC-236 attenuated the LPS-induced increase in PRC. 
Conclusions: Our data provide evidence that an activation of the COX-2 / mPGES-1 
synthetic pathway is responsible for the increased renal formation of PGE2 in response to 
LPS. Our data further suggest that the vasodilatory effect of PGE2 is enhanced in 
response to endotoxemia. Thus, increased renal PGE2 formation contributes to renal 
protection against endotoxemia-related AKI. 
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ROCK inhibition impacts myofibroblastic processes 

G. Leao Santos1, S. Hartmann1, K. Xhaxho1, S. F. Schlick1, A. Ridley2, M. Tiburcy1  
S. Lutz1 
1University Medical Center Göttingen, Institute of Pharmacology and Toxicology , 
Göttingen, Germany 
2King´s College London, Randall Division of Cell & Molecular Biophysics , London, United 
Kingdom 

Background: ROCK1 and ROCK2 are serine/threonine Rho-associated kinases and are 
known to be major regulators of the cytoskeleton, thereby playing a role in processes 
such as cell proliferation, adhesion/motility, apoptosis and extracellular matrix (ECM) 
remodelling. Within this context, we seek to identify ROCK-dependent processes involved 
in the pathogenesis of cardiac fibrosis. 
Methods and results: In two dimensional (2D) cultures of neonatal rat cardiac fibroblasts 
(NRCF), ROCK inhibition by H1152P led to a significant decrease in proliferation as 
accessed by automated cell counting. Flow cytometry analysis revealed an arrestment of 
the cell cycle in G2/M phase. In line, an increased number of bi-nucleated cells was 
found. Notwithstanding, overt apoptosis and senescence were not triggered upon ROCK 
inhibition, as shown by annexin-V staining and colorimetric detection of senescence-
associated β-galactosidase assays, respectively. To better address how ROCK inhibition 
impacts cardiac fibroblasts (CF) in a more physiological environment, we generated 
engineered connective tissues (ECT) composed of collagen and rat as well as human 
CF. Again, ROCK inhibition led to an increased number of cells in G2/M phase. ROCK 
inhibition further impaired tissue consolidation and strongly reduced tissue stiffness as 
demonstrated by rheometry. Quantitative PCR revealed a down-regulation of the 
collagen-cross-linking enzyme lysyl oxidase (LOX). To assess the role of LOX, ECT were 
treated with the LOX inhibitor β-aminopropionitrile (BAPN) as well as with the 
combination of H1152P and BAPN. LOX inhibition alone did not affect tissue compaction, 
but reduced tissue stiffness. The combined action of H1152P and BAPN further 
enhanced the tissue stiffness reduction. We next generated engineered cardiac muscle 
(ECM) composed of human stem-cell derived cardiomyocytes and cardiac fibroblasts and 
treated these with either H1152P or BAPN. Interestingly, in both cases a decline in 
contractile function was detected. 
Conclusions: ROCKs inhibition modulates myofibroblastic processes as by reducing cell 
proliferation and expression of fibrosis-associated genes in cardiac fibroblasts cultures 
leading to a concomitant tissue stiffness reduction. This series of investigations provided 
new insights that the understudied ROCK signaling might be a potential regulator of 
myocardial fibrosis. 
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Direct assessment of the interaction of nucleoside diphosphate kinases with 
heterotrimeric G proteins 

S. K. Lomada1, A. Kannt2, P. Attwood3, T. Wieland1 
1University of Heidelberg, Institute of Experimental Pharmacology, Mannheim, Germany 
2Sanofi, Comorbidities and complications of Diabetes, Frankfurt am Main, Germany 
3University of Western Australia, Molecular Sciences, Crawley, Australia 

Nucleoside diphosphate kinases (NDPKs) are multi-functional proteins which are 
essential for cellular nucleotide homeostasis. In addition, some isoforms (NDPK A, B, and 
C) exhibit protein histidine kinase activity and interact with specific target proteins such as 
heterotrimeric G proteins and KCa3.1 channel. The molecular mechanism of these 
protein-protein interactions as well as the protein histidine kinase activity are however still 
unclear. Our previous work showed that NDPK C - NDPK B heterooligomers interact with 
heterotrimeric G proteins and phosphorylate Gβ on His266 and the regulation of cAMP 
signaling in the human heart. On the other hand, the phosphorylation of KCa3.1 is specific 
for NDPK B and regulates the channel activity which is, for example, required for vascular 
smooth muscle cell proliferation and the development of atherosclerosis. Therefore 
interfering with the complex formation of NDPKs with its protein substrates as well as 
inhibition of its histidine kinases activity offers an avenue for potential therapeutics. 
To directly access these protein-protein interactions we purified N-terminal His-tagged 
NDPK A, B, and C proteins using Ni-NTA beads via affinity purification. All three proteins 
were analyzed for their enzymatic activity by analyzing ATP formation from GTP and ADP 
and by visualization of the autophosphorylation of the catalytic His residue. Two potential 
inhibitors of the enzymatic activity were identified by a small molecule screen. Out of the 
three isoforms, only NDPK C was able to directly bind the heterotrimeric G protein 
transducin which was purified from bovine rod outer segments. 
Our initial results demonstrate for the first time the direct interaction between 
heterotrimeric G proteins and NDPKs, especially the NDPK C isoform. Interaction studies 
between the different isoforms themselves and the C-terminal tail of the KCa3.1 are 
currently ongoing. 
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Functional reconstitution of the B-cell receptor signaling in COS-7 cells 

M. Wist, Y. Zhou, A. Schade, J. Haas, P. Gierschik, C. Walliser 
Ulm University, Pharmacology and Toxicology, Ulm, Germany 

The B-cell antigen receptor (BCR) is one of the most abundant receptors on the surface 
of B-cells. Signaling through the BCR is crucial for the activation and differentiation of B-
cells. Activation of the BCR via antigen leads to the recruitment of the spleen tyrosine 
kinase (Syk), which in turn leads to the formation of a signaling complex consisting of the 
B-cell linker protein (BLNK), Bruton"s tyrosine kinase (Btk), and phospholipase C-γ2 
(PLCγ2). Within this complex, PLCγ2 is phosphorylated and thereby activated by Btk, 
leading to the formation of the second messengers diacylglycerol and inositol 1,4,5-
trisphosphate [1]. Malfunctions in the B-cell receptor signaling pathway are associated 
with severe immunological diseases like X-linked agammaglobulinemia, caused by BTK 
mutations, and both PLCγ2-associated antibody deficiency and immune dysregulation 
(PLAID) and autoinflammatory PLAID (APLAID) caused by PLCG2 mutations [1,2]. 
Moreover, mutations within BTK and PLCG2 are associated with resistance to the anti-
cancer drug ibrutinib, an irreversible inhibitor of Btk [2]. Despite its major importance, so 
far, to our knowledge, the BCR signaling pathway could not be reconstituted from its 
constituents in intact cells. Here, we demonstrate a functional reconstitution of large parts 
of the B-cell receptor signaling in transiently transfected COS-7 cells. We show that Btk 
and BLNK synergize to mediate activation of PLCγ2 by activated Syk. Additionally, we 
show by co-immunoprecipitation and proteomic analysis, that Btk and PLCγ2 interact 
directly even in the absence of BLNK, and that a major portion of the stimulatory effect of 
Btk on PLCγ2 is dependent on Btk's protein kinase activity. This functional reconstitution 
of the B-cell receptor signaling in COS-7 cells enables studies of the effect of distinct 
mutations in Btk, BLNK, Syk, and PLCγ2, or novel inhibitors of the B-cell receptor 
signaling pathway to be used as future therapeutics in B cell leukemia/lymphoma and 
autoinflammatory/immune diseases. 
[1] T. Kurosaki and J. Wienands, Current topics in Microbiology and Immunology: B cell 
Receptor Signaling, Springer, 393 (2016) 14-23 and 67-105. 
[2] H. Koss, T.D. Bunney, S. Behjati, M. Katan, Dysfunction of phospholipase Cγ in 
immune disorders and cancer, Trends Biochem. Sci. 12 (2016) 603-611.  
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The combination of dichloroacetate and a hyaluronan synthesis inhibitors 
synergistically induces apoptosis in esophageal squamous carcinoma cells 

C. Reichert, S. Twarock, O. Reiners, J. W. Fischer 
Institut für Pharmakologie und Klinische Pharmakologie, UKD, Düsseldorf, Germany 

Question: Cancer cell metabolism has recently regained attention as a therapeutical 
target. The inefficient energy production by aerobic glycolysis (Warburg effect) in tumor 
cells provides a feature to resist apoptosis. Oxidative phosphorylation is re-established by 
dichloroacetate (DCA), thereby inducing cell death. However, clinical studies have shown 
that its efficacy is limited by dose-dependent side effects. Therefore, identification of 
combinational treatment is needed to lower efficient doses and abolish off-target side 
effects. A potential target is the hyaluronan (HA) rich tumor microenvironment, which 
supports tumor survival by stimulation of various anti-apoptotic signalling cascades via 
activation of HA receptors. 
This study investigates (i) the influence of DCA treatment on the HA matrix system in 
esophageal squamous cancer cells (ESCC), (ii) whether an inhibition of the HA system 
supports DCA effects, (iii) the efficacy of a combination of DCA with pharmacological 
inhibition of HA synthesis in 2D and 3D cell culture and in a nude mouse tumor xenograft 
model. 
Methods: The effect of DCA treatment on the HA system in ESCC was analysed by 
qPCR, HA ELISA-like assay and affinity cytochemical staining. The combination of DCA 
treatment with either siRNA against HA synthase 3, HA receptors CD44 and RHAMM, or 
the pharmacological HA synthase inhibitor 4-methylumbelliferone (4MU) was used to 
determine synergistic effects on tumor cell proliferation and survival in 2D and 3D 
cultures in vitro. In vivo, the therapeutic efficacy of DCA in combination with 4MU was 
tested in a nude mouse tumor xenograft model. 
Results: The HA system is upregulated upon DCA treatment of ESCCs. Inhibition of the 
HA system by siRNA or 4MU treatment in combination with DCA leads to a growth 
reduction and an induction of apoptosis in cultured cells. These results were confirmed in 
3D spheroid models. In vivo, combinational treatment of tumor xenografts showed a 
decrease in tumor progression and growth. 
Conclusions: The inhibition of HA synthesis synergistically improves the effects of DCA 
on ESSC proliferation and survival in vitro and in vivo. Those findings suggest a future 
clinical use of DCA in combination with HA synthesis inhibitors for cancer patients. 
 
 

S65



P179 

Exploring the putative self-binding property of the human farnesyltransferase 
alpha-subunit 

A. Hagemann1,2, G. Müller2, I. Manthey2, H. S. Bachmann1 
1Witten/Herdecke University, Faculty of Health, Institute of Pharmacology and Toxicology, 
Witten, Germany 
2Universitätsklinikum Essen, Institut für Pharmakogenetik, Essen, Germany 

Farnesylation is an important post-translational protein modification in eukaryotes, 
performed by protein farnesyltransferase, a heterodimer composed of an α- (FTα) and a 
β-subunit. Recently, homo-dimerization of truncated rat (FTα∆N29) and yeast FTα has 
been detected suggesting a new role for FTα homodimers in signal transduction. We 
investigated the putative dimerization behaviour of human and rat FTα. Different in vitro 
and in vivo approaches like pull-down experiments, size exclusion chromatography, 
crosslinking and yeast two-hybrid revealed no self-dimerization and a presumably 
artificial formation of homo-trimers and higher homo-oligomers in native western blot and 
crosslinking experiments with human FTα. Sometimes, even a small number of differing 
amino acids leads to pronounced differences of human and rat protein dimerization 
behaviors, so we repeated some of the experiments with full-length rat FTα which differs 
in 29 amino acids from human FTα. Nevertheless we obtained almost the same results 
as we could detect for human FTα. These results indicate a species specific difference 
between mammalian and yeast FTα. Until now we and others focused especially on 
intraspecies differences to explore the weak or absent success of farnesyltransferase 
inhibitors in cancer. Investigation of relevant physiological differences between yeast and 
mammalian FTαs would be a new approach to understand and interpret previous results. 
This may contribute to the clarification of the physiological features of FTase in different 
species and might be important for the ongoing development of FTase inhibitors. 
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CRISPR/Cas9 mediated genome editing of cytochrome P450 reductase (POR) in 
HepaRG cells 

T. Petrikat, K. Klein, U. M. Zanger 
Margarete Fischer-Bosch-Institut für klinische Pharmakologie, Stuttgart, Germany 

Question: Cytochrome P450 (CYP) mediated drug metabolism in liver is inter- and 
intraindividually highly variable due to numerous genetic and nongenetic factors. The 
ubiquitous flavoprotein, cytochrome P450 reductase (POR), is essential for microsomal 
CYP–mediated biosynthesis of endogenous substances like steroid hormones and bile 
acids as well as oxidative metabolism of xenobiotics. In liver POR is expressed at a much 
lower stoichiometrical level than CYPs and could be a limiting factor for CYP activity. 
Here we use the CRISPR/Cas9 technology for genome editing in the metabolically 
competent cell line HepaRG cells to investigate the impact of variable POR levels on 
individual CYP activities and other cellular functions of POR. 
Methods: To knock out POR two guide RNAs (gRNA) located in exon 2 and 4 were 
designed to introduce double strand breaks using CRISPR DESIGN 
(http://crispr.mit.edu/), cloned in lentiCRISPRv2 vector (Addgene) and transduced to 
undifferentiated HepaRG cells which were then selected by puromycin treatment. POR 
knockout was evaluated by western blotting, mRNA analyses as well as POR activity 
measurements (cytochrome C reduction assay). CYP-substrate cocktail assay with mass-
spectrometric quantification was used to analyze functional effects on CYP enzymes of 
families 1, 2 and 3. Quantification of mRNA panels representing various gene classes 
was performed by qPCR (Fluidigm). 
Results: POR gene disruption in HepaRG cells was detected by T7E1 assay for both 
gRNAs and resulted in loss of POR protein and mRNA by 60 to 80%, dependent on the 
gRNA used. The transduced cells could be differentiated and were morphologically 
similar to the parent HepaRG cells. At higher residual POR activity (~40%), all CYP 
activities except CYP2C8 were decreased between 20 and 70%. At lower residual POR 
activity (~20%), all CYP activities were decreased up to 95%. POR knockdown also had 
differential effects on mRNA expression, resulting in upregulation for some genes (e.g. 
CYPs 1A1/2, heme oxygenase) and downregulation of others (e.g. CYPs 2E1, 2C9). 
Conclusion: The POR knockout cells give us the possibility to further investigate the 
regulatory mechanisms and functional impact of POR on CYPs as well as other POR 
targets. This cell-batch based CRISPR/Cas9 method can now be applied to target other 
genes in HepaRG or other metabolically competent cells like primary human hepatocytes. 
Acknowledgement: Supported by the Robert Bosch Foundation, Stuttgart, Germany. 
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Detoxification of reactive carbonyl compounds by carbonyl reductase sniffer in the 
aquatic model organisms Daphnia magna and Daphnia pulex 

J. S. Strehse, N. Protopapas, M. Kisiela, B. Ebert, E. Maser 
Institute of Toxicology and Pharmacology for Natural Scientists, Kiel, Germany 

Question: Carbonyl reducing enzymes play important roles in the Phase I metabolism of 
many carbonyl group bearing xenobiotics. On the other hand, these enzymes metabolize 
endogenous signal molecules such as steroid hormones, prostaglandines, biogenic 
amines, and sugars and are therefore involved in the (patho)physiology of frequent 
diseases including diabetes, hypertension, the metabolic syndrome, osteoporosis and 
cancer. The importance of carbonyl reduction could be demonstrated in the model 
organism Drosophila melanogaster where the carbonyl reductase "sniffer" protects 
against age-dependent neurodegeneration. The enzyme "sniffer", a homodimeric 

carbonyl reductase that belongs to the short-chain dehydrogenase/reductase (SDR) 
superfamily, shares identity to the human enzyme carbonyl reductase type I (CBR1). 
"Sniffer" is also common in other species like Daphnia, which are classical organisms for 
aquatic toxicity testing. We investigated whether recombinant "sniffer" from Daphnia 
magna and Daphnia pulex is able to metabolize diketone containing compounds as 
possible endogenous or exogenous substrates. 
Methods: Recombinant proteins were produced in E. coli and purified by Ni-affinity 
chromatography (ÄKTA-Purifier). Seven aliphatic and eight aromatic diketones were 
tested. Kinetics were determined by monitoring decreasing NADPH concentrations as the 
initial change in absorbance at 340 nm. Kinetic constants were calculated by non-linear 
regression with GraphPad Prism® (GraphPad Software Inc., San Diego, CA). 
Results: The best aliphatic diketone as substrate for "sniffer" from D. magna and D. 
pulex is hexane-3,5-dione with Km = 6.5 µM and Km = 20.6 µM, respectively. Only with 
hexane-2,5-dione no activity has been observed. The most suitable aromatic diketones 
for the enzyme from D. magna are 9,10-phenanthrenequinone and 1,4-benzoquinone 
with Km = 3.2 µM, respectively. Juglone with Km = 2.0 µM is the best substrate for 
"sniffer" from D. pulex of the tested aromatic diketones. 
Conclusions: All of the tested diketones are substrates for "sniffer" from D. magna 
and/or D. pulex, except hexane-2,5-dione, and were metabolized with high efficiency. 
Knowledge about the detoxification mechanisms in the model organisms Daphnia may 
provide new insights into aquatic toxicity testing and may show new possibilities to 
understand the effects of endogenous and exogenous toxic carbonyl compounds in 
humans. 
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Crtc1-deficient mice show a reduced induction of fibrosis 

K. Morhenn1, K. Saar2, N. Hübner2, E. Oetjen1 
1Universtiy Medical Center Hamburg-Eppendorf, Clinical Pharmacology and Toxicology, 
Hamburg, Germany 
2Max Delbrück Center for Molecular Medicine, Berlin, Germany 

Question: Cardiac hypertrophy leads to heart failure, a common cause for hospitalization 
in the western world. Chronic β-adrenergic signaling contributes to the pathogenesis of 
cardiac hypertrophy, as evidenced by the therapeutic success of β-adrenoceptor 
antagonists. The cAMP regulated transcriptional coactivator 1 (CRTC1) is regulated by 
increases in cAMP and calcineurin, both known to participate in the development of 
cardiac hypertrophy. Our previous data show an increase in CRTC1 protein content in 
hearts of humans and mice under conditions of maladaptive hypertrophy. Mice globally 
deficient in Crtc1 develop hypertrophy and reduced cardiac function. In the present study, 
the induction of fibrosis in Crtc1-deficient mice (Crtc1-/-) was assessed. 
Methods: Histological analysis, RT-qPCR, mRNA-sequencing, chromatin 
immunoprecipitation 
Results: No signs of fibrosis were detected in the hypertrophied hearts of Crtc1-/- mice. 
Staining for collagenous tissue, as well as mRNA expression of the Connective tissue 
growth factor (Ctgf), Collagen 1α1 (Col1a1), and Collagen 3α1 (Col3a1) revealed no 
difference between Crtc1-/- mice and their wild-type littermates. As a model for β-
adrenergic induced cardiac hypertrophy, isoprenaline was administered to wild-type mice 
for seven days; control mice received 0.9% NaCl. mRNA-sequencing from hearts of 
these mice revealed an increase in the mRNA expression of the tissue inhibitor of 
metalloproteinases 4 (Timp4) after isoprenaline treatment. Consistently, Timp4 mRNA 
expression was decreased in Crtc1-/- mice while mRNA expression of the other known 
isoforms Timp1, Timp2, and Timp3 did not differ. TIMP inhibits matrix-metalloproteinases 
which, amongst other, degrade collagen. mRNA expression of Matrix-metalloproteinase-2 
and -9 (Mmp-2 and -9) was unchanged in Crtc1-/- mice compared to their wild-type 
littermates. Endogenous CRTC1 was recruited to the Timp4 promoter in cardiac tissue of 
adult wild-type mice as revealed by chromatin immunoprecipitation.  
Conclusion: In conclusion, our data suggest a lack of CRTC1 protects from cardiac 
fibrosis under hypertrophic conditions. 
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Carboxyl-terminal multisite phosphorylation regulates µ-opioid receptor 
desensitization and tolerance 

A. Kliewer1, J. Williams2, A. Bailey3, S. Schulz1 
1University Hospital Jena, Pharmakology and Toxicology, Jena, Germany 
2Vollum Institute, Oregon Health and Science University, Portland, OR, United States 
3Institute of Medical & Biomedical Education, St. George’s University of London, London, 
United Kingdom 

Phosphorylation of G protein-coupled receptors (GPCRs,) by GPCR kinases (GRKs) 
plays an essential role in the regulation of receptor function by promoting interactions of 
the receptors with interacting proteins. For the mu-opioid receptor (MOR), agonist-
induced phosphorylation occurs at a conserved 10-residue sequence, 
370TREHPSTANT379, in the carboxyl-terminal cytoplasmic tail. Morphine induces a 
selective phosphorylation of serine375 (S375) in the middle of this sequence that is 
predominantly catalyzed by GRK5. By contrast, high-efficacy opioids not only induce 
phosphorylation of S375 but also drive higher-order phosphorylation on the flanking 
residues threonine370 (T370), threonine376 (T376), and threonine379 (T379) in a 
hierarchical phosphorylation cascade that specifically requires GRK2/3 isoforms. In vivo 
GRK3 facilitates MOR desensitization, whereas GRK5 seems to be required for opioid 
dependence. These findings suggest that agonist-selective recruitment of distinct GRKs 
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can influence different opioid-related behaviors. To further explore the physiological 
consequences of MOR phosphorylation, we have now generated and characterized a 
series of different phosphorylation-deficient mice. 
 
 

P184 

The complex role of mu-opioid receptor phosphorylation in the recruitment of G 
protein-receptor kinases and β-arrestins 
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Analysis of neurotransmitter-induced calcium mobilization in astrocytes 
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2Hannover Medical School, Clinic for Neurology, Hanover, Germany 

Astrocytes express various G protein–coupled receptors (GPCRs), many of which are 
activated by neurotransmitters and induce calcium mobilization via coupling to Gq/11 
proteins [1]. Examples for such astrocytic neurotransmitter GPCRs include histamine, 
muscarinic and cannabinoid receptors [1]. Also, the latest results from our group show 
that the recently deorphanized Gq/11-coupled neuropeptide receptor GPR83 was 
significantly upregulated on mRNA level in primary rat astrocytes treated with cAMP-
increasing substances. Up to now, its expression has mainly been described for neurons 
and T cell subpopulations. To functionally characterize Gq/11-coupled receptors in 
astrocytes, we established a fluorescence-microscopy-based calcium assay. 
The high sensitivity of astrocytes towards shear forces [2] precludes fluorimetric assays of 
suspended cells in cuvettes. Also, plate reader measurements do not account for 
inhomogeneous distribution of the cells in the monolayer and provide no information 
about the calcium response of individual cells. Therefore, fluorescence microscopy with 
Fluo4-loaded rat astrocytes in 24-well plates was chosen to determine calcium signals. 
Unexpectedly, the excitation of the calcium indicator Fluo4 already induced a calcium 
signal. According to the literature, this may be due to excitation light-induced formation of 
reactive oxygen species [3]. In fact, hydroxyl radicals as well as hydrogen peroxide 
activate the phospholipase C pathway, eventually leading to Ca2+ mobilization [4, 5]. 
Thus, exposure to the excitation light was limited to a maximum of ten seconds prior to 
stimulus addition. Using this method, calcium mobilization induced by histamine, 
glutamate and adenosine triphosphate was determined. In future experiments we plan to 
investigate other neurotransmitters and neuropeptides, e.g. the GPR83 ligand PEN.    
[1] Agulhon C et al., Neuron 59.6: 932-946 (2008) 
[2] Maneshi M et al., J Neurotrauma 32:1020-1029 (2015) 
[3] Knight M et al., Am J Physiol Cell Physiol 284:C1083-C1089 (2003) 
[4] Burlando B et al., Cell Calcium 38:507-513 (2005) 
[5] Volk T et al., Mol Cell Biochem 171: 11-21 (1997) 
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Role of Galpha C-terminal helix for binding affinity to muscarinic receptors 

V. Jelinek, M. Bünemann 
Universität Marburg, Institut für Pharmakologie und Klinische Pharmazie, Marburg, 
Germany 

GPCRs typically couple to a certain G protein family. Our aim was to get a better insight 
into the general mechanism of how receptors choose their cognate G protein. Today's 
crystal structures give new evidence that the C-terminus is mainly involved in GPCR - G 
protein coupling which could therefore be responsible for the G protein subtype 
selectivity. Thus, we focused on the influence of this binding site. We investigated this by 
using muscarinic receptors as a model system, in particular the M2 and the M3 receptor, 
because they are closely related to each other and still bind to two different G protein 
classes. For the counterpart, we created chimeric Gqo and Goq subunits where the last 
amino acids of the Gq C-terminal helix were exchanged with the respective ones of the 
Go subunit and the other way round. We compared their relative binding affinities to the 
receptor with the native Gq and Go subunits by using a cell-based assay, which is based 
on Fluorescence Resonance Energy Transfer (FRET). 
We found out that the binding affinity of Gqo and Goq to M3 receptor is similar to the 
native G proteins. Therefore, we suggest that the C-terminal helix of the G protein is not 
the crucial part in generating the binding affinity to M3 receptor and that other parts of the 
G protein must be involved. 
In contrast, we did not observe binding of Gqo and Goq subunits to M2 receptors. So the 
C-terminal helix of Go (in Gqo) seems not to provide enough binding energy for 
detectable binding to M2 receptors. However, the C-terminus of the G protein is still 
important for the M2 receptor as Goq cannot bind either and the coupling is disrupted. 
Therefore, we propose that different structures of the G protein contribute together to the 
overall binding affinity, which varies among different GPCRs. 

P187 

Voltage dependence of the thromboxane receptor  

M. Kurz, A. L. Krett, M. Bünemann 
Philipps Universität Marburg, Institut für Pharmakologie und klinische Pharmazie, 
Marburg, Germany 

For G-protein-coupled receptors (GPCRs) of different groups, voltage dependence of 
agonist-mediated activation has been shown. So far, nothing is known about voltage 
dependence of prostanoid receptors. Therefore we investigated the thromboxane 
receptor (TP) in respect to its voltage dependence. We cloned a TP-FRET-sensor, which 
showed a concentration-dependent decrease in the emission ratio upon agonist 
stimulation, reflecting a conformational change, caused by receptor activation. A stable 
cell line of HEK293 carrying the construct was investigated with FRET under voltage 
clamp conditions. Depolarization led to an approximately 3 fold increase of agonist-
mediated activation in the interaction with non-saturating concentrations of U46619, a 
stable PGH2 analogue. At saturating concentrations, almost no voltage-sensitivity 
remained: voltage modulates mainly affinity of U46619. These findings could be 
confirmed by studying TP-Ga13 interaction by means of FRET. The activation/voltage 
relation of the TP could be fitted to a Boltzmann- function. With a calculated half-maximal 
activation of the receptor at Vm = −38 mV and a charge movement of z = 0.6, the range 
and steepness of TP"s voltage dependence is very close to those of other GPCRs, 
however the extent of the voltage induced activation of TP activity is remarkable 
compared to other GPCRs such as adrenergic and muscarinic receptors. Upon activation 
of TP by the partial agonist 8-isoprostaglandine E2, a non-enzymatic product of 
arachidonic acid, which is produced in the body under conditions of oxidative stress, 
voltage modulated TP responses to a similar extent as if activated by U46619. 
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Mutation of lysines to arginines in the N-terminus of arrestin lowers the affinity of 
arrestin to GPCRs by attenuating the release of the arrestin C-terminus 

N. Mösslein1, D. Zindel1,2,3, J. K. S. Tiemann4, M. E. Sommer5, J. P. Pin2,3, L. Prézeau2,3 
P. W. Hildebrand4, M. Bünemann1, C. Krasel1 
1Universität Marburg, Institut für Pharmakologie und Klinische Pharmazie, Marburg, 
Germany 
2University of Montpellier, CNRS UMR5203, 2Institut de Génomique Fonctionnelle (IGF), 
Montpellier, France 
3INSERM U1091, Montpellier, France 
4University of Leipzig, Institute for Medical Physics and Biophysics, Leipzig, Germany 
5Charité Berlin, Institute for Medical Physics and Biophysics, Berlin, Germany 

One of many different ways of classifying G protein-coupled receptors (GPCRs) is their 
behavior towards arrestins. Upon agonist stimulation, class A GPCRs interact with 
arrestins only transiently and internalize in endosomes while the arrestins remain at the 
plasma membrane. In contrast, class B GPCRs show a more stable interaction with 
arrestins and co-internalize with arrestins into endosomes. 
We have previously demonstrated that mutations of the beta2-adrenergic receptor 
(b2AR), a class A receptor, increasing its affinity for arrestins can convert the b2AR to a 
class B GPCR. Analogously, mutations of a class B GPCR, the parathyroid hormone 
receptor (PTHR), that decrease its affinity for arrestins convert the PTHR to a class A 
receptor. 
Here we show that mutations in arrestin that lower the affinity to the receptor also 
influence class A or B behavior of GPCRs. As previously reported, the mutation K11,12R 
(KKRR) in arrestin alters the behavior of arrestin3 with some but not all GPCRs. As the 
arginine residues cannot be ubiqitinated, this has been attributed to reduced 
ubiquitination of arrestin3. 
Analyzing the affinity of the KKRR mutant to GPCRs measuring FRET and FRAP, we 
found out that the mutant showed significantly lower affinity to several GPCRs compared 
to wild-type arrestin. Furthermore, colocalization studies revealed that the KKRR mutant 
did not co-internalize with the V2 vasopressin receptor (V2R), thus making the class A 
receptor behave like a class B receptor. 
Molecular modelling suggested that Arg residues in position 11 and 12 but not Lys 
residues can undergo additional interaction with Glu389 and Asp390 in the C-terminus of 
arrestin, thereby preventing or slowing the release of the arrestin C-terminus that is 
necessary for full arrestin activation and receptor coupling. 
With two approaches we were able to convert the binding of the arrestin3 KKRR mutant 
back to wild-type. First, we introduced an additional mutation R170E in arrestin3 which is 
known to convert arrestin3 into a pre-activated state and thus increase its affinity to 
GPCRs. The second attempt was to disrupt the interaction between Arg11 and Arg12 
with the C-terminus by mutating Glu389 and Asp390 to Ala. In further experiments we 
confirmed that both mutations could rescue the binding of the KKRR mutant to GPCRs 
and convert the class A phenotype back to class B. 
We conclude that the affinity of arrestin to a GPCR is decisive for determining class A or 
class B behavior. 
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Agonist specific voltage sensitivity at the mu-opioid receptor 

S. Kirchhofer, J. Ruland, M. Bünemann 
Universität Marburg, Institut für Pharmakologie und Klinische Pharmazie, Marburg, 
Germany 

G-protein coupled receptors constitute one of the largest family of membrane proteins 
and take part in a lot of physiological and pathophysiological processes via signalling 
extracellular stimuli into intracellular responses. As GPCRs are membrane proteins, they 
are exposed to the electrical field across the membrane. Since several years it"s known 
that alterations in the membrane potential affect GPCR signalling. Some receptors exhibit 
an increase in affinity towards their agonists upon depolarization, others exhibit a 
decrease in agonist affinity or efficacy. 
In previous unpublished studies, we could show that the µ-opioid receptor (µOR) is quite 
sensitive in respect to its voltage dependence. Upon application of Morphine, the µOR 
showed a robust increase in efficacy due to depolarization. We wanted to investigate if 
there"s an agonist specific voltage sensitivity at the µOR. For this, we combined 
fluorescence resonance energy transfer (FRET) with whole-cell patch clamp in voltage 
clamp mode and tested several clinically used opioids in respect to µOR-induced G 
protein activation and µOR-GRK2 binding. Some agonists, like Buprenorphine, showed a 
remarkable increase in efficacy upon depolarisation similar as Morphine. In the case of 
these agonists, the steepness of the voltage function relationship was similar compared 
to Morphine. In contrast, some other agonists, like Fentanyl, showed a voltage sensitivity 
reversely to Morphine. Upon application of these agonists, depolarization induces a 
decrease in affinity. This voltage induced loss of affinity seems to be comparable to the 
deactivation through a washout of the agonist. However, the mechanism underlying this 
phenomenon seems to be the same as for Morphine, as the Boltzmann-fits for these 
agonists were comparable. Presumably, the voltage induced movement of charges in the 
receptor seems to modulate the binding pocket of the µOR, leading to an enhanced 
binding of some agonists, resulting in an increased efficacy in receptor activation, and a 
decreased binding of other agonists, resulting in a loss of affinity for the receptor. 
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Using GIRK channels to elucidate the in vitro pharmacology of somatostatin 
analogues with the help of a fluorescence based membrane potential assay 

P. Dasgupta, T. Günther, J. Modrow, S. Schulz 
Universitätsklinikum Jena, Institute for pharmacology and toxicology, Jena, Germany 

Recent clinical success of somatostatin analogues (SSAs) like pasireotide suggests the 
development of various such multi-somatostatin receptor agonists. SSAs are an 
important class of drugs widely used for the treatment of neuroendocrine disorders such 
as acromegaly and Cushing"s disease. A thorough preclinical investigation of the SSAs 
implies use of a high-throughput screening (HTS) system at the basic in vitro level. The 
diverse effects of SSAs are mediated via the family of somatostatin receptors consisting 
of five subtypes, namely sst1 through sst5. All five somatostatin receptors are coupled to 
inhibitory G-protein, which when activated by a ligand results in opening of the G protein-
coupled inwardly rectifying potassium (GIRK) channels and in turn hyperpolarization of 
the cell. Fluorescence based membrane potential assay is a rapid, non-invasive and 
highly reliable screening method which makes use of a fluorescent membrane potential 
(FMP) dye that can detect changes in the membrane potential. This system therefore 
makes use of the hyperpolarization caused by the activation of GIRK channels as an 
assay read-out for receptor stimulation by a ligand. We use HEK293 cells as the 
expression model for the human somatostatin receptors together with GIRK channels. 
Stimulation of these cells with the respective receptor agonists resulted in a dose-
dependent reduction in fluorescence, yielding an EC50 in the nano-molar range. The 
agonist induced reduction in fluorescence could be reversed by selective antagonists, 
such as BIM23627 for the sst2. The GIRK channel blocker tertiapin Q (TPN-Q), activator 
ML297 and Gi protein inhibitor pertussis toxin (PTX) were used to validate the system. 
We propose the use of this system as a useful tool to unravel the pharmacological 
profiles of novel SSAs. In general, this tool could be further used to study the effects of 
the multi-receptor SSAs on a single or multiple somatostatin receptors as a valuable 
supplement of the existing classical assays. 
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Does cyclic GMP affect cell cycle regulation? 

K. Broekmans, D. Koesling, E. Mergia 
Ruhr Universität Bochum, Pharmakologie und Toxikologie, Bochum, Germany 

In the vasculature, the NO/cGMP signalling cascade has an established function in the 
regulation of smooth muscle tone but also has been proposed to affect smooth muscle 
proliferation although with conflicting results. In smooth muscle cells, most NO-dependent 
cGMP is formed by the guanylyl cyclase isoform NO-GC1 that is stimulated by NO 
continuously produced in response to shear stress. Accordingly, knockout (KO) mice 
deficient in the NO-GC1 isoform show greatly reduced cGMP formation in response to 
NO (by about 90%) and attenuated vascular relaxation. To study the role of NO/cGMP in 
smooth muscle proliferation, we treated WT and NO-GC1 KO mice with Angiotensin II for 

two weeks. In serial cross sections from a defined abdominal aortic region of AngII-
treated and control mice, the medial aortic area was determined as parameter for 
vascular remodelling. Noteworthy, the medial aortic area was found to be reduced in 
untreated NO-GC1 KO mice. Nevertheless, Ang II-treatment increased the medial area in 
both strains in a comparable manner. 
An increase of medial area after external stimuli can be due to I) an increase in the 
number of VSMCs (hyperplasia) or II) an increase in cell size without associated increase 
in cell number (hypertrophy). The latter process is associated with an increase in 
extracellular matrix. In an approach to analyse AngII-induced DNA replication, non-
treated and AngII-treated mice were injected with BrdU that is incorporated into DNA 
during replication in the S-phase of the cell cycle. In the subsequent analyses of the 
aortic wall, we aim to differentiate between hypertrophic and hyperplastic responses of 
cells and thereby want to identify cGMP-dependent changes of cell cycle regulation. 
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Identification of a new binding pattern for cCMP and cUMP in the AKAP9 splice 
variant Yotiao 

S. Wolter1, T. Hagedorn1, T. Koenig1, C. W. Dessauer2, R. Seifert1 
1Hannover Medical School, Institute of Pharmacology , Hanover, Germany 
2University of Texas Health Science Center, Houston, TX, United States 

The cyclic purine nucleotides adenosine 3',5'-cyclic monophosphate (cAMP) and 
guanosine 3',5'-cyclic monophosphate (cGMP) are well-characterized second 
messengers. Several binding proteins of cAMP and cGMP were identified and 
functionally analyzed, e.g. the regulatory subunits of cAMP-activated kinase (PKA) and 
cGMP-activated kinase (PKG), exchange protein activated by cAMP 1 and 2, 
hyperpolarization-activated cyclic nucleotide-gated channels and phosphodiesterases. 
In recent reports, a second messenger function has also been described for the cyclic 
pyrimidine nucleotides cytosine 3',5'-cyclic monophosphate (cCMP) and uridine 3',5'-
cyclic monophosphate (cUMP) [1]. By using cCMP-agaroses, the regulatory subunits of 
PKA (PKARIα and PKARIIα) and Yotiao, a splice variant of AKAP9 (A-kinase anchoring 
protein) were identified as binding partners [2]. AKAPs are a family of functionally related 
intracellular proteins that coordinate and control cAMP-mediated cellular processes. 
AKAPs bind to the regulatory subunits of PKA. Additionally, AKAP9 binds to PP1 (type 1 
protein phosphatase) and the NMDA (N-methyl-D-aspartate) receptor subunit NR1 
forming a multi protein complex. Dephosphorylation of the NMDA receptors by PP1 
causes inactivation of the receptor [3]. 
Binding between cCMP and cUMP to Yotiao can be mediated through the regulatory 
subunit from PKA. Therefore, several Yotiao constructs were used for affinity 
chromatography assays: A Yotiao full length construct, a construct having the PP1 and 
NR1 binding sites missing the PKA binding domain, and a N-terminal construct without 
PP1, NR1 and PKA binding sites. Specific binding from cCMP and cUMP to the Yotiao 
full length construct was detectable. But, surprisingly, by using the Yotiao deletion 
mutants missing the PKA regulatory binding domain, the binding sector between Yotiao 
and cCMP and cUMP was localized near the binding domain of PP1 and NR1. Binding of 
cCMP and also cUMP to the N-terminal region of Yotiao was not detectable. 
In future studies, we will further characterize the binding motif of cCMP and cUMP in 
Yotiao and we will use the cCMP- and cUMP-agarose constructs to analyze the binding 
of other AKAPs to cCMP and cUMP. In functional studies we will also investigate the 
significance of cCMP and cUMP in NMDA receptor function. 
[1] Seifert R (2014) Trends Biochem Sci. 2015 Jan;40(1):8-15 
[2] Hammerschmidt A et al. (2012) PLoS One 7: e39848 
[3] Westphal RS et al. (1999) Science 285:93-96 
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Treatment with esomeprazole weakens the development of splenomegaly 
associated anemia in global IRAG-deficient mice 

M. Majer, A. Schramm, J. Schloßmann 
Universität Regensburg, Institut für Pharmazie, Lehrstuhl Pharmakologie und Toxikologie, 
Regensburg, Germany 

Background: The cGMP-dependent protein kinase I with the two isoforms (cGKIα, 
cGKIβ) has a central role in the NO-cGMP-cGKI signaling pathway. One protein in this 
signaling pathway is the inositol 1,4,5-triphosphate 
receptor-associated cGMP kinase substrate (IRAG). IRAG is widely expressed in murine 
tissues (e. g. smooth muscle cells, spleen and platelets) and is only activated by 
phosphorylation of the cGKIβ. This leads to an inhibition of the 
inositol 1,4,5-triphosphate receptor I (IP3RI)-mediated calcium release in vascular and 
gastrointestinal smooth muscle cells and platelets and IRAG interacts specifically in a 
trimeric complex with the cGKIβ and IP3RI. IRAG is involved in regulation of smooth 
muscle tone, inhibition of platelets aggregation and IRAG-deficiency leads to 
splenomegaly. Therefore we investigated the influence of IRAG for the haematological 
system. 
Methods: For this investigation age matched gene-targeted IRAG-knock out mice (KO) 
and wild type (WT) littermates where used and fed with two different diets. One group got 
standard chow over their lifetime. The other group were fed with a diet containing the 
proton pump inhibitor (PPI) esomeprazole (18 mg/kg) from an age of four weeks. 
14 week old mice of both groups underwent a Haemoccult®-Test to find out, if 
IRAG-deficiency leads to gastrointestinal bleeding or if this is inhibited by PPI-treatment. 
One week later blood samples were taken for haematological analyses and spleen was 
investigated. 
Results: Haemoccult®-Test showed that in the non-PPI group a number of KO mice 
contained blood in faeces but none of the WT mice and none of PPI-treated mice. IRAG 
deletion led to an anemia in KO mice of the non-PPI group and is weakened in 
PPI-treated KO mice. The analysis of spleen-to-body weight ratios from KO and WT mice 
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of both groups showed, that non-PPI treated KO mice exhibited a significant higher ratio 
than WT littermates. In contrast PPI-treated KO mice developed a weaker splenomegaly. 
To our surprise non-PPI treated female KO mice showed a stronger increase in 
spleen-to-body weight ratio and decrease in haematological parameters than male KO 
mice compared to WT mice. 
Conclusion: The global deletion of IRAG leads to an anemia, which is probably caused 
by gastrointestinal bleeding and is accompanied by developing a splenomegaly. The 
treatment with esomeprazole weakens the anemia and splenomegaly presumably 
through inhibition of gastrointestinal bleeding. 
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Mechanisms of cystein-rich protein 4 dependent pain processing 
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Slow cAMP diffusion in intact cells allows cAMP compartmentation in 
nanodomains by local PDE activity 

A. Bock1,2, P. Annibale1,2, A. Hannawacker2, M. J. Lohse1,2 
1Max-Delbrück-Center for Molecular Medicine, Berlin, Germany 
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Cyclic adenosine monophosphate (cAMP) is the ubiquitous second messenger in cells 
mediating a myriad of highly specific physiological functions. The synthesis of cAMP by 
adenylyl cyclases is stimulated through the activation of Gs proteins by hundreds of 
different agonist-bound G protein-coupled receptors (GPCRs). Given the large number of 
GPCRs eliciting cAMP synthesis, the cell has developed a way to compartmentalize 
cAMP to ensure signaling specificity. There is a great deal of experimental evidence 
suggesting that phosphodiesterases (PDEs), the only enzymes capable of hydrolyzing 
cAMP, are essential for confining cAMP in so-called microdomains. However, the 
molecular mechanism for achieving cAMP compartmentation is largely unknown. 
Recently, several studies including ours have suggested that PDE activity alone is 
insufficient to compartmentalize cAMP [1-3]. This is mainly due to the fact that on one 
hand, cAMP turnover by PDEs is slow (a few molecules cAMP per second), and, on the 
other hand, cAMP diffusion in cells can be very fast (>100 µm2/s). 
Here we use fluorescence correlation spectroscopy methods to directly track the average 
diffusion rate of a fluorescently-labeled cAMP analogue in intact cells. We find that cAMP 
diffusion in cells can be remarkably slow, up to three orders of magnitude slower than 
previously reported. The diffusion coefficients of cAMP determined in our experiments (<1 
µm2/s) match those predicted by computational studies as required to compartmentalize 
cAMP by PDEs. Feeding these new diffusion coefficients into our recent single-molecule 
diffusion-reaction model suggests that a single PDE can create a "sink" of low cAMP 
concentration of a few to tens of nanometers. To test this hypothesis, we developed novel 
FRET-based biosensors which report the cAMP concentration around single PDEs in a 
distance-dependent manner. Our data reveal that local PDE activity can indeed 
compartmentalize cAMP in domains of nanometer sizes with slow cAMP diffusion (i.e. so-
called nanodomains). Our study suggests a molecular mechanism of cAMP 
compartmentation in intact cells.  
References: 
[1]Feinstein, W.P. et al., Am J Physiol Cell Physiol., 302: 2012. 
[2]Agarwal, S. et al., Sci. Rep., 6: 2016. 
[3] Lohse, C. et al., PLoS One, 2017 
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Gαi–specific roles in lung function  
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Question Heterotrimeric G-proteins transduce a variety of receptor-mediated signals to 
intracellular effectors that are generated either via the a subunit or the bg dimer. Whereas 
mice constitutively deficient in either Gαi1 or Gαi3 are viable, the disruption of the Gnai2 
locus leads to increased early postnatal mortality of unclear origin independent of specific 
pathogen-free housing conditions. Here, we aimed to gain insight into the 
pathomechanism of early postnatal death. 

Methods Newborn global Gαi2-deficient mice were monitored from birth on to determine 
the reason for the sudden postnatal death. As soon as breathing impairment became 
apparent, lung morphology and surfactant protein structure were analyzed and compared 
to wild type littermates. Adult lungs derived from global Gαi2- and Gαi3-deficient mice and 
respective controls were subjected to the ex vivoisolated, perfused and ventilated lung 
model. 
Results Whereas a Gnai2-deficient genotype arising from Gnai2 heterozygous breeding 
shows a Mendelian distribution at embryonic day 14, the expected incidence of the 
genotype is reduced by about 50% at weaning age, i.e. postnatal day 21. In part, this 
decreased number of Gαi2-deficient mice is caused by their death within the first hour 
after birth. 30% of newborn Gαi2-deficient mice had breathing defects that resulted in 
distressed respiratory syndrome and a mean survival time of 22 minutes. Morphologic 
analysis of lung tissue isolated from animals that died shortly after birth (Gnai2-/-

(d)) 
showed significantly reduced alveolar areas compared to wild type animals and surviving 
Gαi2-deficient mice. Ultrastructural analysis of secreted surfactant in the alveolar space of 
Gnai2-/-

(d) mice revealed a disrupted formation of lamellar bodies. In addition, increased 
secretion of densely packed and unfolded surfactant protein was observed in these lungs. 
Interestingly, surviving Gαi2-deficient mice analyzed in the ex vivo isolated, perfused and 
ventilated lung model showed even improved lung function presumably due to 
compensatory mechanisms by upregulation of Gαi3 protein expression. In contrast, lung 
function of Gαi3-deficient adult mice was impaired and therefore, lack of Gαi3 protein could 
not be compensated by the Gαi2 isoform. 
Conclusion Here, we demonstrate that the Gαi2 isoform is essential for lung function to 
ensure postnatal survival, whereas Gαi3 expression is important for proper lung function 
in adults. 
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Homo- and heterodimerization of the GIP receptor 
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Glucagon-like peptide 1 (GLP1) and gastric inhibitory peptide (GIP) are secreted by cells 
in the gut in response to food ingestion. Both peptides promote the secretion of insulin 
from beta cells of the pancreas through specific G-protein-coupled receptors (the GLP1 
and GIP receptor, respectively). We have previously shown that GLP1 receptors can bind 
arrestin whereas GIP receptors cannot (1). As both receptors occur on the same cell, 
there is at least the hypothetical possibility that these receptors might dimerize. Using 
YFP-tagged GLP1 receptor and CFP-tagged GIP receptor, we found that 1 µM GLP1 
increased whereas 1 µM GIP decreased the FRET between the two receptors. No such 
FRET changes were observed for GLP1 or GIP receptor homodimers. To further 
investigate this potential dimerisation, we measured lateral mobility by fluorescence 
recovery after photobleaching (FRAP) with confocal microscopy. HEK293 cells 
transfected with YFP-tagged GIP receptors showed rapid fluorescence recovery after a 
small region of the plasma membrane was bleached. This recovery was mostly 
abrogated when the receptors were crosslinked with a polyclonal antibody. Co-
transfection of CFP-tagged GLP1 receptors showed that crosslinking also reduced the 
lateral mobility of the GLP1 receptor even though they could not bind the antibody, 
suggesting that there is interaction between the two receptors in the plasma membrane. 
To find out whether this heterodimerization affects the function of the GIP receptor, we 
studied arrestin interaction. As previously shown (1), there was little arrestin recruitment 
to the GIP receptor. However, in cells transfected with both the GIP and the GLP1 
receptor 1 µM GIP could trigger arrestin recruitment to the heterodimer. We conclude that 
the GLP1 and the GIP receptors can form functionally relevant heterodimers which might 
be relevant for their signal transduction on pancreatic beta cells. 
 (1) S. Al-Sabah, M. Al-Fulaij, G. Shaaban, H. A. Ahmed, D. Donnelly, M. Bünemann, C. 
Krasel (2014) PLoS One 9: e106890. 
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Directed evolution of human parathyroid hormone 1 receptor for structural and 
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Parathyroid hormone 1 receptor (PTH1R) is a member of the class B G protein-coupled 
receptors and plays a central role in calcium homeostasis and in the regulation of bone 
metabolism. Despite their tremendous pharmacological relevance and potential for drug 
development, our structural understanding of class B receptor architecture and signaling 
mechanisms is still limited. Major reasons for this are the low abundance and the 
generally poor thermo-stability of GPCRs. Moreover, class B GPCRs contain a complex 
extracellular domain, that is critical for ligand binding and which further hampers 
quantitative production of intact receptor for structural studies. To overcome these 
limitations, we employed a directed evolution approach for improving receptor expression 
and simultaneous thermo-stabilization. We expressed libraries of randomized human 
PTH1R genes in yeast and selected for highly expressing receptor variants by flow 
cytometry using engineered fluorescent peptide ligands, which do not require the 
extracellular receptor domain for binding. Thereby we were able to selectively evolve the 
transmembrane core of the PTH1R and to obtain several highly expressing receptor 
variants with improved biophysical properties. These receptor variants now enable the 
production of large amounts of functional protein for subsequent structural studies. 
Moreover, from our selections we identified several residues that are crucial for receptor 
function and that may give additional insights into the mechanism of PTH1R activation. 
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Pharmacology – Ion channels 
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Functional relevance of a point mutation in an autism risk gene coding for the 
calcium channel subunit Cavβ1b 

P. Despang, A. Breitenkamp, S. Salamon, M. Brill, S. Herzig, J. Matthes 
University Hostpital of Cologne, Pharmacology, Cologne, Germany 

Question: Properties of voltage-gated Ca2+-channels (VGCC) depend on the particular 
combinations of their subunits. Several VGCC subunits have been genetically associated 
with autism spectrum disorders. In a mutation screening of the ASD-risk gene CACNB1 
coding for the auxiliary β1-subunit, we found the novel, rare, and heterozygous point 
mutation p.R296C. The mutation occurs in a highly conserved protein region. According 
to an in-silico analysis with the web-based prediction program PolyPhen-2 the amino acid 
exchange is "probably damaging" and thus may disturb the protein function (P=100%). 
Here, we investigate the putative functional consequences of the mutant β1b subunit on 
Ba2+-currents carried by either L- or N-type pore subunits. In addition, we examined the 
interaction of wildtype and mutated β1b subunits with the RGK-protein Gem and its 
influence on VGCC activity.  
Methods: Whole-cell and single-channel patch-clamp recordings were performed in 
HEK-293 cells expressing L- (Cav1.2) or N-type (Cav2.2) Ca2+ channel pores together 
with an α2δ1 and either a wildtype or mutant β1b subunit (p.R296C). Co-
immunoprecipitation and Western blots were performed in tsA201-cells with HA-tagged 
wildtype or mutated β1b subunit and Flag-tagged Gem. Subsequently, we tested the 
channel activity of the wildtype or mutant VGCC complex regarding the functional 
influence of Gem.  
Results: For N-type channels, the ASD-associated mutant showed unchanged current 
density, but a significantly accelerated time-dependent inactivation at test potentials of -
20 and -10 mV. In contrast, L-type channels co-expressed together with β1b_p.R296C 
displayed a significantly increased current density (-19.6±4.8 pA/pF vs. -8.0±1.7 pA/pF; 
p<0.05). Time-dependent inactivation was unchanged. Single-channel activity was 
reduced in both channel subtypes when co-expressed with the mutant β1b (e.g. Po of L-
type channels at 10mV: 1.4+0.4% vs. 2.6+0.4%; p<0.05). In co-immunoprecipitation 
assays both wildtype and mutant β1b subunits interacted with the RGK-protein Gem. In 
accordance, activity of single L-type channels was significantly reduced in the presence 
of either β1b subunit co-expressed with Gem.  
Conclusion: Our findings indicate a functional relevance of an ASD-associated β1b 
mutant for L- and N-type calcium channels. Interaction with the RGK-protein Gem 
appears to be intact. Next, we will investigate the effect of the β1b mutant on the surface 
expression of VGCC. 
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Loss of sodium-activated potassium channel Slack and FMRP differentially affect 
social behavior in mice 

A. E. Bausch, R. Dieter, P. Zerfass, Y. Nann, P. Ruth, R. Lukowski 
Institute of Pharmacy/University of Tuebingen, Pharmacology, Toxicology & Clinical 
Pharmacy, Tübingen, Germany 

The author did not agree to the publication of his abstract. 
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The sodium-activated potassium channel Slack protects neurons against 
glutamate receptor mediated excitotoxicity 

R. Dieter, A. E. Bausch, N. Frank, K. Wild, P. Ruth, R. Lukowski 
Institute of Pharmacy/University of Tuebingen, Pharmacology, Toxicology & Clinical 
Pharmacy, Tübingen, Germany 

The author did not agree to the publication of his abstract. 
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Analysis of P2X7R localization in the CNS and consequences of its overexpression 
using a BAC transgenic mouse model 

J. Zhang1,2, K. Kaczmarek-Hájek2, R. Stocklauser1, A. Grosche3, B. Rissiek4, S. Sirko3 
 V. Eulenburg5, A. Nicke1 
1Walther Straub Institute of Pharmacology and Toxicology, Ludwig-Maximilians-
Universität München, Munich, Germany 
2Max Planck Institute for Experimental Medicine, Göttingen, Germany 
3Department of Physiological Genomics, Ludwig-Maximilians-Universität München, 
Munich, Germany 
4Department of Neurology, University Medical Centre Hamburg-Eppendorf, Hamburg, 
Germany 
5Friedrich-Alexander University Erlangen-Nürnberg, Institute of Biochemistry, Emil-
Fischer-Zentrum, Erlangen-Nürnberg, Germany 

The purinergic P2X7 receptor (P2X7R) is an ATP-gated cation channel that is activated 
by high concentrations of ATP. It plays a central role in cytokine release and studies in 
P2X7-/- animals indicate its involvement in inflammatory and neurodegenerative 
diseases. However, despite its importance as a drug target, its precise cellular 
localization as well as molecular and physiological functions are still unclear which has 
been attributed to the complex pharmacology in native tissues and a lack of specific 
antibodies. In particular, the location and function of P2X7Rs in neurons remains a matter 
of ongoing debate. To resolve this issue, we generated a BAC transgenic mouse model 
in which the murine EGFP-tagged P2X7R is overexpressed under the control of the 
endogenous P2X7 promoter. The EGFP-tagged P2X7Rs are efficiently transported to the 
plasma membrane and can be directly visualized by green fluorescence or indirectly by 
anti-EGFP antibodies. 
Crossing of the transgene into the P2X7-/- background demonstrated its functionality. 
The obtained mouse lines show different expression levels but identical expression 
patterns with predominant expression in the cerebellum, hippocampus, and thalamus. 
Immunohistochemical characterization of the transgenic mice together with Western blot 
analysis of tissue extracts from cell-specific P2X7-/- mice revealed dominant P2X7-EGFP 
protein expression in microglia and oligodendrocytes, minor expression in S100β-positive 
astrocytes, and none in neuronal cell bodies. Moreover, P2X7R overexpression resulted 
in higher microglia numbers in the healthy and ischaemic retina. In the stab wound model 
of traumatic brain injury we found increased microgliosis and neuronal cell loss. In 
conclusion, we provide the first quantitative analysis of P2X7 protein expression in the 
CNS and consequences of its overexpression. This novel mouse model represents an 
important tool to validate physiological and pathophysiological roles of the 
P2X7R. Supported by the DFG (NI592/7-1) 
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Automated patch clamp in safety pharmacology: Combining flexibility with high 
throughput 

S. Stölzle-Feix, C. Haarmann, T. A. Goetze, M. Rapedius, N. Brinkwirth, I. Rinke  
K. Juhasz, G. Rascher-Eggstein, E. Dragicevic, A. Brüggemann, M. George, N. Fertig 
Nanion Technologies GmbH, Munich, Germany 

Question: Conventional patch clamp electrophysiology, as the gold standard for studying 
ion channels yields information rich data, is however technically demanding and not 
suitable for high throughput screening. Development of automated patch clamp (APC) 
devices proved successful in measuring either single, or multiple cells simultaneously (up 
to 768 cells), whilst maintaining giga-Ohm seal quality data. Still, there is an increasing 
demand for higher throughput, protocol optimization, and advanced features. 
Methods: The Comprehensive In-vitro Proarrhythmia Assay (CiPA) initiative, is being 
introduced to provide a more complete assessment of proarrhythmic risk. An important 
part of this initiative is an extension of the electrophysiological evaluation beyond hERG 
to include other cardiac channels such as NaV1.5, CaV1.2, KV-LQT1 and Kir2.1. We 
have used specialized medium to high throughput, gigaseal APC platforms to 
successfully deliver ion channel electrophysiological measurements, and to optimize 
demanding features such as temperature control, internal solution exchange, current 
clamp, dynamic clamp and optogenetics. 
Results: We present our advances in development of "ready-to-use" assays for the full 
CiPA ion channel panel for APC, with focus on the compound effects of L-type Ca2+ 
channel inhibitors, utilizing overexpressing cells and iPSC-cardiomyocytes. We depict 
very stable recordings of CaV1.2 over an extended period of time (> 25 min), which 
permits cumulative compound application. Furthermore, we demonstrate CaV1.2 
activation from different states which allows to discriminate state- and use-dependent 
drug effects. We show temperature-controlled recordings of hERG and nAChα7R, action 
potentials of stem cell-derived cardiomyocytes, and manipulation of action potential 
duration by introducing virtual IK1 using dynamic clamp; all performed in automated patch 
clamp systems of different throughput. We further show block of NaV1.7 using the 
photoswitch diethylamino-azo-diethylamino (DAD), and light activated action potentials 
using cells transfected with channelrhodopsin (ChR2), as well as activation of TMEM16A 
or CFTR by internal perfusion of calcium or fluoride, respectively. 
Conclusion: Our assays development demonstrates how accurate pharmacology and 
high throughput recordings of even difficult targets can be achieved in a reproducible, 
flexible and reliable manner with excellent success rates by using the newest features of 
APC systems. 
 
 

P204 

Up-regulated DPP10 might promote arrhythmias in heart failure 

F. Belau1, K. Metzner2, P. Jörk1, A. El-Armouche1, K. Guan1, S. Kämmerer1 
1Medical Faculty, TU Dresden, Centrum of Pharmacology, Department of Pharmacology 
and Toxicology, Dresden, Germany 
2Goethe University Frankfurt, College of Pharmacy, Institute of Pharmacology, Frankfurt 
am Main, Germany 

Background: Patients with advanced heart failure (HF) often suffer from sudden cardiac 
death due to lethal ventricular arrhythmias. Cardiac ion channels are profoundly 
dysregulated during HF leading to ameliorated upstroke velocities and prolonged action 
potentials (AP). These pathologies are largely mediated by down-regulation of the ion 
channel proteins Nav1.5 and Kv4.3. The cardiac accessory β-subunit dipeptidyl 
peptidase-like protein 10 (DPP10) is crucial for constituting the characteristic current 
properties of both channels. 
Methods/Results: As determined by qPCR and Western blot, DPP10 mRNA and protein 
levels were significantly higher in left ventricular myocardium from patients with HF 
compared to non-failing controls. This finding was confirmed in an established 
experimental HF model (spontaneously hypertensive rats). Using patch clamp techniques 
and adenoviral DPP10 overexpression (AdDPP10) in isolated rat epicardial myocytes, we 
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found no changes in peak INa or Ito densities. However, AdDPP10 significantly shifted the 
INa voltage-dependence to more positive potentials, whereas the steady-state inactivation 
curve of Ito was shifted to more negative voltages. In addition, DPP10 overexpression 
accelerated INa and Ito time courses of inactivation and recovery from inactivation. 
Moreover, the DPP10-induced current changes resulted in slowed upstroke velocity of 
action potentials. 
Conlusion: Here we provide evidence for DPP10 as a new functional link between 
cardiac Ito and INa. Up-regulation of DPP10 might contribute to lethal arrhythmias in 
human HF due to the imbalance of the depolarizing INa and the repolarizing Ito early in the 
ventricular action potential. 
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Dextromethorphan: A suitable candidate for treatment of type 2 diabetes mellitus? 

A. Gresch, M. Düfer 
Instiut für Pharmazeutische und Medizinische Chemie, Pharmakologie, Münster, 
Germany 

Question: The NMDAR antagonist dextromethorphan (DXM) and its active metabolite 
dextrorphan (DXO) have recently been recommended for treatment of type 2 diabetes 
mellitus because of their beneficial effects on insulin secretion. This study investigates 
glucose- and concentration-dependence of these effects and how DXM and DXO 
influence electrical activity of single β-cells and islets. 
Methods: Islets or β-cells were isolated from C57Bl6/N mice. Insulin release from islets 
and the insulin-secreting cell line MIN6 was determined by RIA. Electrophysiology was 
performed with patch-clamp-technique and microelectrode arrays. 
Results: MIN6 cells incubated with DXM or DXO (100 µM) showed an elevated insulin 
secretion in response to stimulation with 8, 10 or 15 mM glucose. Islets incubated with 
100 µM DXM also secreted more insulin during stimulation with 8 or 10 mM glucose (G8: 
1.4±0.2; G8+DXM: 5.7±1.1; G10: 2.7±0.3; G10+DXM: 6.2±0.9 ng/islet*h, n=4, p≤0.05). In 
contrast to MIN6 cells, insulin secretion of islets treated with 15 mM glucose +100 µM 
DXM was not potentiated (n=6). Interestingly, the same conditions reduced the number of 
Ca2+-action potentials in single β-cells (79±12 vs. 40±8 APs/min, n=8, p≤0.01). In whole 
islets, 100 µM DXM influenced electrical activity and changed the oscillatory pattern to 
permanent depolarization (electrical activity, fraction of plateau phase: 40±6 vs. 98±2 %, 
n=5, p≤0.001). Lower concentrations of DXM (1 and 10 µM) did not enhance glucose-
stimulated insulin secretion, while 500 µM DXM reduced it by 50 %. 
100 µM DXO potentiated insulin secretion of islets in 4 out of 5 experiments when 
stimulated by 8 mM glucose (2.0±0.4 vs. 3.1±0.9 ng/islet*h) but not in the presence of 10 
or 15 mM glucose (n=5). Corresponding to these results 100 µM DXO did not alter the 
number of Ca2+-APs induced by 15 mM glucose (n=7). Similar to DXM, insulin secretion 
induced by 15 mM glucose was not potentiated by 1 or 10 µM DXO, but reduced to ~50 
% by 500 µM DXO. 
Conclusion: Glucose-stimulated insulin release can be increased by DXM or DXO. 
However, caution is required under hyperglycemic conditions as the stimulatory effect is 
lost in the presence of high glucose concentration. Electrophysiological data shows that 
the effects of DXM and DXO differ between islets and single β-cells. DXM- and DXO-
induced alterations in insulin release are not correlated to changes in electrical activity of 
single β-cells. 
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Expression of transporter proteins of the ABC, SLC and SLCO family in 
glioblastoma stem-like cells 

S. Bien-Möller1,2, A. Arlt1, S. Kaiser1, A. Grober1, G. Jedlitschky1, M. Grube1  
S. Oswald1, S. Marx2, B. H. Rauch1, H. Schroeder2 
1University Medicine Greifswald, Institute of Pharmacology, Greifswald, Germany 
2University Medicine Greifswald, Clinic for Neurosurgery, Greifswald, Germany 

Question: Patients with glioblastoma multiforme (GBM) are at very high risk to develop a 
relapse resulting in a limited survival time of only 12 to 15 month. The current 
pathophysiological hypothesis involves so-called glioma stem cells (GSCs) being 
responsible for formation, expansion, recurrence and high therapy resistance of GBM. 
Numerous transport proteins are expressed in GBM which could mediate resistance 
against cytostatics. To date, there is a lack of comprehensive studies characterizing 
GSCs regarding transport proteins. 
Methods: Therefore, we analyzed the expression of 31 transport proteins of the ABC, 
SLC und SLCO family in stem cell-like LN18 neurospheres in comparison to their 
adherent counterparts. mRNA expression was analyzed by qPCR and protein levels of 
selected transporters (ABCC4, ABCG2, SLC16A4) were investigated using immunoblot 
and immunofluorescence staining. Additionally, cell viability of LN18 neurospheres and 
adherent cells was analyzed after treatment with cytostatics and inhibitors of ABCC4 and 
ABCG2. 
Results: Compared to adherent LN18 cells, on mRNA level eight transporters were up-
regulated (ABCC4, ABCC11, SLC9A1, SLC22A1, SLC22A4, SLCO1A2, SLCO3A1, 
SLCO4C1) and six were down-regulated (ABCC1, ABCC2, ABCD2, ABCG2, SLC16A3, 
SLCO4A1) in stem cell-like neurospheres. On protein level, the increased expression of 
ABCC4 and the decrease of ABCG2 and SLC16A4 were confirmed. Viability analysis 
revealed that stem cell-like neurospheres show a diminished response to 6-
mercaptopurine (substrate of ABCC4) as well as to doxorubicin, etoposide and 
mitoxantrone (substrates of ABCG2) compared to adherent LN18 cells. The inhibition of 
ABCC4 with Ceefourin-1 or the blockade of ABCG2 with Ko134 resulted in increased 

cytotoxic effects of the antitumoral agents which were more pronounced in adherent 
LN18 compared to neurosphere cells. 
Conclusion: Collectively, our data argue for a contribution of transporter proteins to the 
chemoresistance of GBM. Perspectively, a modulation of relevant transporters could 
represent an additional therapeutic approach for GBM patients and requires further 
evaluation. 
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Functional variants of OCTN transporter genes are associated with total and LDL 
cholesterol in a body mass-dependent manner 

P. Meisel1,2, S. Pagels1,2, M. Nauck3, H. Völzke4, B. H. Rauch1, T. Kocher2, M. Grube1  
G. Jedlitschky1 
1University Medicine Greifswald, Dept. of Pharmacology, Greifswald, Germany 
2University Medicine Greifswald, Dept. of Restorative Dentistry, Periodontology, 
Greifswald, Germany 
3University Medicine Greifswald, Dept. of Clinical Chemistry and Laboratory Medicine, 
Greifswald, Germany 
4University Medicine Greifswald, Institute of Community Medicine, Greifswald, Germany 

Question: The organic cation transporters OCTN1 (SLC22A4) and OCTN2 (SLC22A5) 
are physiologically important for maintaining systemic and tissue levels of carnitine by 
regulating its intestinal absorption, tissue distribution, and renal reabsorption. A defect of 
OCTN2 due to genetic loss-of-function variants causes systemic primary carnitine 
deficiency associated with muscle weakness and fatty liver. In addition, an association of 
single nucleotide polymorphisms (SNPs) of both genes with chronic inflammatory 
disorders such as Crohn's disease and rheumatoid arthritis has been reported. The aim 
of the present study was to assess associations of these genetic variants with serum lipid 
parameters as well as markers of general inflammation in a large population-based 
cohort. 
Methods: The basis of the analysis was the Study of Health in Pomerania (SHIP-0). 
Individuals (>4000, aged 20–81 years) were genotyped for the polymorphisms 
c.1507C>T in OCTN1 and -207G>C in OCTN2 using allele-specific real-time PCR 
assays. These variants alter transcription and transporter function and were previously 
associated with susceptibility to Crohn"s disease. They are in strong linkage 
disequilibrium and create a two-allele risk haplotype (TC). Laboratory measures, such as 
serum lipids and C-reactive protein (CRP), were determined from non-fasting blood 
samples. 
Results: In the total cohort genetic associations of the single SNPs and of the two-allele 
haplotype (TC) were only significant for HDL levels. However, a subgroup analysis 
revealed a significant association between the TC haplotype and higher levels of total 
(p<0.01) and LDL-cholesterol (p<0.001), as well as apolipoprotein B (p<0.001) and a 
higher LDL/HDL ratio (p<0.05) in obese subjects (BMI ≥ 30kg/m2). In this subgroup, the 
difference in mean total and LDL-cholesterol was 0.29 and 0.35 mmol/L, respectively. 
The gene effect remained significant when adjusted for age, sex, smoking and 
cholesterol-lowering medication (statins) and was also significant for the single SNPs. No 
direct association was observed for markers of general inflammation (e.g. CRP levels). 
Conclusion: Our results indicate that functional OCTN variants affect serum lipoproteins 
in a BMI-dependent manner. The variants seem to promote hypercholesterolemia in 
obese subjects. 
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Is there an OCT1-mediated transport without aspartate474? 

M. J. Meyer, M. Bolesta, S. K. Kakkar, T. Seitz, J. Brockmöller, M. V. Tzvetkov 
University Medical Center Göttingen, Clinical Pharmacology, Göttingen, Germany 

OCT1 is a polyspecific transporter of organic cations that is strongly expressed in the 
sinusoidal membrane of human and rodent hepatocytes. It has been shown that OCT1 
activity is highly species and substrate-specific. The transport mechanism of OCT1 is 
poorly understood. Nevertheless, it is generally accepted that the negatively charged 
aspartate at position 474 in human OCT1 (475 in rodent OCT1) is critically involved in 
pairing with the positive charge of the cationic substrate. Therefore, aspartate474 is 
considered essential for OCT1 transport. 
To investigate the role of aspartate474 in OCT1, we replaced the negatively charged 
aspartate with the neutral amino acid asparagine (D474N). We stably transfected 
HEK293 cells to overexpress wildtype or D474N mutant OCT1 of human or mouse and 
performed transport experiments. 
As expected, the D474N mutation strongly reduced human OCT1 transport activity for all 
substrates tested (sumatriptan, ranitidine, MPP+, TEA+, and metformin). In mouse OCT1 
the D475N mutation strongly reduced transport of sumatriptan, ranitidine, and metformin. 
Surprisingly, the mouse D475N mutant showed substantial aspartate474-independent 
transport of MPP+, TEA+, and thiamine. The aspartate474-independent transport was 
characterized by strongly reduced affinity (up to 35-fold), but higher capacity. Chimeric 
human-mouse OCT1 constructs were generated and used to identify amino acids 
involved in the aspartate474-independent transport. 
In conclusion, aspartate474 plays an important role in OCT1 substrate recognition. 
However, in mouse OCT1 we detected an aspartate474-independent transport. This 
aspartate474-independent transport was highly substrate-specific, underlining again the 
existence of multiple substrate binding sites and different transport mechanisms of OCT1. 
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Application of Förster resonance energy transfer (FRET) for the functional 
characterization of OATP2B1 

P. Hagen, G. Jedlitschky, M. Grube 
University Medicine Greifswald, Department of Pharmacology, Greifswald, Germany 

Question: Organic anion transporting polypeptides facilitate a wide range of endogenous 
and exogenous compounds. It is assumed that the transmembranal transfer of OATP 
substrates is mediated by a rocker-switch-type conformational change of the protein. We 
applied intramolecular FRET (Förster resonance energy transfer) to investigate these 
conformational changes in the presence of different transporter substrates/inhibitors for 
OATP2B1. 
Methods: To apply FRET, the fluorescence proteins ECFP as FRET donor and EYFP as 
well as the binding motif for the fluorescence dye FlAsH as acceptors were introduced to 
OATP2B1. ECFP was fused to the C-terminus of OATP2B1. Subsequently, EYFP and a 
tetracysteine motif binding FlAsH were inserted to the intracellular loops of the ECFP-
labeled OATP2B1. The fusion proteins were expressed in MDCKII cells. FRET was 
measured using confocal laser scanning microscopy. In addition, the OATP2B1 fusion 
proteins were compared to the OATP2B1 wild-type transporter on functional level using 
radiolabeled OATP2B1 probe substrates. 
Results: For all constructs a FRET signal was detectable; however, the efficiency 
differed depending on the position of EYFP (max. FRET 9 % in 4th intrac. loop) or FlAsH 
(max. FRET 20 % in 5th intrac. loop). Characterization of the fusion proteins revealed a 
reduced localization of the constructs in the plasma membrane for the EYFP constructs. 
In contrast, the construct with FlAsH motif in the 3rd intracellular loop showed a plasma-
membranal localization and was capable to transport estrone-3-sulfate (E1S), when 
stably expressed. Comparison of this construct with the wild-type transporter revealed 
comparable Km values for E1S (FlAsH: 5.8 µM; wt: 7.0 µM) and similar IC50 for 
atorvastatin (FlAsH: 0.85 µM; wt: 0.59 µM). Further FRET measurements with this 
construct in the presence of the OATP2B1 substrate E1S as well as rifampicin (inhibitor) 
and estradiol-glucuronide (no interaction) revealed a decreased FRET efficiency in 
presence of E1S (91 % of control), an increase with rifampicin (107 %) and no change 
with estradiol glucuronide. 
Conclusion: Introduction of a FlAsH motif to the third intracellular loop of a C-terminal 
ECFP-labeled OATP2B1 does not impair the transport function. FRET measurements 
indicate different conformations of the transporter in the presence of an OATP2B1 
substrate or inhibitor. Therefore, intramolecular FRET is a promising tool to study 
transporter-substrate interactions. 
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Global proteomic analysis of transporter proteins in the human small intestine and 
established intestinal cell lines 

J. Müller1, E. Hammer2, M. Gesell Salazar2, A. Fritz1, L. I. Partecke3, C. D. Heidecke3  
U. Völker2, S. Oswald1 
1University Medicine Greifswald, Clinical Pharmacology, Greifswald, Germany 
2University Medicine Greifswald, Functional Genomics, Greifswald, Germany 
3University Medicine Greifswald, General, Visceral, Thoracic and Vascular Surgery, 
Greifswald, Germany 

The efficacy and safety of many drugs is markedly affected by the expression and 
function of intestinal uptake and/or efflux transporters. In contrast to the liver, 
comprehensive knowledge about the abundance of these proteins is not available. Thus, 
it was the aim of this study to characterize the global transporter profile in human 
intestinal tissue and intestinal cell lines that are frequently used in preclinical drug 
development. 
For this purpose, tissue samples from jejunum (N=5) and ileum (N=5) and cell pellets 
from LS180, FHs74Int and Caco-2 cells were collected and the plasma membrane 
fraction was isolated by standard methods. Afterwards, the samples were subjected to a 
tryptic digest (1:100, 16 h) before undergoing mass spectrometry (MS)-based analyses 
by a shotgun proteomics approach and a validated targeted proteomics assay. 
In human intestinal tissue and the investigated intestinal cell lines about 3000-4000 
proteins could be identified. With regard to transport proteins, the global analysis could 
identify 18 ABC and 116 SLC transporters in the jejunum and 17 ABC and 103 SLC in the 
ileal samples. In addition to well-known intestinal proteins such as ABCB1, ABCC2/3, 
ABCG2 and PEPT1 several additional and so far not reported proteins could be identified 
the abundance of which was in most cases higher in jejunum than in ileum. 
In the intestinal cell lines, considerably fewer transport proteins could be identified than in 
the small intestine (Caco-2, 14 ABCs, 79 SLCs; LS180, 7 ABCs, 47 SLCs; FHs74Int, 14 
ABCs and 80 SLCs). The protein amounts of detected transporter proteins varied 

substantially between the different cell lines and were not superimposable with data that 
have been observed in the human intestinal segments. Targeted proteomic data verified 
the data obtained by the global approach but partly differed in the quantity of protein 
amount. 
In summary, our study characterized for the first time the global transporter protein profile 
in the human small intestine and in frequently used intestinal cell lines. These data may 
be useful for identifying so far not considered proteins and contribute to a better 
understanding of intestinal drug absorption. Furthermore, the transporter expression 
patterns that have been observed in the intestinal cell lines differed substantially from 
those of human tissue samples which should be considered in in vitro in vivo correlations 
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Inhibition of human OCT1, OCT2, MATE1, OAT1 and NTCP mediated uptake by 
pesticides 

A. Kühne, S. Flörl, R. Halpape, Y. Hagos 
PortaCellTec Biosciences GmbH, Göttingen, Germany 

The interaction of pesticides with human solute carrier (SLC) transporter) is unfortunately 
under investigated. Human OCT1, OCT2, MATE1, OAT1 and NTCP belonging to the 
SLC superfamily are well known drug and endogenous metabolite transporter proteins. 
OCT1, NTCP, MATE1 are highly expressed in the liver and OAT1 as well as OCT2 are 
highly expressed in the kidney proximal tubule cells, where they play pivotal roles in the 
absorption, distribution, metabolism, and excretion (ADME). Therefore FDA and EMA 
recommended several SLC transporter as clinical relevant drug transporter, and 
consequently the interaction of new drugs with these SLC transporter should be 
investigated before approval. Nevertheless, little is known about the impact of pesticides 
on the SLC transporter proteins. Since pesticide could be potentially involved in 
influencing the uptake transporter activity the aim of this study is to elucidate the 
interaction of pesticides with OCT1, OCT2, OAT1, NTCP and MATE1. We determined the 
inhibitory effect of 19 organic cationic as well as organic anionic pesticides using well 
characterized stable OCT1, OCT2, MATE1, OAT1 or NTCP transfected HEK293 cells 
and validated in vitro studies to quantify the transporter mediated uptake of radiolabeled 
probe substrates MPP, PAH and estrone-3-sulfate, respectively. 10 and 100 µM 
pesticides concentration was used to evaluate the inhibitor potential of transporter 
facilitated uptake. The results presented Figure 1 and 2 demonstrate the inhibitory effect 
of pesticides (100 µM) on the transporter mediated uptake of probe the substrates. 
In conclusion, in this project we show the interaction of several pesticides with human 
organic cation as well as with organic anion transporters. The highest interaction with 
cationic transporters was observed for imazalil, propamocarb, azoxystrobin, prochloraz. 
Human OAT1 revealed very high interaction with 2,4-D, diazinon, cypermethrin and 
deltamethrin. The results indicate that pesticides could have clinical relevant impact after 
transporter mediated accumulation in cells expressing the corresponding transporter. 
Furthermore they could be involved in drug pharmacokinetics which results in alteration 
of AUC as well as bioavailability of drugs. 
 
Figure 1 
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Figure 2 
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The UDP-glucose ceramide glucosyltransferase (UGCG) impacts cell energy 
metabolism in breast cancer cells 

M. S. Wegner 
University Clinic Frankfurt am Main, Clinical Pharmacology, Frankfurt am Main, Germany 

The UDP-glucose ceramide glucosyltransferase (UGCG) is a golgi apparatus located 
membrane protein, which transfers UDP-glucose to the lipid ceramide resulting in 
glucosylceramide (GlcCer) generation. GlcCer is an important membrane component, 
which maintains the water permeability barrier of the skin, but a discussion arised 
whether or not GlcCer are also regulators of cell signaling cascades or even signaling 
molecules in physiological and pathophysiological processes. Alterations in UGCG 
expression and GlcCer levels are linked to several pathophysiological processes like 
diabetes, cancer and multi drug resistance (MDR) development in several cancer types. 
The molecular mechanisms of these UGCG-asscociated processes are rarely known 
wherefore it is important to investigate the role of the UGCG and their product GlcCer in 
the context of the cell metabolism. In first studies we could show that an UGCG 
overexpression in cancer cells leads to alterations of the glycosphingolipid-enriched 
microdomain composition in the plasma membrane resulting in membrane protein 
activation. Subsequently, energy uptake out of the media seems to be more efficient and 
pro-anabolic processes are induced leading to increased proliferation rates of UGCG 
overexpressing cells. 
 
Figure 1 
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Modeling and simulation of CYP2D6 PM and CYP3A4/5 PM and their effects on 
population pharmacokinetics of tamoxifen and its main metabolites 

J. P. Ximenez1, S. D’Agate 2, M. Locci de Oliveira1, M. P. Marques Pereira1  
J. Moreira Andrade1, G. Suarez-Kurtz3, O. Della Pasqua2, V. L. Lanchote1 
1University of Sao Paulo, , Ribeirao Preto, Brazil 
2University College London, , London, United Kingdom 
3National Cancer Institute of Brazil, , Rio de Janeiro, Brazil 

Question: The aim of this study was to develop a population pharmacokinetic model for 
tamoxifen and its metabolites, and its subsequently use to explore opportunities for 
treatment personalization.    
Methods: Tamoxifen (TAM), endoxifen (END), 4-OH-tamoxifen (4OHT) and N-
desmethyl-tamoxifen (NDMT) plasma concentrations were sampled at steady-state, 
during a 24h dose interval, from 40 breast cancer patients treated with 20 mg of 
tamoxifen every 24 h. TAM and its metabolites were quantified by LC-MS/MS. PK 
modelling was performed using NONMEM 7.3. One and two-compartment models with 
first-order absorption and elimination were evaluated based on previous publications. 
Additional compartments were appended to the model to allow characterization of the 
different metabolites. Selection of the best hierarchical model was based on standard 
model diagnostic criteria [1]. The selection of covariates was performed through a forward 
selection and backward elimination method. Final model performance was assessed by 
bootstrapping and visual predictive checks (VPC). Simulations (n=100) were performed 
using different metabolic constant rates in order to mimic CYP2D6 and CYP3A4/5 poor 
metabolizer patients.    
Results: The PK of TAM and its metabolites was best described by a four compartment 
models. Ka, CLTAM, VTAM, CLEND and VEND were assumed based on published results 
following single doses. A proportional residual model error was used to describe residual 
variability. Estimated apparent TAM to NDMT (K23), TAM to 4OHT (K24), NDMT to END 
(K35) and 4OHT to END (K45) metabolic constant rates were (mean and CV) 0.0116 
(11%), 0.0019 (4.4%), 0.00029 (1.7%) and 0.0079 (9%), respectively. Inter-individual 
variability (IIV) was identified on Ka (14.1%), K23 (33%), K24 (33%), K35 (46%), K45 (13.2%) 
and CLEND (42.2%). Simulations showed that CYP2D6 PM metabolizers had END levels 
below the efficacious END levels (6 ng/mL) compared to wild type, in another hand 
CYP3A4/5 PM showed smaller differences relative to the wild type. 
Conclusion: Although previous models have been developed for TAM, our study is the 
first to describe tamoxifen metabolism in vivo, including information about CYP2D6 and 
CYP3A genotypes. The proposed parameterization allows the possibility to discriminate 
the contribution of different moieties and explore dosing algorithms. 
References: 
[1] Ter Heine R, et al. Br J Clin Pharmacol. 2014; 2:1. 
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Genetic variations play an important role in the development of several diseases and 
some of them can already be determined as risk factors for disease development. Aseptic 
loosening is an important reason for revision surgery of total hip arthroplasty (THA). The 
determination of a prognostic marker that is able to identify patients at high risk for the 
development of aseptic loosening would be very helpful. The management of patients 
with THA could be improved, e.g. patients at high risk might benefit from specific 
treatments. But until now, only a few factors affecting aseptic loosening have been 
identified. Apoptosis is one of the important aspects in the pathophysiology of aseptic 
loosening. Among other factors, proteins of the BCL2 family regulate apoptosis. 
Therefore, the aim of this study was to evaluate the impact of a genetic variation, a 
functional single nucleotide polymorphism (SNP) c.-938C>A (rs2279115) in the promoter 
region of the BCL2 gene on the development of aseptic loosening after THA. 234 patients 
suffering from aseptic loosening and 231 patients after primary THA were genotyped by 
pyrosequencing and analyzed. Patients carrying the CC genotype have a significantly 
higher risk for the development of aseptic loosening after THA, Odds Ratio CC vs. AA 
1.93, 95%CI 1.15–3.25, p = 0.013. Interestingly, patients with the low risk AA genotype 
showed a significantly shorter time to aseptic loosening than patients carrying the high 
risk C allele (p = 0.004). In conclusion, our results indicate that the BCL2 -938C>A 
polymorphism has a relevant impact on aseptic loosening after THA. BCL2 genotypes 
were significantly associated with risk for as well as time to aseptic loosening after THA. 
Therefore, the polymorphism is an interesting candidate for further evaluation and may 
become a molecular marker for aseptic loosening. 
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Mimicking metabolism in the brain: Analysis of cytochrome P450 mediated drug 
metabolism in iPS-derived cortical organoids by highly sensitive LC – MS 
techniques 

N. Beyer, M. Vogel, C. Scholl, J. C. Stingl 
Federal Institute for Drugs and Medical Devices, Research Devision - 
Pharmacogenomics, Bonn, Germany 

For human metabolism studies, standardized human liver microsomes are routinely 
examined for the participation of cytochrome P450 (CYP450) systems in the degradation 
of target drugs and the identification of relevant metabolites (1, 2). The biotransformation 
of drugs also takes place in other compartments of the human body, such as the central 
nervous system, though. In particular drug molecules that cross the blood brain barrier 
may cause problems by the local production of toxic or reactive metabolites and impaired 
elimination from the respective tissue. The prediction of those reactive metabolites in the 
so-called deep compartments is therefore a crucial step for the comprehension and 
elucidation of emerging adverse effects and other relevant impacts on physiological 
processes (3). 
Currently, animal models or very limited samples of human brain tissue are used for the 
preparation of microsomes for the analysis of neuronal metabolic activity. Developments 
in the field of induced pluripotent stem cell technology (iPST) provide a novel way to 
generate human neuronal cells from hematopoetic stem cells, thus avoiding invasive 
approaches (4). In this study, iPST generated cortical organoids are used for the 
production of neuronal microsomes, which are than utilized to determine metabolic 
profiles. Using validated substrates for CYP450 metabolic activity, enzyme expression, 
pharmacogenetic profile, enzyme kinetics and metabolomic pathways will be 
systematically assed via liquid chromatography – tandem mass spectrometry. 
The recently initiated project is in collaboration with the institute of reconstructive 
neurobiology and supported by the LifeScience.NRW/European Regional Development 
Fund. The presented data give an impression of first results and analytical approaches 
for the implementation iPS-derived neuronal microsomes as a drug testing system for the 
prediction of drug metabolism in the central nervous system. 
1.Jia, L., and X. Liu. 2007. Current drug metabolism 8:822-829. 
2.Liu, X., and L. Jia. 2007. Current drug metabolism 8:815-821. 
3.Attia, S. M. 2010. Oxidative medicine and cellular longevity 3:238-253. 
4.Yu, J., M. A. Vodyanik, K. Smuga-Otto, J. Antosiewicz-Bourget, J. L. Frane, S. 
5.Tian, J. Nie, G. A. Jonsdottir, V. Ruotti, R. Stewart, Slukvin, II, and J. A. Thomson. 
2007. Science 318:1917-1920. 
 
 

P216 

Heritability of the variation of human CYP3A activity as assessed by various 
biomarkers 

J. Matthaei1,2, R. Kerb3, M. V. Tzvetkov1, U. Hofmann3, M. Schwab3,4,5, J. Brockmöller1 
1University of Göttingen, Institute of Clinical Pharmacology, Göttingen, Germany 
2DRK-Kliniken Nordhessen, Department of Neurology and Clinical Neurophysiology, 
Kassel, Germany 
3Dr. Margarete Fischer-Bosch Institute of Clinical Pharmacology, University of Tübingen, 
Stuttgart, Germany 
4University Hospital Tübingen, Department of Clinical Pharmacology, Tübingen, Germany 
5University Hospital Tübingen, Department of Pharmacy and Biochemistry, Tübingen, 
Germany 

Question: CYP3A enzymes affect the pharmacokinetics of about 40% of all drugs and 
various biomarkers are known to assess human CYP3A activity. The high inter-individual 
variability of CYP3A activity may be genetically determined. However, currently known 
genetic polymorphisms explain only a minor to moderate fraction of CYP3A variability. 
We used the classic twin study approach to quantify heritability of CYP3A activity as 
reflected by the probe drug midazolam, its 1-OH-metabolite, as well as by two 
endogenous CYP3A-dependent metabolites, 4ß-OH-cholesterol and 6ß-OH-cortisol. 
Methods: Midazolam war administerd intravenously to 43 monozygotic and 14 dizygotic 
twins on three different occasions and plasma was each sampled for 24 hours. 
Concentration of 4ß-OH-cholesterol and 6ß-OH-cortisol were measured in plasma and in 
24-hour urine, respectively. Heritability was estimated with multivariate structural equation 
modeling and variation was separated into additive genetic (A), common environment (C) 
and unique environmental (E) effects. 
Results: Only 15% of the variation of miadzolam AUC was explained by additive genetic 
effects (A) whereas 48% of that variation was explained by common environmental 
effects (C). In contrast, 73% of the variation of 1-OH-midazolam pharmacokinetics was 
explained by additive genetic effects (A). Variation in 4ß-OH-cholesterol and 6ß-OH-
cortisol was explained to 56% and 31%, respectively, by additive genetic effects (A). 
There was a surprisingly low phenotypic correlation between the four indicators of 
CYP3A. Only between midazolam and 1-OH-midazolam and between midazolam and 
6ß-OH-cortisol there was a significant bivariate genetic correlation indicating common 
heritable underlying mechanisms. Midazolam AUC, but not 1-OH-midazolam AUC, was 
significantly dependent on the CYP3A4*22 allele and 4ß-OH-cholesterol was significantly 
lower in carriers deficient CYP3A5*3 alleles. 
Conclusions: Activity of CYP3A as assessed by four biomarkers is influenced by both 
genomic and environmental factors. The low phenotypic correlation between the four 
biomarkers indicate that determination of CYP3A probe drugs or endogenous CYP3A 
biomarkers reflect to a significant extend other aspects beyond CYP3A activity. 
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The impact of CYP3A5*3 and CYP3A4*22 polymorphisms on Tacrolimus 
pharmacokinetics in a caucasian kidney transplant cohort 
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Question: Tacrolimus (Tac) is a calcineurin inhibitor that is used extensively after renal 
transplantation (RTx). Its pharmacokinetic (PK) behavior varies considerably among 
individuals which leads to non-optimal exposure to Tac in some patients. This is 
particularly critical in the early period post-transplant. Several single nucleotide 
polymorphisms (SNPs) in the CYP450 and ABCB1 genes have been described to date 
which could impact the PK of Tac. Only the impact of CYP3A5*3 was consistent in most 
of the studies. Variations of CYP3A4 were considered of much less value until an obvious 
impact of CYP3A4*22 on the PK of Tac was reported in a Caucasian cohort of transplant 
recipients. However, in order to validate an independent effect of this SNP, more 
evidence needs to be accumulated from different centers. The aim of this study to 
investigate the prevalence and the impact of the CYP3A5*3 and CYP3A4*22 SNPs in a 
cohort of 121 Caucasian RTx recipients on PK of Tac early after transplantation. 
Methods: A cohort of 121 RTx patients at Klinikum Stuttgart was enrolled for this 
retrospective pharmacogenetic study. Tac doses and concentrations were collected 
during the first two weeks after RTx or until the patient was discharged from the hospital 
whatever occurred first. Patient samples were genotyped using allele discrimination 
assay by TaqMan. In addition to CYP3A5*3 and CYP3A4*22, other variants have been 
investigated: CYP3A4*1B, and three SNPs in the ABCB1 gene (3435T>C, 2677T>G/A 
and 1236T>C).  
Results: The frequency of the CYP3A4*22 SNP was about 10% in the study cohort. The 
exposure to Tac (estimated by the AUC calculated based on the available Tac C0) was 
higher in patients carrying CYP3A4*22 allele which was more evident during the second 
week after RTx. Patients who carry CYP3A4*22 showed lower dose requirements 
however the difference reached statistical significance only at day 10 (p= 0.0258). The 
effect of CYP3A5*3 has been validated in our cohort. CYP3A5 non-expressers (*3/*3) 
were about 85% of the study cohort and showed increased exposure to Tac and 
decreased dose requirements in the first two weeks after RTx. The other studied SNPs 
showed no significant effect on Tac PK.  
Conclusion: Genetic polymorphisms can impact PK of Tac early after RTx. The most 
consistent effect in the study cohort was attributed to CYP3A5*3 and to a lesser extent to 
CYP3A4*22.The allele frequency of both CYP3A5*3 and CYP3A5*3 are in line with 
previously published results. 
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treated with helminth ova (Trichuris suis) 
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Question: In a recent randomized study, all three doses of ova of the whipworm Trichuris 
suis (TSO) in Crohn's disease (Schölmerich et al., JCC, 2017) failed to demonstrate a 
clinical benefit compared to a placebo preparation. Meanwhile, new experimental data 
showed that Nod2-/- (Nucleotide-binding oligomerization domain 2) mice were better 
protected from developing small intestinal inflammatory changes when colonized by 
Trichuris muris compared to wild type animals (Ramanan et al., Science, 2016). Thus, 
trial participants were retrospectively genotyped to evaluate if outcome differed in those 
carrying NOD2 mutations. 
Methods: In total, 207 Patients with mildly to moderately active, uncomplicated ileocecal 
Crohn's disease (60 placebo, 32, 62 and 53 patients treated with 250, 2500 and 7500 
TSO) were available for analysis. We used real time PCR technology (TaqMan®) to 
genotype all relevant SNPs (rs2066842, rs2066844, rs2066847, rs2066845, rs5743291), 
as well as the rare functional variant rs104895431. Logistic regression was used to 
associate the primary (CDAI < 150 points after 12 weeks of intervention) and secondary 
efficacy endpoint (reduction of ≥ 100 points in CDAI) with the SNPs and the four 
intervention arms. 
Results: The following minor allele frequencies were found: rs2066844 10%, rs2066845 
3%, rs2066847 10%, rs2066842 38%, rs5743291 8%, rs104895431 0.5%. Statistically, 
remission was significantly associated with the presence of rs5743291, but this was 
independent of medication and could not be ascertained for response. In sum, no 
consistent association of NOD2 variants with clinical outcome after 12 weeks of TSO 
treatment was observed. Moreover, there was no significant association of haplotypes 
with remission or response. 
Conclusion: Patients with NOD2 mutations did not have a better outcome after 12 
weeks of treatment with T. suis ova than wildtype patients.   
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Changes of pharmacotherapy after obesity surgery 
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Question: The number of obese patients is increasing worldwide. Surgical approaches 
effectively reduce weight and positively influence comorbidities. Postsurgical changes of 
pharmacotherapy in these obese patients has rarely been investigated. 
Methods: We characterized patients of the Obesity Surgery Center at KRH Klinikum 
Nordstadt Hannover and asked for changes in medication and comorbidities with 
questionnaires. Between January 2014 and June 2016, 242 patients underwent surgery, 
for 199 the surgical procedure happened more than 12 months ago, and 88 
questionnaires of these patients could be analyzed. 
Results: The complete sample consisted of 72% women, representing a typical obesity 
surgery cohort. BMI before surgery was 50 kg/m2, very similar to the national mean. With 
71% gastric sleeve was the main procedure. 62/242 were type 2 diabetic patients, 
receiving 77 antidiabetic drugs. 150/242 were hypertensive patients, receiving 289 
antihypertensive drugs. A mean of 3 drugs (without PPIs and supplements) was 
prescribed for each patient, similar to literature data. One year after surgery, BMI had 
decreased by 37%. Antidiabetic and antihypertensive drug prescriptions decreased by 
65% and 39%, respectively. PPI prescriptions were collected before surgery (51%), at 
discharge (96%), and one year after surgery (62%). The acute postsurgical increase 
represents the typical prophylactic PPI approach after weight loss surgery. Neither dose 
nor duration of PPI prophylactic prescription are well established. Before surgery, one 
third of patients with PPI were prescribed 2x standard dose, at discharge the rate 
increased to nearly all patients. One year after surgery, 2x standard dose was prescribed 
to 10% of patients. 
Conclusions: Efficacy of the surgical approach is reflected by large weight reduction and 
the decrease in the prevalence of type 2 diabetes mellitus and hypertension. These 
changes are mirrored by decreased prescription rates of antidiabetic and 
antihypertensive drugs. On the other hand, surgery leads to strong increase of PPI 
prescription rates and dosing, at least temporarily. Taking into account the current 
discussion of long term PPI treatment risks, a rational prescription strategy based on 
controlled trials is required for PPIs in the obesity surgery setting. 
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The unbound fraction of amiodarone is an important parameter for modelling the in 
vivo dose in humans by in vitro-in vivo extrapolation (IVIVE) 

E. Algharably1,2, R. Kreutz1, U. Gundert-Remy1 
1Charité – Universitätsmedizin Berlin, Institut für Klinische Pharmakologie und 
Toxikologie, Berlin, Germany 
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Question: Amiodarone remains one of the most important antiarrhythmic drugs in clinical 
use, despite its complex pharmacology and high potential of toxicity and side effects. In 
an in vitro study, the concentration-time profile was measured in cultured primary human 
hepatic cells in the supernatant and in the cell lysate after a dose of 2.5 µM (Pomponio et 
al., 2015). At this dose, less than 10% cytotoxicity was observed. Our aim was to predict 
the in vivo amiodarone dose in man leading to the same concentration-time profile as in 
the in vitro study. 
Methods: An IVIVE approach was applied for the extrapolation from the in vitro to the in 
vivo situation. To this end, a physiologically based human kinetic model (PBHKM) was 
constructed using the structure and the tissue distribution from a rat model (Lu et al., 
2016) and physiological parameters for a standard human person. We parameterized the 
clearance with Vmax and Km from in vitro study in human liver microsomes (Trivier et al., 
1993). The model output was validated by comparing the concentration-time data in 
plasma with the results from published pharmacokinetic studies in humans. 
Results: The predicted concentration-time profile in plasma was in good agreement with 
human experimental data of two studies (Andreasen et al., 1981; Holt et al., 1983). When 
we varied in our model the free fraction of amiodarone in plasma in a range between 1% 
and 4% as previously reported in the literature (Freedman and Somberg, 1991), it turned 
out that this parameter was the most important variable affecting the goodness of the fit. 
The in vivo dose necessary to reach the in vitro concentrations in the supernatant was 7 
mg/kg bw. However, the concentration-time course in the liver cells could only be 
reached with an in vivo dose at least tenfold higher. We found that this difference is 
attributable to the difference between protein binding in vivo (96% to 99%) and in vitro 
(nearly zero in the culture medium) as the distribution in the liver, is highly dependent on 
protein binding. Hence, the fraction freely diffusible in the liver tissue was markedly higher 
in vitro compared to the in vivo situation. 
Conclusion: When extrapolating results on toxicity from in vitro to the in vivo situation, 
non-intended in vitro/in vivo differences in the tissue concentration have to be considered 
(e.g. low protein content of the medium).  
Furthermore, the clearance in the human hepatic cell system is lower than the in vivo 
clearance. 
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Question: Ethical and practical constraints hamper the performance of pharmacokinetic 
studies in children, in particular in infants. Breast-feeding is currently not contra-indicated 
in tuberculosis patients undergoing treatment with first-line anti-tuberculosis drugs such 
as isoniazid (INH). However, experimental data on external and internal exposures of 
breast-fed children to INH via breast milk is lacking. The aim of this study was to estimate 
the external (i.e. "oral dose") and internal (i.e. Cmax, AUC) INH exposure of infants via 
breast milk. 
Methods: Two physiologically-based pharmacokinetic (PBPK) models were developed, 
one for lactating women and one for breast-fed infants. Both were coupled to one 
another. The combined model allowed for the estimation of infants' exposure to INH via 
breast milk based on physiological parameters provided by the ICRP 2002, partition 
coefficients calculated in silico (Schmitt 2008) and absorption rate and clearance 
estimates for women (Wilkins 2011) and infants (Rey 2011). Both clearance in women 
and clearance in children were described with two different clearance values to account 
for fast (f) and slow (s) metabolizers. Infants had lower clearance values than mothers. 
Model development and simulations were done in R. Model validity was assessed by 
comparison of concentration-time profiles simulated in silico with those observed in vivo 
in patients (Ricci 1954 and Singh 2007). 
Results: Simulation of the concentration-time curve after daily oral doses in the mother of 
300 mg (maximal dose recommended for tuberculosis patients) led to values that are 
shown in Table 1. The INH concentrations in plasma and breast milk simulated in 
mothers were in good agreement with those measured in lactating female patients. 
 
Figure 1 Pharmacokinetic estimates of INH in lactating women and breast-fed infants 
 

Mother–infant 
pair 

Mother Infant 

 
Plasma Cmax

[mg/L] 
Breast milk Cmax 

[mg/L] 
Plasma Cmax 

[mg/L] 
Dose 

[mg/day] 

Mother:f-
Infant:f 

5.88 5.22 0.07 0.58 

Mother:f-
Infant:s 

5.88 5.22 0.13 0.58 

Mother:s-
Infant:f 

7.60 6.75 0.12 1.49 

Mother:s-
Infant:s 

7.60 6.75 0.25 1.49 

  
Conclusions: This study strengthens evidence that INH intake by lactating mothers 
leads to very low, most likely insignificant INH exposures to infants via breast milk even if 
both mother and child are slow metabolizers. The PBPK model developed within this 
study offers a convenient tool to predict drug exposure in the breast-fed infant non-
invasively. 
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The determination of D-lactate and glycolate concentrations in biological fluids is of 
interest in the research of Parkinson"s disease. D-lactate and glycolate increase the in 
vitro survival of primary dopaminergic neurons from Parkinson"s model mice embryos. 
The products of the glyoxalases could be components of a novel pathway that maintain 
high mitochondrial potential during cellular stress. The production of glycolate and D-
lactate could be required to prevent degeneration of dopaminergic neurons in the 
substantia nigra (1). 
Sodium-D-lactate and glycolic acid were separated from mouse plasma using protein 
precipitation. Extracts of mouse brain were determined directly by LC-MS/MS.  The stable 
isotope sodium-D/L-lactate-3,3,3-d3 was used as internal standard. The chiral 
chromatographic separation of D- and L-lactate was performed on a chirobiotic column. 
The enantiomers were separated completely. Glycolic acid was measured with 
hydrophilic interaction chromatography (HILIC). 
Two high performance liquid chromatography methods combined with tandem mass 
spectrometry for the determination of glycolic acid and D-lactate in plasma were 
validated. A volume of only 50 µl mouse plasma was used. The results obtained in the 
validation showed that the method was suitable for the quantification of glycolic acid in 
plasma over the range from 0.16 to 10 µg/ml and for the quantification of D-lactate in 
plasma over the range from 1.25 to 20 µg/ml. Samples with higher concentration were 
diluted. 
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The concentration of glycolic acid in plasma of untreated mice ranged between 2.0 and 
5.0 µg/ml. In native mouse plasma about 800 µg/ml L-lactate and about 1 µg/ml D-lactate 
were found. The described method was able to determine up to 1.25 µg/ml D-lactate in 
presence of 800 µg/ml L-lactate. Both analytical methods can be used in research of 
Parkinson"s disease.  
(1)  Yusuke Toyoda, Cihan Erkut, Francisco Pan-Montojo, Sebastian Boland, Martin P. 
Stewart, Daniel J. Müller, Wolfgang Wurst, Anthony A. Hyman, Teymuras V. Kurzchalia; 
Products of the Parkinson's disease-related glyoxalase DJ-1, D-lactate and glycolate, 
support mitochondrial membrane potential and neuronal survival. Biology Open (2014) 3, 
777–784 
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Introduction: Daunorubicin, an anthracycline widely used in the treatment of acute 
myeloid leukemia (AML), is metabolized to daunorubicinol by the carbonyl reductase 
enzymes. The present study aims to clarify how metabolism influences daunorubicin 
pharmacokinetics at steady state including plasma and urine data of patients with AML. 
Methods: Daunorubicin and daunorubicinol were assessed by a liquid chromatography-
tandem mass spectrometry. The method was validated according to FDA and applied in 
the evaluation of daunorubicin pharmacokinetics in plasma and urine of 12 adult patients 
with AML after receiving the third infusion of 60 mg/m2 daunorubicin for 1 hour. Serial 
blood samples were collected until 144 h after the first infusion and the pharmacokinetic 
parameters were calculated using WinNonlin software. 
Results: The WinNonlin noncompartmental analysis was able to predict the following 
parameters (mean±SD): t1/2: 12.4 ±7 h, Cmax: 77 ±28 ng/mL, AUC0-∞ 388 ±103 
ng.h/mL, total Cl 293 ±60 L/h and Vdss 2403 ±745 L for daunorubicin in plasma and t1/2: 
15.8 ±2.24 h, Cmax: 105 ±19 ng/mL, and AUC0-∞ 2529 ±266 ng.h/mL for daunorubicinol 
in plasma. The range of protein binding was 58 – 94 % for daunorubicin and 62 - 81 for 
daunorubicinol. Regarding urinary excretion, the following parameters were obtained 
(mean±SD):  fraction of drug eliminated in unchanged form 4.4 ±1.0 %; renal Cl of 
daunorubicin 12.9 ±3.2 L/h; fraction of drug eliminated as metabolite 7.91±2.0 %. The 
daunorubicin hepatic CL, representing the drug elimination by metabolism and biliary 
excretion, was 58.02 L/h. 
Conclusion: Considering the low renal clearance values of both analytes, the urinary 
excretion of unchanged daunorubicin and daunorubicinol does not represent the major 
factor in total clearance variability. We can infer that daunorubicin and/or daunorubicinol 
biliary clearance have the major contribution. To our knowledge, this is the first study to 
report renal clearance of Daunorubicin and the fraction of daunorubicinol excreted in 
urine. 
GALETTIS, P. Br. J. Cancer. v. 70, p. 324, 1994. LACHÂTRE, F. J Chromatogr B. v.738, 
p.281, 2000. SAULTZ, J. N. J. Clin. Med., v.5, p.1 2016. VARATHARAJAN, S. Eur J Clin 
Pharmacol. v. 68, p.1577, 2012 
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Mevalonic acid as a biomarker of fluvastatin in patients with rheumatoid arthritis 

J. Caris, A. Rocha, R. Cestari, M. P. Pereira, R. Oliveira, V. L. Lanchote 
University of São Paulo, Ribeirão Preto, Brazil 

Question: Throughout the last decades, it has become increasingly evident that 
inflammatory diseases down regulate the expression and activity of metabolizing 
enzymes, as well as drug transporters. Therefore, the present study aims to evaluate the 
in vivo activity of hepatic OATP1B1 transporter in patients with rheumatoid arthritis using 
as pharmacokinetic data the plasma concentrations of fluvastatin enantiomers and as 
pharmacodynamic data the plasma concentrations of mevalonic acid. 
Methods: Nine patients with rheumatoid arthritis (Disease Activity Score > 3.2) and five 
healthy volunteers participated in this study after giving written informed consent. Serial 
blood samples were collected before (0-24 h) and following one-week treatment with 
racemic fluvastatin (20, 40 and 80 mg). Fluvastatin enantiomers and mevalonic acid were 
analyzed in plasma samples using LC-MS/MS according previous methods developed 
and validated based on FDA guide. 
Results: The minimum plasma concentrations of mevalonic acid observed in the 
investigated healthy volunteers were 2.29 and 0.98 ng/mL, respectively, for basal and 
following fluvastatin administration. The same pattern was observed for the rheumatoid 
arthritis patients (3.48 vs 1.17 ng/ mL). The fluvastatin enantiomeric ratios of AUC (-)/(+) 
were approximately 1.3 for all participants. 
Conclusion: Fluvastatin pharmacokinetics is enantioselective in healthy volunteers and 
in rheumatoid arthritis patients with lower plasma concentrations of the eutomer (+)-
3R,5S-fluvastatin. Plasma mevalonic acid showed to be a good biomarker of fluvastatin 
exposure administered in doses ranging from 20 to 80 mg/day. 
References: CHRISTENSEN, H.; HERMANN, M. Front Pharmacol, v. 3, p. 8, 2012. 
Financial support: São Paulo Research Foundation (FAPESP/Brazil). 
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Mevalonic acid as a biomarker of atorvastatin in patients with systemic lupus 
erythematosus 

R. Cestari, A. Rocha, J. Caris, M. P. Pereira, R. Oliveira, V. L. Lanchote 
University of São Paulo, Ribeirão Preto, Brazil 

Question: Previous experimental and in vitro studies have shown that inflammatory 
diseases, such as systemic lupus erythematosus (SLE), are associated with changes in 
the activity of drug transporters, such as OATP1B1, as well as in the CYP enzymes 
involved in metabolism. Considering that atorvastatin is a substrate of the drug 
transporters OATP1B1 and it is metabolized by CYP3A4, our hypothesis is that patients 
with SLE could differ from the general population in terms of the pharmacokinetics and 
pharmacodynamics of atorvastatin due to the decrease in OATP1B1 activity, with 
consequent reduction of the influx of statin into the hepatocyte. The present study aims to 
evaluate the influence of SLE on the pharmacokinetics and pharmacodynamics of 
atorvastatin using plasma mevalonic acid as a biomarker.  
Methods: Six patients with SLE (SLEDAI>5) and 12 healthy volunteers were 
investigated. All participants received a single oral dose of atorvastatin (20, 40 or 80 mg) 
before and following five days treatment with gemfibrozil (600 mg/12h). Serial blood 
samples (0-24h) were collected before atorvastatin treatment (basal phase) and following 
(0-36h) atorvastatin administration as monotherapy (phase 1) or associated with 
gemfibrozil (phase 2). Atorvastatin (ATV) and its metabolites (ortho and para-hydroxy-
ATV, ATV lactone, and ortho and para-hydroxy-ATV lactone) and mevalonic acid were 
assessed by a liquid chromatography–tandem mass spectrometry LC–MS/MS. The 
methods were validated according to FDA recommendations. Pharmacokinetic 
parameters were calculated using WinNonlin software.  
Results: Atorvastatin decreased the minimum plasma concentrations of mevalonic acid 
in all investigated groups (Mean values: healthy volunteers-2.62 ng/mL for basal phase; 
0.84 ng/mL for phase 1 and 1.03 ng/mL for phase 2; patients with SLE-2.89 ng/mL for 
basal phase; 0.90 ng/mL for phase 1 and 1.25 ng/mL for phase 2) with observation that 
the administration of gemfibrozil returns the values close to the basal phase. The 
administration of gemfibrozil increased the AUC values of all analysed atorvastatin 
metabolites probably due to inhibition of drug transporters present on the canalicular 
membrane.  
Conclusion: Plasma mevalonic acid is a good biomarker of single oral dose atorvastatin 
exposure administered as monotherapy or associated with gemfibrozil. Gemfibrozil 
affects the pharmacokinetics and metabolism of atorvastatin in healthy volunteers and 
patients with SLE. 
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Therapeutic drug monitoring of meropenem in intensive care patients: Are 
dried blood spots a viable alternative to plasma samples?  

D. Monastyrski, J. Martens-Lobenhoffer, U. Tröger, S. M. Bode-Böger 
Otto-von-Guericke University, Institute of Clinical Pharmacology, Magdeburg, Germany 

Background: Meropenem, a beta-lactam antibiotic belonging to the group 
of carbapenems, is widely used in the treatment of serious and complicated infections. 
Therapeutic drug monitoring (TDM) is strongly recommended to achieve therapeutic 
success but the limited stability of the drug in plasma makes transport between clinic and 
laboratory complex. The aim of this study was to investigate whether dried blood spots 
(DBS) were usable for TDM of meropenem and whether DBS could facilitate sample 
transport.  
Methods: Meropenem plasma levels obtained from intensive care patients treated 
with meropenem for various infections were compared with the results of the 
corresponding DBS samples. Quantification of meropenem in plasma as well as in DBS 
was carried out by validated isotope dilution LC-MS/MS methods.  
Results: The quantification of meropenem in DBS was successfully validated 
with coefficients of variation of <11.6% and accuracies between 96.9% and 
101.8%. Meropenem plasma and DBS quantification results correlated closely. The 
stability of meropenem in DBS was sufficient as no clinical relevant decay of the drug 
(<15%) was observed for at least 48 h of storage at room temperature without any 
precaution.  
Conclusion: DBS proved to be a viable matrix for the quantification of meropenem 
in patient samples. Plasma concentrations could be estimated from DBS 
concentration measurements with good accuracy. The improved stability of meropenem 
in DBS may simplify sample transport between clinic and laboratory. 
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Doping in equestrian sports: Meta-analysis to validate International residue limits 
for the methylxanthines caffeine and theophylline 

R. Hertzsch, A. Richter 
Universität Leipzig - Veterinärmedizinische Fakultät, Institut für Pharmakologie, 
Toxikologie und Pharmazie, Leipzig, Germany 

Question: The methylxanthines caffeine and theophylline are classified as prohibited 
substances in equine sports due to their potential to influence the performance. They can 
enter the equine body either through a wilful application or due to an unintended uptake 
of contaminated feed. The International Federation of Horseracing Authorities (IFHA) 
recently introduced International Residue Limits (IRLs) to facilitate a discrimination 
between pharmacological relevant and irrelevant concentrations of caffeine and 
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theophylline in doping samples. The objective of this study was to investigate the 
scientific validity of these IRLs. 
Methods: A systematic meta-analysis was performed to assess the IRLs of the 
investigated substances. Firstly, potentially relevant publications were identified by a 
thorough literature search. Pre-defined inclusion criteria were then utilized to identify 
studies suitable for the meta-analysis. All useful data were extracted from these studies 
and statistically analysed. These data served as the basis for the application of three 
scientifically recognized methods used for the determination of thresholds in equine 
sports. 
Results: The literature search identified 213 potentially relevant publications, of which 31 
met the inclusion criteria. The data extracted from these studies allowed the application of 
two methods for theophylline and three methods for caffeine. 
The IRLs of caffeine and theophylline were determined to be appropriate for the exclusion 
of the presence of a relevant pharmacological effect after a wilful systemic application. 
The IRL of theophylline was also determined to be suitable for the prevention of positive 
doping tests caused by the ingestion of feed contaminated with legally permissive or 
unavoidable concentrations of this substance, which could not be confirmed for caffeine. 
The lack of an IRL for paraxanthine, a major active metabolite of caffeine and 
theophylline, was recognized as a substantial shortcoming of the current system, 
rendering both IRLs incomplete. 
Conclusion: The current IRLs for caffeine and theophylline do not meet all necessary 
requirements for a fair and doping-free equestrian sport and should be modified 
accordingly. 
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In silico genotoxicity and carcinogenicity prediction for food-relevant secondary 
plant metabolites 

J. Glück, T. Buhrke, F. Frenzel, A. Braeuning, A. Lampen 
German Federal Institute for Risk Assessment, Food Safety, Berlin, Germany 

Question: Humans are exposed to thousands of different secondary plant metabolites 
that are present in plant-derived food. These substances may have beneficial health 
effects, but numerous compounds may also have toxic potential. Toxicological data exist 
only for few substances of this very large and diverse group of secondary plant 
metabolites. In the present study, in silico methods were employed to predict the 
toxicological potential of a number of phytochemicals. Around 600 phytochemicals were 
analysed with freely available software tools to predict the toxicological endpoints 
mutagenicity and carcinogenicity. 
Methods: Mutagenicity prediction was conducted by using the VEGA models SARpy, 
KNN, ISS, and CAESAR, the LAZAR model "Salmonella typhimurium", and the T.E.S.T. 
software. Carcinogenicity prediction was carried out by using the VEGA models ISSCAN-
CGX, ISS, CAESAR, and ANTARES, as well as the LAZAR model "Rodents (multiple 
species/sites)". A scoring method was developed to evaluate the various prediction 
results. This allowed the combination of the different model outputs for one endpoint in 
order to increase the predictive power of the different software tools. Finally, the 
substances were ranked according to their mutagenic and carcinogenic scores. 
Results: Combination of the results of different models increased the accuracy and 
specificity of the mutagenicity predictions. By using the combined model, seven 
substances [(-)-asimilobine, aloin, annoretine, chrysothrone, coptisine, elymoclavine, and 
thalicminine] were predicted to be genotoxic with high probability and may therefore be 
subject for subsequent high priority experimental genotoxicity testing. In regard to 
carcinogenicity prediction, there were not enough experimental data available to validate 
the combination of carcinogenicity models. However, the class of pyrrolizidine alkaloids is 
suggested to be a high priority subject for further studies as almost all of these 
substances examined in the present study have been predicted to be carcinogenic with 
high probability. 
Conclusion: In silico prediction can be a useful tool for prioritization purposes but can 
still not replace experimental toxicity testing. 
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In depth analysis of selected cosmetic ingredients from the SkinAB database 

S. Schmeinck1, A. Bitsch1, H. Genth2 
1Fraunhofer Institute for Toxicology and Experimental Medicine ITEM, Chemical Risk 
Assessment, Hanover, Germany 
2Medical School Hannover, Institute of Toxicology, Hanover, Germany 

Due to the ban of animal testing for cosmetic ingredients databases gathering information 
on these substances can be one way to cope with the lack of animal studies used in 
conventional risk assessment. This can lead to an increased importance of the "read 
across" strategy in risk assessment issues. 
However, evaluation of systemic availability of a substance is required here and, thus 
dermal absorption is an important factor in risk assessment for the cosmetic industry. 
An overlap analysis of registered cosmetic ingredients with our SkinAB database showed 
that more than 400 substances listed in our database can be relevant for cosmetic 
products[1]. 
Depending on the use of the substance, dermal absorption ranges from less than 1% to 
nearly 100%, but more than 50% of the substances show 20% or less absorption. This 
great range is also seen for one substance because of species differences and other 
influences on dermal penetration. These factors need to be taken into account when 
alternative methods are applied to ensure predictability for human exposure. 

A comparison of in vitro and in vivo data for selected substances can be used to 
determine if there are differences in the results that have to be considered for future 
testing especially regarding the above described factors of influence need to be 
considered 
To support the strategy of "read across" we selected from our SkinAB database on 
dermal penetration "data-rich" compounds as cases where a comparison for toxicity on 
different routes of exposure was analyzed in depth to show the value of connecting 
different databases on different toxicity aspects to find alternative ways in risk 
assessment. Thereby a comparison of dermal penetration data with repeated dose data 
on dermal and oral exposure from the RepDose database can improve the risk 
assessment[2]. 
One topic that is frequently discussed in the media is the content of aluminum in cosmetic 
products. Aluminum is regarded as a neurotoxin at higher doses, which leads to 
discussions on its use in cosmetic industry. A comparison of dermal absorption data and 
other toxicological studies can help to provide sufficient data for risk assessment. 
The in depth analysis of selected substances and comparison of different studies from 
various databases can be used for example for read across purposes and for strategic in 
vitro testing regarding cosmetic ingredients. 
[1]https://ec.europa.eu/growth/sectors/cosmetics/cosing_de 
[2]http://fraunhofer-repdose.de 
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QSAR predictions of skin sensitization by open-source tools for 48 selected 
sensitizing and non-sensitizing active substances in pesticides 

C. Braeuning1, A. Braeuning2, H. Mielke3, A. Holzwarth4, M. Peiser4 
1Max Delbrück Center for Molecular Medicine (MDC), BIMSB/BIH Genomics, Berlin, 
Germany 
2Federal Institute for Risk Assessment, Food Safety, Berlin, Germany 
3Federal Institute for Risk Assessment, Exposure, Berlin, Germany 
4Federal Institute for Risk Assessment, Department Safety of Pesticides, Berlin, Germany 

In the EU, applicants have to provide studies on skin sensitization for approval of active 
substances in pesticides, biocides and chemicals under REACH. Whereas data 
requirements under REACH regulation allow submission of one in chemico and two in 
vitro assays, for pesticides the in vivo skin sensitization assays LLNA, Buehler test and 
guinea pig maximization test are still the only option to address this endpoint. 
Consequently, we raised the question if in silico predictions by freely available 
(Quantitative) Structure-Activity Relationships ((Q)SAR) tools could contribute to 
evaluation of sensitization for active substances in pesticides. A total of 48 active 
substances with known sensitizing potential (sensitizing or non-sensitizing, classified by 
EFSA or by ECHA) was selected. Available in vivo data from Buehler, GPMT and LLNA 
of approved active substances were screened according to defined quality criteria. The 
tool "Organic Functional Groups" included in the OECD (Q)SAR Toolbox was used for 
chemical characterization. Different software programs, that were listed for skin 
sensitization prediction by a recently published ECHA guidance document, namely 
CAESAR, Toxtree, OECD (Q)SAR Toolbox and CASE Ultra, Leadscope, and SciQSAR, 
were selected for internal comparison. Established data evaluation methodologies (score 
definition, mean, weighted mean, threshold score definition) were applied to optimize the 
predictions. To identify possible differences in the chemical structure, all substances were 
identified by the OECD (Q)SAR Toolbox tool (QTB). We found that 67 functional groups 
were shared between test and validation set. The best result concerning positive and 
negative predictive value (PPV and NPV) was achieved by combining the predictions of 
six (Q)SAR models using weighted mean and thresholds. These thresholds mark score 
values above or below which the predictions are considered positive or negative, 
respectively. This way, a PPV of 85% for the test set and a PPV of 60% for the validation 
set was yielded. Combining different QSAR tools is a promising approach for future risk 
assessment of pesticides. If accuracy and specificity of the predictions was improved, 
their use could constitute a time- and cost effective in silico tool in addition to animal 
testing and thereby contributing to methods of the 3R concept. 
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Identifying research areas in need for developing 3R measure 

B. Bert1, B. Grune1, G. Schönfelder1,2 
1German Federal Institute for Risk Assessment (BfR), German Centre for the Protection 
of Laboratory Animals (Bf3R), Berlin, Germany 
2Charité – Universitätsmedizin Berlin, corporate member of Freie Universität Berlin, 
Humboldt-Universität zu Berlin, and Berlin Institute of Health, Institute of Clinical 
Pharmacology and Toxicology, Berlin, Germany 

There is an ongoing debate regarding the implementation of 3R measures in biomedical 
research. So far, tools to support governments and third-party donors in target-oriented 
3R funding are missing. To address this issue, a fine-grained overview of animal 
experiments, e.g. concerning methods, primary hypotheses, and statistical analyses 
would be beneficial, but within the authorization process of animal experiments the 
publication of this detailed information is not mandatory. Therefore, an alternative 
approach is needed. 
The European Directive 2010/63/EU for the protection of laboratory animals requires that 
a comprehensible, non-technical summary (NTS) of each authorised research project 
involving animals is published by the respective Member State. The anonymised NTSs 
include information on the projects objectives and potential benefits, expected harm, 
number of animals, species, and a demonstration of compliance with the requirements of 
the 3R principle (replace, reduce, and refine). The contents embedded in the NTSs offer 
the opportunity to generate more information for research and the public. Our approach 
was to analyse the duly completed NTSs submitted to the German web-based database 
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AnimalTestInfo in 2014 and 2015 by classifying the NTSs according to the International 
Classification of Diseases and Related Health Problems (ICD) system. 
Indexing the NTSs with ICD codes provided a fine-grained overview of the prospective 
uses of experimental animals. We were able to pinpoint the envisaged benefits down to 
the level of the addressed disease. Thereby, we identified specific research areas with 
many planned in vivo projects, e.g. Malignant neoplasms of digestive organs, 
Cerebrovascular diseases, and Demyelinating diseases of the central nervous system. 
The development of 3R measures in these research areas may be most efficient as a 
large number of experimental animals would benefit from it. Data drawn from NTSs can 
provide a basis for the development, validation, and implementation of directed 3R 
strategies as well as guidance for rethinking the role of animal research models. 
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The CULTEX© Radial Flow System (RFS) as in vitro screening approach to analyze 
the acute toxicity of inhalable substances 

A. Tsoutsoulopoulos1, K. Gohlsch2, N. Möhle3, A. Breit2, H. Mückter2, T. Gudermann2 
O. Krischenowski3, S. Hoffmann4, H. Thiermann1, M. Aufderheide3, D. Steinritz1,2 
1Bundeswehr Institute of Pharmacology and Toxicology, Munich, Germany 
2Ludwig-Maximilians-Universität, Walther-Straub-Institute of Pharmacology and 
Toxicology, Munich, Germany 
3Cultex Laboratories GmbH, Hanover, Germany 
4seh consulting + services, Paderborn, Germany 

Question: Evaluation of pulmonary toxicity, taking into account the requirements of the 
EU chemical legislation REACH (Registration, Evaluation, Authorization and restriction of 
Chemicals), implementation of the "3R" concept (Replacement, Reduction and 
Refinement) and focus on animal-free methods, demands the use of appropriate in vitro 
models. Such in vitro methods have to fulfill certain EURL-ECVAM (European Union 
Reference Laboratory for Alternatives to Animal Testing) criteria before being accepted 
as a valid animal replacement model. The CULTEX® Radial Flow System (RFS) is a 
specially designed modular in vitro exposure system that meets all requirements for the 
homogenous exposure of cultivated human lung cells at the air-liquid interface (ALI), 
thereby showing a great similarity to the physiological conditions in the alveolar region 
and the inhalation situation in vivo [Aufderheide et al., 2013]. Substantial progress was 
made in a former pre-validation study, resulting in a successful characterization, 
improvement and optimization of the method, thereby almost complying with all 
requirements of EURL-ECVAM [Steinritz et al., 2013; Tsoutsoulopoulos et al., 2015]. The 
current study focuses on the validation of the CULTEX® RFS and the improvement of the 
prediction model. 
Methods: All exposure experiments were conducted in three independent laboratories. 
Human lung epithelial cells (A549) were grown on microporous membranes and radially 
exposed to clean air (process control) or different test substances for 15, 30 and 60 min 
under ALI conditions. Cell viability as a parameter of toxicity was determined 24 h after 
exposure using the WST-1 assay. 
Results: The results of the pre-validation study have shown the general applicability of 
the CULTEX® RFS. Harmonization and refinement of methodological and technical 
aspects within the consolidation phase resulted in highly stable and robust data. The 
subsequent validation study was conducted to exclude any influence of the investigator 
by blinding of experiments using coded test compounds and to correlate our results with 
acute inhalation data obtained from in vivo tests. Our overall results of the validation 
study confirm an impressive reproducibility across the three cooperating laboratories and 
a very good transferability of the CULTEX® RFS method. 
Conclusion: The presented results highlight the CULTEX® RFS as an innovative in vitro 
screening approach to analyze the acute toxicity of inhalable substances. 
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In vitro toxicity testing – Automation of cell-based assays  

L. Schober, M. Walter, A. Traube 
Fraunhofer IPA, Laboratory Automation and Biomanufacturing Engineering, Stuttgart, 
Germany 

The use of cell-based assays in pharmaceutical industry and academic research is a 
growing trend to get more insight into the functional mechanisms of new drug substances 
already in vitro. These benefits can reduce the costs and timelines in further pre-clinical 
development also by the reduction of late-stage drug failures. However, cell-based 
assays are still labor-intensive and costly and show only limited reproducibility. The use 
of automated systems can overcome these hurdles, but there are still some challenges 
limiting the wide application of automated systems in this application field. Examples are 
the lack of flexibility of existing systems and the demand for skilled computer scientists 
and engineers to run and maintain the systems. 
A new service orientated modular platform for the execution of cell-based assays consists 
of automated liquid handling robots (Tecan Fluent®), plate and tube handling robots 
(Precise PF750XR; Fanuc LR Mate-200iC) as well as incubators (Liconic STR44; Thermo 
Scientific™ Cytomat 48), refrigerator (Liconic STR44) and analysis systems as for 
example an imaging system (BioTek Cytation™ 5). Via web-based configurator the 
assays can be selected, parameterized and ordered to start the automated procedure. By 
capturing in process data as well as environmental conditions, a real complete data set is 
leading to comprehensively results. As soon as results are available during the process, 
the view and analysing can be done in a secure cloud. 

In this study we implemented bioassays addressing cell viability, cytoxicity, apoptosis and 
reactive oxygen species (Promega CellTiter-Glo®, Cell ApoTox-Glo™ Triplex, ROS-
Glo™ H2O2) on that platform. We could demonstrate that this service is a promising tool 
to address the need on reproducibility and fast accessibility to results. The period of time 
from the first order step until the reception of results could be speeded-up enormously, by 
online order (24/7), automated execution and online data access. Furthermore the secure 
interaction with additional services e.g. other specific data analysis tool is possible. 
This dynamic access to automation offers high flexibility also for low throughput 
experiments and will push high quality research and drug development in early stage. 
Implementation of further bioassays will be done in the next phase. 
Figure 1: Picture of assembled automated platform with housing for cell-based assays. 
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Chemotaxis and cytotoxicity of metal oxides 

G. Westphal1, N. Rosenkranz1, C. Monsé1, M. Kirchner 2, K. Loza 3, A. Rostek3  
M. Epple3, T. Brüning1, J. Bünger1 
1Ruhr-Universität Bochum, IPA, Bochum, Germany 
2Ruhr-Universität Bochum, IGF Institut für Gefahrstoff-Forschung, Bochum, Germany 
3Universität Duisburg-Essen, Institut für Anorganische Chemie, Essen, Germany 

Question: Metal oxides comprise a broad variety of particles that widely differ regarding 
crystallinity, size, surface and solubility. These characteristics are associated with a 
different local and systemic toxicity. The first step of toxic particle effects is inflammation 
induced by chemotaxis of macrophages. Previously we showed that chemotaxis of 
differentiated HL-60 cells (dHL-60 cells, as a model for neutrophils) in response to cell 
supernatants from particle challenged NR8383 rat alveolar macrophages may serve as a 
model for particle induced inflammation of the lung. In the present study we investigated 
metal oxides of different toxicity; including soluble copper (I and II) and zinc oxides. 
Methods: NR8383 rat alveolar macrophages were challenged with metal oxide particles 
up to 164 μg/cm2. The cell supernatants were than used to induce migration of 
unexposed NR8383 rat macrophages and dHL-60 cells. Cytotoxicity was determined with 
the LDH test. Particle- and agglomerate size, crystallinity and surface area were 
analyzed. 
Results: ZnO exerted the strongest cytotoxicity and chemotaxis of the investigated metal 
oxides, followed by Cu(I)O, Cu(II)O, TiO2 as rutile and rutile NP inducing similar, 
moderate effects. TiO2 in the form of anatase and anatase NP induced weak chemotaxis. 
ZrO2 and Fe3O4 (magnetite) were inert. 
Conclusion: With the exception of ZnO all investigated metal oxides showed 
intermediate, weak or no chemotaxis in vitro – which is consistent with a rather weak 
toxicity in vivo. The soluble ZnO however acted strongly cytotoxic and chemotactic in 
vitro. On one side this strong inflammatory stimulus may not lead to strong chronic toxicity 
in vivo due to the rapid elimination of dissolved ZnO from the lung but may lead on the 
other side to the widely known systemic pyrogenic effects of the Zn2+ ion. 
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Influence of doxorubicin on differentiation of mouse embryonic stem cells (mESC) 
into endothelial-like cells 

S. K. Jahn, T. Hennicke, G. Fritz 
Medical Faculty of Heinrich-Heine-University Düsseldorf, Institute of Toxicology, 
Düsseldorf, Germany 

Question: Anthracyclines, such as doxorubicin (Doxo), play an important role in the 
treatment of certain types of cancer. Albeit a lot of side effects are associated with the 
use of anthracyclines, cardiotoxicity is the clinical most relevant. Endothelial cells line the 
entire circulatory system and also function in regenerative processes, angiogenesis and 
vasculogenesis. Due to their barrier function, endothelial cells are exposed to high 
concentrations of systemically present noxae, which can induce stress responses and 
cell death. Moreover, apart from cardiomyocytes, endothelial cells have been speculated 
to contribute to anthracycline-induced cardiotoxicity.       Using a mouse embryonic stem 
cell based in vitro differentiation model, we analyzed the cytotoxic impact of Doxo on 
mESC derived endothelial-like cells. 
Methods: mESC were pulse-treated during the differentiation process with different 
concentrations of Doxo and the differentiated cells were analyzed at the end of the 
differentiation process. To examine Doxo-mediated cytotoxicity, the Alamar blue assay 
was performed. Measuring the incorporation of EdU, cell proliferation was investigated. 
Using FACS analysis we quantified Doxo-induced SubG1 fraction as a marker of 
apoptosis. Moreover, the frequency of apoptotic cells was examined by evaluating 
nuclear morphology. To analyze the expression of endothelial cell markers on mRNA 
level we used realtime PCR. 
Results: mESC and mESC derived endothelial-like cells show a dose dependent 
reduction in viability after Doxo treatment, with mESC being more sensitive. The number 
of EdU-positive cells decreased with increasing concentrations. Regarding cell death, 
Doxo augmented the number of apoptotic cells with increasing Doxo concentrations. No 
major differences were observed between Doxo-treated cells and their respective control 
with respect to the expression of endothelial cell markers on mRNA level. In ongoing 
experiments we examine the expression of endothelial markers on protein level and 
examine the influence of Doxo on prototypical endothelial functions, such as tube 
formation or LDL-uptake. 
Conclusion:  Doxorubicin influences cell viability and proliferation as well as apoptosis of 
mESC and mESC derived endothelial-like cells in a dose dependent manner. Doxo 
sensitivity alters with differentiation process. Notably, Doxo does not affect the mRNA 
expression of endothelial marker genes in mESC derived endothelial-like cells. 
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Propiconazole activates AhR in vitro and induces mixture effects with an 
established AhR ligand 
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Consumers are exposed to residues of pesticides via the diet. Some pesticides are 
known to exert adverse effects on different target organs. Hepatotoxic effects of the 
widely used triazole fungicide propiconazole (Pi) are generally attributed to the activation 
of the nuclear receptors constitutive androstane receptor (CAR) or pregnane X receptor 
(PXR). We now investigated the effects of Pi on the nuclear receptor aryl hydrocarbon 
receptor (AhR), which is also an important mediator of hepatotoxicity. 
Changes in AhR-dependent reporter gene transactivation, AhR target gene mRNA and 
protein expression as well as enzyme activities were examined in HepG2 or HepaRG 
human hepatoma cells using RT-PCR, mass spectrometry and the EROD 
(ethoxyresorufin-O-deethylase) assay. Furthermore, we investigated the combination 
effects of Pi and the model AhR ligand Benzo[b]fluoranthene (BbF). 
Our results show that Pi activates the AhR in reporter gene assays in human cells. This 
dose-dependent activation of the AhR was subsequently confirmed by real-time RT-PCR 

analyses of the model AhR target genes CYP1A1 and CYP1A2 in HepaRG cells. In 
addition, results of CYP1A1 protein level quantification showed Pi-dependent induction of 
the enzyme. CYP1A1 and CYP1A2 enzyme activity measurements demonstrate that Pi 
significantly induced CYP1A1 and CYP1A2-dependent reactions in human HepaRG cells 
at higher concentrations. Modeling of dose-response curves revealed that cellular effects 
of combinations of Pi and BbF can be explained by dose additivity. 
In conclusion, our results demonstrate that Pi is an activator of the human AhR. When Pi 
was applied in combination with the clearly more potent AhR ligand BbF, we observed 
dose additive effects. 
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A combination of in-vitro and ex-vivo test models as an upstream alternative to 
regulatory OECD 403 animal studies 

D. Walter, D. Ritter, J. Knebel, K. Schwarz, T. Hansen 
Fraunhofer Institute for Toxicology and Experimental Medicine, PreClinical Pharmacology 
and in vitro toxicology, Hanover, Germany 

Fraunhofer ITEM developed ex-vivo and in-vitro screening tests for estimation of acute 
inhalation toxicities prior to regulatory OECD 403 in-vivo studies. The two complementary 
methods applied included a rat isolated perfused lung (IPL) model and a cell-based in-
vitro approach using human lung epithelial cells under air-liquid-conditions based on the 
P.R.I.T.®-ALI technology. Sodium lauryl sulfate (SDS, positive control in-vitro), 
chlorothalonil and mancozeb represent compounds with well-known toxicity that were 
used to establish dose-response relationships in-vitro and to assess acute changes in 
respiratory parameters ex-vivo. The PreciseInhale® technology was used for efficient 
aerosol generation and precise aerosol exposures. In order to determine pulmonary 
viability, the respiratory parameters tidal volume (VT), resistance (RL), dynamic lung 
compliance (Cdyn) and the relative increase in lung weight were determined in IPL 
experiments. In-vitro analysis was carried out by application of a tetrazolium salt assay 
(WST-1) for estimation of cell toxicity following to a 24 hour post exposure incubation 
period. The exposures of IPLs to chlorothalonil or mancozeb led to moderate alterations 
of respiratory parameters, but resulted in dose-dependent increases in lung weight and 
thus pulmonary oedema formation. In-vitro exposures to all three test substances 
resulted in dose-dependent reductions of viability and establishment of EC50 values. 
Consistently in both assays, mancozeb showed a significantly lower toxic potential than 
chlorothalonil and results were, thus, confirming the findings of in-vivo studies. The 
combination of both assays for the prediction of acute toxic potential will be used with 
further substances exhibiting known or unknown toxic potentials to broaden the data base 
and verify the reliability of this test battery. 
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In vitro and in vivo comparison of the skin sensitizing potential of UVCB 
substances used in cosmetic products 

M. Kleber1, M. Flach2, S. Kolle2, A. Mehling1, S. Bade2, N. Watzek1 
1BASF Personal Care + Nutrition GmbH, Düsseldorf, Germany 
2BASF SE, Ludwigshafen am Rhein, Germany 

For cosmetic ingredients, in vitro methods are a key element to assess the safety of the 
products, because application of in vivo animal tests would lead to a marketing ban of the 
cosmetic product. In this study, the applicability of in vitro tests accepted e.g. under 
European legislation REACh, such as the Direct Peptide Reactivity Assay (DPRA, OECD 
442C), the LuSens assay (OECD 442D) and the human cell line activation test (h-CLAT, 
OECD 442E) for prediction of the skin sensitizing potential of seven UVCB substances 
(plant extracts) used in cosmetics was investigated. The results from the three assays 
were compared to available in vivo Local Lymph Node Assay (LLNA) data in a proof of 
concept study. 
Four of the seven substances were classified as non-sensitizers in the LLNA. Employing 
the established "2-out-of-3" prediction model, none of those four test substances were 
correctly predicted as "non-sensitiser" in the in vitro test battery. The remaining three 
substances were classified as sensitizers in the LLNA. All three substances were 
correctly predicted as "sensitisers" in the in vitro test battery. 
The results of this proof of concept study indicate that not all assays commonly used in 
the 2 out of 3 test strategy may be applicable to the type of plant extracts tested here. 
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Comparison of in vitro and in vivo testing methods for skin sensitization potential 
of polymeric substances 

M. Flach1, M. Kleber2, S. Kolle1, L. Hareng1, A. Mehling2, N. Watzek2, S. Bade1 
1BASF SE, Ludwigshafen am Rhein, Germany 
2BASF Personal Care and Nutrition GmbH, Düsseldorf, Germany 

For cosmetic ingredients, in vitro methods are a key element for hazard assessment 
since animal tests entail a marketing ban of the cosmetic product. In this study, the 
applicability of the Direct Peptide Reactivity Assay (DPRA)1, the LuSens assay2 and the 
human cell line activation test (h-CLAT)3 in predicting the skin sensitizing potential of 14 
polymeric substances used in cosmetics was investigated. The results from the three 
assays were compared to available data from animal tests. 
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Of the 14 substances investigated, four could not be assessed due to inconclusive in vitro 
test results. Using the “2-out-of-3” prediction model for the results of the in vitro tests, an 
overall low accuracy was determined. Remarkably, the h-CLAT was false-positive for 
eight of ten non-sensitizers.  
 
Further work is needed to clarify the applicability of the “2-out-of-3” prediction model to 
polymeric substances. 
 
1DPRA – OECD Testing Guideline 442C 
2LuSens assay – OECD Testing Guideline 442D 
3h-CLAT – OECD Testing Guideline 442E 
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Porcine nasal mucosa as a suitable model for intranasal drug delivery 

S. Ladel1, J. Flamm1, S. Rosmer1, J. C. Walter1, D. Filtzwieser1, P. Schlossbauer1  
P. Deing1, K. Schindowski1 
1Institute for Applied Biotechnology, Biberach University of Applied Science, Biberach an 
der Riss, Germany 

Question: For the past decades, the interest in investigating alternative routes for CNS 
drug delivery into the brain without passing the blood brain barrier is increasing. One 
option is the intranasal route via the olfactory epithelium (Gizurarson, 2012). As the 
human nasal cavity is anatomically different to most of the standard small animals used in 
animal models such as rat, mice and dogs, there is the need for new models for 
preclinical testing. In our group, we want to evaluate a tissue culture flow-through-model 
simulating the conditions at the olfactory mucosa using porcine biopsates of the occipital 
part of the ventral nasal turbinate (VNT). The aim of this study is to evaluate the tissue 
culture flow-through-mode by comparing to standard cell culture models such as the 
RPMI2650 cell line. 
Methods: 4% PFA-fixed samples from the porcine VNT are used for 
immunohistochemical analysis of the Bowman"s glands (aquaporine 5, cytokeratine 17), 
the olfactory neurons (neurofilament heavy chain, PGP9.5) and the local immune system 
(CD3, CD14, CD20). For tissue culture in flow-through mode, explants from the porcine 
VNT were cultivated in MEM + 20 % FBS + 100 U/ml-100 µg/ml penicillin-streptomycin 
medium over 2 days on hyaluronic acid based- cell matrix (Figure 2). Tissue integrity was 
tested using histological methods. 
Results: This study provides information about the histological features of human and 
porcine olfactory mucosa concerning cell composition, gland localization, immune system 
and the environmental milieu. We could show evidence for the similarity of both species 
in the regio olfactoria. We were able to keep nasal tissue samples in culture for 48 h 
without detecting histological differences due to tissue degradation. 
Conclusion: From histological point of view, we could prove that the porcine nasal 
mucosa is a suitable model for the human olfactory mucosa. In terms of tissue cultures as 
a model for intranasal drug delivery, tissue explants could be cultivated for days, which is 
important for long-term cytotoxicological examinations. In near future, we will start with 
permeation experiments using insulin and FITC-dextran to compare our model to 
previously performed mouse experiments. Furthermore, we are working with different 
probes for mucins, proton pumps and water channels to evaluate the physicochemical 
environment of the olfactory mucosa for future drug design via in-situ hybridisation. 
 
Figure 1 

 

Figure 2 
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Toxicity in A549 cells: A head to head comparison of air liquid interface and 
submerged exposure 

K. Gohlsch, T. Gudermann, H. Mückter, A. Breit 
Ludwig-Maximilians-Universität München, Walther-Straub-Institut für Pharmakologie und 
Toxikologie, Munich, Germany 

Question: In-vitro studies of the toxic effect of substances on the respiratory system 
under submerge conditions could lead to false results since agglomerations and changes 
in the biological and chemical properties of the substance might occur. Exposure of cells 
on the air liquid interface (ALI), in which the particles are distributed directly on the cells, 
could be superior but it demands a high effort of equipment, time and costs. So far there 
have been only a few attempts to directly compare toxic effects of substances on cells of 
the respiratory system under ALI and submerged conditions. Aim of the study was to 
compare the impact of different substances on the human lung epithelial cell line A549 
under ALI and submerse conditions.  
Methods: A549 cells were seeded on microporous insert membranes and exposed with 
particle dust using the CULTEX® Radial Flow System (ALI exposure) or on 6 well plates 
and treated with substances dissolved in medium (submerged exposure). Cell viability 
was measured with the WST-1 assay after 24-hour exposure at three different 
concentrations (25, 50, 100 μg / cm²). The investigated 18 substances were divided into 3 
groups: (A) no hazard identification (5 substances), (B) with dangers to the respiratory 
system (8 substances) or (C) other hazard identification (5 substances).  
Results: Comparison of the results between both exposure conditions revealed both 
agreements (9 substances) and differences (9 substances). In group (A) damaging 
effects were measured for 1 substance under ALI exposure or none under submerse 
conditions. In group (B) 7 substances were identified as toxic under ALI and 6 under 
submerse conditions. In group (C) 4 substances were harmful under ALI and 2 under 
submerse conditions.  
Conclusion: The differences between the results of submerged and ALI exposure 
indicate the difficulties in studying the toxicity of inhalable substances in vitro. 
Interestingly, in particular in groups B and C, substances are more harmful under ALI 
compared to submerse conditions, suggesting a higher sensitivity of the ALI experiment. 
Thus, although the method for the particle exposure at the ALI does not represent the 
complete respiratory system, it might be in deed be superior to submerse exposure and 
therefore may contribute to the assessment of potential risk of inhalable particles. 
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CAR-mediated expression of CYP2B1 in primary rat hepatocytes: A comparison 
between two isolation methods. 

M. Wollenweber1, D. Dimitrijevic1, B. van Ravenzwaay2, D. Schrenk1 
1University of Kaiserslautern, Food Chemistry and Toxicology, Kaiserslautern, Germany 
2BASF SE, Experimental Toxicology and Ecology, Ludwigshafen am Rhein, Germany 

Introduction: The constitutive androstane receptor (CAR; NR1I3) is an orphan member 
of the nuclear receptor family. CAR regulates several physiological processes, such as 
energy metabolism and bilirubin clearance and plays a major role in the hepatic 
metabolism of xenobiotics. Approximately 75 % of all drugs are metabolized by phase I 
enzymes controlled by CAR. Besides the regulation of phase I and II metabolism, CAR is 
also involved in the phenobarbital-mediated tumor promotion in rodents. CAR is, in its 
inactive state, located in the cytoplasm. Upon activation, CAR translocates to the nucleus 
and regulates the expression of various genes. In several immortalized cell lines, 
however, CAR is constitutively active in the nucleus, making it difficult to measure in vitro 
CAR activation above baseline. 
Question: In this study, we compare two different perfusion methods for the isolation of 
primary rat hepatocytes (pRH) to establish an alternative and sensitive method for 
measuring CAR activation in vitro. 
Methods: We used two perfusion methods, a two-step collagenase perfusion, which 
isolates hepatocytes by enzymatic digestion of the liver tissue, and an EDTA-based 
perfusion using a high-molar EDTA buffer to weaken cell-cell contacts. CAR activation 
was determined by RT-qPCR measurement of CYP2B1 mRNA after exposure to 
phenobarbital (PB), phenytoin (PHY) or TCPOBOP (TC). Additionally, we investigated 
CAR inhibition by co-incubation with androstenol and PB. 
Results: PB, PHY as well as TC increased CYP2B1 expression in pRH. In collagenase 
isolated pRH expression levels peaked at 120-fold (PB, 0.5 mM, preliminary data), 85-
fold (PHY, 50 µM) and 75-fold (TC, 10 µM) relative to the solvent control. In comparison, 
EDTA isolated pRH showed increases of 567-fold (PB, 0.5 mM, preliminary data), 390-
fold (PHY, 50 µM), and 549-fold (TC, 10 µM). Thus, expression levels were up to 7 times 
higher in EDTA-isolated pRH compared to collagenase-treated pRH. Furthermore, 
androstenol effectively suppressed PB-induced CYP2B1 induction. 
Conclusion: In this study, we showed that pRH isolated by EDTA perfusion showed 
significantly higher CYP2B1 induction than pRH obtained by collagenase perfusion after 
exposure to CAR activators. As a possible reason it has been suggested that the 
collagenase perfusion may also digest structures on the cell surface of pRH and thus 
disrupts cell signaling. Our findings provide a basis for further refinement of an in vitro 
assay for CAR activation. 
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Using the 3D hemicornea model for eye irritation benchmark testing of surfactants 

R. Balhorn, A. Fischer, K. R. Mewes, J. Feesche 
Henkel AG & Co. KGaA, Düsseldorf, Germany 

Surfactants are one of the most important substance classes in laundry detergents and 
cleaners. A correct characterization of their eye irritation potential is of importance in 
terms of product safety for consumers. The open source (OS) 3D hemicornea model is a 
new promising in vitro alternative method for acute eye irritation testing. The aim of this 
work was to assess whether the OS 3D hemicornea model can be used for the 
benchmarking of surfactants. 
The reconstructed human hemicornea models were produced according to a method 
originally published by Zorn-Kruppa et al. (2005). It comprises a stroma, consisting of a 
keratocyte-populated collagen gel and an epithelium, which differentiates under air-liquid 
interface conditions into a multilayered tissue. The eye-irritating potential of the 
surfactants was analyzed with 2 different methods, both based on the intracellular 
reduction of MTT into an unsoluble formazan dye. In the first approach MTT was eluted 
from the treated tissue models and quantified photometrically. In the second approach 
the depth of injury (DOI) of MTT stained cryosections was determined. 
After protocol optimization for surfactants the hemicornea models were topically treated 
with 1 % solutions of 4 different surfactants for 20 min and the resulting DOI and 
decrease in tissue viability, respectively, was determined. Depending on the applied 
surfactant, the depth of injury within the hemicornea differed markedly. Whereas 
cocamidopropyl betaine (CAPB) only damaged the epithelium, alcohol ethoxysulfate 
(AES) damaged the epithelium and the stroma to a much larger extent. Linear 
alkylbenzene sulfonate (LAS) and alkylaminoxide (AO) elicited intermediate tissue 
reactions. The anionic surfactants AES and LAS led to a complete dissolution of the 
epithelial cells. The results achieved with the MTT elution method were identical with 
those of the DOI approach. However, the DOI approach provides more information about 
the localization and mechanism of irritation. Based on the results the undiluted industrial 
surfactant raw materials could be ranked with regard to their eye irritation potential in the 
following order: AES > AO > LAS > CAPB. 
The results indicate that the OS 3D hemicornea model is compatible with diluted 
surfactant solutions at low concentrations and seems to be suitable to rank the eye 
irritation potential of surfactants relative to each other. 
Zorn-Kruppa et al., ATLA, 2005, 33:37–45. 
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Limited applicability of in vitro skin corrosion and irritation tests for agrochemical 
formulations 

S. Kolle, M. Remmele, B. van Ravenzwaay, R. Landsiedel 
BASF SE, Ludwigshafen am Rhein, Germany 

Several in vitro methods have gained regulatory acceptance for the prediction of skin 
irritation and corrosion. However, the test guidelines for the majority of in vitro methods 
do not state whether they are applicable to agrochemical formulations. Hence, we would 
like to share the results from our routine skin corrosion / irritation testing of agrochemical 
formulations in which both in vitro (according to OECD TG 431 and OECD TG 439) and 
in vivo (according to OECD TG 404) tests were conducted as regulatory requirements. 
Specificity and accuracy of the in vitro skin corrosion test were both 95% (based on 81 
data pairs; CLP classification). As the data set contained no skin corrosive agrochemical 
formulations sensitivity could not be determined and the applicability of the in vitro skin 
corrosion test remains elusive. With 44% sensitivity, 60% specificity, and 54% accuracy 
(based on 65 data pairs; CLP classification) our data indicate a lack of applicability of the 
in vitro skin irritation test to agrochemical formulations. The data presented here confirms 
our previously published data (Kolle et al. 2013). 
Key Words: skin irritation, skin corrosion, OECD TG 404, OECD TG 431, OECD TG 439, 
agrochemical formulation, reconstructed human epidermis 
References: 
1.Kolle, S. N., Sullivan, K. M., Mehling, A., van, R. B., and Landsiedel, R. (2013). Erratum 
to "Applicability of in vitro tests for skin irritation and corrosion to regulatory classification 
schemes: substantiating test strategies with data from routine studies" [Regul. Toxicol. 
Pharmacol. (2012) 402-414]. Regul. Toxicol. Pharmacol. 65(3), 366-378. 
2.Kolle, S.N., van Ravenzwaay B., Landsiedel R. (2017). Regulatory accepted but out of 
domain: In vitro skin irritation tests for agrochemical formulations. Regul Toxicol 
Pharmacol. 89:125-130 
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Establishment of a novel scaffold for the 3D cultivation of human hepatocytes 

M. Ruoß, C. Grom-Baumgarten, M. Weimer, A. Salzer, A. Nüssler 
Universität Tübingen, Siegfried-Weller-Institut, BG Klinik, Tübingen, Germany 

Background: Drug-induced hepatotoxicity is the leading cause of acute liver failure and 
post-marketing withdrawal of drugs. Due to the fact that preclinical animal studies cannot 
fully predict drug-toxicity in humans, today human hepatocytes are recognized being the 
gold standard for metabolism and toxicity testing of new pharmaceuticals. However, 
PHHs have limitations, such as scarce availability and rapid de-differentiation in culture. It 
was shown that culturing of PHH as well as HepG2 cells in a 3D culture system results in 
an improved hepatic function. In this study, 2-Hydroxyethyl methacrylate (HEMA) / Bis-
Acrylamide (BAA) based scaffolds with varying concentrations of the scaffolds 

components and freezing techniques were tested in terms of their influence on the 
porosity and uniformity of the pores. In addition, the adherence and proliferation of 
HepG2 cells on the scaffolds was examined. 
Methods: The scaffolds were casted using different freezing techniques (e.g. with or 
without the use of a pre-cooled ethanol bath) and with different additives e.g.: collagen 
and gelatine. Scaffolds were stained with SRB followed by taking light microscopy images 
of the scaffold surface. The pore size and uniformity was measured with ImageJ. 
Different numbers of cells (PHH, HepG2) were plated onto scaffolds, and adherence rate, 
proliferation and mitochondrial activity were measured by Calcein-AM staining and 
Resazurin. 
Results: 48 different scaffold compositions were tested and compared with respect to 
their pore size, mechanical stability and reproducibility. It was shown that scaffolds with a 
HEMA concentration of 5-10% and a BAA concentration of 0.03-0.1% provide the most 
promising results.  Scaffolds with a composition in this range were further tested by 
culturing of PHH and HepG2 cells on the scaffold. It has been shown that the cells can 
adhere to the scaffold and can be cultivated on the scaffold for an extended period, which 
is important for usage in metabolism and toxicity studies. 
Conclusions: The method described here for the preparation of a HEMA/BAA-based 
scaffolds is a good approach to produce relatively simple and cost-effective reproducible 
3D matrices. It is necessary for further planned metabolism and toxicity testing to show 
whether this scaffold is able to increase the metabolic activity of the cells and to maintain 
it over a longer period of time. 
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Is there hope to correctly classify severe ocular irritant agrochemical formulations 
using in vitro methods: A proof of concept using the isolated chicken eye test, two 
modified BCOP protocols and an EpiOcular™ ET50 protocol 

S. Kolle1, M. Remmele1, B. van Ravenzwaay2, R. Landsiedel1 
1BASF SE, RB/TB, Ludwigshafen am Rhein, Germany 
2BASF SE, RB/T, Ludwigshafen am Rhein, Germany 

While some in vitro methods addressing ocular irritancy have gained regulatory 
acceptance, to date the Draize rabbit eye test (OECD TG 405) is the only world-wide 
regulatory accepted test for the determination of the full range of eye irritation potential. 
Further although several in vitro methods for the severe eye irritation have gained 
regulatory acceptance, agrochemical formulations are nor explicitly included nor excluded 
from the applicability domain to predict severe ocular irritant formulations. Systematic 
analyses are only available for e.g. the hen"s egg test- chorioallantoic membrane (HET-
CAM), and bovine corneal opacity and permeability (BCOP, OECD TG 437) assays both 
showing that the used protocols do not provide sufficient sensitivity to reliably predict 
severe ocular irritating formulations. The purpose of this study was to evaluate whether 
the regulatory accepted isolated chicken eye (ICE, OECD TG 438) test including corneal 
histopathology (as suggested for evaluation of the depth of injury), as well two modified 
protocols of the BCOP and/or an ET50 (exposure time reducing viability of treated tissue 
to 50%) protocol using the reconstructed cornea model EpiOcular™ are useful to predict 
severe ocular irritant agrochemical formulations. A proof of concept comprising the 
testing of ten to twelve agrochemical formulations with available in vivo data in each 
assay was conducted. In summary, based on the ICE evaluation described in OECD TG 
438, one of the five severe ocular irritant formulations (UN GHS Cat 1) was predicted 
correctly. Using both modified protocol versions of the BCOP the result for one of the four 
tested UN GHS Cat 1 formulations was just above the UN GHS Cat 1 classification 
border for using one of the modified protocols. Lastly and most promising, the 
EpiOcular™ ET50 predicted four of five tested UN GHS formulations correctly with the 
fifths being close to the classification border. Additional agrochemical formulations will be 
tested to further evaluated the EpiOcular™ ET50 protocol to identify severe ocular irritant 
agrochemical formulations. 
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Kinase safety – Improving understanding and prediction of kinase safety liabilities 
in drug discovery 

R. Ziegler, C. McGinnis, L. Polonchuk, S. Kirchner 
F. Hoffmann-La Roche Ltd., Roche Innovation Center Basel, Roche Pharma Research 
and Early Development, Basel, Switzerland 

Many small molecule kinase inhibitors (SMKIs) have been associated with toxicity 
including chromosomal damage, cardiotoxicity and bone marrow toxicity as major 
endpoints. 
Most SMKIs target the conserved ATP binding pocket and toxicities may be 
pharmacologically related or result from unselective off target kinase inhibition. Internal 
experience has demonstrated that a large proportion of SMKIs test positive in one or 
more of the toxicity endpoints mentioned above. This might be directly related to the 
essential role of kinases in cell cycle and apoptosis regulation. A better understanding of 
which kinases and how off-target kinase inhibitions are impacted is important to expand 
our knowledge about the regulatory mechanisms. Additionally screening for kinase-
mediated toxicity in early drug discovery is essential to reduce late stage attrition. 
The aim of our studies focused on the integration and concurrent measurement of ATP 
depletion and time course measurement of apoptosis (by caspase 3/7 activity) in the 
screening set up of the in vitro MNT (chromosome damage), HALO (differentiation 
inhibition) and Cardio Excyte (proarrythmic potential) test systems. Reference PI3K, GSK 
and ROCK kinase inhibitors have been investigated for possible effects and isoform 
specific toxicities to revise our safety kinase panels. In addition we will discuss the use of 
concurrent ATP measurements to assess ATP dependent changes in the kinase 
inhibition profiles and the role of apoptosis induction for the specific toxicity endpoints. 
The latter one is specifically of value for the assessment of the biological relevance of in 
vitro chromosome damage findings. 
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BH3I-1 a BH3 mimetic induces and modulates stress-response 

D. Stucki, W. Stahl, P. Brenneisen 
Institute of Biochemistry and Molecularbiology I, Düsseldorf, Germany 

BH3 mimetics disturb the equilibrium between pro- and anti-apoptotic Bcl-2 proteins and 
are used to study apoptosis. Their advantage over other model compounds is a direct 
and specific induction of the intrinsic pathway of apoptosis, since no signal upstream of 
pore formation in the mitochondrial outer membrane is required. However, very little is 
known about effects of BH3 mimetics, not directly related to the intrinsic pathway of 
apoptosis. 
The BH3 mimetic BH3I-1 (BH3 inhibitor 1) was used to induce the intrinsic pathway of 
apoptosis in normal human dermal fibroblasts (NHDFs). Markers of apoptosis, general 
cell stress and the integrity of the mitochondrial network were analysed by 
immunofluorescence microscopy and Western blot analysis. 
Treatment of cells with BH3I-1 induced apoptosis (loss of procaspase-3, PARP 
cleavage), stimulated the expression of the general stress marker hemeoxygenase-1 
(HO-1) and lead to a fragmentation of the mitochondrial network. The sequence of events 
following BH3I-1 treatment starts with mitochondrial fragmentation (0.5 – 2 h), followed by 
HO-1 induction (2 – 4 h) and finally apoptosis (8 – 12 h). To evaluate the temporal 
correlation of mitochondrial fragmentation and HO-1 induction, Drp1 knock out murine 
embryonic fibroblasts (MEFs) were used. These cells show a delayed mitochondrial 
fragmentation upon stress conditions, as the major protein involved in mitochondrial 
fission (Drp1) is missing. HO-1 protein levels in Drp1 KO cells were less compared to 
wildtype cells under control conditions and after BH3I-1 treatment. It was further studied if 
HO-1 induction modulates apoptosis under BH3I-1 treatment. HO-1 protein levels were 
decreased with siRNA. PARP cleavage and the expression of HO-1 were analysed by 
Western blot. No difference in PARP cleavage was found under HO-1 knock down 
conditions, compared to the mock treated cells. 
The data show, that BH3I-1 induces apoptosis, but also exhibits non-apoptotic side 
effects such as mitochondrial fragmentation and induction of the general stress marker 
HO-1. Mitochondrial fragmentation could be linked to the induction of HO-1, but HO-1 
induction was apparently not directly related to apoptosis. The additional biochemical 
effects triggered by BH3I-1 should be considered when using the compound for the 
induction of apoptosis in model systems. 
 
 

P250 

Limitations of in vitro/in chemico/in silico methods for skin sensitization testing of 
16 chemicals in the REACH context 

K. Tegethoff1, D. Beyer1, M. Schaub1, H. Schlecker1, H. Bluhm2 
1Bayer AG, , Wuppertal, Germany 
2LANXESS Deutschland GmbH, Leverkusen, Germany 

According to Annex VII of REACH Regulation 1907/2006 in vitro/in chemico test methods 
should be used "where adequate information can be obtained through this approach and 
where the available test methods are applicable for the substance to be tested". 
Additionally, a conclusion has to be drawn on potency, i.e. if the substance has the 
potential to produce significant sensitization in humans (Cat 1A). 
We report here about technical and scientific difficulties we came across when following 
the new approach for skin sensitization assessment solely based on alternative methods, 
including in silico, in chemico and in vitro testing of 16 heterogeneous industrial 
chemicals (e.g. substituted azo dyes, salts of aromatic sulfonic acids, heteroaromatic 
compounds). The chemicals comprised liquids and solids, MWs of 200 to >1000 g/mole, 
log P values of -4 to +6.8, and well soluble up to insoluble substances. 
As in silico tools OECD Toolbox (v4.0) and Toxtree (v2.6.13) were used that gave, 
however, inconsistent results. OECD Toolbox recognized skin sensitization alerts for 7/16 
chemicals, whereas Toxtree recorded alerts for all 16 chemicals (mainly Michael acceptor 
potential). Technical problems occurred with in chemico testing in the Direct Peptide 
Reactivity Assay (DPRA, OECD TG 442C). Of the 16 chemicals 4 were not testable in the 
DPRA at all: 2 were completely insoluble in any of the appropriate solvents and 2 could 
only be solved in DMSO leading to invalid results because of distinct peptide depletion by 
the solvent itself. Three of the remaining 12 chemicals were only partly soluble (i.e. they 
were tested at a concentration < 100 mM) and 2 showed slight precipitation after the 
incubation time – according to Guideline both effects would cause that "no firm 
conclusion can be drawn on a negative result". It is obvious that technical problems 
complicate or may even prevent testing and interpretation of results. The required 
assignment to a specific potency class is here not even addressed. Further testing in cell 
based systems comprising e.g. the KeratinoSensTM assay is ongoing. 
In conclusion, the assessment of skin sensitization of "real-life chemicals" by using 
alternative methods may not lead to scientifically valid conclusions due to technical 
issues, inconsistent results, and consequently, difficulties in interpretation. 
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Establishment of a coculture of HaCaT keratinocytes and MUTZ-3 derived 
Langerhans cells for in vitro assessment of the skin sensitization potential of 
xenobiotics 

A. Sonnenburg1, R. Kreutz1, M. Peiser2 
1Charité Universitätsmedizin Berlin, Institut für Klinische Pharmakologie und Toxikologie, 
Berlin, Germany 
2Freie Universität Berlin, Institut für Chemie und Biochemie, Berlin, Germany 

The assessment of the sensitizing potential of substances is required under REACH 
regulation. Each of the adopted alternative methods for skin sensitization covers one of 
the key events defined in the Adverse Outcome Pathway (AOP). We aim to develop a 
coculture of all cell types involved in the AOP (keratinocytes, dendritic cells and T cells) in 
order to make all of the key events measureable in one assay. 
As a first step, we differentiated Langerhans like dendritic cells from the monocytic cell 
line MUTZ-3 using cytokines. We were able to show that these cells (MUTZ-LC) express 
characteristic markers of Langerhans cells and loose the monocyte marker CD14 in 
differenciation culture. In the present work we aimed to establish a coculture of HaCaT 
keratinocytes and MUTZ-LC and to show activation of MUTZ-LC upon treatment with 
allergens. Furthermore, we investigated the impact of antibody blocking of an inhibitory 
molecule (Programmed Death-Ligand 1, PD-L1) on MUTZ-LC. 
MUTZ-3 cells were maintained in supplemented α-Modified Essential Medium containing 
20% conditioned medium from the bladder carcinoma cell line 5637. For differentiation, 
cells were treated with GM-CSF, TGF-β, and TNF-α. After five days one part of MUTZ-LC 
was incubated with an anti-PD-L1 antibody. After one hour, blocked or unblocked MUTZ-
LC were seeded onto previously cultured HaCaT. The coculture was treated with 
increasing concentrations of allergens. Another 48 hours later, activation of MUTZ-LC 
was assessed by flow cytometric measurement of their CD86 expression compared to 
untreated controls. 
MUTZ-LC remained viable throughout coculture with HaCaT and upon treatment with the 
PD-L1 blocking antibody. Treatment with allergens like dinitrochlorobenzene led to a 
concentration dependent increase of CD86 expression. Blocking of PD-L1 enhanced 
expression of CD86 both on allergen treated and untreated cells, but did not alter relative 
expressions of CD86 compared to controls. Interestingly, enhanced CD86 expression on 
anti-PD-L1 and allergen treated cells was not observed in the previously described 
sensitization assay LCSA. 
In conclusion, the establishment of a coculture of HaCaT and MUTZ-LC was successful. 
MUTZ-LC react to the treatment with strong allergens, but blocking of PD-L1 does not 
alter the results with respect to relative expression of CD86. Further investigations will 
focus on additional sensitizers and non-sensitizers in the coculture, and other possible 
read-out parameters. 
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Comparative cytotoxicity of plant protection products and their active substances 

S. Adler-Flindt, S. Martin 
Federal Institute for Risk Assessment, Pesticides Safety, Berlin, Germany 

Question: During the approval procedure of plant protection products (PPPs) the 
complete formulation is tested for acute toxicity. Several of these in vivo studies reveal a 
higher acute toxicity of PPPs in comparison to the single active substances (AS). 
Furthermore, an analysis using the database "Pro-Safe" showed that 20 % of the in 2016 
authorized PPPs would have been incorrectly classified using the CLP-calculation 
method and even 31 % of those PPPs would not have been classified using the CLP-
calculation method although they are classified as oral acute toxic due to in vivo data. We 
wanted to investigate if the in vivo differences in acute toxicity between PPP and AS can 
be reproduced in an in vitro cytotoxicity assay providing better results than the CLP-
calculation method. Such a test could have the potential to reduce animal experiments 
while still providing adequate toxicological information. 
Methods: We employed the fibroblast cell lines BALB/3T3 and hFF-1 and the metabolic 
active cell line HepaRG. As a read out for cell viability we analysed the reduction of 
resazurin to resorufin. The chosen active substances were 2,4-D, deltamethrin, diquat 
dibromide, dimethomorph, fenpropimorph, glyphosate isopropylamin-salt and haloxyfop-P 
(haloxyfop-R) methyl ester, metazachlor, metribuzin and pyraclostrobin with the 
correlating PPPs. Sodium-saccharin was employed as negative and 5-fluorouracil as 
positive control. 
Results: Our results showed an equivocal accordance with the in vivo data. Especially 
the toxicity of PPPs and substances that are known to be extensively metabolised in vivo 
was repeatedly poorly predicted using the fibroblast cell lines. On the other hand, initial 
data obtained using the metabolising cell line HepaRG correlated well with the in vivo 
situation. 
Conclusion: The analysis of the CLP-calculation method revealed that additional reliable 
alternative methods for the assessment of acute toxicity of PPPs are needed. Fibroblast 
cell lines are only partially applicable. A cytotoxicity test preferably based on a 
metabolising cell line comparing the cytotoxic potential of AS and their related PPPs 
could be a valuable tool as part of an IATA to predict the acute toxicity of PPPs. However, 
further investigations are necessary in order to meet this objective. 
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Impact of the circadian rhythm on the establishment of sensitive in vitro test 
systems 

J. Ndikung, M. Oelgeschlaeger, N. Ertych, D. Storm 
Bundesinstitut für Risikobewertung, Abteilung 9, Berlin, Germany 

The circadian system drives an oscillatory gene expression to regulate essential 
biological and physiological processes of most living organisms. The 24-hours expression 
dynamics are mainly synchronized by light and affects at least 10% of the human 
transcriptome. In particular, the expression of drugs and xenobiotics metabolizing 
enzymes underlies circadian changes. Therefore, the circadian rhythm receives attention 
in pharmacological studies which emerged the research fields of chronopharmacology 
and chronotherapy. However, effects of the circadian rhythm are largely ignored in most 
toxicological studies in vivo as well as in vitro. 
With this study we aimed to elucidate the importance of the circadian rhythm for the 
development of sensitive and specific in vitro test systems. Moreover, we aspired to 
examine if the circadian rhythm itself might be a useful endpoint for toxicological in vitro 
studies. In order to achieve this, we took advantage of circadian reporter cell lines, which 
can be synchronized by various stimuli to display a 24-hours expression pattern of a 
Luciferase reporter gene. To address a toxicological relevant cell response we chose the 
aryl hydrocarbon receptor (AHR) signaling driven by dioxins and found that the induction 
of a cytochrome P450 was significantly increased in several cell lines treated with TCDD 
after circadian synchronization. Vice versa, perturbing the circadian rhythm by a small 
molecule inhibitor diminished the increased sensitivity of cellular responses to TCDD. 
Secondly, although the circadian oscillation pattern of the luciferase reporter cell lines 
was not affected by TCDD, other AHR agonists did show a clear effect. 
Taken together, we demonstrate that an intact and synchronized circadian rhythm can 
increase the sensitivity of a toxicological in vitro test system. Hereafter, for the 
establishment of highly predictive in vitro test systems the significance of the circadian 
rhythm should be further considered during test method development.  In addition, study 
effects on the molecular machinery controlling the circadian rhythm might be also an 
important tool for screening and prioritizing chemicals for further analysis and therefore 
might also help to reduce animal testing in the future. 
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Cocultured activation test (COCAT) – Advanced safety assessment of chemical 
sensitizers 
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C. Eskes4, B. Blömeke1 
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3seh consulting + services, Paderborn, Germany 
4Services & Consultations on Alternative Methods, Magliaso, Switzerland 

Small chemicals can induce tolerance or sensitization following dermal exposure. Beside 
the identification of skin sensitization potential, potency assessment is crucial for 
quantitative risk assessment of chemicals. Activation of dendritic cells (DC) is an 
important step in the induction of skin sensitization, and the chemical"s potential for DC 
activation can be evaluated in vitro using THP-1 cells, as surrogate DC, in the human cell 
line activation test (h-CLAT). However, the DC response to chemicals in the skin 
environment is also modulated by chemical-exposed keratinocytes. We found that THP-1 
cells show an increased response (upregulation of activation markers CD86 and/or 
CD54) to sensitizing chemicals when exposed in coculture with HaCaT keratinocytes. 
In this study, we challenged our COCAT (cocultured activation test) with 15 coded 
chemicals, including 7 chemicals which were misclassified by h-CLAT (using THP-1) or 
KeratinoSens (based on HaCaT). Exposure in coculture with HaCaT keratinocytes 
enabled a concentration-dependent response over a wide concentation range. 
Sensitization hazard was correctly predicted for all 9 sensitizers, and 5 of 6 non-
sensitizers. These results demonstrate a superior capacity for hazard identification in 
COCAT. Combination of these results with earlier results for COCAT (in total 26 skin 
sensitizers, 15 non-sensitizers) found that all 26 sensitizers were correctly identified 
allowing their potency subcategorisation. As CD54 was found as the more sensitive 
marker in COCAT, the concentration needed to reach positivity for CD54 was used as 
read-out for potency. Using these values for potency prediction revealed a very high 
concordance of 80.5% and deviation by maximal 1 category when assigning these 
chemicals into 4 potency categories (extreme/strong, moderate, weak, non-sensitizer) 
based on predicted LLNA EC3 values, and a promising trend when comparing with 
categories on relative human skin sensitization potency. These data underline the very 
good predictive capacity of COCAT for the simultaneous evaluation of sensitization 
potential and potency. 
Keywords: in vitro skin sensitization, potency categorization, quantitative risk 
assessment, COCAT 
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Hepatotoxic fungicides affect molecular targets associated with the AOPs for 
cholestasis and steatosis in vitro 
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Several hepatotoxic fungicides of the triazole and strobilurine group like cyproconazole, 
epoxiconazole, propiconazole or azoxystrobin show liver toxicity in vivo. While activation 
of nuclear receptors like CAR or PXR, subsequent enzyme induction and associated 
hepatocellular hypertrophy are the most prominent findings, some of these compounds 
have also been reported to cause hepatocellular vacuolization indicative of steatosis or 
cholestasis. 
We analyzed the ability of several fungicides to activate nuclear receptors described as 
molecular initiators in the adverse outcome pathways (AOP) for steatosis (PXR) or 
cholestasis (FXR, PXR, CAR) in the human liver cell line HepG2 as well as expression of 
marker genes associated with either of the AOP (FASN, CD36, INSIG-1, CYP7A1, 
Slc10a1, etc.) in HepaRG cells. In addition to gene expression analysis AdipoRed 
staining was performed in HepaRG cells to address a functional endpoint. 
 Our results indicate that azoxystrobin activates FXR and related gene expression while 
on the other hand the azoles activate CAR and PXR. Several substances induced 
expression of steatosis and / or cholestasis related genes and showed lipid accumulation 
in AdipoRed staining. These findings therefore suggest that key events of the respective 
AOPs can be measured as well in cell lines of human origin. 
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Evaluation of nuclear receptor coregulator binding assay for testing of retinoic acid 
receptor alpha (RARα) active substances using a mechanistic-based approach  
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Agonistic or antagonistic action of xenobiotics concerning the retinoic acid receptor alpha 
(RARα) can lead to a range of adverse effects in the field of reproductive toxicology 
including teratogenicity and testicular toxicity. The RARα is a nuclear receptor present in 
the cellular nucleus and bound to the retinoic acid response element in front of target 
genes. A key step in the ligand induced transcription of those controlled genes is the 
recruitment of cofactors by RARα. 
In this study, the cofactor binding patterns for known agonists, antagonists and inverse 
agonists were investigated and compared with results from reporter cell line tests to 
evaluate the applicability for toxicological assessment of xenobiotics. 
Therefore, microarray assay for real-time coregulator-nuclear receptor interaction 
(MARCoNI) conducted on a PamStation® was utilized to investigate the binding of the 
RARα to 154 motifs belonging to 64 different coactivators and corepressors. 16 cofactors 
were selected based on whether their known action. The influence of different agonists 
(ATRA, AM580, CH55) as well as antagonists (BMS195614) and adverse agonists 
(BMS493) was tested. The experiments revealed an adverse outcome pathway with 
several key events that can be measured after agonist binding including a decrease in 
corepressor NCoR1 and NCoR2 binding affinity, an increase in coactivator NCoA1 and 
MED1 binding and an increase in corepressor NRIP1 and LCOR binding affinity. The 
mechanism of antagonistic and inverse agonistic action on RARα cofactor binding was 
defined and linked to distinct cofactor binding patterns. The dose response curves for the 
16 selected cofactors after ATRA treatment revealed EC50 values between 3.4⋅10E-9M 
and 3.0⋅10E-7M with a mean value of 2.8⋅10E-8M. Additionally, a RARα HEK 293 
reporter cell line (BPS Bioscience) proved the predicted outcomes in a cellular model and 
revealed a comparable EC50 value 2.6⋅10E-8M for ATRA. 
The results of this study indicate a potential usage of the coregulator-nuclear receptor 
interaction microarray assays to investigate the mode of action of chemical compounds 
with a putative nuclear receptor mediated toxicity. However, a certain set of cofactors 
should be defined previous to using this method for toxicological investigations. 
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Cellular redox regulation in resin monomer-exposed cells – Role of glutathione 
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Compounds of dental composites like 2-hydroxyethyl methacrylate (HEMA) induce 
oxidative stress due to excess formation of reactive oxygen species (ROS) resulting in 
disturbed vital cell functions. Enzymatic and non-enzymatic antioxidants such as 
glutathione (GSH) protect cells from oxidative stress and reestablish redox homeostasis. 
The present study investigates the formation of oxidative stress, the role of GSH and 
regulatory as well as functional cytoprotective proteins in HEMA-exposed 
immunocompetent cells. 
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Materials and Methods: HEMA-induced formation of ROS in RAW264.7 mouse 
macrophages exposed to HEMA (0-6-8 mM) was determined by flow cytometry (FACS) 
after staining of cells with 2′7′-dichlorodihydrofluorescin diacetate (H2DCF-DA) or 
dihydrorhodamine 123 (DHR). Cells were co-treated with 50 µM BSO (buthionine 
sulfoximine) or 10 mM NAC (N-acetylcystein) to inhibit (BSO) or support (NAC) 
glutathione synthesis, respectively. Variations of GSH and glutathione disulfide (GSSG) 
concentrations were analysed by HPLC. GSH and GSSG were separated on an Agilent 
Zorbax Eclipse XDB-C18 column (reverse phase) and analysed using a CoulArray 
electrochemical array detector (750 mV) or UV detection (220nm). Expression of the 
stress-inducible and cytoprotective transcription factor Nrf2 and Nrf2-controlled proteins 
including glutathione peroxidase 1/2 (GPx1/2) was determined by routine Western 
blotting. 
HEMA differentially induced oxidative stress in mouse macrophages. A 1.4-fold increase 
in DCF fluorescence was detected only after the exposure of cells to 6 or 8 mM and 
HEMA for 1h. In contrast, a 1.7 fold increase in DHR fluorescence observed after a 24h 
exposure period suggested the enhanced formation of hydrogen peroxide. While both 
DCF and DHR fluorescence intensities detected in cells exposed to HEMA were 
significantly enhanced in the presence of BSO, NAC reduced HEMA-induced oxidative 
stress. A concentrations-dependent reduction of GSH and GSSG levels was detected in 
cells exposed to HEMA. In parallel, the expression of the transcription factor Nrf2 in 
HEMA-exposed was drastically increased and kept at high levels in the presence of BSO 
or NAC. Expression of GPx1/2 was enhanced as well with cells exposed to HEMA and 
BSO but decreased in the presence of NAC. 
The present findings identify a major role of glutathione in the protection of cells against 
oxidative stress induced by resin monomers such as HEMA. 
supported by DFG Schw 431/13-2 
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Levels of selected carcinogens in the emissions of "Heat not Burn" tobacco 
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Question: Tobacco consumption was responsible for more than one in ten deaths in the 
year 2015 and remains one of today's major health hazards. Decrease of Harmful and 
Potentially Harmful Constituents (HPHC) in mainstream smoke is one measure to follow 
up harm reduction strategies. Novel "Heat not Burn" (HnB) products avoid combustion 
and have been shown by manufacturers to reduce HPHC by 90 to 95% compared to 
reference cigarettes (Schaller et al, 2016). However, independent investigations of these 
products are necessary to provide sufficient data for toxicological risk assessment. 
Further, we have addressed the question of whether constituent levels in mainstream 
smoke of HnB products can be reproducibly monitored using standard methods. In 
addition to levels of major carcinogens, such as acetaldehyde and 1,3-butadiene (Fowles 
et al, 2003), nicotine delivery is an important parameter. Reduction of nicotine uptake 
could lead to compensation behavior, possibly resulting in increased consumption. 
Methods: Mainstream smoke of commercially available HnB products and two different 
tobacco stick variants was generated using the Health Canada Intense smoking regimen 
on a LM4E smoking machine (Borgwaldt, Hamburg, Germany) with 12 puffs per stick. 
Nicotine and volatile organic compounds (VOC) were analyzed using gas 
chromatography with flame ionization detection (GC/FID) and mass selective detection 
(GC/MS), respectively. Levels of aldehydes were assessed with liquid chromatography-
mass spectrometry. Total particulate matter (TPM) and nicotine levels were determined 
per tobacco stick and at four different phases of the smoking procedure to address 
continuity of emissions. 
Results: Nicotine delivery through HnB product (i.e. 1.1 mg/12 puffs), was similar to 
1R6F reference cigarettes. For aldehydes and VOC our findings were in agreement with 
the proposed reduction of approximately 90 to 95%. However, emission of TPM and 
nicotine were shown to be discontinuous during the smoking procedure. 
Conclusion: Our study demonstrated that standardized methods facilitate the reliable 
and reproducible determination of nicotine and toxicant levels and confirm a marked 
reduction of major carcinogens. Although further work is required, our data provide a 
useful basis for risk assessment of HnB products based on their nicotine and HPHC 
emissions. 
References: Schaller JP et al (2016) Regul Toxicol Pharmacol 81:27-47 
Fowles J et al (2003) Tob Control 12:424-430 
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A mass spectrometric platform for the quantitation of mustard-induced nucleic 
acid damage 
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The bi-functional DNA alkylating agent sulfur mustard (SM) was used as a chemical 
warfare agent. Although SM has been banned in most countries, its use in terroristic 

attacks or asymmetrical conflicts still represents a significant threat. The verification of 
SM-induced nucleic acid damage is mainly based on immunohistochemical methods, 
which have several limitations such as restricted specificity, sensitivity, and low dynamic 
range of quantitation. We have developed a UPLC-MS/MS-based platform for the 
quantitation of the most common mustard-induced DNA adducts, including bis(N7-
guanineethyl) sulfide DNA crosslinks. We have established methods for the quantitation 
of the several common DNA adducts induced by SM. To this end, purification protocols, 
chromatographic conditions and mass spectrometric settings were developed to detect 
N7-hydroxyethylthioethyl-2´desoxyguanosine (N7-HETE-dG) and N3-
hydroxyethylthioethyl-2´desoxyadenosine (N3-HETEdA) and their thermal hydrolysis 
products N7-hydroxyethylthioethyl-guanine (N7-HETE-Gua) and N3-
hydroxyethylthioethyl-adenine (N3-HETE-Ade), respectively. Additional DNA adducts of 
the mono-functional SM derivative 2-chloroethyl ethyl sulfide ("half mustard", CEES) were 
analyzed. The stability of DNA adducts was investigated up to 6 days after damage 
induction and also compared to the stability of RNA adducts, as an alternative biomarker. 
In this project HaCaT and A549 cells were used, as they are derived from the two main 
targeted organs of SM intoxication. Additional non-radioactive isotope-labelled standards 
for isotope dilution MS approach were synthesized to account for technical variability 
during sample work-up and to improve MS-based quantitation. In conclusion, when fully 
established, this procedure should require a low amount of cellular material and could 
therefore be transferred to the quantitation of DNA adducts in human blood samples. 
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Pyrrolizidine alkaloids (PAs) are secondary plant metabolites to which humans are 
predominantly exposed via food contamination or consumption of plant-derived Chinese 
traditional medicine. Metabolic activation of many toxicologically relevant PAs yields the 
electrophilic dehydroretronecine and various reactive esters thereof, which are prone to 
react with DNA, RNA, and proteins. Protein adducts may serve as markers for the internal 
exposure to PAs in humans. Recent targeted analyses of valine and lysine adducts, 
based on the idea of an intact dehydroretronecine backbone, showed a lack of chemical 
stability required for reliable analytical quantification. Possibly, further degradation 
reactions yield stable adducts with a higher potential for the application as biomarkers of 
exposure. 
In the current study, we aimed at the identification of possible PA adducts in an 
untargeted fashion using dehydromonocrotaline as a prototypical reactive PA metabolite. 
In order to assess adduct formation kinetics and stability, a mixture of 21 proteinogenic 
amino acids (3 mmol/L total amino acid, in 0.1 mol/L ammonium bicarbonate) with 
dehydromonocrotaline (1 mmol/L) was incubated for 30 min at 37°C followed by a two 
day incubation period at room temperature. Aliquots were taken regularly from the 
reaction mixture and analyzed on a UHPLC-ESI-QqQ-MS. Manual peak-picking and 
comparison with controls allowed detecting more than 100 putative amino acid adducts 
with varying formation kinetics and stability. To further investigate the reactivity towards 
dehydromonocrotaline, amino acids were incubated individually and in a mixture at 37°C 
for up to 5 d. Additionally, commercially available human serum albumin and human 
hemoglobin were incubated with dehydromonocrotaline to study adduct formation in a 
relevant protein model. To achieve highest identification confidence and sensitive 
detection, these samples will be analyzed by UHPLC-high resolution-MS and analytes 
will be annotated by software-based untargeted methods. Analyte identification will rely 
on both elemental composition and fragmentation pattern assessed with high resolution 
MS, whereas kinetic behavior will be assessed by relative quantification of analyte peak 
areas. 
In conclusion, non-targeted mass spectrometry provides a time-effective, non-biased tool 
to explore the so far unknown variety of PA-induced protein adduct formation. 
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Recent advances in biomonitoring of human exposure to the mycotoxin citrinin 
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Question: Does citrinin (CIT) exposure exceed the tolerable daily intake (TDI) value of 
0.2 µg/kg body weight set by EFSA for this mycotoxin? Whilst data on CIT contamination 
of food are still sparse and inadequate for a dietary exposure assessment, urinary 
biomonitoring data now available for cohorts of several countries indicate frequent 
exposure. But, as kinetic information has been lacking for CIT, biomonitoring data could 
not be used to estimate the daily intake. Our study thus aimed to investigate the fate of 
CIT in humans, and determine whether the urinary excretion is a suitable biomarker to 
estimate oral intake. 
Methods: Metabolism and disposition of CIT was studied in two female volunteers after 
doses below the TDI. In urine voids collected at timed intervals post-intake and in blood 
samples taken at certain times after dosing, the levels of CIT and its metabolite 
dihydrocitrinone (DH-CIT) were analyzed by a targeted LC-MS/MS method (Degen GH et 
al., doi: 10.1016/j.toxlet.2017.10.006). CIT and DH-CIT were also analyzed repeatedly in 
urines of two males on their usual diet, to study variability of biomarkers over time (1-7 
weeks) and exposure in persons with different food habits. 
Results: A short half-life of CIT was estimated from plasma concentration-time profiles 
(median 9.4 h) without a cumulative potential for CIT. Concentration-time profiles for the 
urinary analytes showed that CIT undergoes conversion to DH-CIT which is then 
excreted along with parent compound. The median half-life in urine was 6.7 h for CIT and 
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8.9 h for DH-CIT. The average cumulative excretion within 24 h of both analytes (sum of 
CIT and DH-CIT or "total CIT") accounted for 40% of the ingested mycotoxin dose 
(median value). This new data on daily excretion for "total CIT" then served to calculate a 
provisional daily CIT intake using published urine biomarker data, and compare the 
outcome to the TDI of 0.2 µg/kg b.w. set for this nephrotoxic mycotoxin. 
Conclusion: Biomarker-based estimates for CIT intake in European cohorts were well 
below the TDI whereas CIT exposure of a Bangladeshi cohort (0.207±0.488 µg/kg b.w.) 
exceeded the TDI. Furthermore, biomarker levels in spot urines of two persons were 
rather constant and, indicated differences in their dietary exposure to CIT. Their 
calculated CIT intake (based on the highest concentrations found) differed 3-fold, yet 
remained below the TDI for CIT. 
 
 

P262 

Comparison of isolation methods for detection of exosomal microRNAs in small 
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Exosomes are nanovesicles secreted by various cell types into body fluids. As their 
cargo – especially microRNAs (miRNAs) – has been shown to change in number and 
profile depending on the pathophysiological state of the cell of origin, they are considered 
as promising biomarkers (BM) for organ injury and disease progression. Thus isolation 
and analysis methods are being evaluated which may enable application of urinary 
exosomal miRNA as BM for kidney diseases. The different methods currently reported 
show distinct variations in miRNA yield and profile, and in the amount of co-isolated 
microvesicles (MV). Also some require rather large urine volumes. Therefore, a 
consensus on a standard method is still lacking. We evaluated three exosomal miRNA 
isolation kits with respect to their performance in 1 ml urine from a rat disease model: 
(1) Size exclusion chromatography (SEC) columns (Izon) combined with the miRNeasy 
kit (Exiqon), and the two precipitation-based methods (2) Urine exosome RNA isolation 
kit (Norgen Biotek) and (3) miRCURY Exosome and miRNA Isolation kits (Exiqon). 
Exosome yield was quantified using detection of the exosomal proteins Alix and TSG101 
by western blotting (WB). MV contamination was analyzed using calnexin, an ER protein 
marker found in non-exosomal MVs. Single miRNAs were quantified using miRCURY 
LNA Universal miRNA PCR (Exiqon), and the levels of the majority of known miRNAs 
were profiled with the Mouse&Rat miRNome Panel I (Exiqon). We could isolate exosomal 
miRNA with all three methods, yet with different efficiencies: The miRNA yield was 
highest for the Norgen kit, followed by miRCURY. The yield with the SEC protocol was 
substantially lower. WB results indicated the highest amount of exosomes for the 
miRCURY kit, followed by SEC, whereas MV contamination was present to a comparable 
degree in both preparations. With the Norgen protocol WB evaluation was technically 
impossible, possibly due to the presence of kit components interfering with protein 
separation by gel electrophoresis. Based on the best performance for miRNA qPCR and 
WB, the miRCURY kit was used for miRNA profiling: 74% of the 246 rat specific miRNAs 
showed Ct values below 35. In conclusion we observed the best performance for the 
miRCURY exosome isolation kit and thus it was chosen for further analyses of exosomal 
miRNA profiles in kidney disease models. 
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Keratinocytes play an active and dynamic role in initiation and balancing of innate and 
adaptive immune responses. For instance, they can promote conditions resulting in 
tolerogenic dendritic cells (DCs) via their constitutive production of IL-10 and TGF-β or 
facilitate activation of DCs through secretion of pro-inflammatory mediators. Much less is 
known about how the status of keratinocytes impact on strength and direction of ensuing 
DC activation. Here we studied their properties to activate DCs by evaluating proliferating 
and differentiated keratinocytes from the same donor. We used 2,4-dinitrochlorobenzene, 
eugenol, and limonene-1-hydroperoxide, limonene-2-hydroperoxide and ascaridole, 
synthetized by the Laboratory of Dermatochemistry, University of Strasbourg, as model 
compounds. After 24h coculture of THP-1 (surrogate DCs), with proliferating 
keratinocytes (4 donors) we analyzed activation markers (CD40, CD86, CD54) on THP-1 
cells. Basal expression levels of CD40 and CD86 were not changed, while CD54 
expression on THP-1 in coculture with proliferating was significantly enhanced (6-fold) 
compared to coculture with differentiated keratinocytes. Furthermore, THP-1 responses 
to hydroperoxides were also enhanced in coculture with proliferating keratinocytes. This 
was especially evident for CD54. Specifically, proliferating keratinocytes impacted on the 
threshold concentration needed for the activation of THP-1 cells. These data demonstrate 
that the environment generated by proliferating keratinocytes significantly contributes to 
the activation of dendritic cells compared to differentiated keratinocytes. 
The first two authors contributed equally. 
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Paraben concentrations in urine of preschool children: Results of the 2nd human 
biomonitoring study in North Rhine-Westphalia, Germany 

L. Cladder-Micus, S. Rudzok, S. Sievering, M. Kraft, Y. Chovolou 
North Rhine Westphalian State Agency for Nature, Environment and Consumer 
Protection, Environmental Medicine, Toxicology, Epidemiology, NIS, Essen, Germany 

Question: Parabens are alkyl esters of para-hydroxybenzoic acid and are widely used as 
preservatives in everyday products such as personal care products. Due to their possible 
endocrine disrupting activities the use of parabens has raised some concerns. The aim of 
this study was to assess the magnitude of children"s exposure to parabens and to 
investigate the impact of sampling strategy in the exposure assessment using spot or 
24h-urine specimens. 
Methods: A total of 256 urine samples were collected from young children and nine 
different parabens were measured. The limit of quantification (LOQ) was 0.50 µg/L. 
According to WHO criteria samples with a creatinine (CR) concentration < 300 mg/L or > 
3000 mg/L were excluded from the analysis. Samples below the LOQ were substituted 
with LOQ/2. 
Results: Among the measured parabens methyl paraben (MeP, 100% ≥ LOQ), ethyl 
paraben (EtP, 87 % ≥ LOQ), and n-propyl paraben (n-PrP, 40 % ≥ LOQ) were most 
frequently detected. N-butyl paraben and benzyl paraben were measured in only 7 % and 
2 % of the samples respectively. Isobutyl paraben could be quantified in only one, 
isopropyl paraben, pentyl paraben and heptyl paraben in none of the urine samples. The 
mean concentrations for MeP, EtP and n-PrP were 167.71 µg/L (201.07 µg/g CR), 
3.27 µg/L (3.36 µg/g CR) and 11.09 µg/L (12.89 µg/g CR) respectively. The maximum 
concentrations found were 7770.00 µg/L (8950.00 µg/g CR) for MeP, 189.00 µg/L 
(162.00 µg/g CR) for EtP and 699.00 µg/L (805.00 µg/g CR) for n-PrP. Among the 
analyzed parabens the highest correlation was measured between MeP and n-PrP 
(rs(238) = 0.44). The mean concentrations for MeP, EtP and n-PrP in the 24h-urine 
samples were 253.19 µg/L (370.38 µg/g CR), 3.40 µg/L (4.02 µg/g CR) and 14.74 µg/L 
(22.06 µg/g CR) respectively. There were no significant differences between spot and 
24h-urine samples. Agreement between the two measurements was analyzed by using 
Bland-Altman plots. First results showed a high degree of agreement with about 90 % of 
all data points lay within der 95% limits of agreement by 1.96 SD. 
Conclusions: Parabens (in particular MeP, EtP and n-PrP) were frequently found in 
urine from young children indicating ubiquitous exposure to these compounds. The 
average exposure of the study population to parabens is fairly good represented by single 
spot urine measurements. 
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A geo-specific risk analysis of the coastal ecosystem: Increasing concern of 
carcinogenic and noncarcinogenic threat in humans, Bay of Bengal, Paradip, India 

S. Satapathy 
CSIR-IMMT, Environment and sustainability, Bhubaneswar, India 

Introduction: Toxic metals are the outcome of the increased industrialization and 
urbanization. These are accumulated in soil and finally, reaches marine ecosystem which 
affects human health and marine biota in several ways. Based on the health risk model 
for humans developed by USEPA, the risk assessment was conducted and different 
pollution indices were used to assess the pollution level in the coastal soil as well as in 
the marine environment.  
Objective: The objectives include classification of the metal contamination pattern in Bay 
of Bengal coast, to evaluate the human carcinogenic and non-carcinogenic risk arising 
due to these toxic metals, to evaluate the harmful effects on marine biota due to metal 
toxicity, to establish a guideline for local resident and reference for govt organisation for 
remediation and management of coastal environment.  
Material and method: Twelve residential soil samples, twelve sediment samples and 
water samples from the selected sites of the Bay of Bengal has been collected in a city of 
Odisha, India. The sampling procedure, Analysis, and prediction of health risks for toxic 
metals like lead, chromium, nickel, arsenic, cadmium, and mercury were based on 
USEPA methodologies.  
Results: THQCr possesses highest non-carcinogenic threat, which contributed 
approximately 50% to HI. Similarly, the contribution of carcinogenic risk (CR Cr) to TCR is 
approximately 60%. The highest non-carcinogenic and carcinogenic threat were 
associated with oral route of exposure accounting for more than 85% in total for most 
elements. The non-carcinogenic threat was observed to be above the safety limit in 
children than adults in the coastal population (HI child >1). The sediment was heavily 
contaminated with Arsenic, followed by Mercury and Chromium. The Sediment Quality 
quotient indicated that 8.33% of sediments of the sampling sites have crossed the ERM 
limit for Ni, which registers fatal threats to biological organisms. However, no toxic metal 
ions in seawater have crossed the tolerable limit set by USEPA (CCC and CMC limit) and 
they are relatively safer for free-floating aquatic lives.  
Conclusion: Though there is a strong linkage between pollution and health effects of 
humans, adequate studies have not been carried out on this site. The experiment will be 
further carried forward by calculating the cancer risk and non-cancer risk of humans due 
to consumption of seafood of this site. Further experiments should be carried forward by 
Identifying the major health related issues due to toxic metal pollution. extensive 
monitoring of the health of the coastal community. Adopt different remediation techniques 
that involve local and international organization.  
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Biomonitoring of 2,4,6-trinitrotoluene and degradation products in the marine 
environment with transplanted blue mussels (M. edulis) 

J. S. Strehse, D. Appel, C. Geist, H. J. Martin, E. Maser 
Institute of Toxicology and Pharmacology for Natural Scientists, Kiel, Germany 

Question: The seas worldwide are threatened by a "new" source of pollution. Millions of 
tonnes of all kind of munition that have been dumped after World War II will corrode and 
start to leak toxic explosives like trinitrotoluene (TNT) and metabolites, e.g. 2- and 4-
aminodinitrotoluene (2- and 4-ADNT). Conventional explosives represent a hazard not 
only for marine ecosystems but also for humans. Besides the risk of detonation with 
increased human access (fisheries, cable constructions, wind farms and pipelines), TNT 
and its metabolites may enter the marine food chain and directly affect human health. In 
TNT-exposed humans, notable toxic manifestations have included aplastic anaemia, toxic 
hepatitis, cataracts, hepatomegaly and liver cancer. Importantly, these explosives are 
also known for their carcinogenicity. Since free water concentrations of explosive 
chemicals at dumped munition sites are low, we use the mussel Mytilus edulis as a 
biomonitoring system. Mussels are active filtrators and may bioaccumulate nitroaromatic 
compounds. As part of a national consortium that is funded by governmental sources 
(BMBF), the mussels were exposed by divers directly at the sea mines in a burdened 
area (Kolberger Heide, Germany). 
Methods: Two bags filled with 20 mussels each were placed at 0 and 1.0 m above 
explosive materials. After 3 months of exposure time the mussels were collected and 
immediately put on dry ice. In our lab, whole mussel tissue was homogenized, extracted, 
and analyzed for explosive chemicals by GC/MS-MS analysis. 
Results: In mussels deployed at the ground, we found a body burden with 2-ADNT of 
103.75 ± 12.77 ng/g wet weight and with 4-ADNT of 131.31 ± 9.53 ng/g wet weight. TNT 
was found in an average concentration of 31.04 ± 3.26 ng/g mussel wet weight. In 
mussels positioned at one meter above the ground neither TNT nor 2-ADNT could be 
detected, but 4-ADNT was found in an average concentration of 8.71 ± 2.88 ng/g mussel 
wet weight. 
Conclusions: With this biomonitoring system, we show that blue mussels accumulate 
TNT and its metabolites 2-ADNT and 4-ADNT in their tissues. This is the first study using 
blue mussels M. edulis as an active biomonitoring system for TNT and its metabolites 2-
ADNT and 4-ADNT in a free field experiment in a burdened area. Our results indicate that 
these toxic explosives accumulate in the marine biota resp. in the marine food chain, 
thereby posing a possible risk to the marine ecosphere and human sea food consumer. 

 

Toxicology – Food toxicology 

P267 

Metabolism of cyclo-di(bisphenol-A-monoglycidylether) by human hepatic phase I 
enzymes 

S. Zellmer1, K. Franziska2, T. Bruhn1, J. Weyer1, I. Schirrmann2, O. Kappenstein1  
K. Pfaff1, A. Luch1 
1German Federal Institute for Risk Assessment (BfR), Department of Chemical and 
Product Safety, Berlin, Germany 
2German Federal Institute for Risk Assessment (BfR), Safety in the Food Chain, Berlin, 
Germany 

Introduction: Food contact materials (FCM) can be a source of food contamination. 
Epoxy resins frequently used in can coatings may contain cyclo-di(bisphenol-A-
monoglycidylether) (cyclo-diBADGE, CdB), which is a cyclic substance, formally 
composed of bisphenol A (BPA) and bisphenol A diglycidyl ether (BADGE). Previously it 
has been shown that CdB can migrate from can coatings predominantly into fatty foods. 
CdB belongs to the group of so-called "non-intentional added substances" (NIAS), which 
can be impurities present in the starting materials, break-down products or, like CdB, 
oligomers generated by incomplete polymerization. 
In order to predict the intestinal uptake the "Lipinski rule of 5" as well as in silico tools 
were applied. Metabolism by human hepatic phase I enzymes were studied and potential 
degradation products predicted.  
Material and Methods: CdB (75 and 150 ng/ml) was dissolved in 10% acetonitrile and 
incubated with human liver S9 fraction along with an NADPH regenerating system for 
different time periods at 37°C. The reaction was stopped by precipitation of proteins and 
the amount of CdB in the supernatant was quantified, using HPLC-FLD and LC-MS/MS. 
In addition, the OECD toolbox (Version 3.4) and SwissADME (http://www.swissadme.ch/) 
were used for in silico predictions.  
Results and Discussion: In silico tools predicted that CdB is being absorbed in the 
intestine. Since in vitro / in vivo data on CdB and some of the potential degradation 
products are missing, the OECD toolbox was used to exclude genotoxic alerts and CdB 
was classified as CRAMER class III substance. In the presence of human hepatic phase I 
enzymes the amount of CdB decreased, indicating that metabolites are being generated. 
Potential degradation products were predicted in order to determine the metabolic 
pathways. 
In conclusion, our present data indicate that CdB becomes systemically available after 
oral uptake of contaminated food and then metabolized by human hepatic phase I 
enzymes. For further risk assessment the read across might be a potential approach. 
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Metabolism and mutagenicity of cis- and >em>trans-anethole 

J. A. Fuhlbrueck, E. C. Schwind, A. Lencioni, M. J. Carlsson, A. Cartus 
University of Kaiserslautern, Food Chemistry and Toxicology, Kaiserslautern, Germany 

Question: Anethole is a natural constituent in many herbs and spices such as anise, star 
anise and fennel and belongs to the group of phenylpropenes. In natural products, 
anethole is usually present as a mixture of its trans- (1) and cis-configured (2) 
stereoisomers. Anethole or anethole containing plant components are commonly used as 
flavoring substances for foods, cosmetics and drugs, e.g. tea, alcoholic beverages like 
ouzo, or mouthwashes. Although 1 has been given GRAS status (generally recognized 
as safe) by FEMA (Flavor and Extract Manufacturers Association), recent data showed 
the DNA adduct formation of trans-anethole in fetal turkey livers. To get more insights in 
the toxicological properties of both, trans- and cis-anethole, we investigated the 
microsomal metabolism, mutagenicity and DNA reactivity of 1 and 2 and their main 
metabolites trans- (3) and cis-anethole epoxide (4). 
Methods: The microsomal metabolism of 1 and 2 was investigated using liver 
microsomes of different species. Metabolites were characterized using HPLC-UV/Vis and 
HPLC-MS/MS. The mutagenicity of 1–4 was examined using the Ames fluctuation test 
with different Salmonella typhimurium strains. Nucleoside adducts were synthesized by 
the reaction of 3 or 4 with 2′-deoxyadenosine (dA) and 2′-deoxyguanosine (dG). 
Results: We were able to identify eleven metabolites of 1 and 2 from microsomal 
incubations. The threo- and erythro-configured dihydroxydihydrodiols, likely formed from 
3 and 4 as precursors, as well as 3′-hydroxylated metabolites were identified as the main 
metabolites of 1 and 2. The Ames test showed no mutagenic effect for 1 and 2 in the 
tested concentrations (up to 1 mM), whereas 3 and 4 were found to be mutagenic at 
concentrations at or above 100 µM. The reaction of 3 and 4 with dA and dG resulted in 
the formation of adducts with a m/z of 416 and 432, respectively. 
Conclusion: Our results show that both anethole isomers, 1 and 2, are metabolized 
mainly via epoxidation of the side-chain. The intermediate formed reactive epoxides 3 
and 4 may be responsible for the formation of DNA adducts detected in recent studies, 
since both epoxides react readily with dA and dG to form nucleoside adducts of the 
expected mass. Investigations to elucidate if trans- or cis-anethole forms these DNA 
adducts also in vitro and in vivo are currently ongoing in our group. 
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Toxicological risk assessment of pyrrolizidine alkaloids – Investigations of 
hepatotoxic and mutagenic potential 

L. Rutz, L. Gao, K. H. Merz, D. Schrenk 
Technische Universität Kaiserslautern, Lebensmittelchemie und Toxikologie, 
Kaiserslautern, Germany 

Question: Pyrrolizidine alkaloids (PAs) are probably one of the most significant groups of 
natural phytotoxins [1]. Some 1,2-unsaturated PAs are known to be hepatotoxic, 
genotoxic and carcinogenic due to highly reactive pyrrolic metabolites, which are formed 
by cytochrome P450 monooxygenases (CYPs) in the liver [2, 3]. Humans are exposed 
through the consumption of, e. g. PA-contaminated tea, honey and herbal infusions. For 
this reason, we generate data concerning in vitro cytotoxicity and mutagenicity of some 
food-relevant individual PAs. We want to assess potential risks and confirm the influence 
of PA structures on their in vitro toxicity. 
Methods: Mutagenicity of these selected PA congeners was determined by the Ames 
fluctuation assay: heliotrine, lasiocarpine, lycopsamine, retrorsine, senecionine and 
seneciphylline. They were tested at concentrations ranging from 1 to 300 µM in S. 
typhimurium strains TA98 und TA100. Cytotoxicity of PAs was tested in incubations of 
Hep-G2 cells and in primary rat hepatocytes. The cell viability was measured using the 
Alamar blue assay after 24 h and 48 h of incubation. 
Results: In the Ames fluctuation assay none of the selected PAs showed significant 
mutagenicity in TA98 and TA100 in spite of metabolic activation with S9-mix. In the 
Alamar blue assay in primary rat hepatocytes lasiocarpine (open-chained di-ester, 7S-
structure) was the most cytotoxic congener, followed by the di-esters echimidine, 
retrorsine, seneciphylline and senecionine. The mono-esters heliotrine, indicine, europine 
and lycopsamine were much less cytotoxic in primary rat hepatocytes. In Hep-G2 cells 
none of the selected PAs showed cytotoxic effects in the concentration range tested. 
Conclusion: Mutagenicity testing in TA98 and TA100 was negative for all selected PAs 
in spite of metabolic activation. It is possible that the lack of CYPs as well as organic 
cation transporters (OCTs) in Salmonella is the reason for this. The lack of cytotoxicity in 
Hep-G2 cells could also be explained by the absence of substantial CYPs activity. The 
Alamar blue assay with primary rat hepatocytes showed a structure dependent 
cytotoxicity. 
References: 
[1] Yang et al. (2016), Chem.-Biol. Interact. 243, 119-126. 
[2] Yago et al. (1970), Mol. Pharmacol. 6, 402-405. 
[3] Mattocks et al. (1971), Chem.-Biol. Interact. 3(5), 383-385. 
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Development of an analytical method for the simultaneous detection of veterinary 
drugs in agaricus bisporus 

C. Neuber, M. Gehling 
Bundesinstitut für Risikobewertung, Sicherheit in der Nahrungskette, Berlin, Germany 

Question: Annually, more than 2 million tons of agaricus bisporus are produced 
worldwide. This makes agaricus bisporus the most widely produced edible mushroom. 
Consumers appreciate the nutritional properties of the fast-growing mushroom being a 
source of proteins, vitamins and minerals. Fermented compost, mainly obtained from 
chicken and horse manure, is used as optimum growth substrate for the cultivation of 
agaricus bisporus. As a result of medical treatment, residues of VDs might be present in 
compost. These VDs can potentially be taken up from agaricus bisporus during cultivation 
and lead to human exposure via consumption. Hence, the aim of this study was to 
develop an analytical multimethod for the quantification of VDs in edible mushrooms. 
Methods: We applied a liquid chromatography - tandem mass spectrometric (LC-MS/MS) 
method supported by the usage of stable-isotope labeled internal standards for 
quantification of antibiotics, anthelmintics and anti-inflammatory drugs in agaricus 
bisporus. 
Results: Among VDs, several antibiotics, anthelmintics and anti-inflammatory drugs were 
selected for the development of an analytical method according to three criteria: (1) the 
presence of VDs in feces, (2) their stability at temperatures up to 70 °C, and (3) their 
stability in compost and soil. In the next step, a multimethod for the simultaneous 
detection of traces of these selected VDs as well as its metabolites using LC-MS/MS was 
developed. An extraction protocol using quick and easy dilution was established. 
Conclusion: Systematic literature research identified VDs, that corresponded to the 
criteria for a potentially transfer into agaricus bisporus during cultivation. A LC-MS/MS 
method for the analysis of these selected VDs in agaricus bisporus has been developed. 
This analytical approach can now be applied to commercially available mushrooms. 
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Combinatory cytotoxic effects of asarone isomers in vitro 

T. Uebel, M. Wilken, H. Vu Chi, M. Esselen 
Institute of Food Chemistry, Münster, Germany 

The author did not agree to the publication of his abstract. 
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The food contaminant 3-chloro-1,2-propanediol (3-MCPD) induces oxidative stress 
in mouse kidneys, testes and brain 

K. Schultrich1, T. Buhrke1, C. Henderson2, R. Wolf2, A. Braeuning1, A. Lampen1 
1German Federal Institute for Risk Assessment, Food Safety, Berlin, Germany 
2University of Dundee, Cancer Research, School of Medicine, Dundee, United Kingdom 

Question: 3-Chloro-1,2-propanediol (3-MCPD) fatty acid esters are food contaminants 
which are formed during the refinement of vegetable oils. After ingestion, the esters are 
hydrolyzed in the gastrointestinal tract to release free 3-MCPD. 3-MCPD has been 
classified by the International Agency for Cancer Research (IARC) to be possibly 
carcinogenic to humans (category 2B) and is therefore in the focus of food safety 
authorities. 
Methods: Previous studies suggested that oxidative stress plays a role in 3-MCPD 
toxicity. In the present study, so-called HOTT reporter mice were employed to elucidate 
the impact of 3-MCPD on cellular oxidative stress in more detail. These transgenic 
reporter mice contain a gene cassette in their genome in which the lacZ reporter is under 
the control of the heme oxygenase 1 (HO-1) promoter which is responsive to oxidative 
stress induced by reactive oxygen species (ROS). ROS-mediated lacZ gene expression 
can be visualized by LacZ staining of tissue slices by using X-Gal. HOTT reporter mice 
were daily treated with 0, 1, 10, 100 mg 3-MCPD per kg of body weight over a period of 
28 days. Subsequently, the mice were sacrificed, and tissue slices were prepared from 
kidneys, testes, spleen and brain and subjected to LacZ staining. 
Results: In all investigated organs a slight staining within the control groups was 
observed which corresponds to the basal HO-1 activity. In the mouse kidney cortex the 
low dose of 3-MCPD showed comparable results to the control group, whereas the mean 
and high dose of 3-MCPD resulted in a dose-dependent increase of blue stain that was 
exclusively visible in the renal cortex and not in the renal medulla. In mouse testes LacZ 
positive cells were detected on the basal membrane in the seminiferous tubules. The 
LacZ staining in the tubules was intensified with increasing 3-MCPD doses. In mouse 
brain the low 3-MCPD dose led to similar blue stain compared to the control group, 
whereas the mean and high doses resulted in a dose-dependent increase in LacZ 
positive cells. The blue color was detected in specific areas within the cerebellum, 
midbrain and pons. In contrast to the kidney, testes and brain, no differences in LacZ 
staining between control and treatment groups were observed in mouse spleen. 
Conclusion: These data demonstrate that 3-MCPD directly or indirectly induces ROS 
formation in mouse kidney, testes, and brain. Further studies will focus on the molecular 
mechanisms of 3-MCPD-mediated ROS induction. 
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Mutagenic potential of the α,β,γ,δ-unsaturated lactone protoanemonin 

M. Macziol1, J. Eckerlein1, A. Mainka1, T. Sommer1, G. Huang2, M. Decker2, L. Lehmann1 
1Universität Würzburg, Institut für Pharmazie und Lebensmittelchemie, Lehrstuhl für 
Lebensmittelchemie, Würzburg, Germany 
2Universität Würzburg, Pharmazeutische und medizinische Chemie, Würzburg, Germany 

Protoanemonin (PRO) naturally occurs as aglycone of ranunculin in Ranunculaceae, 
some species of which are used in anthroposophic drugs. Since PRO exhibits the α,β,γ,δ-
unsaturated 5-ring lactone moiety of the mutagenic mycotoxin patulin (PAT), the 
mutagenic potential of PRO was investigated using the hypoxanthine-guanine 
phosphoribosyltransferase (HPRT) assay (predominantly detecting gene mutations) and 
the micronucleus (MN) assay (detecting clastogens and aneugens). 
PRO was synthesized from 2-deoxy-D-ribose. After glycosylation, acylation and 
oxidation, successive β- and δ-eliminations of 3,5-di-O-p-toluoyl-2-deoxy-D-ribono-1,4-
lactone took place yielding PRO, which was dissolved in methanol (MeOH) and stored at 
-20°C. Identity and purity were determined by 1H-NMR and HPLC-UV. Stability of PRO in 
MeOH was confirmed by HPLC-UV. 
To determine mutant frequencies (MF) in the hprt-locus, V79 cells were treated with 0.5-
4.0 µM PRO. 0.1% MeOH and 0.7 µM 4-nitroquinoline-N-oxide (NQO) served as  
negative and positive control, respectively. Cell proliferation and cloning efficiency (CE) 
were determined to evaluate cytotoxicity. In the MN assay, cells were treated with 0.5-
2.5 µM PRO, 0.1% MeOH (negative control) or 0.3 µM PAT (positive control) for 6 h, 
followed by substance-free incubation for 0-40 h. To detect MN, DNA was stained by 
DAPI and analyzed microscopically. MN containing chromosomal fragments (MNneg) were 
distinguished from MN containing whole chromosomes (MNpos) by immunofluorimetric 
detection of centromere proteins. In addition, cytoskeletons and mitotic spindles were 
visualized by immunofluorescence to determine mitotic, apoptotic and necrotic cells. 
In the HPRT assay, only MeOH and 0.5 µM PRO didn't affect the MF in the hprt-locus 
(MF<20), whereas a concentration-dependent increase was observed after treatment with 
1.5-4.0 µM PRO. MF induced by 2.5 µM PRO was similar to that induced by 0.7 μM 
NQO. In the MN assay, neither a significant increase in the number of apoptotic nor of 
necrotic cells was observed. Treatment with MeOH and 0.5 µM PRO didn't affect MN 
frequency (<10 MN/1000 cells). Yet, an increase in the number of cells exhibiting MNneg 
was induced by 0.3 μM PAT, 1.5 and 2.5 µM PRO. An increase in the number of cells 
exhibiting MNpos was observed after treatment with 2.5 µM PRO and 0.3 μM PAT and 
postincubation periods of 6 h. 
Hence, alike PAT, PRO clearly exhibits mutagenic potential. 
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