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Methyleugenol (ME) is a secondary plant constituent and part of the human nutrition. ME 
undergoes metabolic activation to 1′-hydroxymethyleugenol (OHME), giving rise to two 
different DNA-adducts. ME and its metabolite OHME are liver carcinogens in rodents. Our 
previous in vitro study demonstrated the genotoxicity and cell death induction in human liver 
cells. 
Aim of the study was to detail OHME-induced cell death and to identify possible DNA repair 
pathways for the induced DNA-adducts using HepG2 cells and Hela cells deficient or proficient 
in global genome (GG-)NER and transcription-coupled (TC-) NER 
AnnexinV-FITC/PI staining showed an induction of apoptosis in HepG2 cells treated with 
OHME, which goes hand in hand with a decrease in cell viability shown in Alamar blue assays. 
Induction of p53-mediated mitochondrial apoptosis could be demonstrated via qPCR, Western 
Blot and immunofluorescence analysis of specific markers and validated by pharmacological 
inhibitors or transient gene knockdown. Gene expression analysis also revealed an induction 
of NER genes such as DDB2 and XPC, suggesting an involvement of NER. XPA knockdown 
in HepG2 cells increased the levels of p53, yH2AX, pChk2 and cleaved-caspase 3 after OHME 
exposure. In line with these findings, cell death rates were augmented and viability was 
decreased. Further experiments in HeLa cells with CSA or DDB2 knockout provided evidence 
that TC-NER is involved in the repair of ME-derived DNA adducts, as TC-NER defective Hela 
cells were highly sensitive towards OHME. DNA-adduct measurements after 8h incubation 
with OHME and a following recovery period, showed a decrease in adduct levels after 24h 
recovery, but no further repair until 72h. 
Summing up our data demonstrate that ME-derived DNA damage triggers mitochondrial 
apoptosis in human liver. Furthermore, TC-NER involving CSA and XPA protected the cells 
from OHME-induced cell death, which is currently further investigated in our group. 

 

63658 It takes two to tango: On the reciprocal relationship of PARP1 and 
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PARP1 acts as a prime sensor of genotoxic stress by detecting DNA strand breaks, which 
leads to the synthesis of poly(ADP-ribose) (PAR) using NAD+ as a substrate [1]. PAR 
molecules are of variable length and branching and their formation serve as a sensitive 
biomarker in genotoxicity testing [2]. At sites of DNA damage, PAR formation triggers the 
recruitment of the scaffold protein XRCC1 and the assembly of multi-protein complexes to 
promote certain DNA repair pathways. Recently, we contributed to a better mechanistic 
understanding of the intimate relationship between the two factors [3, 4, 5]. We revealed that 
the recruitment of either protein to sites of DNA damage is impeded in the absence of the 
other, indicating a strong reciprocal relationship during genotoxic stress response [3]. 
Furthermore, we performed a multi-endpoint analysis of ‘in-house-generated’ 
HeLa PARP1 KO, XRCC1 KO, and PARP1/XRCC1 double KO (DKO) cells after genotoxic 
treatments, i.e., PARylation response, NAD+ levels, clonogenic survival, cell cycle 
progression, cell death, DNA repair, and nuclear-nucleoplasmic shuttling [3, 4, 5]. 
Interestingly, the analysis of NAD+ levels and cytotoxicity after treatment with the 
topoisomerase I inhibitor camptothecin revealed a hypersensitivity phenotype of XRCC1 KO 
cells compared to PARP1 KO cells - an effect that was rescued by genetic deletion 
of PARP1 as well as by pharmacological PARP inhibition [4]. Finally, impaired repair of 
H2O2 and CPT-induced DNA damage in XRCC1 KO cells was partially rescued by deletion 
of PARP1. Our results highlight important reciprocal regulatory functions of XRCC1 and 
PARP1 in the genotoxic stress response. 

  
[1] Krüger et al., Nat Commun. 2020 May 1;11(1):2174. 
[2] Reber et al., Nucleic Acids Res. 2021 Sep 7;49(15):8432-8448. 
[3] Aberle et al., Nucleic Acids Res. 2020 Oct 9;48(18):10015-10033. 
[4] Reber et al., Cell Biol. and Toxicology. 2022 Jul 1. 
[5] Veith et al., Sci Rep. 2019 Jul 11;9(1):10075. 
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Trace elements (TEs) are essential micronutrients involved in various physiological pathways. 
Therefore, dysregulation in TE homeostasis can result in a number of diseases. Especially 
elderly are at risk for inadequate dietary supply in addition to generally occurring age-related 
changes in the TE status. These ageing-associated shifts can affect several cellular processes, 
among them DNA damage response and DNA repair pathways. 
To study the impact of modulated dietary supply of multiple TEs in parallel and of ageing on 
those pathways, adult (30 weeks) and old (66 weeks) mice received suboptimal or adequate 



supply of copper, iron, selenium, and zinc for 26 weeks. Subsequently, TE concentrations and 
selected genomic stability markers were investigated in the cerebellum. It could be shown that 
in spite of moderate alterations of cerebellar TE contents related to age and reduced TE supply 
neither 8-oxoguanine levels nor base excision repair incision efficiency were affected. Further, 
indicative for epigenetic modifications global DNA (hydroxy)methylation was assessed but 
remained unaltered in old and suboptimally TE-supplied animals. This emphasizes the tight 
regulation of TE homeostasis and high priority of genomic stability maintenance, especially in 
sensitive brain tissue. 
Additionally, a storage stability experiment was performed to assess the impact of tissue 
storage time at -80 °C on baseline levels of DNA strand breaks and alkali-labile sites detected 
via alkaline comet assay for murine brain tissue. 

 

63702 p21-dependent CDK4 silencing and activation of the DREAM complex 
is sufficient to mediate B[a]P and IR-induced cellular senescence 
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Previously, we showed that genotoxic stress induced by B[a]P and IR represses various DNA 
repair factors via E2F1 degradation and p21/DREAM-mediated abrogation of the E2F1 
signaling. Here we analyze the role of p21/DREAM pathway for induction of cellular 
senescence upon genotoxic stress. Therefore, we compared the molecular mechanism of 
senescence induction between the environmental genotoxin B[a]P and IR. Our data show that 
in p16-deficient MCF7 cells, induction of senescence completely depends on p21. 
Interactomics data revealed that especially the inhibition of CDK4 by p21 is important for 
activation of the DREAM complex. Transcriptome analysis further revealed that the DREAM 
complex silences the expression of the master regulators of the cell cycle (FOXM1, E2F1 and 
MYBL2), as well as further targets including HMGB2 and LMNB2, which are important factors 
in mediating cellular senescence. The repression of these factors and the induction of 
senescence was abrogated by siRNA mediated knockdown of the DREAM components E2F4 
and E2F5. Similar results were also observed in non-transformed human fibroblasts exposed 
to the active B[a]P metabolite BPDE. The transcriptional response following genotoxic stress 
induced by B[a]P and IR on one hand, and of CDK4 inhibition caused by Palbociclib on the 
other, is surprisingly similar. Among the top 100 repressed genes, 25 genes were identical and 
all of those were DREAM targets, supporting the impact of CDK4 inhibition on genotoxic 
stress-induced senescence. Interestingly, Palbociclib also induced a reversible senescence like 
phenotype. Overall, our data identified the p21-CDK4-DREAM axis as master regulator of 
genotoxic stress-induced senescence, which acts as a safeguard arresting damaged cells after 
mitotic slippage. 

 

63703 Threshold concentrations for BPDE-induced cell death are 
characterized by altered DNA damage signalling and are associated with 
unrepaired double-strand breaks. 
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In our previous work, we showed that at non-toxic concentrations, the environmental 
carcinogen benzo(a)pyrene (B[a]P) and its active metabolite benzo(a)pyrene 9,10-
diol-7,8-epoxide (BPDE), induce a p53-dependend transcriptional activation of the 
nucleotide excision repair, as well as p53/p21-dependent induction of senescence, 
leading to cellular survival. Opposite, at high BPDE concentrations, p53 mediates cell 
death via apoptosis in human VH10tert fibroblasts, suggesting the existence of specific 
thresholds at which the p53-dependent pro-survival signalling turns into p53-
dependent pro-death signalling. 
While the initial activation of the DNA damage response does not differ between toxic 
and non-toxic BPDE concentrations, at later time points toxic concentrations cause 
complex changes in the DNA damage response, which lead to cell death. In summary, 
protective ATR-CHK1-p53Se15-p21 dependent signalling is changed at toxic 
concentrations into ATM-CHK2-p53Se46-NOXA dependent signalling, leading to 
induction of apoptosis. Of note, classical p53Se46 activators like HIPK2 and caspase-
6 seem not to be involved in this process. Preliminary data further suggest that this 
threshold is caused by unrepaired DNA double-strand breaks. 
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Colorectal cancer (CRC) is amongst the most frequent tumor types worldwide. Unfortunately, 
resistance to chemotherapy occurs frequently, and thus a multimodal approach based on targeting 
specific key molecules is urgently needed. Inhibitors of apoptosis proteins (IAPs), like Survivin, are 
often highly expressed in CRC. Thus, our aim was to ascertain to which extent the modulation of 
subcellular localization of Survivin affects CRC cell response to the first-line treatment with the 
topoisomerase I inhibitor irinotecan (IT). 

To accomplish this task, we transfected the CRC cell lines SW48 and SW480 with a recombinant vector 
expressing Survivin-GFP fusion protein which is mainly localized in the cytoplasm and generated stable 
SW48 and SW480 clones mutated in the nuclear export signal (NES) sequence of Survivin, leading to 
its accumulation in the nucleus. Additionally, we generated Survivin-NES knock-in SW480 clones via 
CRISPR-Cas9 technology, characterized by nuclear accumulation of endogenous Survivin. Expression 
and proper localization of the endogenous and the fusion Survivin protein was confirmed by western-
blot and immunofluorescence, respectively. The Survivin-GFP-NES and the Survivin-NES knock-in 
clones were both hypersensitive to IT, in comparison to the Survivin-GFP clones or the parental cells, 
as determined by colony-forming assays and flow cytometric annexin V/PI staining. Although cell-
cycle distribution analyses revealed a prolonged IT-induced G2-arrest particularly in Survivin-NES 
clones, the cells did not undergo senescence, as determined by β-Gal based assay. Since we speculated 



on a putative function of Survivin during repair of IT-induced DNA double-strand breaks (DSBs), we 
examined the formation and repair of DSBs after IT exposure using γH2AX/RAD51 foci. Interestingly, 
cells with cytoplasm-localized Survivin showed a reduced amount of DSBs, while the cells expressing 
mutated NES-Survivin exhibited increased number of DSBs, pointing to compromised homologous 
recombination repair. Thus, subcellular localization of Survivin could be a prognostic/diagnostic 
marker for topoisomerase I inhibitor-based CRC therapy. 

 

63710 Modeling aneuploidy and chromosomal instability to understand 
cancer development and drug response 
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Cancer cells differ from healthy cells by massively altered genetic information. Genome 
alterations include not only point mutations and small insertions and deletions, but also 
large-scale changes such as chromosomal rearrangements and gains and losses of 
individual chromosomes. This so-called aneuploidy, which is often accompanied by 
chromosomal instability, is a hallmark of cancer. Exactly how large-scale chromosomal 
abnormalities contribute to tumorigenesis has been difficult to study, but remarkable 
progress has been made recently thanks to in vitro models that mimic cancer genome 
changes and allow their systematic analysis. By engineering human cell lines with specific 
karyotypic alterations, we have been able to determine common consequences of 
aneuploidy in human cells. The findings obtained reveal that genomic alterations strongly 
affect the cell physiology by interfering with protein homeostasis, maintenance of genome 
stability, and cellular metabolism. In addition, we show that specific chromosome gains and 
losses affect cellular response to drug treatments. Our results demonstrate that these model 
systems provide new insights by recapitulating the processes that occur during 
tumorigenesis. 

 

63711 Malignant peritoneal mesotheliomas in rats induced by multiwalled 
carbon nanotubes and amosite asbestos: transcriptome and epigenetic profiles 
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Malignant mesothelioma is an aggressive cancer often originating in the pleural and peritoneal 
mesothelium. Exposure to asbestos is a frequent cause. But studies in rodents now show that 
certain multiwalled carbon nanotubes (MWCNTs) can also induce malignant mesothelioma. 
Yet the exact mechanisms are still unclear. To gain further insights into molecular pathways 
leading to carcinogenesis, we analyzed tumors induced by intraperitoneal treatment with 
MWCNTs and amosite asbestos. Using transcriptomic and epigenetic approaches, we 
compared the tumors by inducer (MWCNTs and amosite asbestos) or by tumor type 
(sarcomatoid, epithelioid, and biphasic). Genome-wide transcriptome datasets whether by 
inducer or tumor type exhibited high number of significant differentially-expressed genes 
(DEGs) relative to control peritoneal tissues. The transcriptome datasets exhibited 



commonalities but also differences pertaining to DEGs, and predicted regulated canonical 
pathways and molecular functions. In all the datasets, bioinformatic analyses using Ingenuity 
Pathway Analysis (IPA) predicted Phagosome Formation, Pulmonary Fibrosis Idiopathic 
Signaling Pathway, IL8 Signaling, Rac Signaling and Integrin Signaling. Top-scoring activated 
molecular functions included cell movement, invasion of cells, migration of cells, cell 
transformation, and metastasis. Notably, we found many common genes implicated in 
mesothelioma which were concurrently all up- or downregulated in the datasets. Furthermore, 
RT-qPCR revealed downregulation of Hrasls, Nr4a1, Fgfr4 and Ret or upregulation 
of Rnd3 and Gadd45b in all or most of n =36 tumors analyzed. Bisulfite sequencing of Hrasls, 
Nr4a1, Fgfr4 and Ret revealed heterogeneity in DNA methylation of promoter regions. Global 
5mC DNA, m6A RNA and 5mC RNA methylation levels were also higher in tumor than in 
control tissues. In conclusion, here we provide new molecular data, which could help in better 
understanding of carcinogenesis arising from MWCNT exposure, and thus valuable for risk 
assessment and safe-by-design strategies. 
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Nucleotide excision repair (NER) pathway is essential for the removal of helix distorting and 
bulky DNA adducts. However, structural determinants characterizing the NER substrates are 
not fully identified. Therefore, we constructed EGFP reporters harbouring synthetic N2-
alkylguanine modifications with increasing adduct sizes: N2-methylguanine (m2G), N2-
ethylguanine (e2G), 3-(deoxyguanosine-N2 -yl)-2-acetylaminofluorene (AAF2G) and the 
exocyclic 1-N2-ethenoguanine (εG). These constructs were used to assess transcription 
blocking properties and repair efficiencies by the host cell reactivation approach. 

The expression analysis in NER-deficient XP-A human cells indicated a complete 
transcriptional blockage by e2G, εG and AAF2G. On the contrary, m2G did not cause an 
obstacle for transcription, which ruled out the possibility of transcription-coupled NER (TC-
NER) for its repair. Moreover, expression of the e2G, εG and AAF2G 
reporters was rescued by complementation with a functional XPA gene indicating the 
importance of NER. We further aimed to address which NER sub-pathway, TC-NER 
or the global genome (GG-NER), is accountable for the removal of e2G, εG and AAF2G. 
Expression analysis in TC-NER deficient cells derived from Cockayne syndrome (CS-B and CS-
A) patients showed a complete absence of repair. In contrast, GG-NER deficient XP-C 
cells exhibited a complete repair. To rule out potential effects of unknown genetic 
variations between the cell lines, we created GG-NER and TC-NER deficient models by 
targeting DDB2 and CSA genes using CRISPR-Cas9. In agreement with the 
previous conclusions, deletion of the GG-NER component DDB2 has no impact on the repair, 
while the disruption of the essential TC-NER gene CSA completely abolished it. In summary, 
we conclude that, at the N2 position of guanine, any alkyl group bigger than 
methyl causes transcriptional blockage in human cells. Moreover, e2G and εG, as AAF2G, 



are repaired solely by TC-NER, which resolves the inconsistency between the previously 
reported repair mechanisms.  
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Objectives: Given that many drug candidates fail in clinical trials due to 
nephrotoxicity, better models are needed to identify potential toxicity early in the 
developing process. Human-induced pluripotent stem cells (hiPSCs) differentiating 
into proximal tubular epithelial cells (PTEC) could provide a 3R-conform alternative 
model to test and identify potential nephrotoxins. Therefore, the present study 
investigates the vulnerability of PTEC-like cells generated from hiPSCs towards well-
known nephrotoxins. 

Materials and Methods: hiPSCs were differentiated into PTEC-like cells by 
cultivating them in renal epithelial cell growth medium supplemented with bone 
morphogenetic protein (BMP) 2 and 7. 

Results: Currently, we have shown that hiPSCs, after the applied differentiation 
protocol, exhibited PTEC-like morphology. Moreover, the cells showed increased 
expression of prototypical PTEC markers and transporters, while stem cell markers 
were downregulated. Furthermore, the PTEC-like cells were capable of megalin-
dependent cubilin-mediated endocytosis of fluorescently labeled albumin, proving 
their functionality. hiPSCs and differentiating cells were more sensitive to the 
nephrotoxin cisplatin than the fully differentiated cells, which was not observed for 
another nephrotoxin, cyclosporin A. Differentiating cells were more susceptible to 
oxidative stress than hiPSCs and PTEC-like cells. Consistent with these data, these 
cells expressed low levels of genes involved in oxidative stress. In addition, hiPSCs 
showed increased expression of most genes involved in DNA repair pathways, which 
decreases as the differentiation process progresses. 

Discussion and Conclusion: This small selection of compounds already shows the 
diverse reaction of cells in various differentiation states to substances with different 
modes of action. While it is evident that a DNA-damaging substance like cisplatin has 
its highest impact on fast-growing proliferating cells, the deleterious effect of oxidants 
on differentiating cells was unexpected. Overall, these hiPSC-derived in vitro kidney 
model is ready now to investigate the nephrotoxic potential of several selected 
compounds and the effects of these toxins on the differentiation process. 

 

63721 DNA damage and mitochondrial dysfunction in neurodegeneration and 
aging 
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DNA damage and mitochondrial dysfunction in neurodegeneration and aging. 
Vilhelm A Bohr, Chief, Section on DNA repair, National Institute on Aging, NIH, USA 
We find that some DNA repair defective diseases with severe neurodegeneration have 
mitochondrial dysfunction.  Our studies involve cell lines, the worm (c.elegans), and mouse models 
and include the premature aging syndromes Xeroderma pigmentosum group A, Cockaynes 
syndrome, Ataxia telangiectasia and Werner syndrome.  It also includes models of Alzheimers 
Disease, which I will discuss. We find a pattern of hyperparylation, deficiency in the NAD+ and Sirtuin 
signaling and mitochondrial stress, deficient mitophagy.  We are pursuing mechanistic studies of this 
signaling and interventions at different steps to improve mitochondrial health and 
neurodegeneration.  I will discuss intervention studies in these disease models including a new 
Alzheimer mouse model using NAD supplementation.  NAD supplementation stimulates 
mitochondrial functions including mitophagy and stimulates DNA repair pathways.  Based on human 
postmortem material and IPSC cells we identify mitophagy defects as a prominent feature in 
Alzheimers disease (AD). Using c.elegans AD models we screened for mitophagy stimulators and 
identified compounds that subsequentially also show major improvement of AD features in mouse 
models. We are exploring senescence and cGAS-STING signaling pathways, which will be discussed.   

 

63728 Impact of ascorbic acid on the chromate-induced toxicity in alveolar 
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Ascorbic acid (AA) is an essential cofactor for many enzymes involved in processes of barrier 
integrity, transcription, hormone regulation and epigenetics. However, cell cultures lack AA 
due to its rapid degradation in cell culture. Thus, it is necessary to load the cells with AA in 
order to reflect the physiological condition more closely. This is of particular relevance for 
toxicological studies of chromate since ascorbate as an intracellular reductant has been 
proposed to strongly affect the toxicity, genotoxicity as well as epigenetic alterations provoked 
by chromate. 
In this study, A549 cells were preincubated with dehydroascorbic acid (DHA) to receive an 
intracellular AA level in the physiological range (1-5 mM). Preincubated cells (DHA+) and 
DHA-free cells (DHA-) were tested for chromate-induced cytotoxicity via ATP-Assay and 
intracellular uptake of chromium using AAS. Global methylation of cytosine was detected via 
HPLC-UV. Additionally, transcriptional toxicity profiles were obtained by a high-throughput RT-
qPCR. 
Treatment with chromate resulted in a significant concentration-dependent cytotoxicity, which 
was reduced in DHA+ cells. To exclude that this diminished cytotoxicity was due to 
extracellular reduction of chromium(VI) to chromium(III), uptake studies were performend. No 
difference in chromium uptake was observed between DHA+ and DHA- cells. Furthermore, 
neither DHA nor chromate treatment did induce changes in the 5-methylcytosine content of 
the cells. The gene expression profile obtained in this study using high-throughput RT-qPCR is 
specifically designed to detect DNA damage responses, inflammation, cell cycle control as 



well as apoptosis. Chromate significantly altered this profile, but it was not significantly affected 
by DHA status. In conclusion, preincubation with DHA leads to lower acute cytotoxicity of chromate, 
which, however, cannot be attributed to a lower intracellular chromate content, nor to differences in 
the methylation status or the activation of different signalling pathways. This highlights the 
importance of further research in this area.    
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Obesity is a rising health issue of our century and its association with several chronic 
diseases including cancer causes an increased health burden. In our previous work, 
we have showed that obesity leads to elevated DNA damage. The DNA damage is the 
precursor for mutations and can contribute to increased cancer risk in case of no repair 
or misrepair. Therefore, we studied the contribution of DNA repair activity to obesity 
related cancer risk as well as the effect of weight loss either induced by a caloric 
restriction or induced by a gastric bypass surgery in a rodent obesity model. In order 
to measure the DNA repair activity in liver tissue, a comet based in vitro DNA repair 
assay was utilized. In vitro DNA repair comet assay is based on the incubation of repair 
enzyme containing protein extracts with the substrate cells containing specific DNA 
lesions. Here, we used cryopreserved TK6 cells either treated with UVC for nucleotide 
excision repair (NER) activity or treated with potassium bromated for base excision 
repair (BER) activity. Our preliminary findings are indicating a possible alteration in 
DNA repair activity in obesity, however we need further work to conclude its effect on 
cancer risk. Overall, obesity showed a strong association with oxidative stress and 
DNA damage, which was partly improved after weight loss. To understand the role of 
DNA repair in obesity related cancer risk, future research is needed. 

 

63730 Novel insight into DNA double-strand break repair 
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DNA double-strand break (DSB) repair by homologous recombination (HR) counteracts 
genomic instability and cancer. Genetic defects in the HR repair pathway in cancer cells 
sensitizes to pharmacological poly(ADP-ribose) polymerase inhibition (PARPi), which 
counteracts DSB repair by the NHEJ pathway. In response to DSBs, the DNA damage 
response is coordinated by an evolutionarily conserved ATM signaling network, which 
coordinates the cellular response to damage between DNA repair and induction of cell death 
to antagonize genome instability.  
HIPK2 is a Ser/Thr kinase and tumour suppressor playing a central role in DNA damage-
induced cell fate control. Upon irreparable DNA damage, HIPK2 activates tumor suppressor 
p53 and thereby mediates cancer cell radio- and chemosensititvity. HIPK2 activation requires 
checkpoint kinase ATM, which triggers HIPK2 stabilization and activation through a 
mechanism involving site-specific HIPK2 autophosphorylation and dissociation of its negative 



regulatory E3 ubiquitin ligase Siah1, finally stimulating p53-induced cell death after irreparable 
damage.  
Remarkably, in response to repairable DNA damage, HIPK2 exerts cytoprotective functions 
by modulating the NRF2 and p53 responses. Whether HIPK2 contributes to cell survival 
through regulating DSB repair remains elusive. Our unpublished work indicates that HIPK2 is 
physically recruited to DSBs and guides DSB repair by HR.  
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Alkylating agents are potent environmental mutagens that are also used in cancer chemotherapy. One of the methylating drugs applied 1st line 
in brain cancer therapy is temozolomide (TMZ). Similar to other SN1 alkylating agents it induces N- and O-base adducts, including O6-
methylguanine (O6MeG). Although being a minor lesion, O6MeG is responsible for almost all genotoxic, cytotoxic and cytostatic effects caused 
by the so-called O6-methylating agents. How many O6MeG adducts are required to induce specific cell responses was not precisely known. 
Therefore, we determined the dose-dependent formation of O6MeG in glioblastoma cells by mass spectroscopy and set it in relation to DSBs, 
p53Ser15 phosphorylation, apoptosis/necrosis and cellular senescence. Our results indicate a linear increase of O6MeG, along with DSBs and 
p53Ser15 phosphorylation. Apoptosis/necrosis and senescence also increased linearly, with senescence being the main response induced. A 
possible threshold for the induction of apoptosis in A172 was indicated by the Hockey-stick model at a concentration of 2.5 µM TMZ, while 
no threshold was detected in LN229 cells. In all cell lines no threshold was detected for the endpoint senescence. In A172 cells, treatment 
with 20 µM TMZ induced 14.000 O6MeG adducts, which gave rise to 32 DSBs (measured by yH2AX and 53BP1 foci), 12 % cell death and 35 % 
senescence. In LN229 cells, 20 µM of TMZ induced 20.600 O6MeG adducts, 66 DSBs, 24 % cell death and 52 % senescence. Since this dose of 
TMZ approximates the serum concentration that can be achieved in cancer therapy, the data can be translated to the therapeutic situation, 



indicating that the intra-tumoral concentrations of TMZ trigger a significant amount of cytotoxic and cytostatic responses such as apoptosis 
and senescence. Stratenwerth et al., Mol. Cancer Ther., 20, 1789-99; Beltzig et al., Cancers, 13, 6287pp. 

 

63737 O6-methylguanine triggered senescence in glioblastoma cells 

Lea Beltzig1, Alessandro Tancredi2, Monika E. Hegi3, Petra Leukel4, 
Clemens Sommer5, Markus Christmann6, Bernd  Kaina7. 
1Institute of Toxicology, University Medical Center, 55131 Mainz, Germany. 
(Mainz, DE); 2Neuroscience Research Center and Neurosurgery, Lausanne 
University Hospital and University of Lausa; 3Neuroscience Research Center and 
Neurosurgery, Lausanne University Hospital and University of Lausa; 4Institute of 
Neuropathology, University Medical Center, 55131 Mainz, Germany.; 5Institute of 
Neuropathology, University Medical Center, 55131 Mainz, Germany.; 6Institute of 
Toxicology, University Medical Center, 55131 Mainz, Germany.; 7Institute of 
Toxicology, University Medical Center, 55131 Mainz, Germany.. 

Alkylating agents are potent mutagens and carcinogens. They are also cytotoxic, which is harnessed 
in cancer chemotherapy. In glioblastoma therapy temozolomide (TMZ) is used, which induces various 
DNA lesions including O6-methylguanine (O6MeG). If not repaired, O6MeG gives rise to DSBs due to 
futile mismatch repair (MMR) cycles, which finally trigger the DNA damage response (DDR). This leads 
to activation of apoptotic and the senescence pathways. Here we show that apoptosis and senescence 
follow the same kinetics but different dose-responses. Thus, 8 d after treatment senescence reached 
a 3-fold higher level than apoptosis. Analysis of these TMZ treated cells show high levels of 
trimethylated H3K9 and H3K27, both marker for senescence, high amounts of DNA double-strand 
breaks, which were located outside of telomers, and a sustained activation of the DDR. The same was 
found in recurrent GBM specimens; higher levels of senescence associated methylated histones and 
DSBs were present in recurrent compared to primary tumours, while apoptosis levels were reduced. 
Although TMZ-induced DSBs persist in senescent cells, radiation-induced DSBs are still repaired. To 
further elucidate the role of O6MeG in apoptosis and senescence induction following TMZ treatment, 
we used a tet-on system to induce MGMT at defined stages after TMZ treatment and in senescent 
cells. Upregulation of MGMT immediately after TMZ treatment caused complete abrogation of 
apoptosis and senescence, while MGMT upregulation >3d following TMZ treatment had no impact on 
apoptosis and senescence induction. Upregulation of MGMT in senescent cells showed neither 
reduction of senescence nor induction of apoptosis in the senescent population. Senescent cells were 
also found in post-treatment cancer specimens. Overall, the data show that O6MeG-triggered 
senescence is a main response following TMZ treatment of glioblastoma cells and that O6MeG is 
required for induction, but not for maintenance of the senescent state. Beltzig et al., Cancers, 29, 
2233pp. 
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controls – Results from the GUM Working Group “Statistics” 

Timur Tug1. 
1TU Dortmund University, Dortmund, Germany. 



FULL AUTHORS: Timur Tug1*, Julia Duda1, Frank Bringezu2, Steffi Chang3, 
Martina Dammann4, Roland Frötschl5, Volker Harm6, Katja Ickstadt1, Bernd-
Wolfgang Igl7, Marco Jarzombek8, Rupert Kellner9, Fabian Kriegel8, Jasmin Lott7, 
Stefan Pfuhler10, Ulla Plappert-Helbig11, Jörg Rahnenführer1, Markus Schulz3, Lea 
Vaas6, Marie Vasquez12, Verena Ziegler13 and Christina Ziemann9 
  
1Department of Statistics, TU Dortmund University, Dortmund, Germany, 2Merck KGaA, 
Biopharma and Non-Clinical Safety, Darmstadt, Germany; 3ICCR-Roßdorf GmbH, Rossdorf, 
Germany, 4BASF SE, Ludwigshafen am Rhein, Germany; 5Federal Institute for Drugs and 
Medical Devices (BfArM), Bonn, Germany; 6Bayer AG, Berlin, Germany; 7Boehringer 
Ingelheim Pharma GmbH & Co. KG, Biberach an der Riss, Germany; 8NUVISAN ICB 
GmbH, Preclinical Compound Profiling,Germany; 9Fraunhofer Institute for Toxicology and 
Experimental Medicine ITEM, Hannover, Germany; 10Procter & Gamble, Cincinnati, Ohio, 
USA, 11Lörrach, Germany, 12Helix3 Inc, Morrisville, NC, USA; 13Bayer AG, Wuppertal, 
Germany 
*: presenting authors: tug@statistik.tu-dortmund.de 
  
In 2015 nonclinical statisticians and genotoxicologists from academia, industry, and 
one regulatory body established the interdisciplinary working group "Statistics" 
within the GUM, which aims at evaluating and refining statistical approaches for 
important genotoxicity methods like e.g., the in vivo alkaline comet assay (OECD 
489). Using this sensitive and fast method, both DNA strand break induction, but 
also DNA repair can be determined in vivo on single cell level.  The comet assay is 
widely used and represents an important test in several regulatory frameworks. The 
working group collected single cell data (negative and positive control data) of more 
than 200 experiments with different organs (i.e., liver, duodenum, stomach, blood, 
and lung) from various companies to gain an even better understanding of data 
distribution and evaluate different statistical methods, using a comprehensive data 
set. 
Therefore, the test itself as well as the associated data processing techniques were 
statistically analysed using descriptive statistics and hierarchical mixed-effects 
models. In addition to gaining a general overview of all collected data, we addressed 
the following issues: data distribution, treatment of zero values, the interrelationship 
between negative and positive control data, the inclusion of historical control data 
and the test dependency of the selected summarizing measures. The results of these 
analyses allowed us to validate the OECD 489 proposed handling of zero values by 
using a large dataset and to support the median as choice for a summary measure 
(normal distributed data). We also provide guidance on how to check study validity 
by comparing negative and positive control values. Furthermore, variation 
decomposition analysis provided interesting insights into the source of noise (at the 
cellular, slide, and animal level), which might stimulate the discussion of using more 
slides per animal. 

 

63740 Replication stress and mitosis deregulation in colorectal cancer stem 
cells 



Illio Vitale1, Gwenola  Manic1, Andrea  Guarracino2, Luca Mattiello1, 
Sara Soliman Abdel Rehim1. 
1Italian Institute for Genomic Medicine, Candiolo, Italy; 2Genomics Reasrch 
Centre, Human Technopole, Milan, Italy. 

Cancer stem cells (CSCs) are stem-like cell subpopulations within the tumor mass 
responsible for cancer initiation, propagation and dissemination, and endowed with 
elevated therapeutic resistance and low immunogenic potential. Taking advantage of 
colorectal cancer patient-derived models, we demonstrated a tendency of CSCs to 
exhibit genomic and chromosomal instability. In particular, we showed that primary 
colorectal CSCs display high levels of, and elevated tolerance to, replication stress 
because of a very robust DNA damage response. Such proneness to undergo 
replication stress resulted in a specific vulnerability to the abrogation of the ATR-
CHK1 axis, which operates the response to replication stress. We also revealed 
frequent deregulation of the mitotic checkpoint, a surveillance mechanism best 
known as spindle assembly checkpoint (SAC) that monitors and ensures the faithful 
segregation of sister chromatids during mitosis. SAC deregulation in CSCs was due 
to the under-expression of multiple mitotic players, including key components of the 
SAC, and associated with chromosome instability, resistance to a variety of 
chemotherapeutic agents and poor patient prognosis. These findings unveil new 
therapeutic opportunities to effectively eradicate CSCs in colorectal cancer. 

 

63741 The formation and fate of DNA adducts from dietary carcinogens 

Shana Sturla1. 
1Laboratory of Toxicology, Department of Health Sciences & Technology, ETH 
Zurich. 

Diets high in red or processed meats are associated with increased risk of colorectal cancer. Such 
diets are hypothesized to promote the formation of DNA-reactive electrophiles that form highly 
mutagenic O6-alkylguanine DNA adducts such as O6-methylguanine and O6-carboxymethylguanine. 
The presentation will address recent insights concerning molecular mechanisms governing the 
formation of these DNA adducts, their repair, and impact on replication fidelity. We have also 
established novel bioanalysis methods to detect such low abundance spontaneous modifications 
genome-wide. Combining an understanding of mechanisms of mutagenesis with state-of-the-art 
DNA damage analysis tools is expected to support cancer prevention efforts.  

 

Hormone mediated DNA damage and carcinogenesis 

63646 Obesity and Cancer Risk: the role of insulin 

Ezgi Eyluel Bankoglu1, Helga Stopper1. 
1Institute of Pharmacology and Toxicology, University of Würzburg (Würzburg, 
DE). 



Obesity is a rising health issue of our century. Its association with several chronic diseases such 
as type 2 diabetes mellitus (T2DM) and metabolic syndrome causes an increased health burden. 
Hyperinsulinemia, a characteristic of early T2DM and metabolic syndrome, results from 
oversecretion of the endogenous hormone insulin. Certain endogenous substances such as 
hormones are desirable in cellular metabolic functions, but they may cause DNA damage when 
expressed at pathophysiologically high levels. In this study, we investigated the link between 
genomic instability in obesity and the role of elevated insulin level. 
Our findings showed a significant increase in DNA damage both in obese rodents and in obese 
subjects. Furthermore, an increase in oxidative stress together with elevated oxidized DNA 
lesions were observed.  Oxidative stress and partly the DNA damage were reduced after weight 
loss in rodents and in humans. However, the oxidized DNA lesions were not reduced by weight 
loss. Regarding mechanism, DNA damage findings in the animal model showed a positive 
correlation with plasma insulin levels, and the micronucleus frequency among obese subjects 
was the highest within the subgroup of metabolic syndrome. Furthermore, knockout of pten, 
which regulates the insulin signalling cascade, in a mouse model enhanced genomic damage 
and oxidative stress in the liver. 
Overall, obesity showed a strong association with oxidative stress and DNA damage, which 
was partly improved after weight loss. One of the key factors was the insulin resistance. To 
understand the role of insulin in cancer risk, the various aspects of insulin activity in relation 
to genomic stability are our current research focus. 

  

 

63707 The role of stress and glucocorticoids on cancer risk 
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Psychological stress increases the circulating levels of the glucocorticoid, cortisol. We have 
previously shown that cortisol can induce DNA damage in breast cancer through an iNOS 
mediated pathway correlating with tumour progression. However, the role of glucocorticoids 
on the initiation of cancer is still unknown. Herein, we have shown that cortisol can induce 
phosphorylation of H2AX (an indicator of DNA damage) and BRCA1 in immortalised mammary 
epithelial cells and this is mediated through the glucocorticoid receptor. In addition, using the 
comet assay (used to detect single and double-stranded DNA breaks and alkali-labile sites) we 
found that cortisol impairs the cells ability to effectively repair this DNA damage.  Following 
knock down of BRCA1 in MCF10A cells we found that although cortisol did not increase DNA 
damage compared to BRCA1 wild type, there was significantly less DNA repair in BRCA1-
deficient cells.  To study the effect of stress on cancer risk, we examined cortisol levels and 8-
Hydroxy-2-Deoxyguanosine (8-OHDg; a biomarker of oxidative stress associated with DNA 
damage) in women with BRCA1/2 mutations at baseline and subsequent years. Study 
participants with high minimum cortisol levels (above a threshold of 7300 pg/ml) and 8-OHDg 
levels (above a threshold of 6ng/ml) have a significantly (p<0.05) increased risk of a breast 
cancer diagnosis. In summary, taken together our findings suggest a strong mechanistic link 



between stress markers, DNA damage and susceptibility to the development of breast cancer 
in patients with BRCA mutations. 

 

63716 BMI, oxidative stress and biotransformation enzymes influence 
mitochondrial spontaneous mutation frequency in human mammary adipose 
tissue 

Juliane  Wunder1, Daniela Pemp1, Benjamin Spielmann1, René  Hauptstein1, 
Mayram  Mahdiani1, Leane Lehmann1. 
1Chair of Food Chemistry, University of Wuerzburg (Würzburg, DE). 

Breast cancer is associated with both damage of mitochondrial DNA and increased 
body fat percentage. In addition, increased body fat is associated with increased 
estrogen levels, altered biotransformation reactions and disrupted redox balance. 

Therefore, the aim of the present study was to investigate whether increased body 
fat percentage and its cellular consequences affect mitochondrial spontaneous 
mutation frequency (mtSMF) in human breast adipose tissue.  

Breast adipose tissue from 38 healthy women was characterized by questionnaire, 
histology, gravimetry, GC-FID, GC- and UHPLC-MS/MS, allelic discrimination, 
RFLP-PCR, multiplex PCR, and TaqMan® qPCR. The dependent variable mtSMF 
was quantified using the genotype-selective random mutation capture assay, and 
influencing factors were identified by multiple linear regression models. 
Explanatory variables (exVARs)  possibly 1) increasing mtSMF were age and 
variables related to a) oxidative stress (oil content of adipose tissue, BMI, smoking, 
levels of GCLC, NQO1, NFE2L2 transcripts and of cholesterol oxidation 
products), b) mitochondrial proliferation (mtDNA/nuclear DNA, estradiol and 
estrone levels, and intake of estrogen-active drugs), and c) formation of reactive 
metabolites (transcript levels of CYP1A1 and CYP1B1). ExVARs possibly 2) 
decreasing mtSMF were a) parity and b) exVARs related to detoxification of 
reactive metabolites (transcript levels of GSTT1 and GSTP1 and polymorphisms 
in CYP1B1, NQO1, GSTM1 and GSTP1 genes). Consumption of dairy, fish, 
vegetable and highly processed fats (relative proportions of pentadecanoic, 
docosahexaenoic, elaidic, alpha-linolenic, and trans fatty acids) could influence 
mtSMF in both directions and were therefore considered too. 

The mtSMF was potentially adversely affected by age, BMI, markers of oxidative 
stress,  levels of CYP1A1 transcripts and docosahexaenoic acid, whereas the 
presence of GSTT1 transcripts together with the more highly active polymorphic 
forms of GSTP1 affected the mtSMF potentially protectively.  

Thus, alterations in adipose tissue could influence genetic stability through 
multiple mechanisms. 



 

63724 Blood pressure regulating hormones cause oxidative stress, DNA 
damage and increase mutations 

Nicole Schupp1. 
1Institute of Toxicology, Medical Faculty, University of Düsseldorf (Düsseldorf, 
DE). 

Epidemiological studies showed an increased risk of renal cancer in patients with 
hypertension. In many of these patients, the blood pressure-regulating renin-angiotensin-
aldosterone system (RAAS) is activated. Here I will summarize the results from our research 
on the two hormones. We have shown in vitro, ex vivo, and in animal models of hypertension 
that a stimulated RAAS leads to oxidative stress and DNA damage. In a rat model suitable 
for quantification of mutations, a significant increase in mutation frequency was found in 
renal DNA after 20 weeks of angiotensin II-induced hypertension. In hypertensive patients, 
we found increased systemic oxidative stress but no systemic DNA damage. Early detection 
and control of hypertension may protect against malignant changes in the kidney. 

 

63736 Role of estrogens in the etiology of female breast cancer: current 
knowledge and open questions 

Leane Lehmann1, Daniela Pemp1, Juliane Wunder1, Lisa Markert1, 
Carolin Kleider1, Harald Esch1. 
1Lehrstuhl für Lebensmittelchemie, Universität Würzburg, Würzburg, Germany 
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Despite huge advances in breast cancer therapy, incidences of breast cancer (BC) 
have been rising, demanding strategies in BC prevention. Since plasma levels of 
endogenous estrogens in pre- and postmenopausal women are associated with BC 
risk, insight in estrogen homeostasis could reveal promising targets. 

The current hypothesis is that estrogens contribute to BC etiology twofold: 1) 
estrogen receptor alpha-mediated cell proliferation contributes to tumor promotion 
and indirectly also to an increase in mutation frequency i.e. initiation and 
progression. Since mitochondria exhibit estrogen receptors as well, estrogens 
might also contribute to cancer-related dysregulation of mitochondrial energy 
homeostasis. 

2) biotransformation of estrogens produces genotoxic estrogen quinones which 
form DNA adducts and/or induce oxidative stress thus contributing to initiation 
and progression. 

Variables both potentially adversely (i.e. body fat and consumption of red meat) 
and beneficially (i,e. physical activity) influencing estrogen levels in human 



plasma and/or breast glandular and adipose tissue derived from women with no 
history of BC were identified by linear regression models using data collected by 
questionnaire and instrumental analysis. Since intratissue (biotrans)formation 
influenced intratissue estrogen levels and differed between human and rat tissues 
as well as between histopathological phenotypes in ACI rats, putative chemo 
preventive compounds identified in the ACI model can now be evaluated more 
specifically. 

Furthermore, the influence of intratissue estrogen levels and BC risk factors on 
estrogen receptor mediated signalling, oxidative stress and genomic stability was 
investigated revealing that e.g. BMI influenced both fluxes to DNA adducts and 
mitochondrial mutation frequency determined by metabolic network modelling and 
random mutation capture assay, respectively. 

Moreover, the putative role of nitro-estrogens in carcinogenesis will be discussed. 

However, despite a multitude of studies as well as a commonly accepted 
hypothesis, the question whether changes in estrogen biotransformation are cause 
or consequence of tumorigenesis remains controversial. 

 

Nutrition and carcinogenesis 

63647 Potency ranking of structurally diverse pyrrolizidine alkaloids using an 
in vitro genotoxicity test battery in human hepatocytes and impact of OCT1-
mediated uptake 
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Jörg Fahrer1. 
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Pyrrolizidine alkaloids (PAs) occur as contaminants in numerous plant-based foods 
and herbal medicines. PAs are genotoxic, hepatoxic and can cause liver cancer in 
rodents. The aim of the study was to examine the relative toxicity of at least eleven 
structurally different PAs in metabolically competent human liver cells using an in 
vitro genotoxicity battery and to detail the impact of OCT1 (organic cation 
transporter 1)-mediated uptake. 

HepG2 cells with CYP3A4 expression and primary human hepatocytes were 
incubated with different PAs for up to 24 h. The cytotoxic potential was 
determined by resazurin assay in both cell models. The genotoxic potential was 
investigated using western-blot analysis of the DNA damage markers γH2AX and 



p53 as well as the alkaline comet assay in HepG2-CYP3A4 cells. Data were 
subject to BMD modelling to derive BMDL values for assessing the relative 
genotoxicity. The impact of OCT1 on PA uptake was studied using pan-OCT and 
OCT1-specific inhibitors. As endpoints, PA content, cell viability and genotoxicity 
markers were included. 

Overall, the results show a structure-dependent toxicity of the PAs in both tested 
cell models. Furthermore, the in vitro genotoxicity battery confirmed the potency 
ranking based on BMDL values. The lowest BMDL values ranging from 0.1 - 
0.8  µM were obtained for cyclic and open di-ester such as retrorsine and 
lasiocarpine. OCT1 inhibition strongly reduced the PA-mediated toxicity in liver 
cells, which was supported by mass spectrometic analysis of the PA content. 

Our findings show a concentration- and structure-dependent toxicity based on the 
degree of esterification. Furthermore, the alkaline comet assay results were 
perfectly in line with the western-blot experiments. Our data strongly support the 
classification of PAs according to their relative toxicity. Moreover, the OCT 
inhibition studies displayed that heliotrine, lasiocarpine and riddelliine are 
generally transported by OCT1. 

 

63697 Revealing hidden details of genotoxicity pathways with synthetic DNA 
lesions 

Andriy Khobta1. 
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Damage	to	DNA,	resulting	from	reactive	endogenous	metabolites	as	well	as	
environmental	and	dietary	toxicants,	is	an	important	causal	factor	of	cancers	and	age-
related	diseases.	Since	exposure	to	these	agents	cannot	be	entirely	avoided,	it	is	
important	to	learn	which	DNA	lesions	within	the	vast	spectrum	of	DNA	modifications	
found	in	cells	are	most	harmful.	Many	types	of	DNA	reaction	products	induced	under	
exposure	to	genotoxic	agents	can	be	efficiently	modelled	by	using	structurally	identical	
(or	similar)	synthetic	analogues.	My	lab	has	developed	and	is	expanding	a	panel	of	
reporter	assays	towards	comprehensive	characterisation	of	repair	and	miscoding	
properties	of	specific	types	of	DNA	modifications 

Numerous	adducts	formed	by	electrophilic	metabolites	of	common	food	carcinogens	or	
drugs	share	the	property	to	block	gene	expression	by	arresting	elongating	RNA	
polymerase	complexes.	Experiments	with	synthetic	DNA	modifications	showed	that	
even	one	adduct	incorporated	into	the	untranslated	region	of	an	actively	transcribed	
reporter	gene	may	diminish	the	expression	levels	in	transfected	cells	by	a	factor	of	>20.	
Thereby,	the	gene	expression	impairment	is	an	excellent	indicator	for	the	lesion	
persistence,	whilst	its	reactivation	provides	a	reliable	indicator	of	the	repair	efficiency	
[doi:10.1371/journal.pone.0094405;	doi: 10.1093/nar/gkz558].	Investigation	of	the	
outcomes	of	non-blocking	DNA	modifications	(such	as	the	majority	of	DNA	oxidation,	



alkylation	and	hydrolytic	degradation	products)	is	possible	as	well,	however	a	different	
detection	principle	needs	to	be	applied.	Since	many	of	non-blocking	DNA	lesions	are	
miscoding,	their	presence	in	the	template	DNA	leads	to	increased	incorporation	of	
erroneous	ribonucleotides	during	transcription.	To	detect	such	transcriptional	
miscoding	events,	we	have	designed	the	loss-of-function	EGFP	mutants,	which	revert	to	
the	fluorescent	phenotype	by	point	mutations	affecting	the	specific	nucleotides	
[doi:10.3390/biom10060902].	I	will	outline	the	advantages	offered	by	synthetic	DNA	
modifications	for	better	understanding	of	the	modes	of	action	of	food	carcinogens	and	
environmental	toxicants. 

 

63700 Nitrosylation of the red meat compound heme does not increase its 
genotoxic, mutagenic and cell transforming potential 
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The consumption of processed and red meat is associated with a higher risk of developing colorectal 
cancer (CRC). While heme may be responsible for the red meat-mediated higher CRC incidence, the 
influence of processed meat on CRC development is less known. The addition of curing salt (sodium 
nitrite) to meat induces the formation of N-nitroso compounds, mainly nitrosylated heme (NO-heme). 
Due to the high reactivity of nitric oxide, it is hypothesized that NO-heme may actually possess the 
highest carcinogenic potential in processed red meat. Therefore, NO-heme was toxicologically 
characterized and compared to non-nitrosylated heme. 
NO-heme was synthesized by nitrosylation of hemin, followed by purification and chemical 
characterized. Both compounds, i.e. heme as well as NO-heme, showed significant and dose-
dependent genotoxic effects in Caco-2 cells with a fairly higher number of DNA strand breaks being 
induced by heme. Heme and NO-heme were highly mutagenic in mammalian cells in the HPRT test, 
but not in a bacterial reverse mutation assay using various S. typhimurium strains. In the Balb/c 3T3 
cell transformation assay, a significant difference between both substances was detected, with heme 
but not NO-heme inducing malignant cell transformation. In conclusion, both heme compounds were 
genotoxic and mutagenic, while the effects of NO-heme were generally lower than those induced by 
heme alone. This lower toxicity of NO-heme may results from its chemical instability and degradation, 
which causes the formation of the malaria pigment β-hematin. 
Up to now, β-hematin has never been described as a component of the human diet or been associated 
with CRC development. Its potential endogenous formation and the contribution of β-hematin to the 
toxic effect of heme will be investigated in future studies. 

 

63701 Is there a role for replication stress in Ochratoxin A genotoxicity? 



Angela Mally1, Johanes Borchers1, Julian Brode1, Leonie Lutz1, Christina Klotz1. 
1Department of Toxicology, University of Würzburg (Würzburg, DE). 

The mycotoxin and food contaminant Ochratoxin A (OTA) is nephrotoxic and nephrocarcinogenic in 
rodents. The mode of action of OTA carcinogenicity is still not fully understood. In particular, the 
molecular mechanism underlying OTA genotoxicity and contribution of genetic toxicity to OTA 
carcinogenicity continue to be a cause for uncertainty in OTA  assessment. The European Food Safety 
Authority recently concluded that the specific spectrum of mutations and chromosomal damage induced 
by OTA is not reconcilable with DNA adducts or oxidative DNA damage, but may arise from 
unresolved replication stress. Replication stress (i.e. slowing or stalling of replication fork progression) 
is increasingly recognized as a major source of genomic instability and cancer. Using the DNA fiber 
assay to analyze replication fork dynamics at single molecule resolution, we recently found that OTA 
significantly delays replication fork progression in human kidney cells. In support of the mild but 
significant effects of OTA on replication fork velocity, analysis by Western blot and/or 
immunofluorescence demonstrated a significant, concentration-related increase in ãH2AX in cells 
treated with OTA. Importantly, costaining with CldU revealed ãH2AX foci exclusively in cells with 
newly replicated DNA, thus supporting a mechanistic link between DNA replication and induction 
of ãH2AX foci by OTA. Visualization of ãH2AX in the extended chromatin fiber assay revealed a 
concentration-dependent increase in ãH2AX along replicative chromatin fibers.  However, OTA did 
not appear to activate DNA damage response pathways as seen in response to hydroxyurea, suggesting 
that damaged cells may escape checkpoint control. This may allow cells with under-replicated DNA or 
unresolved DNA damage to continue into mitosis, leading to the mitotic defects and chromosome 
segregation errors observed in response to OTA. These data provide first experimental evidence for 
perturbation of the S-phase replisome machinery by OTA and support replication stress as an early key 
event in OTA genotoxicity. 

 

63705 Biomonitoring of heat-induced food contaminants: Biomarker based 
approach to exposure assessment of furan in food 

Christine Kalisch1, Maxim Krieger1, Benjamin Sänger1, Raphael Dekant1, 
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(Würzburg, DE). 

Furan, a potent liver toxicant and carcinogen in rodents, occurs in a variety of food items that 
undergo heat treatment. Due to the high volatility of furan and limited understanding of the fate 
of furan during home cooking, assessment of human exposure based on food consumption 
data and furan content in food is unreliable. Considering the low margin between current 
exposure estimates and furan doses that cause adverse health effects in laboratory animals, 
there is an urgent need for improved exposure assessment as a basis for risk assessment. A 
number of urinary furan metabolites derived from the reaction of cis-2-butene-1,4-dial (BDA), 
the initial product of cytochrome P450 2E1-catalyzed oxidation of furan, with glutathione and 
amino acids, have been suggested as potential biomarkers of furan exposure, and previous 
analysis in rats showed a close correlation between biomarker levels and external dose [1]. 
However, some metabolites, such as an adduct of BDA with Nα-acetyl-L-lysine presumably 
derived from binding of BDA to proteins, were also found to be present in untreated animals, 
suggesting either background contamination via feed or endogenous formation. In this study, 
urinary excretion of furan metabolites was monitored over time following administration of 
isotopically labelled [2,3,4,5-13C]-furan to rats at dose levels relevant to human exposure to 



test the validity of a biomarker-based approach to assess exposure to furan via food, taking 
into account the contribution of possible endogenous formation and furan levels in rodent feed. 
Reference: [1] Karlstetter, D. and A. Mally, Biomonitoring of heat-induced food contaminants: 
Quantitative analysis of furan dependent glutathione- and lysine-adducts in rat urine as 
putative biomarkers of exposure. Food and Chemical Toxicology, 2020. 143: p. 111562. 
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cells 
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Rund2, Janina Frisch3, Leticia Prates-Roma3, Nils H. Schebb2, Jörg Fahrer1. 
1Technical University of Kaiserslautern (Kaiserslautern, DE); 2Bergische 
University of Wuppertal; 3Saarland University. 

Colorectal cancer (CRC) is the third most common cancer with over 1.8 million new cases 
worldwide each year. The consumption of red meat, which is abundant in heme iron, is an 
important risk factor for CRC development. Here we investigated the induction of oxidative 
stress by hemin (Fe3+ protoporphyrin) and ferric iron (FeCl3) in human colonic epithelial cells 
(HCEC), using multiple endpoints. Heme iron, but not ferric chloride, caused reactive oxygen 
species (ROS) formation in a dose-dependent manner in both, HCEC and murine intestinal 
organoids, which was attenuated by pre-treatment with the antioxidant NAC. Further analysis 
revealed mitochondrial superoxide generation by hemin, which was rescued by MITO-Tempo. 
Using HEK cells with mitochondrial expression of the hydrogen peroxide sensor roGFP2-
Orp1, an increased H2O2 production was detected following hemin treatment. Since ROS are 
tightly linked to lipid peroxidation, isoprostane levels derived from arachidonic acid and 
dihomoisoprostanes as well as dihomoisofurans from docosatetraenoic acid were analyzed. 
Mass spectrometry revealed hemin-triggered lipid peroxidation in a time- and dose dependent 
manner, whereas ferric chloride had little effects. These findings were confirmed by flow 
cytometry and immunofluorescence microscopy with the lipid peroxidation sensor BODIPY™ 
581/591 undecanoic acid. While the pre-treatment with the antioxidants NAC and 
α-Tocopherol led to a decrease in lipid peroxidation, the iron chelator deferoxamine showed 
no effect. As another endpoint, DNA damage was measured using the alkaline Comet assay 
modified with formamidopyrimidine-DNA glycosylase. The experiments showed hemin-
dependent formation of DNA strand breaks and oxidative DNA damage, which was confirmed 
by immunostaining of 8-oxoguanine and confocal microscopy. Taken together, heme iron 
triggers oxidative stress in HCEC, resulting in lipid peroxidation and oxidative DNA damage, 
which could be reduced by pre-treatment with antioxidants. The impact of heme induced lipid 
peroxidation on its intestinal toxicity will be elucidated in further studies. 

 

63720 Mechanism-based biomarkers for experimental, diagnostic and clinical 
risk study on pyrrolizidine alkaloids exposure 



Ge Lin1. 
1The Chinese University of Hong Kong (Hong Kong, HK). 

Natural toxins in healthy products or foods are threats to public health, while the 
clinical identification of their induced toxicities are challenge. Pyrrolizidine 
alkaloids (PAs) are found in over 6000 plant species worldwide and represent one 
of the most common phytotoxins to cause liver injury. Although people are readily 
exposed to PAs via the ingestion of PA-containing herbal remedies or widespread 
PA-contaminated foods, it remains challenging to identify PA-induced liver diseases 
and assess PA-related health risks. Based on the biochemical mechanisms of PA 
intoxication, we have developed PA-derived protein adducts, DNA adducts, and 
amino acid adducts as biomarkers for definitive identification of PA exposure. The 
specificity and kinetic profile of these biomarkers were firstly investigated in PA-
exposed experimental animals. Further, the established biomarkers were analysed in 
clinical specimens collected from patients with PA-induced liver injury. Our study 
shows that these mechanism-based biomarkers are specific to PA exposure, and the 
liquid biopsy (blood) and non-invasive (urine) testing approaches are applicable for 
unequivocal diagnosis of PA-induced liver injury. Moreover, the long-lasting 
property of these biomarkers enables early risk assessment of PA-induced 
mutagenicity and tumorigenicity, in particular for the patients, who have been cured 
from acute liver injury induced by herbal or dietary exposure of PAs but are 
warranted for the follow-up investigations on the risk of potential development of 
PA-associated liver cancer. [Supported by Research Grants Council of Hong Kong 
SAR (GRF Grant No. 14107719) and Chinese University of Hong Kong (Direct 
Grant No. 4054656)] 

 

63725 Mechanisms of intestinal carcinogenesis triggered by dietary factors 
and impact of DNA repair 

Jörg Fahrer1. 
1University of Kaiserslautern, Department of Chemistry, Division of Food 
Chemistry and Toxicology (Kaiserslautern, DE). 

Colorectal cancer (CRC) is one of the most common tumor entities worldwide, 
with an increasing incidence and mortality in young adults over the last 25 years. 
Colorectal carcinogenesis is a multistep process that involves various etiological 
factors. These include genetic predisposition, inflammatory bowel disease, lifestyle 
factors and dietary habits. Particularly, the consumption of red and processed meat 
was shown to increase the risk for CRC development. This talk will highlight two 
areas of your research, which focus on dietary heme as causative factor in red meat 
and N-nitroso compounds (NOC) as contaminants in processed meat. The 
underlying genotoxic mode of action of both dietary heme and NOC will be 
presented. Furthermore, DNA repair pathways will be dissected, which are 
responsible for the removal of the induced DNA lesions. Third, defects in the DNA 



repair machinery and their impact on DNA damage, cytotoxicity and intestinal 
tumorigenesis will be discussed. 

 

iGUM – current issues with relevance to industry 

63438 Assessment of the Mutagenic Potential of a Protoporphyrinogen-
Oxidase Inhibitor Herbicide 

Naveed Honarvar1, Astrid Zander1, Eva Dony2, Brandy Williamson-Riffle3, 
Markus Frericks1, Tobias Seiser1, Dorothee Funk-Weyer1, Robert Landsiedel1. 
1BASF SE; Germany (Ludwigshafen, DE); 2ICCR-Roßdorf GmbH; 
Germany; 3BASF Corp; USA. 

Protoporphyrinogen-oxidase inhibitors (PPOi) is a class of herbicides, which acts on 
chlorophyll synthesis. Likewise, it affects heme synthesis resulting in the induction of 
anaemia in mammals to varying degrees. A series of experimental PPOi candidates showed, 
despite their clear negative in vitro mutagenic profile, enhanced micronucleus formation in 
rodent bone marrow in vivo. Since increased erythropoiesis may result in increased 
micronucleus formation, a series of investigations were performed to determine whether 
the micronucleus findings were attributed to a mutagenic effect or linked to the observed 
anaemia. 

One of these PPOi candidates was tested in vivo by oral gavage in rats; micronucleus assays 
in the liver and bone marrow were performed on day 14. The data showed an increase in 
the micronucleus count in the bone marrow whereas the hepatocyte micronucleus 
frequency was not affected. In another study, 24 hours after a single gavage administration 
in mice a portion of the bone marrow was assessed for micronucleus formation while the 
rest was subjected to a subpopulation separation process isolating erythroid (selected via 
their Ter119 surface expression) and non-erythroid (selected by their CD45 surface 
expression) cells, which were then assessed in a comet assay. Results showed a dose 
dependent increase in micronucleus frequencies. However, increases in % DNA tail 
intensities in the comet assay were confined only to the erythroid Ter119+ subpopulation. 

In conclusion, it can be stated that the observed induced micronucleus frequencies using 
the PPOi candidate is most probably a product of enhanced erythropoiesis and not linked to 
a direct DNA damaging effect. 

  

 

63514 Characterization of substance induced mutations in the in vitro 
Transgenic Rodent (TGR) assay 

Alina Göpfert1, Claudia Rülker1, Michael Eichenlaub2, Bogdan Tokovenko3, 
Caroline Gomes1, Dorothee Funk-Weyer1, Robert Landsiedel1, Naveed Honarvar1. 



1Experimental Toxicology and Ecology, BASF SE, Ludwigshafen, Germany 
(Ludwigshafen, DE); 2White Biotechnology Research, BASF SE, Ludwigshafen, 
Germany; 3Digitalization, Automation and Innovation Management, BASF SE, 
Ludwigshafen, Germany. 

The detection of potential mutagens for hazard assessment of industrial chemicals, biocides and 
pesticides is a regulatory request and of major importance to ensure that only non-mutagenic 
products are entering the market. The OECD test guideline (TG) no. 488 describes an in vivo assay that 
detects induced gene mutations in transgenic rodents that contain copies of chromosomally 
integrated reporter genes. The “in vitro TGR” is not yet an OECD TG but is developed to be an in 
vitro analogue of the OECD 488. 
To further characterize the gene mutations of the lacZ gene, a next-generation sequencing-based 
(NGS) method was implemented. LacZ gene mutations induced by five mutagens (N-ethyl-N-
nitrosourea (ENU), Ethyl methanesulfonate (EMS), Mitomycin C (MMC), Benzo[a]pyrene (B[a]P) and 
Azathioprine (AZA)) were characterized and the induction of size changes in the excised target 
construct was additionally addressed. 
The mutations identified matched the mutagenic mechanisms of the test substances described in 
literature. The alkylating agent ENU induced a greater proportion of A:T to T:A transversions than the 
second alkylating agent EMS, whereas EMS induced an increased proportion of smaller deletions (1-
4 bp). G:C to T:A transversions accounted for the majority of mutations identified after MMC and B[a]P 
treatment, both of which are known to form monoadducts at the N2 position of guanine. AZA was 
found to mainly induce G:C to A:T transitions, a mutation caused by the structural analogy to guanine 
by one of its metabolites. An increased proportion of size changes (>300 bp) was only detected for the 
crosslinking mutagen MMC. 
In conclusion, the “in vitro TGR” identifies mutagenic substances before conducting in vivo studies; 
additional mutation spectra analysis facilitates further evaluation of the induced mutations. However, 
further assessments using additional test substances including moderate and weak mutagens are 
required to corroborate the above data. 

 

63571 Assessment of the Sensitivity of the HPRT Assay in Relationship to the 
Spontaneous Mutant Frequency of the Cell Line 

Mediha-Laura Kimonyok1, Claudia Rülker2, Silke Spang2, Astrid Zander2, 
Robert Landsiedel2, Caroline Gomes2, Dorothee Funk-Weyer2, Naveed Honarvar2. 
1University of Mannheim, Faculty of Biology, Mannheim, Germany 
(Ludwigshafen, DE); 2BASF SE, Ludwigshafen, Germany. 

The HPRT assay (OECD 476) is used for the in vitro assessment of gene mutations in eukaryotic 
cells. The guideline recommends a treatment of 2x107 cells based on the “general rule” to 
maintain at least 10 mutants per culture. Despite its correct intention to avoid cultures with 
a mutant frequency of 0, the approach insinuates that lower spontaneous mutant frequencies 
might not be sensitive enough for the assay. 

The spontaneous mutant frequency obtained in the performing lab using the Chinese 
Hamster Ovary (CHO) cell line is lower than the recommended value. In order to clarify the 
origin of the low spontaneous frequency, different protocols were compared with each other. 



One particular aspect was the timing of the cell line cleansing. A comparison of the 
spontaneous mutant frequencies of the cells using either cells cleansed and frozen prior to 
treatment or cleaned immediately prior to treatment showed, that indeed the lower 
frequency observed is dependent on the time of cleansing. 

In a further assessment looking into whether the increased spontaneous mutant frequency is 
linked to a higher sensitivity of the cells towards mutagens, experiments were carried out 
using a concentration range of reference mutagens indicated in the OECD guideline using 
again both protocols in parallel. The obtained concentration response curves of the reference 
mutagens using both protocols were compared with each other with the PROAST benchmark 
dosing approach. The results showed that the sensitivity of the two protocols to detect 
mutagenic effects was not altered by the difference in the spontaneous mutation frequency. 

Therefore, it is concluded that although the spontaneous mutant frequency might give an 
indication of the sensitivity of the used cell line to mutagenic effects, it should not be used 
as a sole parameter for determining the suitability of the cell line for the HPRT assay. 

 

63698 The evaluation of an actual control group based on historical control 
data 

Max Menssen1. 
1Leibniz Universität Hannover (Hannover, DE). 

Toxicological studies are a class of biological trials which are aimed to evaluate 
the toxicological properties of chemical compounds on model organisms. Typical 
toxicological studies are comprised of an untreated control and several cohorts that 
were treated with the compound of interest. At the end of the study, the outcome of 
the treatment groups is compared against the untreated control. 

Anyhow, due to chance or systematic error, it is possible that the outcome of the 
untreated control is unusually high or low. Both cases might lead to a 
misclassification of the compound of interest: The first case results in the 
conclusion that the compound of interest is less harmful as it actually is. The 
second case leads to the conclusion that a compound is treated as more harmful 
than necessary. 

In order to avoid this, several guidelines recommend the validation of the actual 
control group  (ACG) based on historical control data (HCD). Such data is 
comprised of the negative controls of prior runs measuring the same endpoint 
under the same test conditions of the same type of study. Anyhow, in spite of the 
fact, that several guidelines recommend the validation of the ACG based on HCD, 
they rarely state how to apply HCD. 

Therefore, several heuristics such as plotting HCD against the actual control can be 
found in literature. Unfortunately, none of these heuristics have clearly defined 



statistical properties. A remedy for this problem can be given by the application of 
prediction intervals, which should cover one future observation (the ACG) with a 
predefined probability. 

Hence this talk will focus on two topics: The misconceptions of several heuristical 
methods found in literature as well as on the application of prediction intervals. 
The application of prediction intervals will be demonstrated using real life data and 
the R package ‚predint‘. 

 

63715 Advanced technologies for chemical safety assessment: toward 
reduction and replacement of conventional rodent mutagenicity tests. 

Francesco Marchetti1, Paul A White1, Carole L Yauk2. 
1Health Canada (Ottawa, CA); 2University of Ottawa. 

Evaluation of a substance’s potential to cause mutagenicity is a critical component of human and 
environmental health risk assessment. Regulatory agencies worldwide have developed test guidelines 
to determine whether chemicals cause mutations. While existing tests have served the regulatory 
community well, they are limited to: (i) specific, or genetically modified, organisms; (ii) single target 
genes that may not be linked to a health outcome; and (iii) hazard calling without complementary 
information on mechanism of action.  Duplex Sequencing (DS) is an error-corrected next-generation 
sequencing (ecNGS) technology that enables highly precise quantification of mutation frequency and 
characterization of spectrum in potentially any species, tissue, and cell culture model. Foundational 
studies from our laboratory and others using in vivo and in vitro models are: (a) exploring mutagenic 
responses by DS to confirm performance across different genotoxic modes of action and diverse 
tissues/models; (b) establishing degree of qualitative and quantitative concordance relative to 
conventional mutagenicity endpoints; (c) defining optimal experimental designs; and (d) investigating 
the added-value of the mechanistic information produced by DS. The work thus far indicates a robust 
ability to detect mutations by DS for prototypical mutagenic exposures in numerous models, 
concordance of DS mutation frequencies with conventional endpoints, and remarkable cross-
laboratory agreement. Altogether, these efforts will contribute to moving the field of genetic 
toxicology from simple, single-endpoint hazard identification to comprehensive hazard assessment 
and mechanistic understanding to support sound regulatory decisions. 

 

63733 Genotoxicity Assessment of Molnupiravir 

Patricia Escobar1, Zhanna  Sobol1, Sandrine  Ferry-Martin1, Judith  Prescott 1, 
Sean Troth1. 
1MSD (West Point, US). 

Molnupiravir (MOV; MK-4482; EIDD-2801) is a prodrug of the antiviral nucleoside β-D-N4-
hydroxycytidine (NHC) in clinical development as a five-day oral treatment regimen for 
patients with COVID-19. NHC-triphosphate, the active anabolite, is incorporated by viral RNA-
dependent RNA polymerase into nascent chain RNA, inducing increased mutational frequency 
in the viral genome and resulting in viral error catastrophe. MOV potential to induce genomic 



DNA damage was comprehensively assessed in in vitro and in vivo genotoxicity assays. The 
totality of the genotoxicity data supports the ongoing clinical studies. MOV and NHC induced 
mutations in the bacterial reverse mutation assay and NHC has been reported to induce HPRT 
mutations in CHO cells (Zhou et al, 2021). MOV did not induce chromosome damage in in 
vitro or in vivo assays. To understand the in vivo relevance of in vitro mutagenicity, robust in 
vivo mutagenicity studies were performed in rats with MOV. The Pig-a mutagenicity and Big 
Blue® (cII Locus) transgenic rodent assays (conducted per OECD guidelines) included 
evaluation of rapidly (bone marrow) and slowly (liver) proliferating tissues using durations of 
exposure and doses (mg/kg) exceeding the therapeutic target. The results of these studies 
provide strong evidence that the in vitro mutagenicity is not relevant to in vivo mammalian 
systems. Potential reasons for lack of translation of in vitro findings may include differences 
in metabolism, pharmacokinetics, exposure and DNA repair processes within a whole animal 
model compared to in vitro test conditions. A six-month carcinogenicity study in Tg.rasH2 mice is 
being conducted to further evaluate MOV carcinogenic potential. 

 

63734 Current considerations for In vitro follow up options of an In vitro 
positive in standard genetic toxicity tests 

Roland Frötschl1. 
1BfArM (Bonn, DE). 

Standard testing to evaluate a compound´s risk of genetic toxicity usually requires a basic set of 
standard tests. If the battery of tests is negative the compound is assumed to not pose a relevant 
genotoxic risk in intended use. The scope of standard battery tests depends on the intended use of 
the compound. This explains the differences in standard batteries between compounds used in 
pharmaceuticals and those used in other products at least in part. 

For pharmaceuticals a positive result in an AMES test would usually require sufficient In vivo follow 
up testing. However, for compounds negative in the AMES test but positive in standard In 
vitro mammallian cell tests ICH S2(R1) provides some guidance in which cases follow up testing with 
additional In vitro tests may be appropriate and In vivo tests may not be required. For compounds 
positive in In vitro mammalian cell tests mechanistic information on the mode of action can often be 
provided in In vitro assays. This comprises test systems providing convincing evidence for indirect 
mechanisms of genetic toxicity not relevant in vivo. It also includes tests providing evidence for 
mechanisms considered to have a threshold such as e.g. inhibition of DNA synthesis or induction of 
aneuploidy, or generation of reactive oxygen species only ocurring at cytotoxic doses and not 
relevant at concentrations reached in In vivo tests. Available test systems for follow up testing 
comprise assays addressing one specific endpoint, e.g. formation of DNA adducts or modern multi 
endpoint tests to provide experimental evidence for mechnisms of genetic toxicity. It is however 
important in follow up testing to set up a sophisticated test strategy first to provide convincing 
evidence for the lack of a relevant risk for genetic toxicity. 

 

63738 Summaries from 2022 IWGT in Ottawa, Canada 



Hans-Joerg Martus1, Andreas Zeller2, David Kirkland3. 
1Novartis (Basel, CH); 2F. Hoffmann-La Roche; 3Kirkland Consulting. 

Summaries of the Working Groups from the 8th International Workshops on Genotoxicity Testing 
(IWGT), a satellite meeting that precedes the main ICEM conference, will be presented. IWGT is built 
around groups of invited experts to discuss and publish recommendations on topics related to genetic 
toxicology testing methodologies and strategies. 
From this year’s IWGT the following Working Groups will report back at this symposium (leaders in 
parentheses): 

• Transcriptomic Biomarkers (Roland Froetschl, Germany): Transcriptomic biomarkers used in 
genotoxicity testing, integration in testing strategies, quantitative analysis, 
validation/quantification and existing data gaps 

• Predictivity of in vitro Genotoxicity Testing, a mathematical modelling approach (Mirjam 
Luijten, The Netherlands): Identification of combination(s) of in vitro tests with the highest 
predictive value, test batteries, uncertainty analyses, and mathematical modelling approaches 
using novel analyzing paradigms 

• Genotoxicity Dose-response Analysis for Potency Comparisons and Risk Assessment (Paul 
White, Canada): Rationale for quantitative analysis approach, outstanding issues, the BMD 
approach, risk assessment based on in vivo and in vitro data 

• In vivo Strategies (Carol Beevers, UK): Updates on the liver and GI tract micronucleus tests, 
comparison of plasma concentrations and in vitro genotoxic concentrations, and issues 
related to the in vivo comet assay 

• Statistical Approaches and Data Interpretation (Stephen Dertinger, USA): Statistical tests, 
historical negative control data sets, and interpreting results 

In addition, two plenary symposia will be organized: 
• Epigenotoxicity and Germ Cell Effects (Roger Godschalk, The Netherlands): Heritable and 

transgenerational effects 

• Gene Therapy (Silvana Libertini, Switzerland): Genotoxicity and carcinogenicity risk of gene 
therapy approaches 

 

Risk assessment of botanicals 

63696 Cellular effects of cannabidiol (CBD) and β-myrcene from Cannabis 
sativa in vitro 

Nicol Kolar1, Ezgi Eyluel Bankoglu1, Helga  Stopper1. 
1Institute for Pharmacology and Toxicology, University of Würzburg (Würzburg, 
DE). 

Products containing Cannabis-derived phytosubstances such as cannabidiol and β-
myrcene can be bought everywhere without restrictions. Often these products are 
advertised as highly beneficial for human health; however, the research community is 
divided. Some studies have shown that Cannabis phytoproducts have antioxidant, 
anti-inflammatory, and anticarcinogenic properties, but others claim that the bioactivity 
of these phytoproducts is not adequately characterized, and their accurate benefits 



and disadvantages are unclear. Therefore, this study aimed to investigate the cellular 
effects of pure cannabidiol and β-myrcene on the human lymphoblastoid cell line, TK6, 
and human hepatoma cell line, HepG2 by performing single cell gel electrophoresis 
and cytokinesis–block micronucleus assay. The following could be highlighted: 
cannabidiol did not induce significant DNA damage or micronucleus formation in 
human lymphoblastoid and hepatoma cells. This is different from published data and 
needs further investigation regarding the reasons for this difference. However, the 
highest tested concentration of cannabidiol (15 μM) caused a significant reduction of 
cytokinesis-block proliferation index in both cell lines. The compound β-myrcene also 
did not induce the formation of micronuclei in both cell lines, while it caused DNA 
damage in the single cell gel electrophoresis assay at the highest concentration (100 
μM), but only in human lymphoblastoid cells. This compound also requires further 
experiments for conclusive elucidation of its effects in vitro. 

 

63706 Metabolism and membrane transporters influence the genomic damage 
induced by pyrrolizidine alkaloids in a co-culture model system 

Naji Said Aboud Hadi1,2, Ezgi Eyluel  Bankoglu1, Helga  Stopper1. 
1Institute of Pharmacology and Toxicology, University of Wuerzburg, Wuerzburg, 
Germany (Würzburg, DE); 2School of Health and Human Sciences, Pwani 
University, Kilifi, Kenya. 

Abstract 
Introduction: Pyrrolizidine alkaloids (PAs) are natural phytotoxins distributed extensively in 
thousands of plants species. PAs require metabolic activation in the liver to instigate toxicity. 
Humans are exposed with PAs via cross-contamination in food products, spices and herbal 
medicines. PA induced hepatic sinusoidal obstruction syndrome (HSOS) is mainly 
characterized as hepatic sinusoidal endothelial cells (HSECs) damage which later leads to 
hepatotoxicity and carcinogenicity. However, the mechanism is not yet fully known because 
HSECs in the liver lack metabolic enzymes. To mimic the in vivo situation to some extend in 
vitro, we co-cultured HepG2 liver cells with metabolically inactive HeLa H2B-GFP cells and 
analyzed micronucleus formation in the HeLa H2B-GFP cells after treatment with PAs. 

Methodology: Using the cytokinesis-block micronucleus (CBMN) assay, the genomic 
damage induced by the PAs of different ester type such as europine, riddelliine and 
lasiocarpine, was investigated in a co-culture model system of metabolically active human 
hepatoma HepG2 cells and non-metabolically active human cervical epithelial HeLa H2B-
GFP cells. Since the latter express green fluorescent protein fused histone H2B (HeLa H2B-
GFP), they can be identified within the co-culture using fluorescence microscopy.   

Results and Conclusion: Increased micronucleus formation was observed in HeLa H2B-
GFP cells after treatment of the co-culture model system with PAs. The CYP 450 inhibitor 
ketoconazole, and the outwards transporter inhibitors verapamil (MDR1 inhibitor) and 
benzbromarone (MRP2 inhibitor) reduced the micronucleus formation. Thus, within the 
applied co-culture model system, PAs were activated by HepG2 liver cells and the 
metabolites were taken up by HeLa H2B-GFP cells in which they induced genomic damage. 



 

63727 The HESI Botanical Safety Consortium’s genotoxicity testing 
framework – perspectives from government, academia, and industry 

Kristine Witt1, Helga Stopper2, Stefan Pfuhler3. 
1NIEHS/Division of the National Toxicology Program, Research Triangle Park, 
NC, USA (Würzburg, DE); 2University of Würzburg, Würzburg, 
Germany; 3Procter & Gamble, Mason, OH, USA. 

Botanicals have been widely used for centuries in efforts to preserve and enhance human 
health and well-being, but current safety evaluations are often inadequate. Today, due to 
widespread use, an urgent need exists to define appropriate toxicity evaluations to empower 
regulatory scientists to support safe use of botanicals. The Botanical Safety Consortium 
(BSC) has addressed this need by convening an international group of scientific experts to 
develop a comprehensive toolkit for generating reliable toxicological profiles of these 
complex mixtures that includes, e.g., evaluations of hepatotoxicity, cardiotoxicity, 
reproductive toxicity, and neurotoxicity. These profiles also include evaluation of genotoxicity 
potential, as genotoxicity is associated with numerous adverse human health effects not 
reliably predicted by adverse event reporting procedures. Relying on a variety of in 
vitro and in silico test methods available for evaluating the genotoxicity of single chemical 
entities, the BSC’s Genotoxicity Technical Working Group has developed a tiered, fit-for-
purpose testing strategy for these chemically complex botanicals, starting with in 
silico predictive modeling and followed by standard in vitro guideline studies and novel 
follow-up tests designed to further characterize genotoxicity and mode-of-action. For 
evaluating the effectiveness of the proposed testing approaches, 13 data-rich botanicals 
were selected by the BSC as case studies. Results of our in silico predictive modeling 
indicated that >70% of literature-identified constituents of these 13 botanicals have 
genotoxic potential. Results from the in vitro tests currently underway will be compared to 
the in silico predictions. In an iterative process, the final toolkit and framework for safety 
testing will be based on the data collected. The goal of the BSC is to develop predictive 
toxicity testing strategies suitable for botanicals that integrate published data with in 
silico and in vitro tools along with human exposure data, into a robust, comprehensive 
program providing actionable safety data and minimizing animal testing. 

 

Other 

63589 The pyrrolizidine alkaloid lasiocarpine induces aneugenic effects in 
vitro 

Julia Buchmueller1, Anne-Margarethe Enge1, Antonia  Peters1, Jan 
Heiner Kuepper2, Bernd Schaefer1, Albert Braeuning1, Stefanie Hessel-Pras1. 
1Food Safety, German Federal Insitute for Risk Assessment, Berlin, Germany 
(Berlin, DE); 2Brandenburg University of Technology (BTU) Cottbus-Senftenberg, 
Cottbus, Germany. 

Pyrrolizidine alkaloids belong to secondary plant metabolites synthesized as protection 
against herbivores. Pyrrolizidine alkaloid-producing plants can occur as contamination of 



foodstuffs such as herbs or tea, or animal feed. Acute intoxication with 1,2-unsaturated 
pyrrolizidine alkaloids (PAs) can lead to severe liver toxicity. Chronic ingestion of these 
genotoxic compounds has been associated with carcinogenic effects in rats. By now, many 
mechanisms leading to liver toxicity are known, but there are still knowledge gaps in the 
specific mode of action leading to genotoxicity. Therefore, we used a known hepatotoxic PA, 
the open-chained diester lasiocarpine which is known to be bioactivated by cytochrome P450 
(CYP) 3A4, to characterize the induction of genotoxic effects in different human cell systems. 
First, a general analysis of cell cycle disturbance by lasiocarpine was conducted in the human 
liver cell lines HepG2, CYP3A4-overexpressing HepG2, and HepaRG, followed by analysis of 
micronuclei formation in dependence of lasiocarpine bioactivation. Micronuclei were further 
characterized using a centromere-specific antibody by fluorescent in situ hybridization (FISH). 
Additionally, the induction of DNA damage was tested using the comet assay as well as the 
phosphorylation of the histone H2AX. 
Our results demonstrate that lasiocarpine induced, in a metabolism-dependent manner, an 
impairment of the cell cycle due to an increased cell number in the S-phase. Metabolism-and 
concentration-dependent induction of micronuclei was detected in CYP3A4-overexpressing 
HepG2 cells by flow cytometry. Furthermore, the centromere-specific FISH showed signals of 
centromeres in the investigated micronuclei indicating an aneugenic origin of the micronuclei. 
The results of the comet assay indicated no induction of DNA strand breaks, but analysis of 
H2AX phosphorylation showed a metabolism- and concentration-dependent increase of the 
phosphorylated H2AX. 
In conclusion, our study shows that lasiocarpine induces a metabolism-dependent disturbance 
of cell cycle associated with the induction of micronuclei possessing an aneugenic origin. 

 

63631 Statistical approach for handling of bimodal data distributions in comet 
assay experiments 

Julia Duda1, Jan Sündermann2, Timur Tug1, Christina Ziemann2. 
1Department of Statistics, TU Dortmund University, Dortmund, Germany 
(Dortmund, DE); 2Fraunhofer Institute for Toxicology and Experimental Medicine 
ITEM, Hannover, Germany. 

Induction of DNA damage and repair can be determined on a single cell level using the in-vitro 
and in-vivo alkaline comet assay (CA). The in-vivo version of the CA, covered by OECD 489, 
is part of several regulatory frameworks and widely used, as it represents a fast and sensitive 
method. Particularly in vitro, the assay can also provide mechanistic hints. 
However, depending on the type of gentoxic insult, both homogenous and inhomogeneous 
damage distribution can occur in cell populations. For instance, proliferation-dependent 
clastogens can lead to bimodal distribution of measured tail intensities (TI), with resting cells 
exhibiting no/almost no damage, whereas cells just running through the cell cycle during 
treatment can show considerable increase in TI. 
Simple approaches for summarizing TI values per slide i.e., calculation of means or medians 
are somehow unsatisfactory for bimodal data distributions. The median is always close to zero, 
if more than half of the cells are unaffected, and will, thus, not reflect any damage, whereas the 
mean neither properly represents the proportion of unaffected nor of affected cells. 



Therefore, we aimed at providing a coherent statistical workflow for statistical evaluation of 
bimodal distributed CA data, based on an exemplary in-vitro data set, generated by 1h 
treatment of  L5178Y/TK+/- mouse lymphoma cells with in total 13 concentrations of β-
nitrostyrene (0 – 50 µg/ml; median number of slides per concentration: 17.5; min=4, max=112). 
Notably, β-nitrostyrene was previously shown to selectively damage proliferating cells. 
We indeed noted bimodality, and propose a user-friendly workflow for subsequent statistical 
handling using normal mixture models and successive statistical testing (concentrations versus 
negative control). Notably, statistically accounting for bimodality clearly increased statistical 
power (statistically significant changes occurred at lower concentrations). The commented R-
code, used in the present analysis, will be shared on GitHub to provide an easy-to-understand 
tool for any proficiency level. 

 

63699 Establishment of an in vivo micronucleus test using flow cytometry 

Anna Hellmann1, Stefan Weber1, Jasmin Lott, Dr.1. 
1NDS, Boehringer Ingelheim Pharma GmbH, Biberach an der Riß, Deutschland 
(Ulm, DE). 

The micronucleus test is an essential part in the characterization of the genotoxic poten- 
tial of a test compound. This assay is used for the detection of chromosomal damage by 
evaluating the formed micronuclei. Micronuclei emerge from chromosome fragments 
or whole chromosomes, which have failed to be incorporated correctly into one of the 
daughter nuclei during cell division. As genotoxic substances are known to be poten- 
tially mutagenic, the micronucleus test is an inherent part in the safety evaluation of 
pharmaceuticals. 
In this study an in vivo micronucleus test using flow cytometry on peripheral blood was 
established. Experiments were performed with the alkylating compounds cyclophos- 
phamide (CP) and ethyl methanesulfonate (EMS). Measurements were restricted to the 
youngest reticulocytes, displaying the transferrin receptor (CD71). This ensured that 
only recent DNA lesions were observed. To avoid the splenic elimination of micronu- 
cleated reticulocytes (MN-RETs) reported in rats, CD-1 mice were used through the 
study. 24 hours after treatment on two consecutive days, peripheral blood from the vena 
facialis was collected. The frequency of micronucleated reticulocytes was determined 
by measuring 20 000 reticulocytes using flow cytometry. In contrast to previously pub- 
lished data, both EMS concentrations with 200 and 225 mg/kg bodyweight displayed 
only moderate effects with an overall 1.7-fold increase in MN-RETs. CP at a dosage of 
20 mg/kg bodyweight resulted in a 3.8-fold inductions of MN-RETs and may serve as a 



validated positive control in further studies. It could be demonstrated that flow cytome- 
try is excellent for the evaluation of the micronucleus test, as it is a reliable, time-saving 
method for the measurement of micronuclei in the peripheral blood of mice. 

 

63713 Targeting colorectal cancer with the metabolic inhibitor Devimistat: 
Synergistic mechanism with genotoxic anticancer drugs and putative 
antimetastatic activity 

Philipp Demuth1, Carina Arnold1,2,3, Nina Seiwert1,2,3, Simon Wittman1, 
Kerstin Boengler2, Birgit Rasenberger3, Markus Christmann3, Magdalena Huber4, 
Thomas Brunner5, Michael Linnebacher6, Jörg Fahrer1,2,3. 
1Technical University of Kaiserslautern (Kaiserslautern, DE); 2Justus Liebig 
University Giessen; 3University Medical Center Mainz; 4University of 
Marburg; 5University of Konstanz; 6University of Rostock. 

Therapeutic approaches for the treatment of colorectal cancer (CRC) rely on cytostatic 
drugs, including Irinotecan (IT). The altered tumor-cell metabolism, an emerging 
hallmark of cancer, may be targeted in CRC by applying novel metabolic inhibitors. 
This study aimed to assess cancer-specific cytotoxicity and anti-metastatic activity of 
the pyruvate- and α-ketoglutarate-dehydrogenase inhibitor Devimistat. A putative 
synergism with topoisomerase inhibitor IT and underlying mechanisms were analysed. 
Additionally, effects on migration, invasion and epithelial-mesenchymal transition 
(EMT) were investigated. 
Cancer selectivity of Devimistat was assessed in CRC cell lines and untransformed 
cells as well as intestinal organoids and tumoroids. To clarify the role of mitochondria, 
flow-cytometry, live-cell metabolic assays and confocal microscopy were used. 
Synergism with IT was investigated by Western Blot detection, gene expression 
analysis, genetic knockdown experiments and cell death measurements. Human CRC 
cell lines were applied in a xenograft-mouse model to assess the therapeutic efficacy 
of Devimistat as single agent or in combination with IT. Finally, cytotoxicity 
measurement in primary-tumor and metastasis-derived cell line pairs, migration and 
invasion assays, Western Blot and confocal microscopy were conducted to examine 
the putative antimetastatic activity of Devimistat. 
Cytotoxicity screening revealed cancer selectivity of Devimistat, independent of (epi-) 
genetic status. Mechanisms include ROS generation, disruption of mitochondrial 
function and modulation of mitochondrial apoptosis. Synergism with IT was mediated 
by pro-apoptotic Bim, as shown by genetic knockdown and cell death measurement. 
Applying a xenograft-mouse model, anti-tumour activity of Devimistat and Bim-
dependent synergism with IT were confirmed in vivo. Repression of tumor-cell 
migration and invasion, susceptibility of metastasis-derived cell lines and 
downregulation of TGFβ-pathway indicate an additional antimetastatic activity. 
In summary, the synergism of Devimistat with antineoplastic drug IT in vivo and its 
antimetastatic activity renders it a promising candidate for CRC therapy. Mechanisms 



include induction of pro-apoptotic Bim, p53-independent mitochondrial apoptosis and 
TGFβ-dependent suppression of EMT. 

 

63714 Liquorice - Can current toxicological findings spoil the pleasure? 

Yemurai Musengi1, Kristin  Herrmann1, Stefanie  Hessel-Pras2, Carsten  Kneuer1, 
Jeannette  König1, Benjamin  Sachse2, Benjamin Christian Fischer1. 
1Department Pesticide Safety, Federal Institute for Risk Assessment (BfR), Berlin, 
Germany (Berlin, DE); 2Department Food Safety, Federal Institute for Risk 
Assessment (BfR), Berlin, Germany. 

Liquorice has found a way of sneaking into people’s hearts as a confectionery due to 
its sweet and palatable taste. It is extracted from the root of liquorice 
plants (Glycyrrhiza glabra). Recently, liquorice products have been found to be 
contaminated with matrine and oxymatrine. This issue has raised some attention 
because matrine is used as a biopesticide in some Asian countries but has no 
approval as a pesticide in the European Union. However, as liquorice plants are not 
cultivated but wild growing it is more likely that matrine and oxymatrine 
contamination results from co-collection of Sophora roots, which are morphologically 
similar to licorice roots and contain these alkaloids as secondary plant metabolites. 
Interestingly, Sophora roots are used in traditional Chinese medicine for treatment of 
e.g. gastrointestinal complaints, skin eczema, heart disease or hepatitis and even 
cancer. However, hepatotoxicity has been reported as a potential side effect. Of 
note, there are some indications for a genotoxic activity from studies 
with Sophora root extracts. Unfortunately, data on genotoxicity are currently limited 
for the pure compounds as previous studies mainly investigated plant extracts of 
unknown composition, yielding results of low evidentiary value. The aim of this study 
was to investigate the genotoxic potential of matrine and oxymatrine using New 
Approach Methods such as in silico methods complemented by standard 
genotoxicity tests, i.e. the Ames test and in vitro micronucleus test. We will present 
first results obtained from the in silico and experimental studies. This study will 
contribute to answering the question whether matrine and oxymatrine exposure via 
liquorice consumption could be detrimental to human health. 

 

63726 Impact of cadmium compounds on the protein composition in BEAS-2B 
cells 

Martin Link1, Andrea Hartwig1. 
1Department of Food Chemistry and Toxicology, Karlsruhe Institute of 
Technology, Karlsruhe, Germany (Karlsruhe, DE). 

Cadmium compounds are toxic and carcinogenic; they occur in the environment, food and 
industrial productions. After exposure to cadmium, cells react with specific changes in gene 
expression related to the oxidative stress response, DNA-repair and anti-oxidative defense 
system. Since gene expression does not reflect the protein status of the cell, a detailed 



examination of the proteome is of high relevance. In this work, the impact of cadmium 
chloride exposure on the global proteome has been studied in BEAS-2B human lung epithelial 
cells. 

A bottom-up workflow followed by LC-MS/MS measurement and data dependent acquisition 
was applied as a proteomics method. Non-cytotoxic or low cytotoxic concentrations of 
cadmium were applied to BEAS-2B cells for 24 hours. The proteomics workflow was then 
performed employing the Filter Aided Sample Preparation (FASP) method where proteins are 
prepared for LC-MS/MS via ultra-centrifugation. 

With respect to the ATP-content, low cytotoxic effects of cadmium started at a concentration 
of 5 µM. Therefore, 1-5 µM cadmium were used for further experiments. The proteomics 
analysis showed a dose-dependent increase in the expression of oxidative stress markers like 
heme oxygenase 1 and heat shock 70 kDa proteins. In contrast, the expression of DNA repair 
proteins like DNA excision repair protein ERCC-6 and translation-related proteins like the 40S 
ribosomal protein S12 were decreased in a dose dependent matter. These data reflect the 
oxidative potential of cadmium in BEAS-2B cells and, interestingly, the down-regulation of 
DNA repair pathways. The dose-dependent increase in pro-apoptotic proteins such as BAG 
family molecular chaperone regulator 3 further indicates the important role of apoptosis. 
Overall, these results confirm in principle observations revealed by gene expression studies. 
The proteomics method applied in this study is suitable to gain comprehensive insight into 
global proteome changes and possible mechanisms and pathways of cadmium toxicity. 

 

63731 Single-cell analysis of gene expression by smRNA FISH in co-culture 
systems of macrophages and cancer cells exposed to inflammatory conditions 

Daniel Heylmann1, Helke  Peppler1, Michael Kracht1. 
1Rudolf-Buchheim-Institute of Pharmacology, Biomedical Research Center 
Seltersberg, JLU Gießen (Giessen, DE). 

The implementation of improved assays to reveal the cell-cell communication during exposure to 
cytokines, environmental noxae or therapeutic interventions becomes increasingly important. For 
instance, cytokines affect both, the function of cancer and immune cells in the tumor 
microenvironment. In this context, we studied the influence of LPS and IL-1 on human macrophages 
co-cultured with A549 lung cancer cells and analyzed the mRNA transcripts 
of CXCL8 and NFKBIA (which encodes the inhibitory IkBα protein) by single molecule RNA 
fluorescence in situ hybridization (smRNA FISH). Monocytes were isolated from human peripheral 
blood mononuclear cells and differentiated into macrophages within 9 days in cell imaging chambers. 
A549 cells were added and the co-cultivated cells were stimulated with IL-1 and LPS for various 
times. RNA-FISH was performed using probe sets against CXCL8 and NFKBIA according to the 
ViewRNA ISH Cell Assay Kit protocol (Invitrogen). Images were captured on a DMi8 Fluorescence 
microscope (Leica) and mRNA spots were analyzed with the ICY bioimage analysis software. In a 
first study we observed that there was a time dependent increase of CXCL8 and NFKBIA mRNAs in 
macrophages and A549 cell within 3 days. LPS and IL-1 stimulation highly 
upregulated CXCL8 and NFKBIA mRNA with obvious differences between both cell types. 
Additionally, we found mRNA signals in fused macrophages showing two nuclei. Double-nucleated, 
fused macrophages produced twice the amount of mRNA transcripts compared to non-fused cells. 
This might indicate that also in fused cells both nuclei are transcriptionally active. Such experiments 
can now be extended to analyse the exposure of other cytokines or therapeutically relevant 
compounds as well as other mRNA targets also in combination with detection of signaling proteins 



by immunofluorescence staining. This method also enables high resolution analysis of gene 
expression in cells with or without cell-cell contacts. 

 

63732 Fate of micronuclei and micronucleated cells 

Henning Hintzsche1, Hauke Reimann2, Helga Stopper3. 
1University of Bonn, Bonn, Germany (Bonn, DE); 2Bavarian Health and Food 
Safety Authority, Erlangen, Germany; 3University of Würzburg, Würzburg, 
Germany. 

Micronuclei usually arise during mitosis and are a sign of genomic instability. The 
mechanisms of the formation of micronuclei are well-known, but the fate of micronuclei 
and micronucleated cells is largely unclear. Putative fates for micronuclei included 
extrusion, degradation, reincorporation into the nucleus, persistence of micronuclei 
and/or cells, apoptosis and chromothripsis. We performed a long-term live cell imaging 
study in HeLa-H2B-GFP cells after treatment with different agents to identify the most 
relevant fates for micronuclei. Various doses of these agents were used to elucidate, 
if these different treatments result in different fates of micronuclei or micronucleated 
cells. Cell death, persistence and mitosis of the cell as well as the formation of 
micronuclei were analyzed for a period of 96 h. Timing and duration of these events 
were also monitored. First results after treatment with etoposide show, that the most 
relevant fates for micronuclei are persistence and reincorporation, whereas other fates 
like extrusion and degradation seem to occur only rarely or never. Furthermore, also 
the results for other genotoxic agents and experimental conditions will be presented. 
These outcomes can contribute to the question, if micronuclei and micronucleated 
cells are consequence or cause of carcinogenesis and chromothripsis. 

 

63742 Utilizing the multicellular model organism C. elegans for investigations 
of genomic integrity 
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1Faculty of Mathematics & Natural Sciences,University of Wuppertal, 
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Elements in Healthy and Diseased Eld; 3Department of Food Chemistry, Institute 
of Nutritional Sciences, University of Potsdam, Germany; 4Department of Biology, 
University of Konstanz, Konstanz, Germany; 5Karlsruhe Institute of Technology 
(KIT), Institute of Applied Biosciences, Department of Food Chemis; 6German 
Federal Institute for Risk Assessment (BfR), Berlin, Germany. 

Caenorhabditis elegans (C. elegans) is a well-established multicellular model organism in 
DNA repair research due to the fact that most DNA repair pathways found in bacteria, yeast, 
mammals, and humans are highly conserved in the nematode and next to many other 
advantages genetic manipulations are fairly easily to conduct in the worm. In contrast to this, 
methods for specifically detecting DNA damage are still scarce. Classical genotoxicity testing 
still relies mainly on expensive and time-consuming animal experiments or less transferrable 



cell culture systems, while meaningful multicellular model organisms in the niche 
between in vitro and in vivo are not yet routinely used. 
By developing and utilizing novel methods for assessing DNA damage (alkaline unwinding 
assay, 8oxo-guanine quantification) in C. elegans we provide reliable endpoints for 
investigating the genomic integrity in a multicellular organism. In combination with 
investigations of the DNA damage response (quantification of poly(ADP)ribosylation) and DNA 
repair (gene expression studies, sensitivity assessment of DNA repair “deletion mutants/ 
knock-downs”), as well as endpoints of possible underlying mechanisms for genotoxicity (e.g. 
oxidative stress), we are able to assemble a complete model system for genotoxicity testing 
from (oxidative) stress endpoints, to activation of the DNA damage response and DNA repair 
to measuring the DNA damage itself, thus creating a modern approach for genotoxicity testing. 
The methods have been tested for efficiency, reliability, and sensitivity with known and well-
established positive controls after acute exposure in liquid. Current investigations focus on 
establishing these methods for long-term exposure (on plates) and broadening the method 
spectrum by the (alkaline) COMET assay thus creating a testing system for various potential 
genotoxins.    
 


