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Aim of the study

The objective of this research is to improve food safety by enabling the integration of in vitro data concerning
mechanisms of toxicity to humans in chemical risk assessment. In this context, the aim of this study was to
establish a systems-toxicology platform to predict liver injury from food-relevant chemicals. Using non-alcoholic
fatty liver disease (NAFLD) as an adverse outcome of significant human relevance, our central hypothesis is
that quantification and integration of profiles of multiple cellular and molecular responses in human liver cells
exposed to low doses of chemicals that induce NAFLD through complementary mechanisms can be used to
identify response patterns relevant to NAFLD. The testing strategies developed are candidate new approach
methods to include in regulatory testing batteries for hepatotoxicity risk prediction in food safety assessment.

Material and methods

The project involved a combination of in vitro toxicological and computational modeling strategies:

Cell culture and chemical exposure-Undifferentiated human liver cells (HepaRG) cells were used to establish
a novel NAFLD assay. Their differentiation was induced by a multi-week culturing protocol to generate a
metabolically competent co-culture system. Chemical cytotoxicity was evaluated by standard approaches for at
least 3 independent biological experiments with 6 technical replicates per condition.

High-content imaging assay-A key experimental aspect was establishing a new high-content imaging assay
and data analysis pipelines to measure sentinel cellular alterations involved in the NAFLD adverse outcome
pathway. After exposures to concentrations of chemicals below their ECso values, live cells were exposed to
fluorescent indicators of lipid accumulation, mitochondrial stress, oxidative stress and altered nuclear
morphology. Automated quantitative image analysis pipelines were established to quantify key events on a
cellular population level, as well as single cell level.

Dose response data and model fitting. Data was normalized to untreated cells to derive fold change values
of the four endpoints. To determine a point of departure from concentration-response data, benchmark
concentration (BMC) was modelled using the benchmark dose software (BMDS) version 3.1.2.

In vitro to in vivo extrapolation. IVIVE was performed using the high-throughput toxicokinetic (httk) R
package (version 1.10.1) developed by the US-EPA. The httk package contains four toxicokinetic models which
can be parameterized using high-throughput derived in vitro data on plasma protein binding and hepatic
clearance. Moreover, it has a monte carlo sampler to simulate population variability and includes tools for



reverse dosimetry with functions for the analysis of concentration versus time simulations. In our study, a three
compartment steady state pharmacokinetic (PK) model was parameterized and used for simulations.

Testing of food-related chemicals and pesticides. After we could induce and quantify chemically induced
key events relevant to NAFLD using reference compounds, we applied the workflow to food-related chemicals
selected based on their in silico nuclear binding prediction. For the selection, smiles were extracted from the
regulated food-related use/occurrence chemical database from the Swiss federal food safety and veterinary
office and from the toxcast database (US EPA). Subsequently, a structure-based workflow was used to predict
binding to nuclear receptors, and chemicals predicted to bind one or more nuclear receptor were further filtered
by available NAFLD-related and toxicokinetic data.

Results and significance

Systematic assessments of chemicals as NAFLD risk factors are limited in part due to a lack of in vitro and in
silico toxicological testing strategies. In this study we developed a rapid, quantitative and predictive approach
for prioritizing chemicals for NAFLD hazard assessment. The approach integrates in vitro high-content
phenotypic response data including lipid accumulation, mitochondrial membrane potential, oxidative stress and
nuclear morphology from chemical-exposed liver cells with PBPK modeling to derive relevant human dose
predictions of potential concern. The model was trained using FDA-approved drugs and experimental
chemicals with known mechanism of action for NAFLD pathogenesis. The four key events were analyzed after
24 h and were quantified on a population and single cell level. Dose modeling showed a strong predictive
performance in terms of stimulating NAFLD key events at exposure concentrations that were closely to human
dose equivalents for reported in vivo NAFLD development from drug use.

A limitation of the strategy relates to the immune component that impacts NAFLD etiology. Preliminary studies
were conducted to include a pro-inflammatory cellular milieu and we evaluated excreted cytokines as a poten-
tial strategy to integrate this aspect of disease etiology in future refinement of the method. Further, we envi-
sioned using proteomic analysis to refine predictions from the high-content imaging assay, however, these
were not pursued due to the good performance of the high-content imaging assay, and the high cost and effort
without a clear benefit to the immediate goal. Finally, studies were also performed to measure intracellular con-
centrations in order to better understand dose-response relationships for inducing NAFLD-associated cellular
events. These studies involved HPLC analysis of the test chemical amiodarone. Data showed efficient uptake
into liver cells that was rate-limited at high doses. The analysis used is chemical-specific, so application of this
approach to all of the chemicals tested would require developing an analysis method for each, which is recom-
mended therefore only as a follow-up for chemicals showing positive responses.

Having established a novel and reliable in vitro NAFLD test strategy, we evaluated food-related chemicals
prioritized on the basis of structure-based receptor binding interactions relevant to NAFLD. Of the 14 chemicals
tested, we found that lipid accumulation was dose-dependently increased after exposure to uric acid, tartrazine,
bisphenol A, atrazine, metazachlor and vinclozolin. Mitochondrial membrane potential increased in a dose-
dependent manner in cells exposed to orotic acid, tartrazine, fructose and carbofuran where it exceeded the
threshold for all except fructose. A dose-dependent decrease in mitochondrial membrane potential was
observed for mepanipyrim, but it did not exceed the threshold. On the basis of comparison of the exposure
levels eliciting cellular responses, we identified orotic acid, which is biosynthesized in mammals, present in
milk, and added to some dietary supplements, as having the potential to induce NAFLD in humans.
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steatosis-inducing chemicals”. Basel, Switzerland, 30. Nov — 01. Dec, 2017. (Poster)

Annual Retreat MTB PhD program 2017: Fabrice Mdller, Marianna Stamou and Shana Sturla.; “Quantification
of time- and concentration-dependent accumulation of lipid droplets in human liver cells exposed to steato-
sis-inducing chemicals.” Zirich, Switzerland, Nov 02, 2017 (Poster)

Project (Formatvorlage Uberschrift 3) Text (Formatvorlage Uberschrift 4)

Project duration 01.03.2017-30.06.2021

3/3

061/2014/00084 \ CO0.2101.102.1.388555 \ 000.00.02



