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Next Generation Risk Assessment (NGRA) integrates estimations of internal exposure (e.g. plasma Cmax) with measures of

bioactivity detected across a range of in vitro bioassays, to inform the safety of a new chemical for a defined consumer use
scenario. Within this framework, there is a need to consider metabolism-driven toxicity. One of the bioassays used is the Cell
Stress Panel (CSP), consisting of 36 biomarkers representing mitochondrial toxicity, cell stress, and cell health, measured
predominantly using high content imaging.
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One of the limitations of the CSP, as the assay is primarily used as a first screening assay, is that the cell line selected (HepG2) is
typically exposed to chemicals for 24 hours. This timeframe might not be long enough to demonstrate that Point of
Departures (PoDs) are influenced by metabolism of the chemical tested. Therefore, a Metabolism framework has been proposed
to estimate at which point in the Risk Assessment of the parent chemical more complex tools might be required in the
experimental desigh to demonstrate the formation of metabolites. Whether these are reactive metabolites, generally associated
with toxicity in the tissue where they are formed, or stable metabolites with the potential to be toxic in several organs and cells
(off target effect), simulating in vivo relevant exposure to metabolites when dosing with parent chemical in in vitro
assays remains challenging.
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The gold standard for studying liver metabolism in humans is still primary hepatocytes. However, due to the limited availability of
primary cells, inter donor variability and the limited time for which incubation with test chemicals can be carried out, new in vitro
tools and models, all covering hepatic metabolism, have been developed in the last few years. We selected two 3D HepaRG based
systems to study chemicals based on our own Metabolism Framework for Risk Assessment. The first one is a co-culture model
using a 3D toroid of HepaRG cells and the second one is a simplified CSP assay that can be used with HepaRG spheroids.
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Fig.1. Metabolism considerations in Risk Assessment. Tier 1 assessment: Proposed experimental design to demonstrate that a
risk assessment based on parent is appropriate and conservative (under evaluation).

Microphysiological liver model using HepaRG Comparison of HepG2 2D, HepaRG 2D and 3D
3D toroid and AR-CALUX cells cultures for assessment of reactive metabolites

In collaboration with Cyprotex, we are carrying out a simplified Cell Stress Panel assay on HepG2 2D cultures and HepaRG 2D cultures
after a single (24h) or double treatment regimen (72h) and comparing with a multi-exposure regimen on 3D HepaRG spheroids (5
doses over a 14-day period). The cells are dosed with test article at a range of concentrations and incubated for various time points
(24 hr and 72 hr for HepG2 and HepaRG; 24 hr, 72 hr, 168 hr and 336 hr for HepaRG spheroids).

It has been demonstrated that the HepaRG cell line exhibits a metabolic competency higher than other liver cell line such as HepG2
both in 2D culture and in 3D culture. As part of a collaboration with Brown University, we have investigated whether HepaRG cells
culture in 3D in a complex structure (allowing for a higher number of cells than a standard spheroid culture) would allow to scale-up
metabolic transformation of parent compound into metabolites demonstrating a toxicological an effect on a target cell line.

At the end of the incubation period, the cells are loaded with the relevant dye for each cell health marker. The plate designs provide
simultaneous measurement of multiple cell health parameters for each of the multiparameter HCS assays: GSH ROS MMP ATP & LDH
assay, PLD & Steatosis assay, DNA damage assay (phospho-p53 and pH2AX), Mitochondrial Potential (TMRE) as well as cell count,
nuclear size and DNA structure for 2D cell culture or spheroid count, spheroid size and DNA structure for 3D cell cultures. The plates
are scanned using an automated fluorescent cellular imager, ArrayScan® VTI or XTI or CX7 (Thermo Scientific Cellomics).

Here, HepaRG cells were incubated on the outside ring of a well filled with an agarose matrix, with cells from the stably transfected
human osteosarcoma (U20S) cell line expressing the human AR (AR-CALUX cells) used as a toxicity target on the inside chamber of
the well. Using this set-up for HepaRG cells, CYP activity was demonstrated in the toroid for CYP1A1, CYP1A2, CYP2B6, CYP2(C9, and
CYP3A4 and the impact of testosterone metabolism was visible on the AR-CALUX cells as reduced testosterone-mediated activation
of androgen receptor (AR) was observed.

These targets have been selected to be predictive for compounds causing liver toxicity but also potentially other forms of toxicity.
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Fig.3. HepaRG 3D microtissues metabolized testosterone and reduced
testosterone-mediated activation of androgen receptor (AR). Simplified
metabolic pathway of testosterone biotransformation in the liver (A).
Mean luminescence minus baseline of AR-CALUX reporter cells co-
cultured with or without HepaRG 3D microtissues after incubation with
testosterone (T) at 0, 10, 30, 100, or 1000 nM for 24 hours (B). Mean

Overall, the biomarkers selected do not show any significant activity before cell loss occurs due to cytotoxicity (LDH PoD is 46uM at 95t
| percentile, data not shown) and the dose-response curves have confidence scores of between 0.6 and 1.0. A complementary set of data

" 2 n - using the HepaRG cell line (in 2D or 3D culture, covering multiple treatments) might demonstrate the effect of 4-hexylresorcinol metabolism
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