Learning Boolean Networks in HepG2 cells using ToxCast High-Content Imaging Data
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Discretized HepG2 Trajectories and Perturbations

Background

Objective: Cells adapt to their environment via homeostatic processes that are

Discretized HepG2 trajectories reveal increased endpoint perturbations as a response to increase in

regulated by complex molecular networks. Our objective was to identify key concentration. Here we show trajectories and perturbations induced by Butachlor.
elements of these networks in HepG2 cells using ToxCast High-content imaging

(HCI) measurements taken over three time points (1, 24, and 72h) and across 0.39-125uM —2ouM — S0pM — 100uM — 200uM

10 concentrations (0.39-200uM) for 309 chemicals. o - %%==
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representation of biological regulatory networks. First, measured endpoints were standardized, and osiL L IL I Irq] :DD--:

then discretized into perturbed/unperturbed values based on a noise threshold (z,=1.28) and dynamic f;: O --D=---
trends. Second, we inferred the best Boolean functions and constructed a set of 300 BNs for 2,193 0 12470 0 12472 0 12472 0 12470 0 1 2470
trajectories with at least 1 perturbation using uniform sampling. The accuracy of initial 657,900 BNs time [h] time [h] time [h] time [h] time [h]

was estimated as the number of errors between predicted and observed trajectories. 486,746 BNs

with the smallest error, defined by the baseline error, were tested across analyzed trajectories. We

defined “coverage” as the number of trajectories predicted by each BN with an accuracy < to the

baseline error.

Clustering of HCI trajectories shows 3 temporal trends: 1) no-effect, 2) adaptation, and 3) lack of
recovery. It also suggests that similar perturbation patterns may indicate similar response mechanisms. | |
Further, error estimation discriminates BNs that perform well in adaptation region from those that lead 0
toward adverse effects.

1. HCI datal were used to study the effect of ToxCast | chemicals on HepG2 cell states by monitoring

10 endpoints across 3 time points (1, 24, and 72h) and 10 concentrations (0.4 to 200uM).
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