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Introduction and Objectives

GladiaTOX R package is an open-source (GPL-2), flexible solution to high-content screening (HCS) data
processing and reporting in biomedical research. GladiaTOX takes advantage of ToxCast pipeline (tcpl) core
functionalities (Filer et al.).
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GladiaTOX fits three models (Figure 1A) for each dose-response series in the experiment. Minimal effective
concentrations (MEC) are then identified as the intersection of the fitted curve with the noise band (grey band '
in Figure 1B).
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Figure 1. Example of model fitting and MEC.

GladiaTOX major extensions over tcpl are (A) The three models fitted by the GladiaTOX
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- Provide web-service solution to fetch raw data 202 3590
- Computes severity score e
- Export ToxPi formatted files (Marvel et al., Reif et al.)
- Export quality control (QC) reports

- Export data processing reports

of vehicle responses).

Package submitted to Bioconductor The noise band is computed as three times the baseline median absolute deviation of vehicle responses.

Contact: vincenzo.belcastro@contracted.pmi.com Severity scores are toxicological indicator values. For each chemical, the severity score is computed with the

following formula:
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Software package written in R - freely available at:
git clone --branch revbioinf https://github.com/pmpsa-hpc/GladiaTOX.git
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where ne is the number of tested endpoints, e is a generic endpoint, and MECe is the MEC for endpoint e. The
severity score expresses the average impact of chemicals across all tested endpoints. Larger values corre-
spond to higher chemical toxicity. Severity scores are then scaled in the interval [0, 1].
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Material
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Normal human bronchial epithelial (NHBE) cells were purchased from Lonza (Catalog no. CC-2540, Lonza,
Cologne, Germany). The donor was a 60-year-old Caucasian male with no history of smoking. The cells were
maintained in a humidified incubator at 37°C and 5% CQOZ2 and cultured in bronchial epithelial cell medium (Bul-
let Kit CC 3170, Lonza) according to the vendor’s recommendations.

Cells were exposed to a range of harmful and potentially harmful constituents of tobacco smoke in a concen-
tration-dependent manner. A number of toxicity endpoints were measured via HCS (Marescotti et al.).
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Raw data heatmaps and positive control dose-response plots are two QC plots useful for diagnostics. Figure 2
shows an heatmap of data quantification values (Figure 2A) before normalization. Figure 2B shows the re-
sponse of the positive control for the DNA damage assay. The plate in the example has passed QC, as at least
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one concentration has response values beyond the noise band.
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Figure 2. Example of QC output. (A) Image of
raw data heatmap of a plate. Plate title contains
the assay component identification number
(ACID35), the plate identification number (50),
and the plate name (S-000031351). Plate di-
mension is 8x12. Letters and numbers in each
well indicate the well type (t: treatment, c: posi-
tive control, n: neutral control or vehicle), and
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the concentration index (from low to high), re-
spectively. Row 8 displays the values of the
assay positive control (chlorambucil in the ex-
ample). (B) Positive control dose-response
plot. Plotted values are normalized against the
vehicle (log2 fold change). The grey band indi- g
cates vehicle variability. The right panel reports 1 | ] N
additional information such as noise band o " "
margin (COFF).

Figure 3: Processing workflow and reporting plots. (A) Simplified analysis workflow with package function calls. (B) MEC
plot. A circular plot is shown for each chemical and endpoint. Numbers indicate MEC values (uM). Filled slices indicate higher
toxicity (low MEC). MECs for only four chemicals are reported, at 4 and 24 hours. (C) Severity score plot. On the y-axis, chemi-
cals are sorted according to severity score values. Higher scores are associated with higher toxicity.

Table 1. List of chemicals and concentrations used in NHBE cells. (*: vehicle was
1.75% EtOH + 0.25% dimethyl sulfoxide [DMSQ)]).
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Conclusions
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The GladiaTOX package, with its suite of functionalities (Figure 3A), represents an all-in-one, open-source, flexi-
ble solution to store, process, and report HCS data in biomedical research.

ASSAY: DNA damage (pH2AX)_4h

ACID: Assay component ID;

MAX _MEAN: Max mean response value,
MAX _MED: Max median response value,
BMAD: Baseline median absolute deviation;,
COFF: Cutoff response value;

HIT-CALL: 1 if active, O if inactive; -1 if NA;
FITC: Fitting category.

NAME: chlorambucil

Sample ID: chlorambucil_Plate10
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Lower MECs are associated with higher toxicity (see Figure 3B). The MEC average impact is then summarized
as a severity score (Figure 3C) that represents the overall impact of chemicals across multiple endpoints (arse-
nite has the highest score in the above-described example).
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