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* Due to the rapid development and implementation of a diverse array of engineered
nanomaterials (ENM), exposure to ENM is inevitable and the development of robust,
predictive in vitro test systems for hazard characterisation is essential.

* Adverse Outcome Pathways (AOP) describe the sequence of biological events known
as key events (KEs) that are required to result in a pathological event and are
therefore considered to be useful mechanistic tools for the development of novel
endpoint targets for human and environmental risk assessment.

* Understanding AOPs permits the identification of possible mechanistic biomarkers
that have the potential to be integrated into advanced in vitro testing systems, to
improve predictive toxicology.

Aim:

The aim of this study was to develop a novel panel of biomarkers to detect KEs or Molecular Initiating Events (MIEs) that

Methods:

are indicative of AOP. This will allow us to develop the current understanding of human liver AOPs in relation to ENM
exposure scenarios and to develop a more targeted in vitro testing approach to predict adverse outcomes.

» A cross gene analysis was performed of different PCR arrays and genes associated with Liver AOP specific key events
(figure 1 & table 1).
» HepG2 3D liver spheroids (figure 2) were used as an effective screening approach for adverse effects to human health
following exposure to ENM. The 3D HepG2 cell line based liver model was developed to support both short and long

term ENM exposure regimes.

« 3D HepG2 liver spheroids were exposed to either TiO, or Ag for up to 120 hours prior to RNA being extracted (figure 3).
» Reverse transcription real-time polymerase chain reaction (RT-gPCR), using a predefined hepatocellular carcinoma
PCR array, was used to allow for the study of multiple molecular pathways at a time.

Table 1. A summary of the key genes listed throughout
all Liver AOP specific key events. All genes in red are
included in the Bio-Rad Hepatocarcinoma PCR Array.
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Figure 1. PTGS to Hepatocellular Carcinoma Gene Array IER3
Comparison. A cross gene analysis was performed of the genes on IENG
pre-defined liver cancer PCR array plates from three companies
(Qiagen, Thermo Scientific, and Bio-Rad). Pathway based similarity Ll
analysis confirmed that the Bio-Rad plate demonstrated closer overlap IL8
(17s genes) with predictive toxicogenomics space (PTGS) liver specific JUN

components (which cover 299 genes) when compared to the Thermo
Scientific and Qiagen plates (10 and 9 genes respectively).

Results:

Table 2: Changes in the 3D liver spheroids gene expression profile following 24hr
exposure to AFB1, Ag and TiO,. Red cells indicate upregulation & yellow cells indicate

down regulation. FC, fold change, SEM, standard error of the mean.
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Figure 4: Changes in gene expression of IGFBP3, TGFB1
(a) and WNT5A (b) following exposure to TiO, and AFB1 for

mm TiC: 10
mm Tio; 5.0

(hwrs. Mean data + SEM presented n = 3. /
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Key Genes listed throughout all Liver AOP specific key events
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Figure 2. Schematic diagram displaying the formation of 3D HepG2 spheroid model using the
hanging drop method initially (A) before transferring into agarose coated well plates (B).
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Table 3: Changes in the 3D liver spheroids gene expression profile following 120hr exposure to AFB1, Ag and TiO,. Red cells indicate upregulation and ‘ jal/
yellow cells indicate down regulation. FC, fold change, SEM, standard error of the mean.
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Figure 5: Alterations to (a) CDKN1A, (b) TGFBR2, (c) ESR1, (d) IL10, (e) CD44, (f) MMP3 expression following exposure to
Ag, TiO, (1.0 & 5.0 pg/ml) and AFB1 (positive control) for 120 hours. Mean data + SEM presented n = 3.
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By using the gPCR liver cancer arrays, we have been able to highlight a
number of genes (table 4) that should be explored further to better understand
their role in liver associated carcinogenesis following long-term ENM exposure.




