Deciphering multiple stressor effects of
gamma radiation and uranium on Atlantic
salmon (Salmo salar):

Transcriptomics-based mixture modeling
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Multiple stressors: The reality!
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Prediction of combined effect

Concentration addition (CA) Survival Independent action (IA)
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Reproduction

Assumption:
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Similar mode of action and target @ Dissimilar modes of action and targets

Model prediction: Single vs Combined
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Multi-bio-level assessment of combined effect
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Can we better understand the combined
effect based on the OMICS data?
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Case study: Combined effect of uranium &
gamma radiation on Atlantic salmon
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Exposure and hepatic transcriptomic analysis
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Qualitative assessment (mode of action comparison)
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Hepatic transcriptional responses in Atlantic salmon (Salmo salar)

exposed to gamma radiation and depleted uranium singly and
in combination
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Novel data analysis strategies

Transcriptomic analysis 8
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Functional analysis
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Combined effect on gene expression

DU Combined Differentially
expressed genes due

to interactive effects
Synergy: 323 genes
Antagony: 14 genes

Differentially
expressed genes due
to additive effects

Gamma
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Functional analysis of genes (pathways)

*Antigen Presentation Pathway . o
*Apoptosis Signaling *Fatty Acid B-oxidation I

*Calcium-induced T Lymphocyte Additive SOl P53 Signaling
*GADDA4S5 Signaling

Apoptosis A
*DNA Methylation and Transcriptional *SAPK/INK Signaling
*Sumoylation Pathway

Repression Signaling . :
*Mitochondrial Dysfunction *ATM Signaling

*NRF2-mediated Oxidative Stress 70 44
(50.7%) (31.9%)
Response
*Oxidative Phosphorylation
*PPARa/RXRa Activation

*Protein Ubiquitination Pathway
*Superoxide Radicals Degradation
*Xenobiotic Metabolism Signaling

*B Cell Receptor Signaling
*Molecular Mechanisms of Cancer

Damage Response

Antagonistic
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Identification of synergistic toxicity pathway
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Summary

* Potential interactive effects of gamma and uranium
identified at the molecular level

* A toxicity pathway leading to tumorigenesis
potentially synergized due to interactive effect

* A conceptual quantitative approach proposed for
better understanding of synergy using OMICS

 Future: AOP-assisted cumulative hazard assessment
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