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What is DNT?

Grandjean et al. (2006) 2



What makes DNT complex? 

Adapted from Smirnova et al. (2014)

Steady State Constant Flux

3



Classified DNToxicants in 2006: 5

Grandjean et al. (2006) 4



Classified DNToxicants in 2025: 14

Smirnova et al. (2024) 5



Lanphear et al. (2015)

Superfund Chemical: Pb (Lead)
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Lanphear et al. (2015) 7

Superfund Chemical: Pb (Lead)



Fundamental neurodevelopmental processes

Bal-Price et al. (2018) 8



Leveraging hiPSCs for human relevance 

Humans

Fibroblasts
iPSCs

Reprogramming

In vitro modeling

Directed

Differentiation

❖ human derived induced pluripotent cells (hiPSCs) can mature into most cell types

❖ A powerful tool to study a wide range of biological systems and responses

Adapted from di val Cervo et al. (2021) 9



2D vs 3D Modeling

2D Cell Cultures

3D Cell Cultures

❖ Scalable & Homogenous

❖ Cell type specific effects

❖ Lowered physiological 

relevance

DISADVANTAGES

ADVANTAGES

❖ Interactions b/w cell types

❖ Self organization

❖ Limited vascularization

❖ Reproducibility

DISADVANTAGES

ADVANTAGES

10Created with BioRender.com
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Uniform sizes, numbers and multiple cell types
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Adapted from Pamies et al. (2017)

Electrically active, network formation, memory
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Fundamental neurodevelopmental processes

Adapted from Bal-Price et al. (2018) 14



Incorporation of Microglia

15Adapted from Rittenhouse et al. (2025)



Fundamental neurodevelopmental processes

Adapted from Bal-Price et al. (2018) 16



Brain Spheres capture cell-type specific effects

17Adapted from Pamies et al. (2018), Nunes et al. (2023) and Romero et al. (2023)

Amiodarone

S100B Expression



Modeling temporal effects

18Unpublished data from the Murphy Lab



Modeling temporal effects

19Unpublished data from the Murphy Lab



Conclusions and Ongoing Work

❖Human brain development is an incredibly complex process, hence making 

DNT hard to model.

❖Brain organoids generated from hiPSCs provide a powerful tool to capture 

neurodevelopment’s intricacy in a human-relevant manner.

❖Now, at the Duke Superfund Research Center, we’re currently modeling 

physiologically relevant exposures to heavy metals and PAHs.
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Overall Purpose/Use?

20Created with BioRender.com
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