Human Brain Organoids as a Tool for
Assessing Neurodevelopmental Toxicity

Gurugowtham (Guru) Ulaganathan
Duke University

Dulce | NieHotas scooL o january 21, 2026 Duke | sueerruno

the ENVIRONMENT 7 "~~~ UNIVERSITY



What is DNT?

Early-life exposures to neurotoxic chemicals
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Development/programming
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Neurological disease and degenerative changes




What makes DNT complex?
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Classified DNToxicants in 2006: 5

B Chemicals known to be toxic to human I Chemicals known to be
neurodevelopment neurotoxic in experiments
n>1000 ] _Chemlcals kn_own to be neurotoxic B Chemical universe
in human beings
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Superfund Chemical: Pb (Lead)
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Superfund Chemical: Pb (Lead)

b Distribution of intellectual abilities
in lead-exposed US children
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Fundamental neurodevelopmental processes

Network formation

Differentiation '
jidaitile and function

Proliferation Migration

-
O

/f/?’ o o i |

' MicropllalCRds; Co1 b ee) v »éo Network formation
e g > “ and function

Erythromyeloid
Progenitor

‘ ‘ Radial Glia

% \

Neuroepithelium ‘

Pluripotent : Glial Progenitors Astracytes (GFAP)

Stem Cell ‘ /

' N = “ Synaptogenesis

Oligodendrocytes (04, GalC ,CNPase) &8

elf -renewal

©
o

Apoptosis '
/ .

/Progenttor
@ e ¥
\ Q IR
Neural Stem Qe :
Cell i
o Neurons (diverse neuronal

(NSC)
\ Neuronal Progenitors markers) A
Neuronal * " Myelination

Progenitor Q \ . —

Neurite outgrowth




Leveraging hiPSCs for human relevance

Humans
In vitro modeling

Fibroblasts

‘ (Y g ")M Directed ‘
] Reprogr mming ﬂ') 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



2D vs 3D Modeling

2D Cell Cultures ADVANTAGES
% Scalable & Homogenous

A » Cell type specific effects
. DISADVANTAGES
*» Lowered physiological
relevance
o N N N
3D Cell Cultures ADVANTAGES

¢ Interactions b/w cell types
% Self organization

l DISADVANTAGES

, ¢ Limited vascularization
% <% Reproducibility
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Uniform sizes, numbers and multiple cell types
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Electrically active, network formation, memory
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Fundamental neurodevelopmental processes
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Incorporation of Microglia
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Fundamental neurodevelopmental processes
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Brain Spheres capture cell-type specific effects
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Modeling temporal effects
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Modeling temporal effects
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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 PAHSs.



Overall Purpose/Use?
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