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Collectively, an individual’s genetics, environmental exposure history, and the effects
of aging can contribute to brain disease etiology. Each of these factors can be difficult
to model using in vivo animal models. This lecture suggests that patient-based
(individual-based) cellular model systems, such as human induced pluripotent stem
cells (iPSCs), enable characterization of personalized toxicological susceptibility.

- A gene-environment interaction (GxE) is when two different genotypes respond
differently to an environmental exposure. For example, individuals with
mutations of the PARK2 gene are sensitive to copper exposure

- Human induced pluripotent stem cells (iPSCs) are reprogrammed cells from an
adult individual that have the potential to become any other cell type in the
body. For example, human skin cells can be “reprogrammed” into neurons.

General Discussion: Parkinson’s and neurodegenerative diseases are not the only type
of disease that could benefit from iPSCs models. As a group discuss different types of
GxE that can underlie disease and how iPSCs could be leveraged for characterizing
personalized susceptibility.




Developing an effective iPSC model requires knowledge about the disease. Discuss the
features of an appropriate iPSC disease model by considering the following:

1. Are there characteristics of individuals, populations, sub-populations, or risk
groups that would be critical in the identifying whom to select for generation of
a stem cell-based model system of the disease?

2. Isthere atarget cell type primarily impacted or contributing to pathogenesis?

3. Are there known or suspected toxicants that contribute to disease risk?

4. Are there particular developmental stages or sequential time points that are
important in the pathogenesis?



Some diseases show delayed effects which may require chronic exposures
rather than an acute toxicity phenotype.

Variance among individuals in the outcome of an acute exposure.

Parkinson’s and Alzheimer’s Disease: chronic developmental

Ischemic Stroke/Hypoxia: acute, multiple events lead to different
pathologies (e.g., second stroke is less toxic in some people)

Tuberculosis: acute event

Diabetes: chronic

5. Are there genetic-based animal models that recapitulate human pathogenesis?

Many diseases do not have an animal model that fully recapitulate the
human condition. Animal models are limited, and knock-out models may
not be viable and are even further removed from the human condition.
Validating iPSC models is difficult when animal models cannot be made,
or the animal model doesn’t elicit the expected pathobiology after
introduction of homologous genetic and environmental risk factors.
Being able to define benchmarks of human disease that can be
translated between the cell-based model system and clinical/human-
subject based or other in vivo data is important.
The provided example diseases DO NOT have an animal model that fully
recapitulates the human pathogenesis; however, “good” animal models
do exist for some like the ischemic stroke and tuberculosis diseases.



