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Our laboratory focuses on modeling human brain development and function in a cell culture dish to understand
the molecular and cellular basis of complex disorders such as Parkinson’s and Alzheimer’s disease. A significant
challenge of studying complex human diseases is the lack of relevant model systems that combine know genetic
elements with disease-associated phenotypic readouts. This is particularly problematic for sporadic
neurodegenerative diseases that have no well-defined genetic etiology and do not follow Mendelian inheritance
patterns. Epidemiology and population genetics suggest that such diseases result from a complex interaction
between multiple risk factors, both genetic and non-genetic (lifestyle and environmental). Although genome wide
association studies (GWAS) have identified genomic variations, such as single nucleotide polymorphisms
(SNPs), deletions, and insertions associated with a higher risk to develop specific neurological disorders, the vast
majority of such sequence variants have no established biological relevance to disease or clinical utility to
prognosis or treatment.

Three major recent innovations have fundamentally changed our ability to study human neurological disorders in
a cell culture dish: (i) Reprogramming of somatic cells into human induced pluripotent stem cells (hiPSCs) to
generate patient-derived disease-relevant neuronal cells, (i) the development of genome engineering
technologies such as the CRISPR/Cas9 system to modify the genome in human cells, and (iii) the availability of
tissue-type and disease-specific genome-scale genetic and epigenetic information. Our previous work
demonstrated that an interdisciplinary approach, integrating these technologies, enables us to study neurological
disorders in a genetically controlled and systematic manner in human neuronal cells. Using these previously
unavailable molecular and cellular tools, we were able to dissect the functional role of diseases-associated
sequence variations in non-coding regulatory elements such as distal enhancer sequences in the pathogenesis of
Parkinson’s disease. My lab is extending this novel experimental framework in human pluripotent stem cell
(hPSC)-derived two-dimensional (2D) monolayer and three-dimensional (3D) organoid neuronal culture systems
to systematically investigate the genetic, cellular, and molecular basis of neurodegenerative disorders. We are
establishing robust disease-relevant phenotypic readouts to perform unbiased compound and CRISPR/Cas9-
based genome-scale genetic screens and will exploit these approaches to understand how genetic, epigenetic,
and environmental factors contribute to the development and progression of neurological diseases.
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