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Exploring How Aberrant Signaling Pathways 
Contribute to Neurodevelopmental Disorders
by Stacey Aggarwal

Many neurodevelopmental disorders, including autism, are related 
to the misregulation of developmental processes as neurons grow 
and mature. The more we understand the molecular pathways that 
normally underlie this development, the better we can treat disorders 
that arise. From the time of conception all the way into adulthood, 
neurons and their precursors strictly regulate these pathways to 
ensure correct development of neuronal synapses, signals, structure 
and, ultimately, function. When these pathways or the molecules that 
participate in them don’t develop as expected, it can lead to dramatic 
changes to the neuronal signaling landscape, resulting in a variety of 
neurodevelopmental disorders.

Smita Yadav, PhD, assistant professor of pharmacology and 
research affiliate with the Center on Human Development and Disability 
(CHDD) aims to identify and better understand signaling pathways in 
neuronal development that are misregulated in disorders like autism. 
When she started her lab here at the University of Washington in the 
final months of 2017, Yadav brought her expertise in autism-related 
kinase signaling. Previously, she had worked to decipher how the 
signaling and localization of an autism susceptibility gene, the TAO 
kinase TAOK2, coordinates synapse formation and dendritic spine 
development. Abnormalities in dendritic spines are observed in multiple 
neurodevelopmental disorders and TAOK2 has an important role in 
signaling pathways crucial to their maturation. She also helped discover how deletions and duplications 
of a chromosomal region that codes for TAOK2 (along with 28 other genes) are associated with changes 
in neuronal development. Now, Yadav and her team plan to use a combination of molecular biology, 
proteomics, and pathway analysis to learn how such biological differences could be associated with 
a number of disorders. This approach represents a broad and unbiased way to identify key molecular 
players and study their regulation, as well as their dysfunction.

Projects: Focuses and Key Players
Yadav’s current research encompasses two key projects. First, she plans to investigate the role of 

TAOK2 in disorders such as autism and schizophrenia. Second, she hopes to decipher the molecular basis 
of these disorders related to chromosomal deletions and duplications of the 16p11.2 locus, a region that 
encodes 29 genes including TAOK2. Yadav points out, “One really interesting aspect of this region is that 
within this 29 gene locus there are two kinases; one is TAOK2, the other is MAPK3, and in addition there is 
also a phosphatase. So the phosphoproteome of a duplication patient would be expected to be very, very 
different from a deletion patient.” Notably, both deletion and duplication of this locus cause neurological 
disorders. However, the disease presents in different ways – chromosomal duplication is associated with 
microcephaly, while deletion presents with macrocephaly – suggesting that genes in this region could be 
important to multiple developmental pathways. 

Smita Yadav is interested in 
understanding the molecular and 
signaling pathways important for 
brain development, and elucidating 
how aberrations in these pathways 
lead to neurodevelopmental 
disorders including autism and 
intellectual disability. 



Stem Cells and Proteomics to Explore How Signaling Can Be Misregulated 
To gain insight into the signaling molecules and pathways relevant to these projects, Yadav and her 

team will use proteomics in collaboration with Shao-En Ong, PhD, associate professor of pharmacology. 
Proteomics is a high-throughput technique that uses mass spectrometry to identify and quantify thousands 
of proteins in a sample with one experiment. Other forms of proteomics, such as phosphoproteomics, can 
bring the utility of this technique one step further by identifying post-translational modifications made to 
proteins by enzymes such as kinases and phosphatases. 

Yadav hopes to use these powerful techniques to analyze protein expression and signaling in human 
induced pluripotent stem cells (iPSCs). These stem cells can be genetically modified to contain mutations 
of individual proteins, such as TAOK2, using CRISPR/Cas9 targeted gene editing. Additionally, Yadav also 
plans to use iPSCs derived from fibroblasts from patients with the chromosomal deletions and duplications 
previously discussed. These stem cells can then be differentiated to develop into neurons and studied at 
various stages of development. Ultimately, Yadav and her team hope to use proteomics to identify changes 
in proteins and signaling pathways that differ between ‘normal’ and genetically modified stem cell-derived 
neurons as they develop.

Once she has identified proteins and pathways of interest using this approach, she then plans to 
study them on an individual level using molecular biology techniques such as live cell imaging and other 
biochemical assays. These methods will be used to ask where proteins are located, what other molecules 
they interact with, and how the observed differences impact neuronal development and signaling. This will 
provide a more complete understanding as to how these proteins are involved in neuronal signaling, as 
well as a way to study their function at precise stages during neuronal development.

Final Step: Clinical Application
Ultimately, Yadav would like to be able to translate her findings to help patients. She hopes that 

her approach will identify important enzymes (i.e., kinases like TAOK2) that could be targeted by 
pharmacological intervention. “If it turns out that TAO kinase is responsible for some of these phenotypes, 
then it could be targeted,” Yadav points out. For this reason, she expects that the final steps of these 
projects will likely consist of targeted drug screens aimed at regulating enzymes that were experimentally 
found to be important. Yadav believes that “…in human development, looking at basic biology can often 
yield powerful insights” to better understand neurodevelopmental disorders and can help rationally guide 
future drug development.

Neurons contain either wild-type TOAK2 (left) or 
kinase-dead mutant TAOK2 (right) showing differences 
in dendrite morphology; lower images are higher 
magnification.
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