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Searching for Genetic Clues Underlying 
Developmental Brain Abnormalities
by Ellen Kuwana

The goal of Ghayda “Rayda” 
Mirzaa’s research is to identify 
and determine new candidate 
genes associated with 
neurodevelopmental disorders 
and how genes direct cells in 
the nervous system to develop, 
differentiate, and organize 
themselves into structures. 

Human brain development starts in the third week of embryonic growth, and many 
molecular and environmental steps must occur for the brain to form and function 
normally. After a baby is born, the brain continues to develop, increasing in size four-
fold before reaching almost adult size by age 6. Much has to go right to get to this point, 
but opportunities exist for problems to arise as well.

A long-standing interest in helping children
Ghayda “Rayda” Mirzaa, MD, assistant professor of pediatrics, is a relatively new 

research affiliate of the Center on Human Development and Disability (CHDD). Mirzaa 
grew up in the Middle East and saw many children with brain abnormalities who either 
did not have access to medical care or were marginalized from society. This sparked 
her interest in science and medicine. 

As a pediatrician and molecular and clinical geneticist, Mirzaa performs genetic 
testing for children, looking for the genetic causes for developmental brain disorders. 
With a continual focus on the patient, she is trying to understand the cellular and 
genetic processes that cause various brain growth abnormalities. This is where the 
child’s head is either too large (megalencephaly) or too small (microcephaly), in 
addition to structural abnormalities of the brain where the surface of the brain does not 
form normally. These conditions are associated with many co-occurring disorders such 
as autism, intellectual disability, and seizures—so this work is highly synergistic with 
that performed by other CHDD investigators such as Dan Doherty, MD, PhD, Heather 
Mefford, MD, PhD, and Raphael Bernier, PhD.

The research efforts of CHDD are organized into eight interdisciplinary groups called collaborative research areas: Biological 
Basis of Autism, Brain Malformation Disorders, Central Nervous System Injury, Consortium on Early Childhood Intervention, 
Developmental Toxicology, Epilepsy, Hearing Disorders, and Learning Disabilities. The complexity and diversity of brain 
malformations make them an important area of research within CHDD, with 18 investigators pursuing a deeper understanding of 
wide-ranging topics. “It’s highly rewarding to be in such a vibrant, dynamic research community,” says Mirzaa. 

Identifying genes involved in megalencephaly
Mirzaa published five papers last year detailing her work with collaborators in further elucidating the genes and cellular 

pathways underlying brain abnormalities. One focus has been searching for genes associated with megalencephaly. Mirzaa uses 
next-generation sequencing technologies (NGS), also called high throughput or massively parallel sequencing, to rapidly analyze 
large areas of genomic DNA. 

Specifically, Mirzaa and colleagues identified mutations of a novel critical cell cycle pathway, CDC42, in children with a wide 
range of neurodevelopmental features including microcephaly, macrocephaly, and intellectual disability. The protein encoded 
by the CDC42 gene is an enzyme, GTPase, which is involved in regulating many diverse cellular functions including cell cycle, 
migration, and formation. By systematically analyzing the clinical, molecular, and functional features of this spectrum, Mirzaa 
was able to identify distinct subgroups of children with unique features due to different mutations of the CDC42 gene. This work 
further demonstrates the benefits of using NGS methods in children with neurodevelopmental issues. 



“These methods have rapidly accelerated the rate of disease gene discovery, particularly for complex genetic syndromes, 
fostering many highly collaborative research projects,” Mirzaa says. Once gene mutations are identified, she further characterizes 
the protein products and pathways involved using molecular biological techniques. “The challenge now is not just the ability to 
find mutations, but to interpret all the data and translate genomic findings into patient care.”

Studying brain samples from children with epilepsy
For the past five years, Mirzaa has also been collaborating with the neurosurgery team at Seattle Children’s led by Jeffrey 

Ojemann, MD, also a CHDD research affiliate, analyzing brain tissue samples from children undergoing clinically indicated 
epilepsy surgery. Many children with abnormally large heads also have structural abnormalities of the surface of the brain, which 
cause epilepsy—often due to a common underlying cause. Pediatric neurologist and CHDD research affiliate Edward “Rusty” 
Novotny, MD, and fellow pediatric neurologist Russell Saneto, DO, PhD, contribute vital neurologic information. 

As a first step, Mirzaa and her research team examined the brain tissue samples for molecular clues in order to help 
them identify gene mutations. They found that activating mutations of a gene called AKT3 are associated with a wide range of 
abnormalities in the brain, from focal or segmental brain malformations such as hemimegalencephaly and polymicrogyria to 
diffuse bilateral cortical malformations and megalencephaly. Mutations of the ATK3 gene are similar to ones known to play a 
role in a cancer pathway called the phosphatidylinositol-3-kinase (PI3K)-AKT-mTOR pathway. “The cell signaling pathways are 
dynamic, not static. We have a lot to learn still, including how normal and abnormal pathway signaling in the cell occurs in real 
time, and how it affects a child’s developing brain to cause brain malformations and seizures,” Mirzaa says. 

The involvement of a cancer pathway in a wide array of developmental disorders, including megalencephaly, means that 
known medicines developed for cancer might be promising future treatment candidates. The deeper understanding of AKT3 
mutations and their effects may lead to improved early diagnosis and help researchers design human clinical trials of inhibitors of 
the PI3K-AKT pathway.

Research always comes back to the patient
If Mirzaa can identify a gene that is involved in a developmental pathway, then that might ultimately lead to improved 

diagnosis or treatment—or even a cure—for a particular disorder. But first, researchers must understand the mechanisms 
involved. She cautions, “You can’t use a sledgehammer. Designing drug screens is challenging and requires fine-tuning of 
small modifications to study these complex pathways and how they relate to brain function in health and disease.” Although 
Mirzaa notes that it’s a long process from genetic discoveries to clinical trials and personalized therapies, she feels lucky to be 
where she is and to be in a time in history of “the perfect convergence of amazing technologies at our disposal including high 
throughput genomic methods and drug screens, a fantastic environment of patient populations and accessibility of samples, and 
a collaborative research environment—it’s a recipe for success.”

Knowing these additional pieces in 
the overall picture helps Mirzaa think 
in a translational way—how can these 
advances to scientific knowledge in the 
lab influence what treatments are used in 
a clinical setting? At heart and in mindset, 
Mirzaa is a pediatrician, one who always 
remembers that the core of her work is to 
treat children who have health challenges 
caused by brain disorders. “I try to always 
remember there is a family and a child 
behind every research question,” she says. 

Mirzaa’s work focuses on malformations of the cerebral cortex, disruptions that can 
cause a wide range of developmental disorders.

CHDD is an interdisciplinary center dedicated to the prevention and amelioration of developmental disabilities through research, training, 
clinical service, and community outreach. CHDD includes the University Center of Excellence in Developmental Disabilities and the Eunice 
Kennedy Shriver Intellectual and Developmental Disabilities Research Center. 
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