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An interdisciplinary approach
The institute unites five UC Davis 
investigators who are experts in 
distinct areas of neuroscience to lead 
this interdisciplinary effort. Outcomes 
in the lab are directly applied in 
clinical research, and vice versa. Their 
comprehensive efforts include the support 
of more than 30 researchers from UC 
Davis and four allied institutions located 
throughout the United States and the 
Netherlands.

Randi Hagerman is a professor of pediatrics, 
medical director of the UC Davis M.I.N.D. 
Institute, director of the M.I.N.D. Institute 
Fragile X Research and Treatment Center 
and co-director of the University Center of 
Excellence in Developmental Disabilities. 
She occupies the Endowed Chair in 
Fragile X Research with the UC Davis 
School of Medicine. A developmental-
behavioral pediatrician with more than 
25 years of experience in the field of 
neurodevelopmental disorders and fragile 
X syndrome, her research focuses on 
treating conditions related to the fragile 
X gene mutation and understanding 
how molecular changes lead to clinical 
involvement. 

Paul Hagerman is a professor of 
biochemistry and molecular medicine and 
a UC Davis M.I.N.D. Institute investigator. 
He is a molecular geneticist with expertise 
in nucleic acid biochemistry with a 
passionate interest in understanding the 
basis for specific neurodevelopmental 
and neurodegenerative diseases. The 
Hagerman lab has made a number of 

important observations related to the 
mechanism of gene expression of the 
fragile X gene.

Robert Berman is a professor of neurological 
surgery and a neuroscientist whose 
research focuses on cellular mechanisms 
of brain injury. He is currently examining 
the effects of neonatal toxin exposure 
on brain development and behavior. 
His laboratory recently developed a 
set of behavioral testing procedures for 
evaluating social behaviors in rodents, 
an essential step in the development 
of useful models for the study of 
neurodevelopmental disorders. 

Tony Simon is an associate professor of 
psychiatry and behavioral sciences and 
M.I.N.D. Institute investigator whose 
research focuses on the neural basis 
of cognitive impairments that result 
in mental retardation, developmental 
disabilities and psychopathology. 
Building on his influential theory of the 
visuospatial foundations of numerical 
competence, Simon investigates how 
dysfunction in specific neurocognitive 
processing systems can generate a range of 
cognitive and behavioral impairments.

Cameron Carter is a professor of psychiatry 
and director of the UC Davis Imaging 
Center. His research focuses on the 
pathophysiology of disturbances in 
cognition in mental disorders such as 
schizophrenia and obsessive-compulsive 
disorder, with the goal of developing more 
effective therapies to improve patients’ 
rehabilitation. Carter also is involved 
in development of new treatments for 
cognitive disability in brain disorders.

What are fragile X-
related disorders?
Fragile X syndrome is the most 
common cause of inherited 
mental impairment, which can 
range from learning disabilities 
to severe cognitive or intellectual 
disabilities. The fragile X gene 
mutation is also the most common 
single-gene form of autism.

Fragile X-associated tremor/ 
ataxia syndrome (FXTAS) is a 
condition that causes balance, 
tremor and memory problems  
in some older adult carriers of  
the fragile X premutation. Randi 
and Paul Hagerman discovered 
FXTAS in 2001.

Fragile X-related premature ovarian 
failure (POF) is a problem with 
ovarian function that can  
lead to infertility and early 
menopause prior to age 40 in 
some female premutation carriers; 
it is the leading known single-gene 
form of premature menopause.

What are the fragile 
X gene mutation and 
premutation?
Fragile X syndrome results from 
a trinucleotide repeat expansion 
in a stretch of DNA, or the repeat 
of the same three nucleotides 
– cytidine and two guanidines 
(CGG). The number of repeats 
is easily detected with genetic 
analysis. Typically, people have 
about five to 45 of these CGG 
repeats. Fragile X syndrome results 
when the three nucleotides repeat 
more than 200 times. The fragile 
X premutation of carriers occurs 
when the repeat occurs somewhere 
in the middle – 55 to 200 times.

What causes FXTAS?
The neurological dysfunctions 
associated with FXTAS could 
be due to the elevated levels 
of messenger RNA from the 
fragile X gene mutation, which 
is consistently observed in white 
blood cells of premutation 
carriers. This toxic effect of the 
RNA leads to accumulations of 
abnormal cellular material – also 
called “inclusions” – in the nuclei 
of brain cells throughout the 
cortex and brainstem regions. 
The greatest densities are found 
in the hippocampus and frontal 
cortical regions, areas of the brain 
that control movement and are 
important in learning, memory 
and emotion. Further study of 
these cellular processes can lead 
to a better understanding of the 
mechanisms leading to both 
FXTAS and fragile X syndrome 
and offer new targets for 
developing treatments.

For information about the 
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Project 1, guided by Paul Hagerman, 
represents the molecular/cellular 
foundation of the institute’s research 
effort. The principal objectives are 
to define the disease process leading 
to FXTAS and suggest targeted 
treatments. The project team will 
also explore ways to more effectively 
deliver promising therapeutic agents 
to the brain, which will facilitate the 
treatment of neurodevelopmental 
disorders such as fragile X syndrome 
and neurodegenerative disorders such 
as Alzheimer’s disease and Parkinson’s 
disease. 

Project 2, led by Robert Berman, uses 
transgenic mouse models of FXTAS 
to study the progression of the fragile 
X-linked disorders and the ability 
of candidate drugs to alter or even 
reverse the clinical course of the 
neurodegenerative disorder. 

Project 3, directed by Randi Hagerman, 
uses advanced imaging and electro-
physiological methods to define brain 
changes that occur in carriers of 
premutation forms of the fragile X gene, 
both those with FXTAS and those with 
subclinical changes that precede the 
onset of the neurodegenerative disorder. 

Project 4, directed by Tony Simon, 
aims to understand and quantify how 
variations in a single gene produce a 
spectrum of cognitive dysfunctions 
for both children and adults. This 
research will result in the first detailed 
neurocognitive profile with individual 
features that are highly vulnerable to 
altered expression of the fragile X gene, 
providing a powerful foundation for 
predicting therapeutic outcomes. 

Project 5, a postdoctoral training program, 
led by Cameron Carter, will attract 
trainees interested in interdisciplinary 
research in neurodevelopment and 
neurodegeneration and help develop 
the next generation of fragile X 
researchers. Trainees will come from 
diverse disciplines and backgrounds, 
including chemistry, molecular 
biology, mouse biology and behavior, 
cognitive neuroscience and human 
functional neuroimaging, as well as 
clinical neuroscience disciplines such 
as neurology, psychiatry, pediatrics and 
clinical psychology. 

Five teams – one cause
The institute includes four research projects and a training program. 
Continuous collaboration across each of the projects for the benefit of 
expanding knowledge of FXTAS is a hallmark of the institute.
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