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essential.” Cholesterol is a struc-
tural component of cell membranes 
including myelin, the protective cov-
ering on neurons. It is involved in 
signaling that controls the patterns of 
neuron growth and is also needed to 
create synapses. 

Astrocytes moderate cholesterol 
homeostasis by expressing mol-
ecules that transport cholesterol and 
producing lipoproteins that move 
cholesterol in and out of brain cells, 
including neurons. Research by 
Guizzetti and others indicates that 
exposure to alcohol disrupts cho-
lesterol homeostasis, increasing the 
transport of cholesterol out of brain 
cells. This cholesterol loss can im-
pair brain development. The effects 
of cholesterol depletion in the brain 
are illustrated by Smith-Lemli-Opitz 

syndrome (SLOS), an inherited metabolic 
disorder. The genetic mutation that causes 
SLOS impairs the synthesis of cholesterol. 
SLOS is often fatal before birth. Among 
children who survive, common symptoms of 
SLOS include intellectual disability, as well 
as distinctive facial features similar to those 
observed in some children with FASDs. 

If further research confirms that ethanol 
exposure depletes cholesterol levels, Guizzetti 
will explore the question of whether it is pos-
sible to reduce the effects of alcohol on the 
developing brain. “My idea is that deficien-
cies in dietary cholesterol in mothers can 
exacerbate the effects of alcohol on unborn 
children,” said Guizzetti. There is evidence 
that children of malnourished mothers can 
be more susceptible to FASDs. For example, 
the incidence of FASDs is very high in a cer-
tain population in South Africa where levels of 
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Cholesterol and Choline: Treatments for FASDs?

The developing brain sprouts 
billions of neurons that 
quickly link in complex 

patterns. What directs this pro-
cess so that neurons make efficient 
connections—not too few, not too 
many? Part of the answer lies with 
astrocytes, brain cells associated with 
neurons. Marina Guizzetti, Ph.D., 
studies interactions between astro-
cytes and neurons and how these 
interactions are disrupted by alco-
hol.  One of her goals is to identify 
cellular mechanisms that could be a 
target of interventions. For example, 
Guizzetti’s research may help deter-
mine if dietary supplements, such as 
choline and cholesterol, can mitigate 
some of the effects of alcohol expo-
sure on the developing brain.

Alcohol exposure can result in 
fetal alcohol spectrum disorders (FASDs). 
FASD research has focused primarily on 
the effects of ethanol exposure on neurons. 
However, recent work by Guizzetti and others 
has shown that study of astrocytes is just as 
important in understanding FASDs. The 
importance of astroctyes is illustrated by the 
fact that neurons grown in culture without 
astrocytes form fewer connections, or synapses.

“Alcohol doesn’t kill astrocytes,” 
said Guizzetti, a research scientist at 
the Department of Environmental and 
Occupational Health Sciences (DEOHS)
and a CHDD research affiliate. “It’s not very 
toxic to them. But it can alter their function. 
This translates into altered neuronal devel-
opment.”

Astrocytes are a type of glial cell that 
outnumber neurons by about ten to one 
in the brain and hold them in place. For 
example, astrocytes have many processes, 
or extensions, that envelope synapses. In 

addition to providing physical support for 
neurons, astrocytes and other glial cells also 
supply neurons with nutrition and oxygen. 

Astrocytes also release proteins involved 
in directing the growth of neurons and the 
formation of synapses. In turn, the release of 
these proteins by astrocytes is modulated by 
signals from neurons. Guizzetti studies these 
complex feedback loops. Thus far her team 
has identified more than a hundred proteins 
released by astrocytes. Her colleagues in 
this work, which is funded by the National 
Institute on Alcohol Abuse and Alcoholism, 
include CHDD Research Affiliate Lucio 
Costa, Ph.D., a DEOHS professor. 

One aspect of Guizzetti’s research fo-
cuses on cholesterol. Astrocytes and other 
glial cells are critical to maintaining proper 
cholesterol levels, or homeostasis, in the 
developing brain. “Dietary cholesterol is 
usually considered to be bad,” said Guizzetti. 
“But during development, cholesterol is 

Exposure to alcohol may deplete levels of cholesterol, which is 
essential for brain development. Women who drink while pregnant 
may be able to reduce the impact of alcohol exposure on their child’s 
development by eating foods rich in cholesterol, such as eggs. 
Photo credit: John LoPresti
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poverty and malnourishment are also high. Malnourished women are very probably not 
eating many cholesterol-rich foods, such as egg yolks, beef, poultry, and shrimp.

However it is not yet known exactly how, or if, cholesterol in a mother’s blood 
may affect the cholesterol supplies in the brain of her unborn child. In children 
and adults, cholesterol supplies in the blood and brain are separate because the            
lipoproteins that transport cholesterol are too large to cross the blood-brain barrier. 
Therefore, the brain has to synthesize its own supply of cholesterol. “However, the 
blood-brain barrier is still not fully developed at birth,” said Guizzetti. “The fetus 
generally produces its own cholesterol. But there is some evidence of cholesterol  
exchange between mother and fetus.”

If low levels of cholesterol in a mother’s diet and blood do increase the suscep-
tibility of her children to FASDs, “perhaps women at risk of having children with FASDs 
should be advised to eat a diet high in cholesterol,” said Guizzetti. If a link between      
dietary cholesterol and FASDs does exist, it is not only the children of women living in 
poverty who may be at risk. “Women who abuse alcohol often get many of their calories 
from alcohol and may neglect their own intake of other food,” said Guizzetti. 

Guizzetti’s studies may also provide a mechanistic understanding of how the 
micronutrient choline, which is important for brain development, may mitigate 
some effects of prenatal alcohol exposure. Indeed, researchers at San Diego State 
University found that prenatal supplementation with choline reduced some kinds 
of learning deficits in rats exposed to alcohol during brain development. Choline 
is available as a supplement and is already added to some infant vitamins and  
formulas. It is also available in foods, such as egg yolks and liver.

Choline is essential to the synthesis of acetylcholine, a neurotransmitter in-
volved in arousal, reward, learning, and short-term memory. It is also a building 
block for phosphatidylcholine, an important component of the plasma membrane 
also involved in the transmission of signals between brain cells. Recently Guizzetti 
and colleagues found that acetylcholine stimulates astrocytes to release proteins  
important in neuronal development. Ethanol inhibits this interaction.

Research by other CHDD research affiliates has found alterations in choline   
levels among children with FASDs. In a recent magnetic resonance spectroscopy 
study of neurometabolite concentrations, Susan Astley, Ph.D., a professor of epi-
demiology, investigated choline concentrations in a white matter region and a 
hippocampal region of the brain. Choline concentration in the frontal/parietal white 
matter region was significantly lower in children with full Fetal Alcohol Syndrome 
(FAS) than in children with less severe FASDs and typically developing children. 
Other CHDD research affiliates involved in this project include Elizabeth H. 
Aylward, Ph.D., associate director of the Eunice Kennedy Shriver Intellectual and 
Developmental Disabilities Research Center (IDDRC) and director of developmental 
disorders research in the Neuroscience Center at Seattle Children’s Research Institute; 
Heather Carmichael Olson, Ph.D., senior lecturer of psychiatry and behavioral sci-
ences; Truman Coggins, Ph.D., associate professor of 
speech and hearing sciences; and Kenneth Maravilla, 
M.D., professor of radiology and neurological surgery.

In combination with these other studies, 
Guizzetti’s research into cholesterol and choline 
could contribute to a revision of dietary guidelines 
for pregnant women at risk. Women at risk could be 
offered supplements or their diets could be carefully 
monitored, said Guizzetti. “They could be given clear 
directions on what to eat. It’s a kind of intervention 
that is very possible.” s Marina Guizzetti
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and run through a mass spectrometer. Mass 
spectrometry identifies compounds by mea-
suring their mass and charge as they pass 
through magnetic and electrical fields. 

Enzyme levels for each sample are 
compared with those of typical infants. 
For example, the test for Krabbe disease is 
considered positive if a newborn has eight 
percent or less of the typical level of the in-
dicator enzyme (galactocerebrosidase). The 
assays can be engineered to test for several 
enzymes simultaneously. “This is a new ap-
proach,” said Glass. “It’s a unique way to 
look at how the enzyme is functioning and 
measure the amount of product directly.” 
Previous NBS testing for metabolic disorders 
using mass spectrometry has been indirect, 
measuring compounds affected by the action 
of the target enzyme, rather than the activity 
of the enzyme itself.  In addition, this new 
approach allows enzyme activity to be mea-
sured for several conditions at the same time 
using a single small sample, said Glass.

The team’s test for Krabbe disease was 
adopted by New York’s NBS Program in 
2006. Through 2008, the program has 
screened 350,000 newborns for Krabbe dis-
ease. Screening identified two babies affected 
with infant-onset Krabbe disease who un-
derwent bone marrow transplantation. Two 
more infants were identified with enzyme 
levels consistent with adult onset of symp-
toms; these children are being tracked. 

The Eunice Kennedy Shriver National 
Institute of Child Health and Human 
Development is funding testing of the team’s 
Fabry assay at the Washington State Office 
of Newborn Screening. Any samples that 
test positive will be double-checked with  
additional genetic testing. The samples used 
in this study are anonymous; therefore re-
searchers will not be able to notify families 
of screening results.

The Washington State Board of Health 
determines which disorders will be on the 
screening panel.  If the study shows that the 
Fabry assay is likely to meet the Board’s cri-
teria for inclusion, the Board will begin the 
formal process to determine if Fabry disease 
will be added to the state’s NBS program. 
Currently, Washington State screens for 25 

New Technologies for Newborn Screening

Children with rare, metabolic dis-
orders such as Fabry and Pompe 
diseases often seem healthy at birth. 

However, their diseases may already be dam-
aging their hearts and brains. To help these 
children get prompt treatment, C. Ronald 
Scott, M.D., and his colleagues have de-
veloped new, automated assay techniques 
that can be used to screen for a range of 
metabolic disorders. “This is a fast, sensi-
tive process that can run multiple tests at 
once, and requires only one or two minutes 
of processing time per sample,” said Scott, a 
professor of pediatrics and CHDD research 
affiliate.

The new assays screen for lysosomal 
storage diseases, including Fabry, Gaucher, 
Krabbe, Pompe, and MPS1 diseases. The 
assay for Krabbe disease has been adopted 
by New York State’s Newborn Screening 
Program and the assay for Fabry disease is 
currently being tested at the Washington 
State Office of Newborn Screening. “I think 
it’s important for newborn screening pro-
grams to participate in this kind of research 
to expand the diseases we can screen for,” 
said Mike Glass, director of the Washington 
State Office of Newborn Screening (NBS).

About one in every 7,000 to 8,000 in-
fants is born with a defective enzyme that 
causes a lysosomal storage disease. The result 
is enzyme deficiencies that derail critical 
metabolic pathways and cause metabolic 
waste to build up in lysosomes, organelles 
in cells that digest and recycle waste. “It’s 
like the garbage collectors have all gone on 
strike. The garbage builds up, the cell strug-
gles, and eventually it dies,” said Frantisek 
Turecek, Ph.D., a professor of chemistry and 
Scott’s colleague, along with Michael Gelb, 
Ph.D., also a professor of chemistry.

Each lysosomal storage disease affects 
the production of a different enzyme and 
causes the accumulation of a different waste 
compound. Among individuals with the 
same disease, the severity of the enzyme de-
ficiency and the progression of the disease 
can vary. Some individuals may have life-
threatening symptoms as an infant; others 
may develop less severe symptoms as an ado-
lescent or an adult. 

Scott’s team is focusing on lysosomal 
storage diseases for which treatments are 

available or being developed. “In the past 
the disorders being screened were considered 
untreatable but now there is treatment,” 
said Scott. Treatments involve enzyme 
replacement therapy or bone marrow trans-
plantation with stored umbilical cord blood. 
“Efficacious treatment has been shown for 
Gaucher, Fabry, Pompe, MPS-I, Niemann-
Pick, and Krabbe diseases by one, or both, 
of these approaches,” said Scott. 

Early treatment is required to prevent 
permanent disability in individuals with in-
fant-onset forms of the diseases. However, 
these diseases are difficult to diagnose, 
which can delay treatment. Therefore, 
Scott, Turecek, and Gelb developed assays 
that can be incorporated into existing NBS 
programs.

NBS programs typically collect blood 
samples from infants within 48 hours of 
birth. The dried blood spots are stored on 
cards and used in a variety of assays. The 
new assays use mass spectrometry to analyze 
these samples. A small portion of a dried 
blood spot is rehydrated, mixed with com-
pounds to analyze the enzyme of interest, 

Every child born in Washington State is screened 
for 25 treatable disorders that can impair 
development. New techniques may increase the 
efficiency of screening.  
Photo of Collin Frasher by Marvin Miller.

See ‘Newborn’ on page 5
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Adolescent Health Transition Project
Making the transition from pediatric to adult 
medical care can be a major challenge for 
individuals with disabilities or chronic childhood-
onset diseases. The Adolescent Health Transition 
Project has materials online to help young adults 
and their families make a smooth transition. 

Photo credit: 
UW DO-It Center. 

In Washington 
State, an esti-
mated 14–17% of 

children have special 
health care needs, in-
cluding chronic childhood-onset diseases, 
such as diabetes or congenital heart disease, 
and developmental disabilities, such as intel-
lectual disabilities, autism, or cerebral palsy. 
The majority of children with special health 
care needs receive their childhood care from 
pediatricians and pediatric subspecialists.  
As this population of children grows into 
adulthood, there is a need to transition from 
pediatric to adult health care. However, 
finding a primary health care provider for 
youth with special health care needs in 
Washington State can be difficult. 

The importance of a successful transi-
tion from pediatric to adult care is recognized 
at the federal and state levels. The U.S. 
Department of Health and Human Services, 
Maternal and Child Health Bureau, and 
the American Academy of Pediatrics have 
issued policy statements emphasizing the is-
sue of health care transitions for individuals 
with special health needs. Successful transi-
tion is also one of six national performance 
measures for programs serving children with 
special health care needs. With funding from 
the Washington State Department of Health 
Children with Special Health Care Needs 
Program, the CHDD Adolescent Health 
Transition Project (AHTP) has been working 
to address this issue.

The need for adult health care is 
growing in part because of successes in 
pediatric care that have allowed children 
with developmental disabilities and chronic 
childhood-onset illnesses to live longer, 
healthier lives. Previously, life expectancy for 

many persons with special health care needs 
was relatively short and “many pediatricians 
continued to follow these young adults,” 
said Katherine TeKolste, M.D., an associate 
professor of pediatrics who co-directs AHTP 
with Kathleen Watson, R.N., Ph.D., a re-
search assistant professor of nursing and an 
associate director of the CHDD University 
Center for Excellence in Developmental 
Disabilities. “Now, we’ve extended longevity 
for many disorders. The life expectancy for 
individuals with cystic fibrosis used to be in 
the teens. Now it’s the thirties. Life expec-
tancy for individuals with Down syndrome 
used to be in the 40s. Now it’s up to the 60s, 
70s, even the 80s.” As a result, pediatricians 
are “maxed out and starting to step back 
from providing adult care,” said TeKolste. 
“In addition, it’s not really good health care 
for persons of adult age to have a pediatri-
cian as their primary physician. Pediatricians 
simply aren’t trained to deal with many adult 
health issues.”

The shift from institutional to com-
munity-based living for individuals with 
intellectual disabilities has also increased the 
need for adult health care in the community, 
said Watson, who is also a parent of an adult 
with a developmental disability. In institu-

tions, residents were cared for by staff health 
care providers. Out in the community, ser-
vices and expertise are much more dispersed. 

As a result of these trends, many young 
adults with special health care needs are 
having difficulty finding appropriate health 
services after they age out of pediatric care. 
“When they reach the age of 18 or 21, they 
now need an adult health care provider in 
the community and that’s been an enormous 
issue for many families,” said TeKolste. 

In a recent survey, funded by the 
Washington State Department of Health, 
Office of Maternal and Child Health, adult 
health care providers in Washington State 
report that they are hindered by lack of train-
ing, low reimbursement rates, and the extra 
time required for patient visits, documenta-
tion, and coordination of care.  The data from 
this survey is helping the AHTP in efforts to 
increase support for health care for individu-
als with special needs. The Project does not 
maintain a list of health care providers or pro-
vide referrals to health care providers, but is 
“...working on systems, education, and policy 
issues, trying to figure out how to help adult 
health care providers better prepare for these 
populations,” said TeKolste.

Many of the 98 providers who com-
pleted the survey said that the time required 
for clinic visits and care coordination for 
patients with special health needs was often 
greater than that for other patients, yet re-
imbursement does not reflect this increased 
effort. Many patients with special needs 
are on Medicaid and providers stated that 
Medicaid reimbursement was inadequate. 
“With the persistent rise in overhead and 
stagnant or reduced reimbursement, we can’t 
continue to take on under/non-insured pa-
tients and keep our doors open,” wrote one 
physician. “These patients are all time-inten-
sive and require collaboration with multiple 
other specialists, therapists, and durable 
medical,” wrote another physician. 

Some providers stated that they needed 
more training in special health care needs 
and better access to specialists, especially 
those with expertise in mental health and 
social services. “There can be a steep learn-
ing curve for providers,” said TeKolste.  
According to TeKolste, most health care 
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providers for adults do not have training in 
developmental disabilities. Therefore they 
may not expect or know how to work with 
the communication, behavior, and mental 
health issues that can be associated with 
intellectual or related disabilities. In addi-
tion, community physicians may not fully 
understand accommodations required by in-
dividuals with developmental disabilities, or 
the roles of families and caregivers. 

To meet these needs, “it’s becoming a 
national priority to train health care pro-
fessionals to provide better care services 
to adults with disabilities,” said Watson. 
“There’s an effort to begin looking at how to 
increase the disability content in curricula 
for nurses, doctors, and dentists.”  Watson 
and TeKolste are meeting with health care 
providers and institutions across the state to 
help them share information and materials. 
In addition to meeting with pediatric and 
family medicine providers in private prac-
tice, they have met with groups at Group 
Health Cooperative, Spokane Children’s 
Hospital, St. Joseph’s Hospital in Longview, 
and Seattle Children’s Hospital. “Our goal is 
to leverage funding and efforts so everybody 

isn’t re-creating the wheel on their own, to 
help get information to health care providers 
and to improve availability of care. We also 
hope that by meeting together we can be a 
bigger voice to reinforce the need for ser-
vices,” said TeKolste. 

The AHTP also provides informa-
tion to help individual families smooth the 
transition from pediatric to adult care for 
youth with special health care needs. For 
example, physicians who responded to the 
survey stated the importance of having a 
detailed health history for individuals with 
special needs. To help meet this need, the 
AHTP website has special health history 
forms families and individuals can fill out 
for initial visits with new providers. Other 
resources on the website include transition 
checklists, information on insurance options 
in Washington State, and tips for communi-
cating with health care providers.

The program has also begun to post 
information on specific health conditions. 
For example, AHTP staff recently worked 
with endocrine specialists to develop infor-
mation for youths with diabetes and their 
families.  It is a program goal to continue to 

treatable disorders, including cystic fibrosis, 
sickle cell diseases, and a variety of enzyme 
deficiencies. During 2007, the program ran 
about 2.4 million tests on blood from about 
83,000 infants. As a result, 101 newborns 
with one of the conditions on the screening 
list were identified and referred for treat-
ment. 

Scott is working to arrange testing of 
the other assays his team has developed 
thus far, as well as to develop assays for ad-
ditional diseases. He is heartened by the 
progress made thus far and the interest the 
team’s work has generated nationally and 
internationally. “We started with the ques-
tion of whether we could use tandem mass 
spectrometry to do enzymology and we’re al-
ready to the point of application throughout 
the world where other groups are applying 
mass spectrometry to the detection of ge-
netic disorders for which there is developing 
treatment,” he said. 

add transition information on other health 
conditions, such as congenital heart disease 
and seizure disorders.

 The Adolescent Health Transition 
project also publishes the Washington State 
Adolescent Transition Resource Notebook. 
The statewide resource notebook was based 
on a local resource notebook originally cre-
ated by Lance Morehouse of the Washington 
Fathers Network.  The Washington State 
Adolescent Transition Resource Notebook 
has been revised once (2006) and is un-
dergoing further updates with extensive 
contributions by Lance Morehouse and other 
parents in The Arc of Spokane, Washington. 
These updates will be posted on the AHTP 
website as they become available.

The notebook and other materials 
distributed by AHTP can help families co-
ordinate care, another major need stated by 
health care providers in the survey.  One 
physician wrote, “Family support makes the 
most difference in providing care for these 
patients.” 

The Adolescent Health Transition 
Project website is http://depts.washington.
edu/healthtr/. s

Scott focuses his research on NBS, be-
cause he has seen directly how it has helped 
hundreds of individuals and families. He 
has been involved with the NBS program 
in Washington State since it began in 1967. 
Initially, the program screened for a single 
genetic disorder, phenylketonuria (PKU). 
PKU impairs the ability to metabolize 
the amino acid phenylalanine. The result-
ing buildup of phenylalanine in the blood 
can damage the brain. Infants who tested 
positive for PKU were referred to Scott for 
management of their disorder, which in-
cludes reducing phenylalanine in the diet. 
More than 40 years after screening began, 
Scott still sees some of the first individu-
als with PKU identified by the Washington 
State NBS program. 

Thanks to NBS, the prognosis for 
persons with PKU has improved dramati-
cally. “At the time NBS for PKU started, 
about one percent of the individuals with 

intellectual disabilities in institutions were 
there because of PKU,” said Scott. “Since 
PKU screening started, not a single person 
has entered an institution because of PKU. 
Newborn screening works.” s

C. Ronald Scott
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Faculty Members Appointed as New CHDD Research Affiliates
Raphael Bernier, Ph.D., is an assistant 
professor of psychiatry and behavioral 
sciences. He studies the genetics, neu-
robiology, and behavioral characteristics 
of individuals with autism spectrum 
disorders (ASDs). Bernier’s work in       
genetics includes studies to discover 
ASD-susceptibility genes and efforts to 
develop national genetic databases of 
ASD-linked genes. His neurobiology 
studies use EEG technology and focus 

on mirror neurons, which are involved in social interactions such 
as learning through imitation, comprehending language, and 
comprehending the feelings of other persons. Bernier also par-
ticipates in a national effort to establish standards of care for the 
medical assessment and treatment of individuals with ASD. See 
the article on Bernier’s research, page 7.

Evan Eichler, Ph.D., is a professor of 
genome sciences. Eichler studies regions 
in the human genome that are linked 
to large-scale changes in chromosome 
structure, such as the duplication, dele-
tion, and rearrangement of nearby genes. 
Eichler and his colleagues hypothesize 
that these regions may be linked both to 
rapid advances in primate evolution and 
to developmental disabilities. By study-
ing genetic variation in these regions, 

Eichler’s group has identified at least four recurrent, structural 
genetic variations linked to intellectual disabilities. To find more 
variations linked to developmental disabilities, and to study the 
extent of typical genetic variation, they are using high-throughput 
techniques for genetic analysis to compare the genomes of chil-
dren with and without developmental disabilities.

Lynn Fainsilber Katz, Ph.D., is a re-
search associate professor of psychology. 
Katz studies how stressful life events 
affect children’s social, emotional, and 
cognitive development, sometimes con-
tributing to cognitive deficits and to 
difficulties in social and emotional func-
tioning. Currently Katz is focusing on 
the effects of domestic violence and the 
ways that positive parenting of children 

exposed to violence can buffer them from negative outcomes. She 
is also researching the cognitive and social impacts of pediatric 
cancer diagnosis and treatment, with the goal of understanding 
how families can best support children whose cognitive skills have 
been compromised as a result of radiation and chemotherapy.

Natalia Kleinhans, Ph.D., is a research 
assistant professor of radiology. She 
studies functional and structural connec-
tivity in persons with autism spectrum 
disorders (ASD) using methodologies 
including functional magnetic resonance 
imaging (fMRI), magnetic resonance 
spectroscopy (MRS), and diffusion ten-
sor imaging (DTI), which measures the 
integrity of the brain’s white matter. 

Previous research suggests that some of the social and emotional 
deficits present in individuals with ASD are caused by abnormali-
ties in neural circuitry. Kleinhans is investigating this possible 
relationship by using fMRI and DTI to analyze neural function 
and white matter structure in persons with ASD.

Michael Murias, Ph.D., is a research 
assistant professor of psychiatry and be-
havioral sciences. His research applies 
electroencephalographic methods to study 
human neocortical connectivity within 
populations of children with developmen-
tal disabilities and children developing 
typically. This work fits into current con-
ceptual frameworks of typical cognition 
arising from distributed neural activity. 
In addition, work in attention-deficit hy-
peractivity disorder and autism spectrum 

disorder suggests pathological global patterns of cortical undercon-
nectivity and local patterns of overconnectivity, which can vary 
according to task demands. These patterns suggest that inefficient 
and inconsistent communication among neurons may explain some 
behavioral differences associated with developmental disorders.

Jeffrey Munson, Ph.D., a research 
assistant professor of psychiatry and 
behavioral sciences, studies variability 
in the development of children with 
autism spectrum disorders (ASD). 
His research contributes to the iden-
tification of the genetic basis of ASDs 
and to the development of more ac-
curate prognoses and interventions. 
Currently, he is developing methods to 
analyze social skills and language com-
prehension in children with limited 

abilities to communicate. In these studies, he uses eye-tracking 
and other technologies to measure the responses of children 
to real-time 3-D graphics. Munson also uses various statistical 
methods to analyze patterns of development in children with 
ASDs. 
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Mirror Neurons Key to Social Skills:
Researchers Explore Differences in Children with ASDs

The brain’s mirror neuron system (MNS) is believed to have a critical role in imitation, which is in turn 
crucial to social learning . The MNS may also be involved in the development of a sense of empathy. 
CHDD researchers are finding that the MNS of individuals with austim spectrum disorders (ASDs) function 
differently than those of individuals without ASDs. Photo credit: Kris Freeman

A father smiles at his infant son and 
sticks out his tongue. The baby 
smiles back and then sticks out 

his tongue. 
A tai chi instructor sweeps her arms to 

the right and shifts her weight to her right 
leg. Her students sweep their arms and shift 
their weight to the right.

These interactions involve imitation, 
and so the mirror neuron system (MNS). 
The MNS is a complex network of neurons 
distributed throughout areas of the brain 
that is believed to be involved in imita-
tion, as well as understanding of action, 
empathy, and, some have proposed, the 
evolution of language. Because imitation 
is a crucial component of learning how 
to interact with others, so is the MNS. 
Therefore, study of the MNS and its role 
in imitation can illuminate basic processes 
involved in the development of social skills. 
“How do I learn to do most things? I watch 
someone else and then I imitate,” said 
Raphael Bernier, Ph.D., a CHDD research 
affiliate and assistant professor of psychiatry 
and behavioral sciences. To better under-
stand the role of mirror neurons in social 
deficits associated with autism spectrum 
disorders (ASDs), Bernier studies the MNS 
in individuals with and without ASDs. 

The MNS was first identified in 
macaque monkeys by a group of Italian re-
searchers studying ways the brain initiates 
and controls movement. As part of their 
research, the Italian scientists analyzed the 
neural activity of monkeys as they reached 
for apples, raisins, and other objects. One 
day in the mid-1990s, they happened to ob-
serve the neural activity of a monkey as the 
monkey watched a researcher pick up a rai-
sin. The neural activity was the same as if the 
monkey had picked up the raisin itself

The researchers quickly confirmed 
that a group of neurons, now known as the 
MNS, fired in a similar way whether a mon-
key performed an action or simply observed 
another human or monkey performing the 
same action. MNS firing could even be trig-
gered by a sound, such as tearing paper, 

associated with an action that the monkeys 
had experienced. 

Subsequent studies implied the exis-
tence of a similar MNS system in humans 
and suggested that the MNS may be in-
volved in far more than the imitation of 
physical actions. Mirror neurons also ap-
pear to be critical to the understanding of 
the intentions and emotions of others. Such 
understanding is necessary for children to 
develop a sense of empathy. Many individu-
als with ASDs have difficulty in feeling and 
expressing empathy, as well as in recogniz-
ing and interpreting facial expressions and 
other signals to the emotional states of other 
people. These issues could be linked to defi-
cits in the ability to learn through imitation, 
and so to deficits or differences in the MNS 
of persons with ASDs.

In addition to the ability to imitate oth-
ers, functions of the MNS and connected 
brain regions may include the ability to 
direct appropriate imitation.  Sometimes in-
dividuals with ASDs imitate actions all too 
well. Inappropriate imitation can include 
immediate and delayed echolalia, the echo-
ing of another person’s words. For example, 

instead of answering a question, a person 
with an ASD may repeat some or all of the 
questioner’s words. “You can also see ste-
reotypic speech, imitation verbatim, such as 
the repeating of phrases from movies,” said 
Bernier. “How do you explain perfect imita-
tion that’s done in a non-social way?”

Both lack of social imitation and in-
appropriate imitation could result from 
dysfunction in the interconnections within 
the MNS, or between the MNS with other 
parts of the brain. For example, inappro-
priate imitation could be linked to lack 
of impulse control and so dysfunction in 
the brain’s executive function. Bernier and 
other researchers are still learning exactly 
how the MNS is involved in imitation and, 
indeed, the exact extent of this complex 
neural system. They do know that signals 
of MNS activation, as measured by electro-
encephalography (EEG), can differ among 
individuals with and without ASDs.

Bernier tracks MNS activity with an 
EEG signal known as the mu rhythm. The 
mu rhythm is an EEG brain wave falling in 
the alpha range (8-12 Hz) that is recorded  

See “Mirror Neurons” on page 8
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by centrally located scalp electrodes.  The 
mu rhythm is believed to reflect activity of 
the MNS. A characteristic pattern is ob-
served when neurons are at rest and so firing 
steadily in a relatively uniform pattern. 
When neurons in the MNS become active, 
they fire individually in a variety of pat-
terns, and the uniform background chorus 
of the mu rhythm loses amplitude, or power. 
Bernier tracks the mu rhythm of participants 
while they observe and perform very simple 
actions, such as grasping a block of wood or 
imitating facial expressions. In these studies, 
Bernier works closely with other CHDD re-
searchers using EEG technologies to research 
aspects of ASDs, including Sara Jane Webb, 
Ph.D., and Michael Murias, Ph.D., both re-
search assistant professors of psychiatry and 
behavioral sciences. 

In a recent study, Bernier found that 
indications of MNS activity were similar in 
adults with and without an ASD when they 
performed simple actions. However, when 
adults with an ASD observed simple actions, 
their MNS appeared to be less active than 
those of adults without an ASD. In turn, 
these brain signals correlated with behav-
ior. Participants with lower levels of MNS 

activity while observing others had more 
difficulty in imitating actions and facial 
expressions. 

Currently, Bernier is working with 
children with ASDs who received early 
intervention through the Early STAART 
Intervention Study funded by the National 
Institute of Mental Health (NIMH). Bernier 

Mirror Neurons . . from pg. 7

is comparing EEG readings of children with 
an ASD who received two years of early 
intervention through the STAART study 
with those of children with ASDs who re-
ceived community intervention, as well as 
with children without ASDs. This research 
is funded by the Simons Foundation, which 
also sponsors the Simons Simplex Collection, 
a nationwide project studying genetic varia-
tion in families in which only a single child 
has an ASD. Bernier is the lead investigator 
of the Simons Simplex Collection Site at the 
University of Washington.

During testing, children in the 
STAART intervention study will observe 
and perform simple actions. They will 
also watch a customized video made of 
their caregiver and a second video of a 
stranger performing similar actions and 
making similar facial expressions. In addi-
tion to gaining general knowledge about 
the MNS, Bernier hopes to learn if there 
are differences in MNS activation between 
children with ASDs who participated in 
the STAART intervention and those who 
did not. “We want to see if this early inter-
vention actually changes the way the brain 
functions,” said Bernier. s

CHDD researcher Raphael 
Bernier studies the MNS 
system of children with 
ASDs enrolled in the Early 
STAART Intervention 
Program. “We want to see 
if this early intervention 
actually changes the way 
the brain functions,” said 
Bernier.


