Summary of Research Activities by Disease Categories
Neuroscience and Disorders of the Nervous

System

In 1953, when 27-year-old Henry M. (H.M.) turned to brain surgery to end his struggles with intractable epilepsy, he
unwittingly ushered in a new era in research and understanding of memory and the brain. After determining the
origin of H.M.’s seizures, neurosurgeon William Scoville removed portions of his brain containing and surrounding a
structure called the hippocampus. The operation successfully quieted H.M.’s seizures but left him with profound
amnesia—an unintended consequence that fascinates neuroscientists to this day. H.M. retained his former
intelligence, his perceptual and motor abilities, and, most notably, his memory of early life events. Yet his recall of
new events since the time of the surgery is only fleeting: he still believes he is about 30 years old and, even after
many introductions, greets people in his life as though they have never met. Over the last 50 years, some 100
investigators have examined H.M.’s case. Their observations, as well as studies of patients with damage in similar
brain regions, including those with Alzheimer’s disease, have revolutionized understanding of how memories are
formed and where in the brain they are stored. Today, these insights both guide and are extended by human brain
imaging studies during learning and memory tasks and by investigations in animals at the level of single neurons
and even molecules, leading to the development of drugs to treat memory deficits in people.

Introduction

Composed of the brain, spinal cord, and nerves of the body, the nervous system underlies perception, movement,
emotions, learning and memory, and other functions essential to individual and societal well-being. The nervous
system interacts with all other organ systems and is affected by countless diseases, conditions, and environmental
factors. Moreover, with limited capacity for self-repair, the nervous system is particularly vulnerable to damage
due to injury or infection, and its repair mechanisms are poorly understood. Neuroscience research seeks to
understand the nervous system and its functions in health and disease. Given its intrinsic complexity and central
role in physiology and behavior, this understanding must necessarily come from multiple perspectives.
Accordingly, neuroscience research spans many disciplines, from genetics to physiology to psychology, and applies
tools from areas such as molecular biology, anatomy, computer science, and imaging technologies.

Neuroscience is a unifying theme in NIH research. The intramural and extramural programs of several ICs have a
major focus on the nervous system, but the full scope of neuroscience activities extends to components of
research portfolios across most of NIH, reflecting the multidisciplinary nature of the field and the importance of
the nervous system to many aspects of human health, development, and disease. These activities often involve
collaborative efforts combining the unique strengths and expertise of individual ICs. NIH established the Blueprint
for Neuroscience Research'" to reinforce such collaboration and to accelerate neuroscience research through

training initiatives and the development of shared tools and resources.

1:llnstitutes and Centers participating in the NIH Blueprint for Neuroscience Research: NEI, NIA, NIAAA, NIBIB, NCCAM, NICHD, NCRR,
NIDA, NIDCD, NIDCR, NIEHS, NIGMS, NIMH, NINDS, NINR, and OBSSR.
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The principal aim of NIH research in neuroscience is to reduce the burden of diseases that affect the nervous
system, including a broad range of neurological disorders; disorders affecting cognitive, emotional, and behavioral
function; diseases and conditions that impair the primary senses; and developmental and age-related disorders.
Whether led by single investigators or conducted through centers and consortia, NIH neuroscience research
includes basic science studies of normal function and development in both humans and animal models,
translational research that develops medications or other therapies, and clinical trials that test interventions in
patients.

Nervous system disorders include common killers and major causes of disability like stroke, multiple sclerosis, and
epilepsy, as well as hundreds of less common diseases, such as lysosomal storage disorders, spinal muscular
atrophy, muscular dystrophies, neurofibromatosis, tuberous sclerosis, and Rett and Tourette syndromes. Many
neurological disorders have genetic or developmental origins. Others result from trauma to the nerves, spinal cord,
or brain; from autoimmune, infectious, or systemic disease; from tumor growth in nervous system tissues (see the
section “Cancer”); or from neurodegenerative processes as in Parkinson’s disease, frontotemporal dementia, and
amyotrophic lateral sclerosis (ALS). NIH research on neurological diseases, largely supported by NINDS, seeks to
uncover their causes and mechanisms and to develop drugs and other treatments or preventive strategies. This
research also aims to understand the multiple aspects of the nervous system that disease can affect and has
shared support across NIH for basic science studies of the cerebral vasculature, electrochemical signaling in
neurons and other cells, mechanisms of development and cell death, neuromuscular function and motor control,
and behavior and cognition. In addition, NIH works to enhance the lives of those disabled by stroke, traumatic
brain injury, spinal cord injury, and other neurological conditions through research, supported by NICHD’s National
Center for Medical Rehabilitation Research and other ICs, on neuroplasticity, recovery and repair of motor and
cognitive function, and rehabilitative and assistive strategies and devices (see the section “Life Stages, Human
Development, and Rehabilitation”).

Brain disorders affecting cognitive, emotional, and behavioral function include schizophrenia and psychoses;
autism and other developmental disorders; mood and anxiety disorders; and addiction to nicotine, alcohol, and
other substances; as well as posttraumatic stress disorder, eating disorders, attention deficit hyperactivity
disorder, and other behavioral disorders. These disorders have complex causes involving genetic and
environmental influences and their interactions throughout life. Through research efforts led by NIAAA, NIDA, and
the National Institute of Mental Health (NIMH), NIH focuses on uncovering these causes, understanding their
neural and behavioral bases, and developing therapies and interventions for treatment and prevention. NIH
research also seeks to understand the acute and long-term effects of abused substances on the nervous system.

Sight, smell, balance and our other primary senses, as well as the ability to communicate allow interactions with a
changing external environment. The National Eye Institute (NEI) and the National Institute on Deafness and Other
Communication Disorders (NIDCD) sponsor most of NIH’s research on basic mechanisms of sensory perception and
communication and on diseases and conditions affecting the eyes and vision, hearing and balance, speech and
language, taste and smell, and somatosensory function, including the senses of temperature and touch. Although
vital to survival, the sensation of pain is also symptomatic of many diseases with origins in and outside the nervous
system, from migraine and other headaches to chronic pain in cancer. NIH pain research is led by NIDCR and the
NIH Pain Consortium, which coordinates research across NIH on pain and its treatment (see the section “Chronic
Diseases and Organ Systems”). NIH-supported research also studies the many ways the nervous system interacts
with and regulates changes in the body’s internal environment. This research, including efforts supported by NHLBI
and NIDDK, focuses on areas such as circadian rhythms and sleep disorders; neuroendocrine processes that
regulate stress responses, hormone levels, and motivational states; and the neural basis of appetite and feeding,
which is of key relevance to slowing the increasing rates of obesity worldwide.



http://www.nichd.nih.gov/about/org/ncmrr/
http://www.nichd.nih.gov/about/org/ncmrr/
http://painconsortium.nih.gov/

Nervous system disorders may arise in development, strike young adults, or emerge late in life. NICHD and other
ICs sponsor research on the development of the nervous system and its functions. This research encompasses
studies of structural birth defects, including spina bifida and other neural tube defects and associated conditions
such as hydrocephalus. NIH also invests in research on developmental disorders like cerebral palsy, Down’s
syndrome, autism, and other causes of intellectual and learning disabilities. Nervous system development
continues into early adulthood in humans, and developmental processes and their external influences contribute
to mental fitness and disease risk later in life, including the risk for addiction, which often begins in childhood or
adolescence. At the other end of the lifespan, with key support by NIA, NIH research on the aging nervous system
includes studies of age-related disorders such as Alzheimer’s disease and other dementias, as well as
environmental and lifestyle factors affecting neurological, cognitive, and emotional health in aging populations.

Across all ages, the nervous system is a common target of exposure to toxins, pollutants, and other agents, whose
effects range from acute reactions to developmental disorders and neurodegeneration. NIH-sponsored research
on the consequences of such environmental exposures for nervous system function and disease includes a
particular focus by NIEHS. NIH also considers diseases of the nervous system from a global point of view.
Coordinated primarily by FIC, neuroscience-related research is supported by NIH in unique populations and
environments and on factors contributing to disparities in disease vulnerability and treatment quality and access
around the world, such as socioeconomic conditions and infectious disease.

The Burden of Nervous System Disorders

Nervous system disorders take an enormous toll on human health and the economy. Even rare disorders carry a
substantial collective burden, as they often have an early onset and long duration, and the stigma commonly
attached to neurological and mental illnesses further compounds individual and societal impact. According to 2005
estimates, neurological disorders strike more than 1 billion people worldwide, account for 12 percent of total
deaths, and result in more disability than HIV/AIDS, ischemic heart disease, or malignant tumors™. In the United
States, stroke is the third leading killer of adults and results in annual medical and disability costs totaling over $60
billion™. Another 1.4 million Americans sustain a traumatic brain injury each year; it is the leading cause of death
and long-term disability in young adults**. Traumatic brain injury accounted for an estimated $60 billion in direct
medical costs and indirect costs in 2000™.

Although less often cited as direct causes of mortality, mental disorders result in more disability for U.S. adults
than any other class of medical illness*®, and mental illnesses other than drug abuse and addiction account for
more than $150 billion in costs annually”. In a given year, approximately 12.5 million American adults (or 1 in
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every 17) suffer mental illness symptoms so severe as to cause significant disabilitylg,lg. In 2005, 23.2 million

Americans needed treatment for an alcohol or illicit drug use problem, and costs related to illicit drug use alone
totaled about $180 billion?°. Nervous system disorders also severely affect the lives of children; an estimated 17
percent of U.S. children have a developmental or behavioral disorder such as autism, intellectual disability, or
attention deficit hyperactivity disorder®.

Demographic trends project an increasing burden from nervous system disorders. In particular, the prevalence of
age-related diseases of the nervous system is expected to increase in aging populations benefiting from increased
longevity. Current estimates of the number of U.S. adults with Alzheimer’s disease range from 2.4 million to 4.5
million, and unless effective interventions are developed, this number is expected to rise almost threefold by
2050%,%,

NIH Funding for Neuroscience and Disorders of the Nervous System

In FYs 2006 and 2007, NIH funding for research in neuroscience and disorders of the nervous system was $4.830
billion and $4.809 billion respectively. The table at the end of this chapter indicates some of the research areas
involved in this investment (see “Estimates of Funding for Various Diseases, Conditions, and Research Areas”).

Summary of NIH Activities

Many common themes reflect shared biological processes found in many aspects of nervous system function and
disease. Three such themes—neurodevelopment, neuroplasticity, and neurodegeneration—provide a useful
perspective on the broad, multidisciplinary field of neuroscience research and illustrate the dynamic nature of the
nervous system across the lifespan. In this section, these themes will serve to highlight selected examples of
activities and progress in neuroscience research enabled by NIH, as well as challenges and future opportunities.
Additional activities and initiatives exemplify how collaborative approaches are facilitating advances in basic,
translational, and clinical neuroscience. More information, as well as more examples, may be found in the bulleted
list at the end of this chapter.

Neurodevelopment: Periods of Growth, Maturation, and Vulnerability

Complex interactions between gene expression and function, endocrine and other physiological processes,
neuronal activity, and external influences guide the development of the nervous system. From the early
differentiation of its many neuronal and other cell types to the establishment of billions of connections, or
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synapses, between neurons, each step in nervous system development is vulnerable to disruption by disease,
injury, or environmental exposures. Each also has implications for normal neurological, mental, and behavioral
function and for health and disease risk across the lifespan.

Human brain development continues into early adulthood and proceeds at different rates in different brain areas
and pathways. Understanding normal nervous system development is essential to identifying when, where, and
how developmental processes can go wrong. To this end, NIH-supported investigators are applying advanced brain
imaging technologies to large-scale studies of human brain development in healthy children and adolescents. For
example, in the NIH Magnetic Resonance Imaging (MRI) Study of Normal Brain Development, extramural
researchers at seven collaborating institutions are collecting brain scans and clinical and behavioral data from
more than 500 infants, children, and adolescents over the course of 7 years. Data gathered and analytical tools
developed for this longitudinal study will be available to the broader research community in a Web-based,
searchable database.

As another example, in the largest longitudinal pediatric neuroimaging study to date (829 MRI scans from 387
subjects, ages 3 to 27 years), intramural NIH scientists have reported different trajectories of brain development in
males and females, finding that brain volume peaks earlier in girls than in boys. Such studies of normal brain
development and maturation are providing scientists with important baseline data that will help them identify
signs of atypical development as well as factors that may be associated with disease risk later in life. Moreover,
understanding the developmental course of different brain areas can help to explain behavioral and cognitive
development and its consequences for mental health and disease risk. For instance, previous brain imaging studies
have suggested that brain pathways that are important for decision-making and impulse control are among the
last to fully mature. This aspect of brain development may contribute to impulsive behavior in teenagers and help
explain their increased susceptibility to drug abuse and addiction.

In a remarkable feat of nervous system development, the estimated 100 billion neurons in the human brain are
wired together into networks that underlie brain functions, from sensory perception, to learning and memory, to
motor control. Insight into the wiring diagrams of these networks and the developmental processes that lead to
their establishment promises to unlock some of the most fundamental questions in neuroscience research. Indeed,
certain brain diseases, including schizophrenia and autism, are hypothesized to involve aberrant development of
brain connectivity. Research in this area benefits from new technologies for manipulating and visualizing neurons
in experimental animal models, in which neuronal connections are established and organized according to rules
similar to those found in the human nervous system. In one recent example, NIH-supported scientists developed a
technique that can label thousands of direct synaptic connections received by individual neurons in the rat brain.
By enabling neuroscientists to map neuronal networks, such experimental techniques will help show how changes
in brain function and behavior can result from changes in these networks, whether they occur during normal
development and learning or as a consequence of injury or disease.

One salient feature of the developing nervous system is its heightened sensitivity to external influences. Although
crucial for shaping the proper development of many brain pathways and their corresponding sensory, motor,
cognitive, and emotional functions, this heightened sensitivity also makes the developing nervous system
especially vulnerable to potentially damaging environmental factors. These factors include exposures to toxins,
viral infections, nutritional deficits, traumatic events, and social experiences throughout life. For instance, prenatal
exposure to alcohol can lead to fetal alcohol syndrome (FAS), a devastating developmental disorder characterized
by lifelong nervous system impairments that may include intellectual and learning disabilities, and behavioral and
social deficits. NIH supports a broad research portfolio on FAS and its diagnosis, treatment, and prevention. A
growing area of neuroscience research focuses on how genetic and environmental factors interact in nervous
system development, function, and disease. The interplay between external influences and genetic predispositions
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appears likely to contribute to a range of disorders, such as depression and other mood and anxiety disorders,
addiction, multiple sclerosis, Parkinson’s disease, and autism. As one example of research in this area, NIH
supports several efforts to understand how autism spectrum disorders may arise from the combined effects of
genetic vulnerabilities and exposure to harmful environmental agents during key periods of development. Ongoing
projects co-funded by NIH and the Environmental Protection Agency (EPA) are looking for biomarkers of these
disorders and for differences in immune system function that may increase susceptibility to potential
environmental triggers.

Neuroplasticity: Substrates for Change and Repair

Throughout development, and even once its basic structure and circuitry have been established, the nervous
system retains a remarkable capacity to adapt to or be affected by changes in the body’s internal environment and
external conditions and events. This capacity, known as plasticity, results in changes in the electrical activity and
composition of neuronal networks. Plasticity occurs at many levels of the nervous system, from altered signaling at
synapses thought to underlie learning and memory, to large-scale functional and neuroanatomical reorganization
accompanying the loss of a limb or sensory organ.

Neuroplasticity enables beneficial adaptations, including acquiring new knowledge, improving performance on
practiced tasks, and adjusting behavior based on positive or rewarding consequences. A recent NIH-funded study
demonstrated how such adaptive plasticity might be exploited for therapeutic intervention. In this study, using
real-time brain imaging, patients with chronic pain learned to exert voluntary control over activation of a particular
brain region involved in pain perception and its regulation, effectively reducing the impact of their painful
sensations. Unfortunately, plasticity can also be maladaptive. Accumulating evidence from NIH-supported research
indicates that the same brain mechanisms that mediate reward-related learning are involved in the development
of addiction and compulsive overeating. Continued research into how plasticity contributes to addiction and other
mental disorders may lead to intervention strategies that reverse or prevent these mechanisms.

Neuroplasticity also plays a role in many aspects of epilepsy, a class of disorders characterized by abnormal bursts
of electrical activity (seizures) in networks of neurons that can lead to odd sensations, emotions, behaviors,
convulsions, muscle spasms, and loss of consciousness. Basic neuroscience studies on the plasticity of synaptic
connections and brain circuits are showing how epileptic activity emerges and how seizures themselves can in turn
cause plasticity in affected circuits, often increasing the probability of seizure recurrence. In addition to these basic
science studies, NIH supports translational research and clinical trials of potential anticonvulsant therapies,
including extensive efforts through the NIH Anticonvulsant Screening Program, a drug discovery program that
conducts state-of-the-art evaluations to determine both potential efficacy and toxicity of preclinical candidate
compounds in validated epilepsy model systems. NIH also works with the epilepsy community to develop and

pursue benchmarks for research to prevent and treat epilepsy and co-occurring disorders.

Harnessing the capacity of the nervous system to adapt by activating its intrinsic mechanisms for repair and
plasticity offers great hope for restoring function in the injured or diseased brain and spinal cord. For example,
after spinal cord injury, neurons near the site of damage sprout new nerve fibers. Although this sprouting is limited
in the absence of intervention, an understanding of the mechanisms that guide and restrict such spinal plasticity
may allow neuroscientists to design strategies that integrate the new nerve fibers into spinal circuitry, replacing
damaged connections and promoting functional recovery. In addition, NIH has long supported a program to
develop neural prostheses, devices that restore functions that have been lost due to injury or disease, as in
deafness or paralysis from spinal cord injury. The success of neural prostheses depends not only on their ability to
bypass or replace injured components of the nervous system, but also on their integration into remaining
functional circuits, which relies on plasticity mechanisms.
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Stem cells are another promising source of plasticity and repair in the nervous system, and although many
challenges and questions remain in this young area of research, basic and translational neuroscience studies are
making progress in advancing stem cell-based therapies toward the clinic. During early embryonic development,
stem cells have the potential to become any cell type in the body; as development proceeds, the range of potential
fates narrows, depending on the tissue generating the cells. Beyond early development, stem cell production and
neurogenesis—the generation of new neurons—occurs only in restricted regions of the brain. One active area of
basic neuroscience research examines the role of neural stem cells in normal function and the brain’s response to
injury and disease, and the potential for treatments that tap into this intrinsic renewal mechanism. Other stem cell
research in neuroscience focuses on the development of therapies in animal models that transplant stem cells into
the damaged or diseased nervous system. Transplanted cells may be embryonic stem cells or other non-neuronal
stem cells, they may be engineered to become certain desired cell types, or they may be designed to express
specific genes that could act to promote recovery or repair or restore genetic deficits. As part of the Quantum
Grants Program designed to make profound advances in health care, NIH has recently funded research to engineer
implants from neural and vascular stem cells and innovative biomaterials to provide a source of cells for tissue
repair in an animal model of stroke.

Neurodegeneration: Fighting the Effects of Age, Exposure, and Disease

The progressive loss of neurons is a common endpoint of many diseases and insults to the nervous system. Such
degeneration presents challenges to developing strategies to slow and prevent cell death, protect remaining
neurons, and possibly replenish those that are lost. Although recent and ongoing research continues to yield
exciting insights into the biological and environmental causes of neurodegenerative disorders, much remains
unexplained, and while some interventions alleviate disease symptoms, none currently exists that can halt
progressive degeneration.

Aging is the most consistent risk factor for developing a neurodegenerative disorder, and many of the 50 million
adults in the United States who are older than age 60 are at substantial risk for cognitive impairment and
emotional disorders from many causes as they age. The trans-NIH Healthy Brain Project focuses on demographic,

social, and biologic determinants of cognitive and emotional health in aging adults. The risk for degenerative
disorders affecting sensory systems also increases with age, leading to hearing and visual impairments. Building on
a previous demonstration that antioxidant supplements could slow age-related macular degeneration (AMD), the
leading cause of blindness in the elderly, a large-scale NIH study is assessing the benefits of other supplements and
dietary changes on AMD and cataracts.

Alzheimer’s disease is the most common cause of dementia in the elderly, though some inherited forms of the
disease become symptomatic in middle age, and scientists now believe that damage to the brain begins well
before symptoms appear. Basic science studies have identified genetic factors and protein abnormalities that
contribute to neuronal dysfunction and death in Alzheimer’s disease. NIH also funds 29 Alzheimer’s Disease
Centers, which carry out clinical studies and other research on Alzheimer’s and related degenerative diseases (see
Chapter 4). In addition, NIH supports clinical trials for treating and slowing Alzheimer’s disease, many of which are
coordinated through the Alzheimer’s Disease Cooperative Study, which involves nearly 70 sites in the United States
and Canada. Ongoing trials include the Docosahexaenoic Acid trial, which is examining whether treatment with
DHA, an omega-3 fatty acid, will slow decline in patients with Alzheimer’s disease. Observational studies have

shown a reduced risk of Alzheimer’s disease associated with DHA consumption, and animal studies have shown
that DHA reduces brain levels of beta-amyloid, oxidative damage associated with beta-amyloid, and neurotoxicity.
Recent research has also shown that an extract from the leaf of the Ginkgo biloba tree reduces neuronal pathology
and symptoms in an animal model of the disease, and NIH is supporting the largest clinical trial to date to test the
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effectiveness of Ginkgo biloba in preventing dementia in humans. Additional research supported through the
Alzheimer’s Disease Neuroimaging Initiative aims to identify biomarkers and develop imaging technologies to aid
early diagnosis, which may enable more targeted and timely interventions.

Neurodegenerative disorders are often associated with degeneration in specific populations of neurons or regions
of the nervous system. For example, Parkinson’s disease results in the loss of a class of dopamine-producing
neurons in the substantia nigra, a part of the brain important for motor control. NIH-funded scientists recently
described a mechanism in substantia nigra neurons that contributes to their selective vulnerability and that, like
the disease itself, becomes more prevalent with age. Manipulations to “rejuvenate” the neurons by blocking this
mechanism promoted their survival, suggesting a new potential target for drug development. NIH also supports 14
Morris K. Udall Centers for Excellence in Parkinson’s Disease Research and engages with the Parkinson’s disease
research community to identify and pursue research opportunities.

Neurons are not unique in their vulnerability to degenerative disorders. Muscular dystrophies are a class of
neuromuscular disorders that lead to progressive muscle weakness and degeneration. NIH support for research on
muscular dystrophies includes funding for six Paul D. Wellstone Muscular Dystrophy Cooperative Research Centers

(see Chapter 4), as well as other efforts to translate basic science findings to the clinic. Multiple sclerosis is the
most common of a number of diseases that lead to the degeneration of myelin, a fatty substance that ensheathes
many nerve fibers in the brain. NIH-supported scientists recently reported the first genetic risk factors for multiple
sclerosis to be identified in more than 20 years (see also the section “Autoimmune Diseases” in this chapter).
These studies benefited from new technologies in genetic research that allow simultaneous analysis of many
thousands of genetic variations, or polymorphisms, across the entire genome. Such genome-wide studies are
giving scientists unprecedented insight into disorders that result from the combined effects of many genetic
variations and their interactions with environmental influences.

Advancing Neuroscience Research Through Collaboration

The melding of disciplines involved in the study of the nervous system and the overarching themes linking its many
functions and disorders make neuroscience a naturally collaborative field of research. Today’s fast global
communication and the power and storage capacity of modern computer systems are enabling collaborative
research on increasingly large scales. A major priority of the NIH Blueprint for Neuroscience Research is to facilitate
research by funding the creation of shared resources and tools for scientists. Examples include a publicly available

atlas of gene expression in the mouse brain and spinal cord across the lifespan, a clearinghouse for informatics
tools and resources for brain imaging applications, and an effort to develop common measures of neurological and
behavioral function for use in clinical trials and epidemiological and longitudinal studies. NIH also supports several
data registries, databases, and tissue consortia for neurological diseases and mental disorders that offer shared
access to genetic and clinical data and biological samples. Genome-wide and other genetic studies using such
materials are identifying genes that contribute to bipolar disorder, that influence the effectiveness of
antidepressant therapies, and that predispose individuals to drug abuse and addiction (see also the section
“Genomics” in Chapter 3).

Collaborative approaches are also transforming clinical and translational research in neuroscience, which build on
advances and knowledge gained through basic science studies to develop treatments and interventions for disease
in people. NIH supports seven centers as part of the Specialized Program of Translational Research in Acute Stroke,

a national network of research centers established to develop acute stroke therapies from preclinical research
through early-phase clinical trials. These centers also work to improve prehospital stroke care, participate in
community education, and develop telemedicine to expand rapid access to acute stroke care. NIH also supports
the Silvio O. Conte Centers for the Neuroscience of Mental Disorders, which integrate and translate basic and
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clinical neuroscience research on severe mental illnesses, such as schizophrenia and mood disorders. As another
example, the Spinal Muscular Atrophy (SMA) Project is a new translational approach to preclinical drug
development, motivated by the recent discovery of the gene defect that causes this degenerative disease that

affects motor neurons of the spinal cord. With expertise from NIH as well as FDA, academia, and industry, the SMA
Project has created a multisite enterprise for accelerated drug development.

Scientific research is an increasingly global endeavor, and because brain disorders are the leading contributors to
disability in almost all parts of the world, global capacity for neuroscience research is essential. Through a program
entitled Brain Disorders in the Developing World, NIH supports innovative, collaborative programs to build
sustainable neuroscience research capacity in low- and middle-income nations. Projects focus on some of the
unique challenges facing neuroscience research in the developing world and on topics that are relevant worldwide,

including the neurological consequences of infectious diseases and nutritional deficits. For example, one study
suggests that a form of the APOE4 gene, which is associated with an increased risk for developing Alzheimer’s
disease, may have a protective effect early in life against the negative consequences of malnutrition. This finding
may help elucidate mechanisms to protect the brain and body during times of nutritional deficit.

Looking to the Future

NIH-supported neuroscience research is steadfastly advancing its mission to reduce the burden of nervous system
disorders. New technologies that allow neuroscientists to observe and manipulate neuronal networks could
provide insights into how neural activity leads to complex brain functions. Continued innovation in neuroimaging
techniques may identify disease risk or presence early, enabling more rapid diagnosis and intervention. With
knowledge gained through large-scale genetic and epidemiological studies, clinicians of the future may personalize
preventive and therapeutic strategies according to the genetic profile and lifestyle of individual patients. Future
medications for treating nervous system disorders may reach specific brain targets with ease, and advances in
neuroprostheses may more successfully restore motor, sensory, and cognitive function after disease or injury.
These are just a few of the possibilities to come as NIH-supported neuroscience research continues to build on past
progress and identify and pursue new opportunities. A glimpse into the future might reveal the ability to replenish
damaged nerve cells, reprogram neuronal connections that support addiction, and stop degenerative processes
that rob millions of their thoughts and memaories.

Notable Examples of NIH Activity

Key for Bulleted Items:

E = Supported through Extramural research

| = Supported through Intramural research

O = Other (e.g., policy, planning, or communication)

COE = Supported through a congressionally mandated Center of Excellence program

GPRA Goal = Concerns progress tracked under the Government Performance and Results Act

Neurodevelopment: Periods of Growth, Maturation, and Vulnerability

Research on Environment and Autism: NIH has several innovative research studies aimed at understanding how
autism and autism-spectrum disorders may arise from a combination of genetic vulnerability and exposure to
harmful environmental agents during key periods of early development. The NIEHS/EPA Children’s Center for
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Environmental Health at the University of California, Davis supports a highly integrated research program spanning
human-to-animal cellular models to explore the interplay of immune, genetic, and environmental factors in autism
susceptibility. In 2001, this center launched the first and most comprehensive large-scale epidemiological
investigation of environmental exposures and susceptibility factors for autism, the Childhood Autism Risk from
Genes and Environment (CHARGE) study. Scientists are exploring how persistent organic pollutants such as
polychlorinated biphenyls (PCBs) and polybrominated diphenyl ethers (PBDEs) may contribute to neurological
development disorders such as autism by interacting with cellular epigenetic mechanisms that control timing and
patterns of gene expression. NIH also supports an exploratory study at Johns Hopkins University to develop new
methods to measure individual differences in the immunotoxicity of mercury.

®  For more information, see http://www.vetmed.ucdavis.edu/cceh
° (E/COE) (NIEHS)

Autism Centers of Excellence (ACE): In 2007 and 2008, NIH created the unified ACE program in order to maximize
coordination and cohesion of NIH-sponsored autism research efforts. The ACE programs will focus on a broad
range of autism-related research, including but not limited to neuroimaging, biomarkers and susceptibility genes,
pharmacotherapy, early intervention, and risk and protective factors.

®  For more information, see Chapter 4: NIH Centers of Excellence.
e (E) (NIMH, NICHD, NIDCD, NIEHS, NINDS)
e (COE)

National Database for Autism Research (NDAR): NDAR is a collaborative biomedical informatics system being
created by NIH to provide a national resource to support and accelerate research in autism.

o For more information, see http://ndar.nih.gov

e  This example also appears in Chapter 2: Life Stages, Human Development, and Rehabilitation and Chapter 3: Disease
Registries, Databases, and Biomedical Information Systems.

e (E/I) (NIMH, CIT, NICHD, NIDCD, NIEHS, NINDS)

Genomic Studies of Autism: NIH has supported a number of studies that are pointing to potential genetic causes
of autism.

®  For more information, see http://www.nimh.nih.gov/press/gene-mutations-autism.cfm

° For more information, see http://www.nimh.nih.gov/press/largest-ever-search-for-autism-genes-reveals-new-clues.cfm

° For more information, see http://www.nimh.nih.gov/press/autismmetgene.cfm

(] For more information, see http://www.nimh.nih.gov/press/moy-crawley-autism.cfm

e  This example also appears in Chapter 3: Genomics.
e (E) (NIMH, NCRR, NICHD, NINDS)

New Genetics Tools Shed Light on Addiction: NIH-supported research is taking full advantage of the massive
databases and rapid technologies now available to study how genetic variations influence disease, health, and
behavior. Such genetic studies are critical to teasing apart the molecular mechanisms and genetic predispositions
underlying diseases like addiction. Investigators studying various neurological and psychiatric illnesses have
already linked certain genes with specific diseases by using custom screening tools known as “gene chips” (e.g., the
neurexin gene has been found to play a role in drug addiction). A next-generation “neurochip” is being developed
with 24,000 gene variants related to substance use and other psychiatric disorders. Applying this tool to addiction


http://www.vetmed.ucdavis.edu/cceh
http://ndar.nih.gov/
http://www.nimh.nih.gov/press/gene-mutations-autism.cfm
http://www.nimh.nih.gov/press/largest-ever-search-for-autism-genes-reveals-new-clues.cfm
http://www.nimh.nih.gov/press/autismmetgene.cfm
http://www.nimh.nih.gov/press/moy-crawley-autism.cfm

and other brain disorders will advance our understanding not only of vulnerability to addiction and its frequent
comorbidities, but also of ways to target treatments based on a patient’s genetic profile (i.e., a “pharmacogenetic”
approach). To complement these efforts, NIH is investing heavily in the emerging field of epigenetics, which
focuses on the lasting modifications to the DNA structure and function that result from exposure to various stimuli.
Attention to epigenetic phenomena is crucial to understanding the interactions between genes and the
environment, including the deleterious long-term changes to brain circuits from drug abuse. A focus on gene-by-
environment interactions has recently been expanded to incorporate developmental processes, which are now
known to also affect the outcome of these interactions. The resulting Genes, Environment, and Development
Initiative (GEDI) seeks to investigate how interactions among these factors contribute to the etiology of substance
abuse and related phenotypes in humans.

®  For more information, see http://grants.nih.gov/grants/guide/rfa-files/rfa-da-07-012.html

° For more information, see http://nihroadmap.nih.gov/roadmapi15update.asp

®  This example also appears in Chapter 3: Genomics and Chapter 3: Technology Development.
e (E/I) (NIDA, NCI, NIAAA, NIMH)
e  (GPRA Goal)

Underage Drinking Research Initiative: In 2004, NIH launched the Underage Drinking Research Initiative with the
goal of obtaining a more complete and integrated scientific understanding of the environmental, biobehavioral,
and genetic factors that promote initiation, maintenance, and acceleration of alcohol use among youth, as well as
factors that influence the progression to harmful use, abuse, and dependence, all framed within the context of
overall development. Activities and accomplishments in 2007 include:

e Provided the scientific foundation for The Surgeon General’s Call to Action to Prevent and Reduce Underage
Drinking (released March 6, 2007) and for the ongoing work of the Interagency Coordinating Committee on
Preventing Underage Drinking

e Convened scientific meetings of experts, including the Underage Steering Committee that met four times over
a 2-year period, a Meeting on Diagnosis of Alcohol Use Disorders Among Youth (April 2006), and a Meeting on
Screening for Child and Adolescent Drinking and AUDs Among Youth (June 2007)

e |Issued three Requests for Applications (RFAs), including “Underage Drinking: Building Health Care System
Responses” (four projects awarded in FY 2006), “Impact of Adolescent Drinking on the Developing Brain” (five
projects awarded in FY 2007), and “Alcohol, Puberty, and Adolescent Brain Development” (three projects
awarded in FY 2007).

e  Published Alcohol Research & Health, Vol. 28, Number 3: Alcohol and Development in Youth: A
Multidisciplinary Overview

e  Published a supplement of seven developmentally focused papers covering a broad range of underage
drinking topics (accepted for the journal Pediatrics).

®  For more information, see http://www.niaaa.nih.gov/AboutNIAAA/NIAAASponsoredPrograms/underage.htm

e  This example also appears in Chapter 2: Chronic Diseases and Organ Systems, Chapter 2: Life Stages, Human Development,
and Rehabilitation, and Chapter 3: Health Communication and Information Campaigns and Clearinghouses.
e (E) (NIAAA)

Prenatal Alcohol, Sudden Infant Death Syndrome, and Stillbirth (PASS) Research Network: Following a 3-year
feasibility study, the NIH established this multidisciplinary consortium to determine the role of prenatal alcohol
exposure and other maternal risk factors in the incidence and etiology of sudden infant death syndrome (SIDS),
stillbirth, and fetal alcohol syndrome, all of which are devastating pregnancy outcomes. The PASS study will


http://grants.nih.gov/grants/guide/rfa-files/rfa-da-07-012.html
http://nihroadmap.nih.gov/roadmap15update.asp
http://www.niaaa.nih.gov/AboutNIAAA/NIAAASponsoredPrograms/underage.htm

prospectively follow 12,000 pregnant, high-risk, American Indian and South African women and their infants until
the infants are 12 months old. Maternal, fetal, and infant measures and tissues will be obtained for analysis.

e For more information, see http://www.nichd.nih.gov/research/supported/pass.cfm

e  This example also appears in Chapter 2: Life Stages, Human Development, and Rehabilitation and Chapter 3: Epidemiological
and Longitudinal Studies.
e (E) (NICHD, NIAAA)

The Role of Development in Drug Abuse Vulnerability: NIH supports a number of longitudinal studies at various
stages of development, following cohorts over extended timeframes. Information is gathered on children’s
cognitive and emotional development, as well as their vulnerability to addiction later in life. These studies have
been critical to estimate, for example, the contribution of in utero drug exposure to emotional and cognitive
development, vulnerability to substance abuse, and other mental disorders. This knowledge, together with animal
studies that provide complementary and validating information while minimizing the confounding factors that are
likely to play a role in prenatal effects of drug exposure in humans, will help us to mitigate the deleterious impact
of substance abuse on the developing fetus. With regard to later developmental stages, the application of modern
brain imaging technologies has generated unprecedented structural and functional views of the dynamic changes
occurring in the developing brain (from childhood to early adulthood). The discovery of these changes has been
critical to understanding the role of brain development in decision-making processes and responses to stimuli,
including early exposure to drugs. Such studies have suggested, for example, that an unbalanced communication
between volitional control and emotional circuits may explain some of the impulsive reactions typical of
adolescents, who tend to engage in risky behaviors and are at heightened risk for developing addictions.
Collectively, these longitudinal studies, using new imaging and genetics tools, promise a greatly enhanced ability to
interpret the effects of myriad environmental variables (e.g., quality of parenting, drug exposure, socioeconomic
status, and neighborhood characteristics) on brain development and behavior.

®  For more information, see http://www.drugabuse.gov/NIDA notes/NNvol19N3/Conference.html

° For more information, see http://www.nida.nih.gov/NIDA notes/NNvol19N3/DirRepVol19N3.html

®  This example also appears in Chapter 2: Life Stages, Human Development, and Rehabilitation and Chapter 3: Epidemiological
and Longitudinal Studies.
e  (E) (NIDA, NICHD) (GPRA Goal)

MRI Study of Normal Brain Development: Understanding healthy brain development is essential to finding the
causes of many childhood disorders, including those related to intellectual and developmental disabilities, mental
illness, drug abuse, and pediatric neurological diseases. NIH is creating the Nation’s first database of MRI
measurements and analytical tools, as well as clinical and behavioral data to understand normal brain
development in approximately 500 children across the Nation. This large-scale, longitudinal study uses several
state-of-the-art brain-imaging technologies. The data will be disseminated as a Web-based, user-friendly resource
to the scientific community.

° Evans AC, et al. Neuroimage. 2006;30:184-202, PMID: 16376577

®  For more information, see http://www.bic.mni.mcgill.ca/nihpd/info/index.html

e  This example also appears in Chapter 2: Life Stages, Human Development, and Rehabilitation and Chapter 3: Epidemiological
and Longitudinal Studies.
e (E/I) (NICHD, NIDA, NIMH, NINDS)

Studies of Normal Brain Development: The NIH Intramural Research Program is conducting studies to explore
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brain development in healthy children and adolescents with MRI. Recent studies have addressed brain structure
differences related to risk for Alzheimer's disease and sex differences in brain development trajectories.

®  Shaw P, et al. Lancet Neurol 2007;6:494-500, PMID: 17509484
° Lenroot RK, et al. Neuroimage 2007;36:1065-73, PMID: 17513132
®  This example also appears in Chapter 2: Life Stages, Human Development, and Rehabilitation and Chapter 3: Epidemiological

and Longitudinal Studies.
e (NIMH) (GPRA Goal)

Powerful New Technique Reveals How Brain Cells Wire Together: In order to understand how the brain processes
visual information and performs other tasks, researchers have wanted to construct a “wiring diagram” of the
billions of neurons connected in precise, identifiable circuits. A breakthrough technology has helped clear this
major hurdle by revealing all the connections made by a single nerve cell. The new tool uses a modified rabies
virus, which can spread indefinitely through the nervous system by jumping between communicating nerve cells.
However, scientists modified the virus so that it jumps once and then leaves a fluorescent tag in the neurons
connected to a single cell. This permits visualization of functional processing circuits in living brains. It can also be
used in transgenic mice to deactivate targeted classes of neurons expressing specific genes, revealing changes in
brain function, including behavior.

° Wickersham IR, et al. Neuron 2007;53:639-47, PMID: 17329205

®  This example also appears in Chapter 3: Molecular Biology and Basic Sciences
e  (E)(NEI)

Neuroplasticity: Substrates for Change and Repair

Promising Approaches to Treating Chronic Pain: Opioid analgesics are the most powerful pain medications
currently available; unfortunately, they can produce drug dependence. Thus, an area of enormous need is the
development of potent non-opioid analgesics. In recognition of this, NIH has implemented an aggressive and
multidisciplinary research program. Many of these initiatives are yielding tangible results that stand to
revolutionize the field of pain management. At the molecular level, cannabinoid (CB) research has shown that it is
possible to selectively activate the CB system to provide analgesia with minimal or no psychotropic side effects or
abuse liability. New findings in basic pharmacology reveal previously unrecognized complexity emerging from the
natural mixing of different receptors, the targeting of which could provide a vastly expanded range of
pharmacotherapeutic effects. This approach has already ushered in the development of promising designer
molecules that can block pain more selectively and safely. At the cellular level, active research on a non-neuronal
brain cell type, glia, has led to the realization that glia activation can amplify pain. This discovery suggests that
targeting glia and their pro-inflammatory products may provide a novel and effective therapy for controlling
clinical pain syndromes and increasing the utility of analgesic drugs. At the brain circuit level, a new approach has
been developed to harness the brain’s intrinsic capacity to train itself through a strategy in which subjects “learn”
how to regulate pain by viewing and then controlling images of their own brains in real time.

®  For more information, see: http://www.nida.nih.gov/whatsnew/meetings/default.html

®  This example also appears in Chapter 2: Chronic Diseases and Organ Systems and Chapter 3: Molecular Biology and Basic
Sciences.
e (E) (NIDA, NINDS)

Tools to Reveal the Mechanisms Governing Behavior: Newly acquired but rapidly evolving tools and techniques
that monitor or probe discrete brain systems have allowed NIH-supported researchers to begin filling in the
information gap between molecular or cellular events and behavioral outcomes. A notable preclinical example of
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this trend is the development of a genetically engineered method to turn the electrical impulses of brain cells on
and off with pulses of light—in sync with the split-second pace of real-time neuronal activity. The novel technique
borrows genes from light-responsive algae and bacteria to unravel the intricate workings of brain circuits with
extreme precision. This powerful new tool could be used to assess the role of neuronal activity in regulating
normal behavior and disease processes. On the clinical side, an array of brain imaging devices has produced much
information on how neural circuits develop and process information under normal conditions and how they
become impaired by a disease like addiction. These advances have led to the fertile concept that the transition
from abuse to addiction is not a switch but a gradual degradation of the ability of different circuits to “talk” to each
other as they attempt to compensate for their deficiencies. Interestingly, these studies are also showing significant
overlap in the circuits involved in drug abuse and the circuits underlying compulsive overeating and obesity.
Moreover, in preclinical studies, compounds that interfere with food consumption in animal models of compulsive
eating also interfere with drug administration.

®  For more information, see http://www.nimh.nih.gov/press/lightsswitchneurons.cfm

e  This example also appears in Chapter 3: Molecular Biology and Basic Sciences and Chapter 3: Technology Development.
e (E) (NIDA, NIMH)

The Scientific Basis of Acupuncture: Ongoing research on acupuncture includes a substantial portfolio of basic and
translational studies employing state-of-the-art neuroimaging technology. This work is beginning to provide
powerful scientific insight into the potential neurobiological mechanisms of action by which acupuncture might
work. Clinical trials of acupuncture for a number of medical conditions are also under way, including studies
examining (1) the potential role of traditional acupuncture as an additive/alternative treatment for the prevention
of acute cardiac events in patients with coronary artery disease, (2) whether manual or electro-acupuncture
contributes to neurological recovery after spinal cord injury, and (3) the efficacy of acupuncture in relieving post-
thoracotomy pain syndrome (severe and persistent aching or burning pain along surgical scars in the chest).

®  This example also appears in Chapter 2: Chronic Diseases and Organ Systems and Chapter 3: Clinical and Translational
Research.
e (E) (NCCAM)

Cochlear Implants: One of the more groundbreaking biomedical achievements in the last 30 years has been the
cochlear implant, an electronic device that provides a sense of sound to individuals who are profoundly deaf or
severely hard-of-hearing. Cochlear implants process sounds from the environment and directly stimulate the
auditory nerve, bypassing damaged portions of the inner ear. Nearly 100,000 individuals worldwide have been
fitted with cochlear implants. In the United States, approximately 22,000 adults and nearly 15,000 children have
received them. Derived in part from NIH-funded research that dates back to the early 1970s and continues today,
this remarkable technology has enabled deaf and severely hard-of-hearing individuals to enjoy an enhanced
quality of life. NIH-supported scientists showed that profoundly deaf children who receive cochlear implants at an
early age develop language skills at a rate comparable to that of children with normal hearing. They also found that
the benefits of the cochlear implant in children far outweigh its costs. Scientists can now study the large groups of
children who were identified early for hearing loss and use this knowledge to document how treatments such as
cochlear implants can lead to improved speech and language acquisition, academic performance, and economic
outcomes for these children.

. Nicholas JG, Geers AE. Ear Hear 2006;27:286-98, PMID: 16672797

e  This example also appears in Chapter 2: Life Stages, Human Development, and Rehabilitation and Chapter 3: Technology

Development.
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e (E)(NIDCD)

Neurobiology of Appetite Control: NIH supports research to elucidate the complex biologic pathways that
converge in the brain to regulate appetite. Examples include research on how serotonin reduces appetite; the
actions of the protein mTOR in sensing nutrients in the body so as to modulate food intake; and a strategy to block
ghrelin, a stomach-secreted hormone that signals the brain to increase food intake. This research has implications
for new therapies for obesity.

L] Cota D, et al. Science 2006;312:927-30. PMID: 16690869
®  Heisler LK, et al. Neuron 2006;51:239-49, PMID: 16846858
. Zorrilla EP, et al. Proc Natl Acad Sci U S A 2006;103:13226-31, PMID: 16891413

° For more information, see http://tinyurl.com/2209mv (“Obesity” chapter)

®  This example also appears in Chapter 2: Chronic Diseases and Organ Systems.
e (E) (NIDDK)

A Multidisciplinary Approach to Nicotine Addiction: Nicotine addiction is the number-one preventable public
health threat and has enormous associated morbidity, mortality, and economic costs. NIH-supported research has
generated new knowledge to support the development of more effective prevention messages and treatment
approaches. Several notable examples characterize NIH’s multidisciplinary approach to targeting the best
treatment (or combination of treatments) for nicotine addiction. Genomic studies have recently uncovered a series
of genes that are associated with nicotine addiction and that could provide new targets for medications
development and for the optimization of treatment selection. Pharmacologic studies, so critical to understanding
the basis of nicotine’s mode of action, have recently revealed that its addictiveness may hinge upon its ability to
slowly shut down or desensitize the brain’s response to nicotine. A recent imaging study indicated that a part of
the brain called the insula may play an important role in regulating conscious craving. This exciting finding provides
a new target for research into the neurobiology of drug craving and for the development of potentially more
effective smoking cessation and other addiction treatments. Results of a Phase Il clinical trial strongly suggest that
a nicotine vaccine, which works by preventing nicotine from reaching the brain, may be a particularly useful tool
for cessation programs in the not-too-distant future.

®  For more information, see http://www.drugabuse.gov/researchreports/nicotine/nicotine.html

®  This example also appears in Chapter 2: Cancer, Chapter 3: Genomics, and Chapter 3: Clinical and Translational Research.
e  (E) (NIDA, NCI) (GPRA Goal)

Treatments to Fight Methamphetamine Addiction: The abuse of methamphetamine—a potent and highly
addictive psychostimulant—is a serious problem in the United States. Methamphetamine abuse can have
devastating medical, psychological, and social consequences. Adverse health effects include memory loss,
aggression, psychotic behavior, heart damage, and abnormal brain function. Methamphetamine abuse also
contributes to increased transmission of hepatitis and HIV/AIDS and can spawn increased crime, unemployment,
and other social ills. The good news is that methamphetamine abuse and addiction are treatable, and people do
recover. As methamphetamine abuse has increased, so has NIH’s support of research to combat it, including
research on genetics, brain development, and translation of findings. This research has led to the development of
two effective behavioral therapies for methamphetamine addiction: (1) the Matrix Model, consisting of a 16-week
program that includes group and individual therapy and addresses relapse prevention, behavioral changes,
establishment of new drug-free environments, and other areas, and (2) Motivational Incentives for Enhanced Drug
Abuse Recovery, a cost-effective incentive method for cocaine and methamphetamine addiction that has been
shown to sustain abstinence in twice the number of participants engaged in treatment as usual. Increasingly,
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community treatment providers nationwide are implementing motivational incentives as part of drug addiction
treatment.

®  For more information, see http://www.drugabuse.gov/ResearchReports/Methamph/Methamph.html|

° For more information, see http://www.drugabuse.gov/Testimony/6-28-06Testimony.html|

®  This example also appears in Chapter 2: Chronic Diseases and Organ Systems and Chapter 3: Clinical and Translational
Research.
e  (E)(NIDA)

Quantum Program: The NIH Quantum Grants Program has been developed to make a profound (quantum-level)
advance in health care by funding research, over two phases, on targeted projects that will develop new
technologies for the diagnosis, treatment, or prevention of a major disease or national public health problem. The
first of the Quantum Grants was to engineer stem cell-based neurovascular regenerative units in a laboratory
environment, which can then be implanted into the damaged cortex of stroke patients to provide a source of
neural and vascular cells that will continue to develop and differentiate. This approach may lead to the first true
treatment for stroke, which is one of the most common causes of disability and severely affects the quality of life
of patients throughout the world. Another Phase | Quantum competition was completed in September 2007, with
four additional grants awarded. The Phase Il Quantum competition will begin in FY 2009.

®  For more information, see http://www.nibib.nih.gov/Research/QuantumGrants

®  This example also appears in Chapter 3: Clinical and Translational Research.
e  (E)(NIBIB)

Prevention of Trauma-Related Mental Disorders in High-Risk Occupations: NIH is supporting a research initiative
to develop and test preemptive interventions to prevent trauma-related disorders, such as posttraumatic stress
disorder, among occupational groups at high risk for trauma exposure, such as the military, firefighters, police, and
rescue workers.

®  For more information, see http://grants.nih.gov/grants/guide/rfa-files/RFA-MH-08-010.html

e  This example also appears in Chapter 2: Chronic Diseases and Organ Systems and Chapter 3: Clinical and Translational
Research.
e (E) (NIMH)

Traumatic Brain Injury Program: Traumatic brain injury (TBI) presents enormous challenges to neuroscience
because of the numbers of people affected and the range of problems TBI can cause. The consequences of TBI may
be subtle or severe, immediate or delayed, perhaps even predisposing to problems many years later in life. TBI can
compromise virtually any human ability, depending on which parts of the brain are damaged. NIH supports a broad
program of research, from studies of how TBI causes immediate and delayed damage to brain cells, to
development of measurable diagnostic markers of damage, through large clinical trials to test interventions. NIH
clinical studies are developing both emergency interventions to minimize damage and rehabilitation strategies to
compensate for damage or encourage the brain to adapt. The high rate of TBI among military personnel in
Afghanistan and Iraq presents a special concern. NIH intramural scientists are working with the Departments of
Defense and Veterans Affairs to study the psychobiological consequences of TBI among military personnel, and
NIH is working with all relevant Federal agencies to coordinate research activities on high-priority issues, including
a 2006 interagency conference on TBI and follow-up meetings in 2007 and 2008 focusing on issues such as injury
classification and potential combination therapies.
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e (E/I) (NINDS, NICHD)

Epilepsy Research Benchmarks: In March 2000, NINDS convened a broad group of scientists, clinicians, people
impacted by epilepsy, and public policymakers for a White House-initiated conference on the disorder. After this
conference, NINDS developed a series of epilepsy research goals in three major topic areas: (1) interrupting and
monitoring the development of epilepsy, (2) preventing epilepsy, and (3) developing more effective therapies. The
Institute worked with the epilepsy research and patient communities to develop a series of benchmarks for
tracking progress toward these goals. Researchers have made substantial progress since this meeting, and science
has also evolved over this time. As a result, NINDS organized a session at the most recent Curing Epilepsy 2007
conference for the participants to discuss revisions to the first set of benchmarks. NINDS is currently collecting
public feedback on these revised goals and will work with a group of representatives from the scientific community
to refine the benchmarks for release at the 2007 American Epilepsy Society meeting.

®  For more information, see http://www.ninds.nih.gov/funding/research/epilepsyweb/index.htm
e  (E)(NINDS)

Neural Prosthesis Program: Neural prosthetic devices restore or supplement nervous system functions that have
been lost through disease or injury, allowing people with disabilities to lead fuller and more productive lives. The
NINDS Neural Prosthesis program pioneered the development of this technology beginning more than 35 years
ago. The program has, directly or indirectly, catalyzed the development of cochlear implants for the hearing
impaired, respiratory and hand grasp devices for people with spinal cord injuries, and deep brain stimulation for
Parkinson’s disease, among other contributions. Current work aims to restore standing and voluntary bowel and
bladder control after spinal cord injury, to allow paralyzed persons to control devices directly from their brains,
and to control seizures. Ongoing research also seeks to improve cochlear implants and to advance deep brain
stimulation, which may be applicable to many brain disorders. Through the years, the program has fostered the
development of a robust research community that now includes private-sector companies and represents a
cooperative effort among several NIH Institutes, which coordinate their efforts with programs now under way