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Executive Summary*

The Rare Diseases Act of 2002, P.L. 107-280, instructs the Director of the Office of Rare
Diseases, National Institutes of Health (NIH), to prepare the NIH Director's biennial report to
Congress on rare disease research activities and future plans. The biennial report presents the
contributions and research advances for fiscal year (FY) 2006 of the extramural and intramural
research programs and of the Office of Rare Diseases (ORD) and other research offices.

Responses from the individual Institutes and Centers (ICs) provide an overview of ongoing rare
diseases research activities, recent scientific advances in rare diseases research, new or planned
rare diseases research initiatives, and rare disease-related activities such as scientific workshops
and symposia, public and professional education and training, information dissemination, and
other rare diseases research-related activities. The advances presented are the direct result of years
of rare diseases research sponsored by NIH in the past. Patients with rare diseases continue to
benefit from the treatment applications realized by the emphasis NIH places on both basic and
clinical intramural and extramural research programs. Many of the rare diseases activities
conducted at the NIH Clinical Center have been reported by the ICs in their respective sections of
the report. For example, the Bench-to-Bedside research program at the Clinical Center was
reported by the Office of Rare Diseases.

This report uses the definition of rare diseases as set forth in the Amendments to the Orphan Drug
Act as a disease or condition with a prevalence of fewer than 200,000 people in the United States.
Prevalence refers to the number of individuals alive with the disease within a geographic
parameter. There are approximately 7,000 known rare diseases in the United States. Rare diseases
are thought to affect approximately 25 million people in the United States. (Rare Diseases Act of
2002, Section 2, Findings.)

Activities undertaken in FY 2006 by the NIH ICs and the ORD included:

e Support of the Rare Diseases Clinical Research Network that includes 10 consortia and a data
and technology coordination center;

e Support by the ORD of the National Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK) Biliary Atresia Research Consortium, which contains ten pediatric liver disease
centers;

e Continuation of the Collaboration, Education, Genetic Test Translation pilot project for rare
diseases to make available to patients genetic tests through a network of Clinical Laboratory
Improvement Amendments (CLIA)-certified laboratories.

e Support of the ORD/National Human Genome Research Institute (NHGRI) rare diseases
intramural research program that promotes fellowship training in the areas of clinical and
biochemical genetics focusing on rare diseases; fosters protocol-based initiatives into rare

! In the text of this report, common diseases may be included when particular subpopulations are rare or treatments are
under development that are not expected to be financially recoverable.
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diseases not currently investigated in the intramural program; assists in the investigation of
select, unique disorders of unknown etiology; and provides overall research support for
diagnostics including genetic testing and therapeutics of rare diseases;

e Support of Bench-to-Bedside Grants in the NIH Clinical Center with matching support from the
ICs;

e Cofunding by the ORD and NIH ICs of 71 scientific conferences in FY 2006 and to date in FY
2007, 55 scientific conferences.

The ORD scientific conferences program contributes to the establishment of research priorities;
development of program announcements; establishment of diagnostic and monitoring criteria;
initiation of the development of animal models; support of the development of patient and tissue
registries, research protocols, and collaborative research arrangements; and dissemination of
workshop results through publications and other means to encourage new collaborations.

e Support for the development of an inventory of human biospecimen repositories to facilitate the
access by researchers to human biospecimens The inventory will be publicly accessible and
Web based.



OFFICE OF RARE DISEASES (ORD)

Overview

The goals of ORD are to stimulate and coordinate research on rare diseases and to support research
to respond to the needs of patients who have one of the approximately 7,000 rare diseases known
today. ORD collaborates with the NIH ICs to stimulate rare diseases research activities, fosters
collaboration with other entities nationally and internationally, and supported in FY 2006 the
following activities:

An extramural research program that includes a network of clinical research centers on rare
diseases and the training of rare diseases researchers;

An intramural research program for patients with specific rare conditions and programs to
stimulate clinical research on rare diseases, including the training of researchers interested
in rare diseases and in clinical and biochemical genetics;

A scientific conferences program in response to scientific opportunities or to stimulate
research where research progress may be slow or where little research exists;

An information center to supply useful rare and genetic diseases information to the public,
researchers, and health care providers;

Activities to assist national patient advocacy groups in becoming research partners with the
NIH by developing better understanding of the breadth and inclusiveness of NIH research
programs;

CETT, the ORD Collaboration, Education and Genetic Test Translation Pilot Program,
translates genetic tests for rare diseases from the research laboratory to the clinic thereby
making the tests available to the public;

Development of a Web-based, publicly accessible inventory of repositories of human bio-
specimens for research on rare and common diseases.

Scientific Advances

Extramural Research Program

The Rare Diseases Clinical Research Network (RDCRN)

Since FY 2003, ORD has collaborated with NIH ICs including National Center for
Research Resources (NCRR), National Heart, Lung, and Blood Institute (NHLBI),
National Institute of Child Health and Human Development (NICHD), National Institute of
Arthritis and Musculoskeletal and Skin Diseases (NIAMS), National Institute of Diabetes
and Digestive and Kidney Diseases (NIDDK), and National Institute of Neurological
Disorders and Stroke (NINDS) to support the Rare Diseases Clinical Research Network.
The network consists of 10 consortia each of which focuses on a group of rare diseases. In
addition, the network includes a data and technology coordinating center that serves all
consortia.


http://www.niams.nih.gov/
http://www.niams.nih.gov/
http://www.niddk.nih.gov/
http://www.niddk.nih.gov/

At this time, 28 clinical protocols have been approved and 20 more are under development.
The collaborating patient advocacy groups through a coordinating coalition participate on
the network’s steering committee. The network consists of more than 70 sites and more
than 30 patient advocacy groups and conducts research on approximately 50 rare diseases.
The vast distribution of research locations across the United States makes investigational
studies and treatments more accessible to patients with rare diseases. The network, through
the data and technology coordinating center, collects clinical information to develop
biomarkers and new approaches to diagnosis, treatment, and prevention of rare diseases;
provides training of new clinical research investigators; and supports demonstration
projects in the following rare disease groups:

Table 1: The Rare Diseases Clinical Research Network, Diseases under Study.

Consortium Principal Primary Diseases
Investigator Performance Site
Urea Cycle Batshaw, Mark L., Children's National e N-Acetylglutamate Synthase (NAGS)
Disorders M.D. Medical Center, Deficiency
Consortium Washington, DC e  Carbamyl Phosphate Synthetase

(CPS) Deficiency

Ornithine Transcarbamylase (OTC)
Deficiency

Argininosuccinate Synthetase
Deficiency (Citrullinemia I)

Citrin Deficiency (Citrullinemia I1)
Argininosuccinate Lyase Deficiency
(Argininosuccinic Aciduria)
Arginase Deficiency
(Hyperargininemia)

Ornithine Translocase Deficiency
(HHH) Syndrome

Angelman, Rett, and

Beaudet, Arthur L.,

Baylor College of

Angelman Syndrome

Prader-Willi M.D. Medicine, e Rett Syndrome

Syndromes Houston, TX e  Prader-Willi Syndrome

Consortium

CINCH - Griggs, Robert C., University of e Andersen-Tawil Syndrome (Periodic
Consortium for M.D. Rochester School paralysis)

Clinical of Medicine, e Episodic Ataxias

Investigation of Rochester, NY e  Nondystrophic Myotonic Disorders
Neurological

Channelopathies

Bone Marrow
Failure Disease
Consortium

Maciejewski, Jaroslav
P., M.D., Ph.D.

Cleveland Clinic
Foundation,
Cleveland, OH

Aplastic Anemia

Myelodysplastic Syndromes
Paroxysmal Nocturnal
Hemoglobinuria (PNH)

Large Granular Lymphocyte (LGL)
Leukemia

Single Lineage Cytopenias: Pure
Red Cell Aplasia, Amegakaryocytic



http://rarediseasesnetwork.epi.usf.edu/ucdc/index.htm
http://rarediseasesnetwork.epi.usf.edu/ucdc/index.htm
http://rarediseasesnetwork.epi.usf.edu/ucdc/index.htm
http://rarediseasesnetwork.epi.usf.edu/ucdc/learnmore/definitions.htm#nags
http://rarediseasesnetwork.epi.usf.edu/ucdc/learnmore/definitions.htm#nags
http://rarediseasesnetwork.epi.usf.edu/ucdc/learnmore/definitions.htm#cps
http://rarediseasesnetwork.epi.usf.edu/ucdc/learnmore/definitions.htm#cps
http://rarediseasesnetwork.epi.usf.edu/ucdc/learnmore/definitions.htm#otc
http://rarediseasesnetwork.epi.usf.edu/ucdc/learnmore/definitions.htm#otc
http://rarediseasesnetwork.epi.usf.edu/ucdc/learnmore/definitions.htm#one
http://rarediseasesnetwork.epi.usf.edu/ucdc/learnmore/definitions.htm#one
http://rarediseasesnetwork.epi.usf.edu/ucdc/learnmore/definitions.htm#two
http://rarediseasesnetwork.epi.usf.edu/ucdc/learnmore/definitions.htm#asl
http://rarediseasesnetwork.epi.usf.edu/ucdc/learnmore/definitions.htm#asl
http://rarediseasesnetwork.epi.usf.edu/ucdc/learnmore/definitions.htm#hhh
http://rarediseasesnetwork.epi.usf.edu/ucdc/learnmore/definitions.htm#hhh
http://rarediseasesnetwork.epi.usf.edu/arpwsc/index.htm
http://rarediseasesnetwork.epi.usf.edu/arpwsc/index.htm
http://rarediseasesnetwork.epi.usf.edu/arpwsc/index.htm
http://rarediseasesnetwork.epi.usf.edu/arpwsc/index.htm
http://rarediseasesnetwork.epi.usf.edu/arpwsc/learnmore/index.htm#as
http://rarediseasesnetwork.epi.usf.edu/arpwsc/learnmore/index.htm#rs
http://rarediseasesnetwork.epi.usf.edu/arpwsc/learnmore/index.htm#pws
http://rarediseasesnetwork.epi.usf.edu/cinch/index.htm
http://rarediseasesnetwork.epi.usf.edu/cinch/index.htm
http://rarediseasesnetwork.epi.usf.edu/cinch/index.htm
http://rarediseasesnetwork.epi.usf.edu/cinch/index.htm
http://rarediseasesnetwork.epi.usf.edu/cinch/index.htm
http://rarediseasesnetwork.epi.usf.edu/cinch/index.htm
http://rarediseasesnetwork.epi.usf.edu/cinch/learnmore/index.htm
http://rarediseasesnetwork.epi.usf.edu/cinch/learnmore/index.htm
http://rarediseasesnetwork.epi.usf.edu/cinch/learnmore/index.htm
http://rarediseasesnetwork.epi.usf.edu/cinch/learnmore/index.htm
http://rarediseasesnetwork.epi.usf.edu/bmfdc/index.htm
http://rarediseasesnetwork.epi.usf.edu/bmfdc/index.htm
http://rarediseasesnetwork.epi.usf.edu/bmfdc/index.htm
http://rarediseasesnetwork.epi.usf.edu/bmfdc/learnmore/index.htm#aa
http://rarediseasesnetwork.epi.usf.edu/bmfdc/learnmore/index.htm#mds
http://rarediseasesnetwork.epi.usf.edu/bmfdc/learnmore/index.htm#pnh
http://rarediseasesnetwork.epi.usf.edu/bmfdc/learnmore/index.htm#pnh
http://rarediseasesnetwork.epi.usf.edu/bmfdc/learnmore/index.htm#lgl
http://rarediseasesnetwork.epi.usf.edu/bmfdc/learnmore/index.htm#lgl
http://rarediseasesnetwork.epi.usf.edu/bmfdc/learnmore/index.htm#atp

Thrombocytopenic Purpura,
Autoimmune Neutropenia

CLiC - Cholestatic

Sokol, Ronald J.,

The Children’s

PFIC (Progressive Familial

Liver Disease M.D. Hospital, Denver, Intrahepatic Cholestasis)
Consortium Co e Bile Acid Synthesis Defects

e Alagille Syndrome

e  Alpha One Antitrypsin Deficiency

e Mitochondrial Hepatopathies
Vasculitis Clinical Merkel, Peter A., Boston University e  Wegener’s Granulomatosis (WG)
Research M.D., Ph.D. Medical Center, e Microscopic Polyangiitis (MPA)
Consortium Boston, MA e Churg-Strauss Syndrome (CSS)

e Polyarteritis Nodosa (PAN)

e  Takayasu's Arteritis (TAK)

e  Giant Cell (Temporal) Arteritis

(GCA)

Rare Genetic Steroid
Disorders
Consortium

New, Maria ., M.D.

The Mount Sinai
School of
Medicine, New
York, NY

Congenital Adrenal Hyperplasia
Androgen Receptor Defects
Apparent Mineralocorticoid Excess
(Low Renin Hypertension)

Rare Thrombotic
Diseases
Consortium

Ortel, Thomas L,
M.D., Ph.D.

Duke University
Medical Center
Durham, NC

Antiphospholipid Antibody
Syndromes (APS)
Heparin-induced Thrombocytopenia
(HIT)

Paroxysmal Nocturnal
Hemoglobinuria (PNH)
Catastrophic Antiphospholipid
Antibody Syndrome (Thrombotic
Storm)

Thrombotic Thrombocytopenic
Purpura (TTP)

Rare Lung Diseases
Consortium

Trapnell, Bruce C.,
M.D.

Cincinnati
Children’s
Hospital Medical
Center, Cincinnati,
OH

Hereditary Interstitial Lung Disease
(hiLD)

Lymphangioleiomyomatosis (LAM)
Pulmonary Alveolar Proteinosis
(PAP)

Alpha-1 Antitrypsin Deficiency
(Alpha-1)

Genetic Diseases of
Mucociliary
Clearance
Consortium

Knowles, Michael, R.,
M.D.

University of
North Carolina at
Chapel Hill School
of Medicine,
Chapel Hill, NC

Primary Ciliary Dyskinesia (PCD)
Cystic Fibrosis
Pseudohypoaldosteronism (PHA)

Rare Diseases Data
and Technology

Krischer, Jeffrey P.,
Ph.D.

University of
South Florida
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http://rarediseasesnetwork.epi.usf.edu/clic/index.htm
http://rarediseasesnetwork.epi.usf.edu/clic/index.htm
http://rarediseasesnetwork.epi.usf.edu/clic/index.htm
http://rarediseasesnetwork.epi.usf.edu/clic/learnmore/pfic.htm
http://rarediseasesnetwork.epi.usf.edu/clic/learnmore/pfic.htm
http://rarediseasesnetwork.epi.usf.edu/clic/learnmore/bileacid.htm
http://rarediseasesnetwork.epi.usf.edu/clic/learnmore/alagille.htm
http://rarediseasesnetwork.epi.usf.edu/clic/learnmore/alpha1.htm
http://rarediseasesnetwork.epi.usf.edu/clic/learnmore/mito.htm
http://rarediseasesnetwork.epi.usf.edu/vcrc/index.htm
http://rarediseasesnetwork.epi.usf.edu/vcrc/index.htm
http://rarediseasesnetwork.epi.usf.edu/vcrc/index.htm
http://rarediseasesnetwork.epi.usf.edu/vcrc/learnmore/definitions.htm#wg
http://rarediseasesnetwork.epi.usf.edu/vcrc/learnmore/definitions.htm#mpa
http://rarediseasesnetwork.epi.usf.edu/vcrc/learnmore/definitions.htm#css
http://rarediseasesnetwork.epi.usf.edu/vcrc/learnmore/definitions.htm#pan
http://rarediseasesnetwork.epi.usf.edu/vcrc/learnmore/definitions.htm#tak
http://rarediseasesnetwork.epi.usf.edu/vcrc/learnmore/definitions.htm#gca
http://rarediseasesnetwork.epi.usf.edu/vcrc/learnmore/definitions.htm#gca
http://rarediseasesnetwork.epi.usf.edu/rgsdc/index.htm
http://rarediseasesnetwork.epi.usf.edu/rgsdc/index.htm
http://rarediseasesnetwork.epi.usf.edu/rgsdc/index.htm
http://rarediseasesnetwork.epi.usf.edu/rgsdc/learnmore/index.htm
http://rarediseasesnetwork.epi.usf.edu/rgsdc/learnmore/index.htm
http://rarediseasesnetwork.epi.usf.edu/rgsdc/learnmore/index.htm
http://rarediseasesnetwork.epi.usf.edu/rtdc/index.htm
http://rarediseasesnetwork.epi.usf.edu/rtdc/index.htm
http://rarediseasesnetwork.epi.usf.edu/rtdc/index.htm
http://rarediseasesnetwork.epi.usf.edu/rtdc/learnmore/index.htm#aps
http://rarediseasesnetwork.epi.usf.edu/rtdc/learnmore/index.htm#aps
http://rarediseasesnetwork.epi.usf.edu/rtdc/learnmore/index.htm#hit
http://rarediseasesnetwork.epi.usf.edu/rtdc/learnmore/index.htm#hit
http://rarediseasesnetwork.epi.usf.edu/rtdc/learnmore/index.htm#pnh
http://rarediseasesnetwork.epi.usf.edu/rtdc/learnmore/index.htm#pnh
http://rarediseasesnetwork.epi.usf.edu/rtdc/learnmore/index.htm#storm
http://rarediseasesnetwork.epi.usf.edu/rtdc/learnmore/index.htm#storm
http://rarediseasesnetwork.epi.usf.edu/rtdc/learnmore/index.htm#storm
http://rarediseasesnetwork.epi.usf.edu/rtdc/learnmore/index.htm#ttp
http://rarediseasesnetwork.epi.usf.edu/rtdc/learnmore/index.htm#ttp
http://rarediseasesnetwork.epi.usf.edu/rldc/index.htm
http://rarediseasesnetwork.epi.usf.edu/rldc/index.htm
http://rarediseasesnetwork.epi.usf.edu/rldc/learnmore/rild.htm
http://rarediseasesnetwork.epi.usf.edu/rldc/learnmore/rild.htm
http://rarediseasesnetwork.epi.usf.edu/rldc/learnmore/lam.htm
http://rarediseasesnetwork.epi.usf.edu/rldc/learnmore/pap.htm
http://rarediseasesnetwork.epi.usf.edu/rldc/learnmore/pap.htm
http://rarediseasesnetwork.epi.usf.edu/rldc/learnmore/alpha1.htm
http://rarediseasesnetwork.epi.usf.edu/rldc/learnmore/alpha1.htm
http://rarediseasesnetwork.epi.usf.edu/gdmcc/index.htm
http://rarediseasesnetwork.epi.usf.edu/gdmcc/index.htm
http://rarediseasesnetwork.epi.usf.edu/gdmcc/index.htm
http://rarediseasesnetwork.epi.usf.edu/gdmcc/index.htm
http://rarediseasesnetwork.epi.usf.edu/gdmcc/learnmore/index.htm#pcd
http://rarediseasesnetwork.epi.usf.edu/gdmcc/learnmore/index.htm#cf
http://rarediseasesnetwork.epi.usf.edu/gdmcc/learnmore/index.htm#pha

| Coordinating Center | | Tampa, FL

Diagnostic Genetic Test Translation from the Research Laboratory to the Clinic

There are approximately 7,000 rare diseases, the majority of which are genetic disorders,
thereby making genetic testing an essential part of the diagnosis and treatment continuum.
Currently, genetic tests for rare diseases are available for only a small number of diseases.
A significant number of potential genetic tests remain within research laboratories or a
laboratory overseas. Developing and marketing tests for rare disorders is not considered
profitable, given the small consumer base per test, so there are few incentives for
translating research findings into clinical tests available to the public.

People affected by rare inherited diseases need the reliable information that comes through
quality genetic testing. ORD broadened a successful, limited NIH intramural genetic test
translation project into the Collaboration, Education and Genetic Test Translation (CETT)
for Rare Genetic Diseases pilot program to include genetic test translation to the clinic,
thereby made available to the public. The CETT Program helps bring new tests to patients
while encouraging clinical laboratory and research collaborations and stimulating dialogue
with patient advocacy groups. Program goals include supporting the electronic collection
of genetic and clinical data for use in public databases. This broader access is intended to
improve the interpretation of the clinical testing as well as better the understanding of the
rare disease.

The CETT Program requires applicants to have a data-sharing plan for storing mutation
and clinical data in public repositories, thus creating opportunities to identify
genotype/phenotype associations that can lead to targeted treatments. The CETT Program
partners with the National Center for Biotechnology Information (NCBI), the
bioinformatics division of the National Library of Medicine, to meet emerging medical
informatics needs by associating genomic data with phenotypes related to disease
pathology. NCBI maintains and distributes public databases, creates analytic tools, and
coordinates efforts to gather genomic information to aid in the understanding of
fundamental molecular and genetic processes affecting human health. NCBI

works directly with the CETT Program participants to create standard electronic formats
and terminology so that genetic and clinical data from many laboratories can be compared,
maximizing the value of the data generated by the CETT-sponsored genetic tests.

The first applications were accepted in February/March 2006 and the first review board
evaluation took place in April. Twenty-one tests have been reviewed, 19 have been
approved, with resubmission of the remaining two likely. During its first year, the CETT
Program has seen the successful development of ten clinical tests for:

e Cornelia de Lange Syndrome at the University of Chicago;

e Joubert Syndrome at Prevention Genetics;

e Cherubism at Hospital for Sick Children, Canada;
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X-linked Chondrodysplasia Punctata at the University of Chicago;

Kallmann Syndrome at GeneDX;

Progressive Familial Intrahepatic Cholestasis at Baylor College of Medicine;
Russell Silver Syndrome, MPS VI, and Niemann Pick Disease A/B at Emory
University; and

e X-Linked Periventricular Nodular Heterotopia at Harvard University.

These tests include more than 18 conditions and 13 genes. Three other tests — Primary
Ciliary Dyskinesia, Infantile Neuroaxonal Dystrophy and Arginase Deficiency — are
expected to be released later this year. Another six tests are under development. Each of
the collaborative groups has agreed to develop and/or update an entry in GeneReviews
which is a Web-based data base that is used by genetic experts worldwide.

The CETT Program Staff, Review Board members and volunteer subject matter experts are
working to improve clinical test reports to make them understandable both for clinicians
and for patients and their families. In addition, they are developing templates that will help
guide collaborative groups as they produce educational materials on the various disorders.

ORD has been providing updates on this pilot program to the Trans-NIH Rare Diseases
Research Working Group. The working group has begun discussing means by which such
an approach could be applied to NIH extramural programs in the future.

Amyloidosis

Systemic Amyloidosis is a serious rare disease with various causes that affects multiple
organ systems and therefore requires research attention by multiple NIH institutes. In
fiscal years 2005 and 2006, NIH held several scientific conferences and workshops on
various aspects of amyloidosis. In June 2006, ORD convened an expert focus group on
systemic amyloidosis to identify the next steps to increase the understanding of
amyloidosis and improve the prevention and treatment of this devastating disease.
Participants at the “Systemic Amyloidosis Focus Group Workshop” consisted of American
and international researchers and NIH scientific staff. Workshop members offered
guidance to the NIH on research needs and future scientific opportunities. A workshop
summary entitled, “Challenges and Opportunities for Systemic Amyloidosis Research” is
to be published in the journal, Amyloid. Plans are also under way to issue a multi-Institute
program announcement to inform the research community about the NIH interest in
supporting research relevant to amyloidosis.

Inventory of Human Rare Diseases Tissue Repositories

The issue of availability of high-grade biospecimen and clinical data for research
constitutes a barrier to rare diseases research. ORD supported a demonstration project with
the National Disease Research Interchange (NDRI) and brought this issue to the attention
of the Trans-NIH Rare Diseases Research Working Group. The Genetic Alliance has
established and maintains a “biobank” with support from participating Patient Advisory
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Groups (PAGs). The Trans-NIH Rare Diseases Research Working Group suggested the
development of a publicly accessible inventory of human tissue repositories which will
invite repositories to enter information about their collections. The data base has been
developed and pre-tested and will begin inviting participation and entry of data in the
spring of 2007. Future plans include expanding the data base to international human tissue
repositories and developing educational modules based on feedback from users of the site.

Other Extramural Research Opportunities in Rare Diseases

e ORD is collaborating with the NHLBI on demonstration/pilot projects, with the NINDS on
improving treatment for lysosomal storage disorders, and with the NHGRI on patient-
oriented research career development awards to stimulate approaches of genomics and
proteomics to the study of rare diseases, and with NIH components clinical trial planning
grants.

e ORD is also supporting with the NCRR a pilot program in human tissues for rare diseases
research. NDRI has been providing customized procurements of fresh, fixed, and frozen
human tissues to the biomedical research community. A range of normal and affected
organs and tissues, cell lines, DNA and plasma are provided from rare diseases donors.

Table 2: 2003-2006 Progress Summary of Human Tissue Procurement

2005 2006 2203-2007
Cum.

Rare Diseases Tissue Procured per year 366 1024 2063
Rare Diseases Tissues Banked in Online Biospecimen
Catalog (cumulative) 508 1307 1427
Rare Diseases Tissues Placed with Researchers per year | 128 192 541
Rare Diseases Researchers Served per year 20 22 72

2005 2006
Online Biospecimen Catalog Tissues (cumulative) 508 1427
Blood, DNA and Cell Line Bank (cumulative) 11 37
Paraffin Blocks per year 144 848
Publications by Rare Diseases Researchers per year 13 13 45
Rare Diseases Researchers Data Base per Year 97 99 122
LAM? Tissue Repository/Supported by NHLBI
(3/2007) NA 15,000

2 Lymphangioleiomyomatosis
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Intramural Research Program Activities
e Research Relating to Diagnosis, Evaluation, and Treatment

The Rare Diseases intramural research activities are collaborative efforts between the ORD
and the NHGRI at the NIH Clinical Center. The program includes evaluating
gynecological aspects of rare diseases, evaluating undiagnosed inborn errors of
metabolism, and initiating select clinical research protocols. In addition, a pilot program
has been initiated to provide free patient travel to the NIH Clinical Center through Angel
Flight/Mercy Medical Airlift. Recently, it has been expanded to include the extramural
portion of ORD and now serves the NIH Clinical Center hospital and the Rare Diseases
Clinical Research Network.

In the past year, researchers at the Intramural Research Program of the Office of Rare
Diseases diagnosed, cared for, and treated a number of patients with rare diseases,
including

e Chediak-Higashi disease (CHD)

Hermansky-Pudlak syndrome (HPS)

Gray platelet syndrome (GPS)

Griscelli syndrome

Jacobsen syndrome

e Oculocutaneous albinism associated with other systemic disorders

e Hutchinson-Gilford progeria syndrome (HGPS)

e Alkaptonuria

e Minocycline-induced ochronosis

e Hereditary inclusion body myopathy (HIBM)

e X-linked myopathy

e Autosomal recessive polycystic kidney disease with congenital hepatic fibrosis
(ARPKD/CHF)
Autosomal dominant polycystic kidney disease
Cystinosis

Glutathione synthase deficiency
Homocystinuria
Idiopathic nephrocalcinosis

Intramural staff evaluated gynecologic issues of patients with HPS, cystinosis,
alkaptonuria, xeroderma pigmentosum, Smith-Magenis syndrome, and Smith-Lemli-Opitz
syndrome. A member of the intramural program of the ORD provided gynecology
consultations for rare disease patients throughout the NIH Clinical Center as she continued
her fellowship in the field of clinical biochemical genetics.

Currently, the program is also supporting the conduct of clinical therapeutic trials of
pirfenidone for the pulmonary fibrosis of HPS, nitisinone for the ochronotic joint disease of
alkaptonuria, cysteamine for the renal and systemic disease of cystinosis, and intravenous
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immune globulin for the muscle wasting of HIBM. Staff also collaborated on an NEI-
sponsored treatment protocol for the use of cysteamine eye drops for the corneal crystals of
cystinosis and on an National Institute of Allergy and Infectious Diseases (NIAID)-
sponsored diagnostic protocol for the colitis associated with HPS.

Intramural staff—

e Performed fine mapping of the gene for GPS, bringing us closer to identifying the gene
responsible for this disease.

e Mapped the gene for a new disease, White Platelet syndrome, to a 2 cM region,
permitting the identification of a small number of candidate genes for this platelet
disorder.

e Continued to enroll patients in a protocol entitled “Clinical Investigations into
Autosomal Recessive Polycystic Kidney Disease (ARPKD) and Congenital Hepatic
Fibrosis.” Under this protocol, 60 patients have been examined and evaluated for the
possibility of future treatment.

e Examined and investigated 15 patients with Hutchinson-Gilford Progeria Syndrome, a
disorder of premature aging that is fatal in adolescence, under a new clinical protocol.

e Continued to follow patients with the rare disease Chediak-Higashi syndrome,
investigating the clinical, molecular, and cell biological aspects of this disease.

e Completed enrollment of 40 patients in a randomized trial of nitisinone for the joint
disease of alkaptonuria.

e Laid the groundwork for an aggressive treatment protocol for end-stage pulmonary
fibrosis in Hermansky-Pudlak syndrome.

Other ORD-Supported Intramural Initiatives:

e Rare Diseases Research Initiative: The Office of the Clinical Director of NHGRI
continued to admit patients with rare, undiagnosed disorders under a protocol entitled
“Diagnosis and Treatment of Patients with Inborn Errors of Metabolism.”

e Molecular Diagnostics of Rare Diseases: In collaboration with the NHGRI, the
intramural program of the NHGRI previously conducted a program to contract with
Clinical Laboratory Improvement Act (CLIA)-certified laboratories to establish
molecular diagnostic tests for specific rare diseases research. Thereafter, these tests are
made available on a fee-for-service, insurance-reimbursable basis to the general public.
In the past year, this intramural initiative was transferred to include the extramural
research program under the title of CETT.

e Research Training: One physician in the Intramural Research Program completed
training in clinical biochemical genetics and another remains a clinical biochemical
genetics fellow.

o Rare Disease Scientific Conference: Members of the intramural research ORD
program conducted a workshop on the pulmonary fibrosis of Hermansky-Pudlak
Syndrome (HPS), attended by experts in pulmonology as well as the cell biology of
HPS. In addition, the intramural ORD published in the Journal of Pediatrics a
statement concerning a previous workshop on Autosomal Recessive Polycystic Kidney
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Intramural Research Plans for FY 2007-2008

The ORD/NHGRI intramural research collaboration will expand to study different types of renal
tubular disorders, including the identification of genes causing familial autosomal recessive and
autosomal dominant Fanconi syndrome. Staff will pursue the genes responsible for Gray Platelet
syndrome and for White Platelet syndrome, and will investigate the megakaryocytes of rare
disease patients. They continue to characterize the natural history of ARPKD and Congenital
Hepatic Fibrosis in both cross sectional and longitudinal fashions, to determine appropriate clinical
outcome parameters for a therapeutic trial. Staff will complete the nitisinone trial for the treatment
of joint disease in alkaptonuria, and continues to enroll patients in the pirfenidone study of
Hermansky-Pudlak syndrome (HPS) patients. Additional studies will include the continuation of
the study of progeria and gynecologic disorders associated with other rare metabolic diseases.

New Rare Disease Initiative

e Expansion will occur through the protocol “Diagnosis and Treatment of Inborn Errors of
Metabolism.”

e Clinical Protocols: Intramural investigators plan to collaborate with extramural
investigators in a study of the effects of early galactose restriction in individuals with one
classical galactosemia mutation and one Duarte variant. The Section on Human
Biochemical Genetics intends to initiate treatment protocols for ARPKD and to complete
its clinical trials of nitisinone in alkaptonuria and pirfenidone in HPS. This intramural
group of investigators supported by the ORD will pursue a pilot study of multidrug
treatment of end-stage pulmonary fibrosis in HPS, and plans to see patients with platelet
dysfunction due to the Jacobsen 11q deletion syndrome and with renal and hepatic
complications of Joubert syndrome.

e Other Initiatives: In concert with the NHGRI Intramural Program, the ORD will initiate a
new plan to foster clinical/translational research into rare diseases at the NIH. This
involves linking a patient advocacy group with an intramural principal investigator (PI)
who is an authority on a disease and who is clinically oriented. An advocacy group might
support a 3-5 year fellowship to leverage a clinical protocol at the NIH Clinical Center
thereby creating an expert in the disease of interest for the next generation. The fellow
would acquire expertise in the disease of the particular advocacy group and would also
learn other related diseases and work toward board certification. The Pl would supervise,
provide mentoring, serve as attending physician for the patients, and provide a
laboratory/clinic environment. This initiative might be an initial collaboration between the
NHGRI, Office of the Clinical Director and the ORD, and could be made available to
clinical Pls throughout the NIH. This could foster an expansion to translational labs.
Biotech companies might be invited to test their rare disease-specific drugs in a plan
coordinated through the Intramural ORD office.
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Bench-to-Bedside Intramural Research Awards

In FY 2006, ORD supported with NIH ICs eight, 2-year Bench-to-Bedside awards at the NIH
Clinical Center. Intramural and extramurally supported scientists enter into basic science-clinical
research collaboration with colleagues in other NIH or extramural laboratories with a focus on rare
disease. The awards included:

Table 3: FY 2006-2007 Rare Diseases Bench-to-Bedside Awards

Institute(s)

Project

Investigators

NHLBI, “Role of Cyclin D1 in Myelodysplasia” Pl: Neal S. Young, MD, NHLBI
NIH Clinical Center, PI: Elaine M. Sloand, MD, NHLBI
Harvard, Als: Roger Kurlander, MD, NIH
Georgetown, Clinical Center; Jerome J. Groopman,
National Naval Medical MD, Harvard University; Jan Blancato,
Center PhD, Georgetown University; Kenneth
More, MD, NNMC
“Exploring the Anti-Tumor Effects of In Vitro |PI: Richard W. Childs, MD, NHLBI
NHLBI, Expanded Natural Killer (NK) Cells Against |PI: Gauri Alvarez, DO., WRAMC

NIH Clinical Center (CC),
Walter Reed Army Medical

Renal Cell Carcinoma Sensitized to NK-
TRAIL Cytotoxicity with Bortezomib”

Pl: Andreas E. Lundgvist, PhD, NHLBI
Als: E.J. Read, MD, and Anthony
Suffredini, MD, NIH Clinical Center;

Center Edward Gorak, DO, WRAMC; Maria
Berg, NHLBI; Ramaprasad Srinivasan,
MD, PhD, and Shivani Srivasatava, MD,
NCI
“A New Global Function for a Rare Disease  |PI: Paul M. Hwang, MD, PhD, NHLBI
Gene: Clinical Significance of the Regulation |PI: Lousie Strong, MD, MD Anderson
of Mitochondrial Respiration by Tumor Cancer Center
NHLBI, Suppressor p53 in Li-Fraumeni Syndrome” Als: Ross Arena, PhD, Medical College
MD Anderson Cancer of Virginia; Aarif Khakoo, MD
Center Anderson Cancer Center; Robert
Balaban, MD, Satoaki Matoba, Michael
Sack, Myron Waclawiw, NHLBI;
Oksana Gavrilova, NIDDK
"“Therapeutic Approaches for Cancer Stem PI: Curtis C. Harris, MD, NCI
Cells in Small Cell Neuroendocrine Als: Lyuba Varticovski, MD, Phillip A.
NCI Carcinomas” Denni_s, MD, Susan Bates, MD, NCI,
NHLéI Cynthia Dunbar, MD, NH_LI_3I; Ron
McKay, PhD, NINDS; William D.
Travis, MD, Memorial Sloan-Kettering
Cancer Center
“High Density Genotyping in Diffuse Large  |PI: Sophia S. Wang, PhD, NCI
B-cell Lymphoma (DLBCL) and Follicular PI: Stephen Chanock, MD, CCR, NCI
NCI Lymphor_na - Translating_ E_tiologic Clues into |Als: Pa_tricia Hartge, Lou Staudr,
(DCEG&CCR) Prognostic Relevance Within the NCI-SEER | Nathaniel Roghman, Lindsay Morton,

NHL Case Control Study”

Sholom Wacholder, NCI; Wendy
Cozen, University of Southern
California; Richard Severson, Karmanos
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Cancer Institute and Wayne State
University; Scott Davis, Fred
Hutchinson Cancer Research Center and
the University of Washington; James R.
Cerhan, Mayo Clinic College of
Medicine

NIH CC,
NCI,
University of
Toronto/Ontario Cancer

“Novel Suicide Gene-Modified Donor Th2
Cells for GVHD Prevention”

Pl: Daniel H. Fowler, MD, NCI

PI: Jeffrey Medin, PhD, Ontario Cancer
Institute and University of Toronto

Als: E.J. Reed, NIH Clinical Center;
Aron Lavie, Ph.D, University of Illinois

Institute at Chicago
“A Nutrigenomics Intervention for the Study |Pl: Francesco S. Celi, MD, NIDDK
of the Role of Dietary Sitosterol on Lipid, Als: Vandana Sachdev, MD, NHLBI;
NIDDK, Glucose and Energy Metabolism” Alan Shuldiner, MD, Richard
NHLBI, Horenstein, MD, JD, Susan K. Fried,
University of Maryland PhD, University of Maryland, Division
of endocrinology, Diabetes and
Nutrition
“Pilot Trial of Intravenous Nitrite for Sickle  |PI: Mark Gladwin, MD, NHLBI
Cell Vaso-Occlusive Pain Crisis” Pl: Gregory Kato, MD, CC
Als: Lewis Hsu, MD, Drexel University
NHLBI, and NIH Clinical Center; Kyle Mack,
NIH CC MD, NCI; Roberto Machado, MD, Sruti

Shiva, PhD, James Taylor, MD, Xunde
Wang, MD, NHLBI; Alan Schechter,
MD, NIDDK

ORD also continued to support with NIH I1Cs ten Bench-to-Bedside awards in their second year.

Identifying Future Research Opportunities for Rare Diseases: Scientific Conferences

ORD collaborates with Institutes, Centers, and Offices at NIH and other Federal agencies to
stimulate rare diseases research by supporting with the NIH ICs and other organizations scientific
conferences where research is lagging or to take advantage of scientific opportunities. The
outcomes of these scientific conferences have included the establishment of research priorities,
development of collaborative research protocols, criteria for diagnosing and monitoring rare
diseases, specific discoveries, publications, and new research endeavors. These scientific
conferences have also contributed to the exchange of ideas and information among basic and
clinical investigators, patient advocacy groups, NIH staff, and the pharmaceutical industry.

In FY 2006, ORD supported with NIH ICs and other organizations 71 national and international
scientific conferences. Examples of the subjects of the scientific conferences in FY 2006 include
childhood cancers, bone marrow failure, sickle cell disease, congenital heart disease, dystonias,
pediatric stroke, neurofibromatosis, and primary lateral sclerosis. A list of the scientific
conferences is provided in Tables 4 and 5. For FY 2007, ORD has already provided partial
support for 55 conferences and expects to partially support another 41 for a total of 96.
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Table 4: Scientific Conferences Partially Supported in FY 2006 (71)

Primary Sponsor

Titles of Scientific Conferences

National Institute on
Aging (NIA)

RecQ Helicases and Other Helicases in Telomere Maintenance and
Related Pathways

Xeroderma Pigmentosum and Other Diseases of Human Premature
Aging and DNA Repair: Molecules to Patients

NIAID

Considerations in Allogeneic Hematopoietic Cell Transplantation
(HCT) for Nonmalignant Disorders, Including Autoimmune
Diseases

Gene Therapy for Primary Immune Deficiencies: Advances and
Safety Issues

Gordon Research Conference on the Biology of Spirochetes

20" Meeting of the American Society for Rickettsiology

NIAMS

Gordon Research Conference on Intermediate Filaments
International Research Conference on Ankyloblepharon-Ectodermal
Dysplasia-Cleft Lip/Palate AEC Syndrome

Multiple Hereditary Exostoses: Insights into Pathogenesis

New Research Strategies in Osteogenesis Imperfecta

Obstacles to Translating Basic Knowledge of Genetic Skin Diseases
into Therapies

Paget’s Disease of Bone/Fibrous Dysplasia: Advances and
Challenges

Reaching Clinical Trials for Pachyonychia Congenita

National Institute of
Biomedical Imaging and
Bioengineering (NIBIB)

Stem-Cell Based Tissue Engineering in Regenerative Medicine
Conference: 24™ Conference of the Society for Physical Regulation
in Medicine and Biology

NCI

ABC Transporters and Genetic Disease

Biology and Therapy for Malignant Salivary Gland Tumors
FASEB Summer Research Conference on Biological Methylation
Immunobiology and Immunotherapy for Cutaneous T- cell
Lymphoma Workshop

Interagency Workshop on the Science and Practice of Informal
Caregiving

Large Granular Lymphocyte (LGL) Leukemia: Pathogenesis,
Pathobiology, and Treatment

Mechanisms and Consequences of c-MY C-deregulating Chromosal
Translocations

Proline Metabolism and Human Diseases

Scanning and Risk for Childhood Cancer: International
Collaborative Study

Testicular Cancer and Testicular Dysgenesis Syndrome: Current
Perspectives and Future Directions

Translational Genomics of Neuroblastoma (TgiN)

9™ Meeting of the Society for Natural Immunity “NK Cells and
Innate Immunity”

NICHD

Critical Pertussis in U.S. Children

Defining the Metabolic Syndrome in Children and Adolescents
International Conference on Adrenal Cortex and Molecular
Steroidogenesis

New Horizons in GnRH Research
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New Therapies for Necrotizing Enterocolitis (NEC)
Preeclampsia: A Pressing Problem

Prenatal Imaging: Ultrasound and MRI

SDHB-related Pheochromocytoma: Recent Discoveries and
Current Diagnostic and Therapeutic Approaches

The FMR1 Premutation and Premature Ovarian Failure:
Worldwide Community Guideline Development

National Institute on
Deafness and Other
Communication
Disorders (NIDCD)

Workshop on Brain-Computer Interfaces for Speech Synthesis

National Institute of
Dental and Craniofacial
Research (NIDCR)

Seventh Research Workshop on the Biology, Prevention, and
Treatment of Head and Neck Cancer

NIDDK

Alpha-1 Antitrypsin Deficiency and Other Liver Diseases Caused
by Aggregated Protein

Nutrient Sensing, Insulin Signaling, and Harmatoma Syndromes
Screening and Outcomes in Biliary Atresia

NIEHS

Environmental Mutagen Society 37" Annual Meeting
Molecular Mechanisms of Chemical Teratogenesis

Seventh International Conference on Lactoferrin: Structure,
Function, and Applications

National Eye Institute

Autoimmune Retinopathies (AIR)

(NEI)
NHLBI e Cardiofaciocutaneous Syndrome and Noonan Syndrome Scientific
Meeting 2006
e Conference on Adult Sickle Cell Disease Care: Guidelines for Pain
Management
¢ Evolution of Pulmonary Hypertension: Emerging Diseases and
Novel Therapeutics
e Lung Surfactant: Cellular and Molecular Biology—FASEB Summer
Research Conference
e Neuroimaging of Sleep Disorders
e Progeria Research Foundation: International Progeria Workshop
e The Science and Medicine of Barth Syndrome: The Remaining Big
Questions
e Vascular Anomalies: 2005-Research Update and Current
Controversies
e Workshop on Recognition and Treatment of Rare Inherited
Arrhythmias
e 29" Annual Meeting of the National Sickle Cell Disease Program
NHGRI o NIH Workshop—Hereditary Hemorrhagic Telangiectasia: Vascular
Biology and Pathophysiology
NINDS e  American Society for Neurochemistry: Cellular and Molecular

Mechanisms of Neural Development and Disease

Ataxia Telangiectasia Clinical Research Workshop

Conference on the Diagnosis of Multiple System Atrophy
Developing New Treatments for Tourette Syndrome: Clinical and
Basic Science Dialogue

Gangliosides in Health and Disease

International Conference on Episodic Ataxias Syndromes
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o Lysosomal Disease Network—Third Annual WORLD Symposium

o NIH Pain Consortium First Annual Symposium: Advances in Pain
Research

o Neurobiology of Disease in Children Conference (2006-2010), a
Satellite Symposium of the Child Neurology Society Annual
Meeting
Scientific Conference on Moebius Syndrome
Second New Directions in Biology and Disease of Skeletal Muscle

o 5™ International Conference on HHV-6 and 7, Including the
Workshop on HHV-6 and 7 in Encephalitis, Status Epilepticus and
Seizures

e 11" International Symposium of Neural Regeneration

ORD e  Systemic Amyloidosis Focus Group Workshop

Genetic Alliance e  Genetic Alliance Annual Conference: Celebrating 20 Years of
Excellence in Advocacy

National Organization for ¢ NORD 2006 Conference: Roadmap for Rare Disease Research
Rare Disorders

Table 5: Scientific Conferences Partially Supported in FY 2007 (as of April 4, 2007) (54)

Primary Sponsor Titles of Scientific Conferences

NIAID e Bi-Annual Meeting of the IUIS Expert Committee on Primary
Immunodeficiency (PID)

e Development of a Multicenter International Collaborative Network
for the Study of Rare Eosinophil-Mediated Disorders

e Implementation of the NIH Consensus Criteria for Clinical Trials in
Chronic Graft-versus-Host Disease (cGVHD)

e Primary Immune Deficiency Consortium Conference

NIAMS e Gordon Research Conference on Epithelial Cell Differentiation and
Keratinization

e Pigmentation and Diversity

o 4" International Workshop on the Study of ltch

NCI e A Multicenter Cohort Investigation of Chromosomal Translocations
and Hyperdiploidy at Birth and Childhood Leukemia by the
International Childhood Cancer Cohort Consortium

e Barrett’s Esophagus and Adenocarcinoma Consortium Meeting

e Clinical Advisory Committee for the WHO Classification of
Malignant Lymphomas

e Genetic Toxicology Gordon Research Conference

e International Study of Genetic and Other Risk Factors for
Differentiated Thyroid Carcinoma

e Synergizing Epidemiology Research on Rare Cancers Meeting

e The 4™ Annual North American Genetic Analysis of ABC
Transporters Workshop

e 10" International Workshop on Kaposi’s Sarcoma Herpes Virus
(KSHV) and Related Agents

NICHD e  Galactosemia and Primary Ovarian Insufficiency

e International Clubfoot Symposium

¢ Membrane Biophysics of Exocytosis, Endocytosis, and Viral Fusion
Health
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Newborn Screening for Rare Genetic Disorders in the Arab
Populations—Local/State Government

Improving Child Health: The Role of Policy Makers in Prevention
and Treatment of Birth Defects and Developmental Disabilities
Society of Inherited Metabolic Disorders (SIMD) Annual Meeting

NIDCD

11" International Conference on Cochlear Implants in Children

NIDDK

Acute Liver Failure

Improving Long Term Outcomes in Pediatric Liver Transplantation
Inherited Bone Marrow Failure Syndromes: Definitions and
Diagnostic Criteria

Lipodystrophy and the Metabolic Consequences of Altered Fat
Deposition

NIEHS

Genetic and Environmental Risk Factors for Major Birth Defects
lon Channel Regulation, a FASEB Summer 2007 Conference
Mitochondrial Medicine 2007

NHLBI

American Society of Gene Therapy Annual Meeting

Blood and Marrow Transplant State of the Science Symposium
Second International Role of Nitrite in Physiology,
Pathophysiology, and Therapeutics Meeting

Update and Modification of Task Force Criteria for ARVD/C
Vascular Anomalies, 2007: Update and Controversies

2007 Gordon Research Conference on Cilia, Mucus,

and Mucociliary Interactions

2007 LAM Foundation Lymphangioleiomyomatosis International
Research Conference

NHLBI/NICHD

Smith-Lemli-Opitz Syndrome and Inborn Errors of Cholesterol
Synthesis

NHGRI

Innovative Approaches to Social and Behavioral Research in Rare
Genetic Diseases

Methylmalonic Acidemia: Clinical and Scientific Advances

The First International Chordoma Research Workshop

National Institute of Mental
Health (NIMH)

Childhood Onset Schizophrenia: Research Challenges and
Opportunities on the Neurobiology, Developmental Trajectory, and
Treatment

NINDS

Angiogenesis in the Nervous System

International Conference on the Non-Dystrophic Myotonias

Joint 12" International NCL Congress and BDSRA Meeting:
Therapeutic Approaches

Lysosomal Disease Network—3rd Annual WORLD Symposium
NINDS International Workshop on Wilson’s Disease and Other
Disorders of Copper Metabolism

The 5" International Conference on Unstable Micro Satellites and
Human Disease

Translational and Clinical Progress in the Mucopolysaccharidoses
2007 CAG Triplet Repeat Disorders Gordon Conference

3" International Friedreich’s Ataxia Scientific Conference

11" International Myasthenia Gravis Meeting

National Center for
Complementary and
Alternative Medicine
(NCCAM)

The Status and Future of Acupuncture Research: 10 Years Post-
NIH Consensus Conference
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ORD

¢ NIH Spinal Cord Tumor Workshop
e  Systemic Amyloidosis Workshop

Education and Public Information, Input and Facilitation

Genetic and Rare Diseases Information Center

The ORD supports with the NHGRI the Genetic and Rare Diseases Information Center
(GARD). The information center provides information about rare diseases research and
treatment to patients and their families, health professionals, researchers, and the public.
Since FY 2004, the information center has become more accessible to minority and
underserved populations through services in Spanish and a more user-friendly Web-based
approach. Since its inception in September 2001, the Information Center has responded to
approximately 18,000 inquiries for 4,400 rare diseases.

Beginning in 2007, GARD is transitioning to a Web-based self service source of
information. The service will utilize the extensive amount of information compiled in the
past by preparing customized responses to inquiries, and make them available in a question
and answer format as a part of the ORD Web site so that users can gain access instantly to
information. GARD is also partnering with the National Library of Medicine (NLM) to
direct inquiries that are better served by NLM services. Networking with NLM and other
information providers to avoid duplication of effort will ensure continued cost-
effectiveness.

GARD will utilize the database of inquiry responses and other previously developed
resources to provide broad and instantaneous access to the information via the Internet
through the Rare Diseases Terms. The Web site will provide the public and health
professionals with wider access to GARD health information resources by promoting
access to NIH, NHGRI, ORD and GARD-developed information resources. The main
objective of this approach is to provide wider dissemination and promotion of genetic and
rare disease information while at the same time creating cost efficiencies for the service by
using current and future information (collected during the preparation of customized
responses to inquiries) to develop self-service features. While this approach will initially
limit direct interaction of GARD staff with individual inquirers, it will maintain the
personal interaction for new and complex requests that cannot be answered by the
information on the Web site.

The ultimate goal for the GARD Web site is to improve the user’s ability to gain access to
existing information more effectively and in a more cost-efficient manner while retaining
access to Information Specialists where needed.

To provide Web site users with the ability to offer ideas or suggestions for the GARD Web
site and/or its content, the GARD Web site will also provide a feature that allows users to
submit feedback. A “feedback box will be offered on the main GARD Web page to gage
user satisfaction.
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e Genetics Education for Healthcare Providers: National Coalition for Health
Professional Education in Genetics (NCHPEG)

ORD also supported the National Coalition for Health Professional Education in Genetics
(NCHPEG). Established in 1996 by the American Medical Association, the American
Nurses Association, and the NHGRI, NCHPEG is a national effort to promote health
professional education and access to information about advances in human genetics.
NCHPEG members are an interdisciplinary group of leaders from approximately 120
diverse consumer and voluntary groups, medical societies, government agencies, private
industry, managed care organizations, and genetics professional societies. By promoting
frequent and open communication between stakeholders, NCHPEG seeks to capitalize on
the collective expertise and experience of members and to reduce duplication of effort.

As patients ask more questions about genetic tests and disease risk, more responsibility for
the use and interpretation of genetic tests and information will fall to primary care
physicians, nurses, physician assistants, advanced practice nurses, and other health
professionals who may not be formally trained in genetics. This is of importance to ORD
since it is estimated that 80 percent of rare diseases have a genetic basis. Core competency
educational materials have been produced in English and in Spanish.

NCHPEG is coordinating "Genetic Resources on the Web (GROW)" a source of
information about human genetics for health professionals and the public. ORD
cofounded GROW with other NIH components and Federal agencies.

ORD supports NCHPEG with the Health Resources and Services Administration
(HRSA) and the National Human Genome Research Institute (NHGRI). The goal is to
educate health care professionals about genetic concepts and genetic applications in
practice because genetics, especially in the wake of the human genome project, are
transforming and will continue to transform health care. Specific genetic education
accomplishments in 2006 included:

e NCHPEG Annual Meeting on Pharmacogenetics

e Redesign of the NCHPEG Web site

o Review of Genetics Competencies that have helped guide the development of
genetics curricula across many healthcare disciplines

e Reduction of the number of Genetics Competencies to 21 to be revised and
released in 2007

o Development of the NCHPEG on-line newsletters: Genetics Application in
Practice

o Targeted genetics education initiative for speech-language pathologists and
audiologists

e Exhibiting at professional meetings

e Marketing Continuing Education Credits (CEUS) in Genetics through
professional organizations, journal articles, and targeted blast e-mails
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o Development of a Web-based targeted education program that addresses the
relevance of genetics in infectious disease, oncology nursing, and common
diseases

o Development of a Web-based targeted professional education program for
physician assistants, targeting dieticians in 2007

o Continued development of the NCHPEG/GROW Web site and a GROW-
Listserv with links to genetic articles of interest

o Development of the Clearinghouse of Genetics Education Resources

e A planned GeneFacts for 2007 that will involve the creation of a point-of-
care genetics resource for primary care providers

Public Input

ORD continued to support the annual meetings of the Genetic Alliance and the National
Organization for Rare Disorders (NORD). These two umbrella organizations represent
collectively more than 600 rare diseases patient advocacy groups. ORD utilized these
meetings to conduct focus group sessions to determine the needs of member organizations
and to identify programs ORD should consider implementing. Also, NIH research
scientists and ORD staff are active participants in all sessions of the annual meetings and
disseminate information about NIH rare diseases research programs.

Angel Flight America at the NIH

This not-for-profit organization provides transportation free of charge to and from the
Clinical Center and to the Rare Diseases Clinical Research Network for patients to be
evaluated for enrollment or enrolled in research protocols and for family members. Since it
began operations through the Office of the Clinical Director of the National Human
Genome Research Institute (NHGRI) in January of 2004, Mercy Medical Airlift has flown
more than 498 patient and family member in 293 missions to and from the NIH Clinical
Center and to and from the rare Diseases Clinical Research network consortia for
evaluation or treatment. The patients with a variety of diagnoses have been enrolled in
protocols of the National Eye Institute (NEI), National Cancer Institute (NCI), NHGRI, and
other Institutes. Rare diseases included alkaptonuria, ARPKD, cystinosis, DiGeorge
syndrome, HPS, Pallister-Hall syndrome, Ehlers-Danlos syndrome and various types of
rare cancers. This initiative has grown from being a pilot program for the intramural
program to providing transportation for the NIH Clinical Center hospital as well as the
Rare Diseases Clinical Research Network.

Collaborative Research Efforts

International Congress on Rare Diseases and Orphan Drugs

The ORD continues to play an active role in fostering global research collaborative efforts.
The goal is to link the rare diseases research community together to address significant
issues that remain problematic. Ongoing themes of the Conference sponsored by the
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International Conference on Rare Diseases and Orphan Drugs (ICORD) include the
following:
o Patient and family needs across the life span
0 Product discovery and development: Linking the academic research community to
the pharmaceutical and biotechnology industries
Development of research assessment tools
Recruitment of patients for clinical research studies
Establishing and meeting requirements for regulatory approval
Harmonization of genetic testing requirements
Rare diseases research and orphan product development in developing nations

O O0OO0OO0Oo

Future conferences are scheduled for Brussels on September 14-15, 2007, and in
Washington, D.C., on May 19-21, 2008. Specific tasks will be identified from the thematic
areas presented, and collaborative efforts will be supported by various offices in
governments throughout world. Efforts are ongoing to merge information from GeneTests
(USA) and EuroGen Test from the European Union (EU) data bases. The resulting data
base will be an extensive collection of genetic tests available from clinical and research
laboratories in the USA and the EU. A similar approach will be considered for a) an
inventory of human biospecimen collections and b) research discoveries and technologies
available for licensing.

The Orphan Drug Act (1983-2008): 25 Years of Advancement

In 1983, President Reagan signed Public Law 97-414, the Orphan Drug Act leading to
significant advances in the treatment of rare diseases. Several conferences are planned in
2008 to recognize these accomplishments and to focus on future research opportunities and
directions for rare diseases. Collaborative Conferences will be sponsored by various
organizations:

0 Neglected Diseases — National Academy of Sciences (NAS)/Institute of Medicine
(10M) Forum on Drug Discovery Development, and Translation
International Congress on Rare Diseases and Orphan Drugs (ICORD)
Pharmaceutical Research and Manufacturers of America (PhRMA)
Office of Orphan Products Development at the Food and Drug Administration
National Organization for Rare Disorders
The Genetic Alliance.

O O0OO0OO0Oo
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NATIONAL INSTITUTE ON AGING (NIA)
Overview

The National Institute on Aging (NIA) leads the federal effort in conducting and supporting
research on aging and the medical, social, and behavioral issues of older people. Rare diseases and
conditions that affect older people include some forms of neurodegenerative diseases such as early
onset Alzheimer’s disease, familial forms of Parkinson’s disease, amyotrophic lateral sclerosis
(Lou Gehrig’s disease), and Rett syndrome. NIA also supports research on Bloom syndrome,
Frontotemporal dementia, and progeroid syndromes such as Werner, Cockayne, and Hutchinson-
Gilford that cause premature aging.

Recent Scientific Advances in Rare Diseases Research
Bloom syndrome (BS)

Bloom syndrome (BS) is a genetic disease characterized by dwarfism, immunodeficiency,
genomic instability, and cancer susceptibility. The protein defective in BS, called BLM, is a
component of at least 3 multiprotein complexes that play critical roles in guarding genome
stability. NIA investigators previously identified a protein called BLAP75, which is present in all
three BLM syndrome complexes. NIA investigators have now demonstrated that BLAP75 is
essential for the stability and function of BLM complexes, and its depletion results in genomic
instability similar to cells deplete of BLM. Identification of this molecular machine and its
biochemical activity should provide new means to screen candidate drugs for the treatment of BS
and could eventually contribute to the development of cancer therapies.

Frontotemporal dementia (FTD)

Frontotemporal dementia (FTD) is a set of rare brain disorders. While most cases are sporadic, an
estimated 20 to 50 percent of people diagnosed with FTD have a family history of dementia,
according to the Association for Frontotemporal Dementias. FTD affects the frontal and temporal
lobes of the brain, and people with FTD may exhibit uninhibited and socially inappropriate
behavior; changes in personality; and in late stages, loss of memory, motor skills and speech.
NIA-supported investigators have discovered genetic mutations occurring in a single gene that
scientists believe are responsible for a large component of inherited FTD. These clues to the
underlying mechanism involved in this devastating disease may provide insight for future
development of a treatment for FTD.

Progeroid syndromes

Progeroid syndromes are diseases and conditions that mimic selected features of normal aging

processes. Life span in yeast is determined by the number of daughter cells a mother cell can

produce. Daughter cells from old mother cells tend to have shorter life spans. A specific set of

proteins known as SIR (silent information regulator) form an ordered compact structure that is

restrictive to transcription and includes SIR2, a large family of closely related proteins that prolong

longevity in yeast mother cells. NIA-supported investigators have demonstrated that a member of
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the SIR2 family, SIRTG, plays a key role in DNA repair and maintenance of genomic stability in
cells. In addition, SIRT6 is necessary to maintain an organism’s health and to prevent the
development of several progeroid pathologies in mice. Further studies of SIRT6-deficient mice
hold promise for a better understanding of the molecular mechanisms that regulate the main DNA
repair pathway that removes spontaneously occurring single-stranded DNA lesions as well as its
role in the aging process.

Rett syndrome (RS)

Rett syndrome (RS) is a neurodevelopmental disorder seen almost exclusively in females that
begins to show its effects in infancy or early childhood. Patients have a defect in MeCP2, a gene
that provides instructions for making a protein that is essential for normal brain development. An
earlier study suggested that the MeCP2 gene interacts with the Brahma (BRM) chromatin
remodeling protein complex. This complex rearranges the structure of chromatin, the crucial DNA
and protein assembly found inside the nuclei of an organism’s cells involved in DNA replication
and repair. A recent study by NIA investigators has shown that the MeCP2 gene may not function
through BRM. This contradictory finding that the RS protein may not be a part of a
multicomponent complex is an important finding that changes the view held by scientists in the
field and stimulates the investigation of MeCP2 function from a different perspective.

Werner syndrome (WS)

Werner syndrome (WS) is a recessive genetic disease characterized by early onset of many
characteristics of normal aging such as wrinkling of the skin, graying of the hair, cataracts,
diabetes, and osteoporosis. The symptoms of WS begin to appear around puberty, and most
patients die before age 50. Recently, NIA investigators conducted a study to better clarify the
molecular mechanisms of the Werner syndrome protein (WRN) in DNA repair. These
investigators demonstrated that WRN works in a coordinated manner with the early onset breast
cancer gene (BRCAL) to facilitate DNA repair. When WRN protein activity is inhibited, abnormal
processing of damaged DNA occurs, permitting the replication of damaged DNA. New advances
in the understanding of the underlying molecular mechanisms of the human premature aging
process will help scientists design new strategies for intervention against age-associated diseases
like WS.

New/Planned Research Initiatives
NIA announced the following research initiatives in fiscal year 2006:

e PA-07-033, Focal Cognitive Deficits in Central Nervous System (CNS) Disorders (R01), to
expand basic and translational research, including intervention research, on the types, nature,
and functional consequences of focal or specific cognitive deficits experienced by persons
with CNS disorders, particularly nondementing disorders such as the rare disease amyotrophic
lateral sclerosis (ALS), commonly known as Lou Gehrig’s disease, and certain forms of
epilepsy and cerebral palsy. Nondementing CNS disorders may affect a range of functions,
such as decision-making, psychosocial behaviors, participation in health-seeking and health-
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maintaining behaviors, or occupational performance. Cosponsors are NINR, NICHD,
NINDS, and OBSSR.

e RFA-NS-07-004, Biomarkers for Neurodegeneration, as part of the Neuroscience Blueprint
effort for which NIA is a cosponsor. This initiative addresses a significant roadblock to the
advancement of neuroprotective treatments by encouraging studies of biomarkers for
neurodegenerative diseases, including rare forms of diseases such as Alzheimer’s,
Parkinson’s, ALS, and Huntington’s as well as disorders responsible for retinal degeneration
and other damage to sensory systems.

e RFA-EY-07-001, Therapeutics Delivery for Neurodegenerative Diseases (R21), as part of the
Neuroscience Blueprint effort for which NIA is a cosponsor. Challenges in the development
and delivery of potential therapeutic agents for the treatment of neurological disorders of both
the central nervous system (CNS) and peripheral nervous system (PNS) are significant.
Major barriers include needed research in medicinal chemistry, pharmacodynamics, drug
formulation, and development of approaches to overcome the challenge of delivering
therapeutics across the blood brain barrier (BBB) or other barriers to specific cell populations
in the CNS and the PNS.

e PA-06-533, Functional Links between the Immune System, Brain Function, and Behavior
(R21), to identify research opportunities that may help to bridge the gap in understanding
how immune cells and their mediators affect brain development, function, and behaviors
related to cognition and mood. Neuroinflammation and neuroimmune activation have been
shown to play a role in the etiology of a variety of neurological disorders, including rare
forms of diseases such as Parkinson's and Alzheimer's, multiple sclerosis, and AIDS-
associated dementia. NIA cosponsors this PA with NIMH, NIAMS, NIDA, NIBIB, NINDS,
and NCI.

Rare-Disease Related Conferences and Workshops

NIA held an exploratory workshop titled, “Nuclear Receptors and Aging” on May 9-10, 2006, in
Potomac, Maryland. Workshop presentations focused on the Nuclear Receptor Signaling Atlas
(NURSA) project cofunded by NIA, NIDDK, and NCI and various topic areas that involve aging
and age-related diseases, including (1) the role of the nuclear receptor (NR) homologue, daf-12,
and its activating ligand in life span extension in C. elegans; (2) the roles of NRs in aging liver,
kidney, prostate, and progeroid syndromes; (3) the role of NRs in caloric restriction and activation
of NRs as caloric restriction mimetics; and (4) the role of steroid hormone receptors in aging.
Information obtained in this workshop will be used in the development of an initiative to enhance
our understanding of the roles of NRs in the aging process and in the initiation and progression of
several age-related diseases, some of which are rare.

With recent NIA-supported research uncovering an important new gene and the identification of
the protein present in the cellular and nuclear inclusions of a large subset of Frontotemporal
dementia (FTD) cases, new avenues for research have opened up. A workshop to set the agenda
for future research on FTD will be held in Miami on January 17-19, 2007, as a joint project
between NIH and the Association for Frontotemporal Dementia. The workshop will be sponsored
primarily by NINDS and will involve NIA and other Institutes.
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NATIONAL INSTITUTE ON ALCOHOL ABUSE AND ALCOHOLISM (NIAAA)
Overview

The National Institute on Alcohol Abuse and Alcoholism (NIAAA) conducts and supports
research on the causes, consequences, prevention, and treatment of problems and diseases that
arise from alcohol misuse. In addition to alcohol use disorders such as alcoholism, medical
consequences include digestive diseases (alcoholic fibrosis, alcoholic hepatitis, cirrhosis, and
alcoholic pancreatitis), cardiomyopathy, hemorrhagic stroke, Wernicke-Korsakoff syndrome, and
fetal alcohol spectrum disorders. Because alcohol exposure can adversely affect all organs and
systems of the body, alcohol use is also associated with immune and reproductive dysfunction, and
certain cancers. Several of the disorders resulting from alcohol abuse are rare diseases.

NIAAA intramural researchers are investigating the mechanistic basis of alcohol-related
carcinogenesis (induction of cancer), which involves production of a specific type of mutagenic
acetaldehyde DNA adduct. They are also deciphering the molecular basis of neurological disease
in patients with rare diseases resulting from hereditary defects in DNA repair pathways. These
diseases are xeroderma pigmentosum, Cockayne syndrome, and ataxia telangiectasia.

Recent Scientific Advances in Rare Diseases Research
Fetal alcohol syndrome and other alcohol-related birth defects

Fetal alcohol spectrum disorders (FASD) describes a spectrum of prenatal alcohol effects that arise
from maternal alcohol consumption during pregnancy. The most serious disorder is fetal alcohol
syndrome (FAS), a cluster of defects that includes mild craniofacial abnormalities, growth
retardation, and central nervous system impairments manifested by deficits in executive function,
memory and learning, and motor activity. FAS is the most common nonhereditary form of mental
retardation. Alcohol-related neurodevelopmental disorder (ARND) is more variable in phenotype
but can be equally debilitating. Various alcohol-related organ system birth defects have also been
reported among children with FAS or ARND, including congenital heart defects, ocular
abnormalities, and increased susceptibility to infections. The NIAAA is the lead Federal agency
for funding research on FASD.

Alcohol causes apoptosis, or programmed cell death, of susceptible neurons at specific times
throughout development. Neurons involved in the signaling of the neurotransmitter serotonin are
among those vulnerable to alcohol's effects. NIAAA-supported researchers examined how agents
that augment serotonin activity (serotonin agonists) protect against alcohol-induced cell death.
They discovered that the protective effect involved activation of a specific pro-survival
biochemical pathway that, when blocked by chemical inhibitors, abolished the protective effects of
the serotonin agonists. The findings add to our understanding of how alcohol damages the fetal
brain, and provide clues to drugs that might prevent or ameliorate the damage.

Alcohol exposure during early embryogenesis induces apoptosis within certain embryonic cell
populations, leading to craniofacial and neurological defects. In cultured mouse embryos, which
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are a tool for studies of early mammalian development, alcohol rapidly induced apoptosis in a
time- and dose-dependent manner, suggesting induction by intracellular biochemical signals. Co-
treatment with a naturally occurring growth factor prevented the alcohol-induced apoptosis. The
results suggest that differences in expression of specific endogenous survival factors within
individual embryos could be partly responsible for the variable FASD phenotypes among
prenatally exposed offspring.

The mechanisms by which alcohol causes cognitive deficits are not fully understood, but one area
of interest is its effects on neuronal plasticity, the ability of neurons to alter connections with other
neurons. NIAAA-supported researchers found that a class of drugs called phosphodiesterase
inhibitors, which is known to enhance neuronal plasticity in normal subjects, had the same effect
in an animal model of FAS that exhibits a well characterized form of neuronal plasticity. Thus,
this class of compounds may have potential as a treatment for the cognitive deficits associated with
FAS.

Normal development of the brain requires ordered migration of immature neurons. One of the
ways prenatal alcohol can harm the brain is by disrupting this process. In an animal model of
FAS, scientists found that alcohol alters neuronal migration through its effects on the levels of
specific signaling molecules in the cell (calcium ions and cyclic nucleotides). Treating cells in
ways that reversed the effects of alcohol on these signaling processes also reversed its effects on
neuronal migration, suggesting avenues for developing ways of preventing alcohol's harmful
effects in early development.

Children with FASD exhibit altered behavioral responses to stressful or challenging situations.
The body’s response to stress is controlled by the hypothalamic-pituitary-adrenal axis. One
laboratory has been using a rat model to investigate how prenatal alcohol exposure affects this
system. On a task that measures anxiety, alcohol-exposed animals showed less anxiety-like
behavior than controls. However, when animals were treated with the hypothalamic peptide
hormone, corticotrophin-releasing factor (CRF), which increases anxiety, the alcohol-exposed
animals were even more anxious than controls. Thus, increased sensitivity to CRF may mediate
some of the aberrant behaviors associated with FASD.

Neonates, children, and adults with FASD may have disruptions in sleep patterns, which can
contribute to reduced overall physiological functioning. Researchers using a rat model of FAS
discovered that alcohol exposure during the period of rapid brain development produces
biochemical alterations and structural damage in a brain structure that controls daily (circadian)
rhythms such as sleep and hormone fluctuations. This damage caused permanent changes in rat
circadian behaviors and in the ability to return to normal rhythms after disruption. The findings
suggest a mechanistic basis for disrupted circadian rhythmicity.

Children with cognitive impairment benefit from multimodal presentation of information (i.e.,
employing vision, hearing, and motor skills), and computer instruction can fulfill this requirement.
Enhancement of learning, retention and transference of information in alcohol-affected children
through the use of computers was demonstrated. Two self-directed virtual world computer games
were developed and tested with preschool and school-aged children with FAS or partial FAS to
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teach fire safety and street safety skills. A majority of the children were able to learn the safety
rules, perform correct responses on the computer, verbalize the rules after the computer training,
and generalize the rules to appropriate real-world behavior.

Alcoholic pancreatitis

Long-term heavy alcohol consumption is associated with both acute and chronic pancreatitis,
which is an inflammation of the pancreas. Acute pancreatitis occurs suddenly and lasts for a short
period of time and usually resolves. Chronic pancreatitis does not resolve itself and results in a
slow destruction of the pancreas. Either form can cause serious complications and may lead to
multiple comorbidities including maldigestion, diabetes, and pancreatic cancer. NIAAA-funded
researchers have made significant progress in understanding the underlying mechanisms by which
alcohol intake leads to the development of pancreatitis.

Researchers studying mice have found that viral infection may be involved in the development of
alcoholic pancreatitis. Exposure to alcohol alone or to an avirulent strain of coxsackie virus did
not elicit pancreatic injury, but inflammation and fibrosis were evident when mice were exposed to
alcohol and the virus at the same time. Exposure to a virulent strain of the virus induced
pancreatic injury, which was exacerbated by exposure to alcohol.

Significant alterations in rat pancreatic gene expression were observed following long-term
alcohol feeding. Activating transcription factor 3 (AFT3), heat shock protein 70 (hsp70), hsp27,
and mesotrypsinogen were upregulated, whereas pancreatitis associated proteins (Pap), folate
carrier, and metallothionein were downregulated. Based on the known functions of these genes,
they likely contribute to sensitization of the pancreas to cellular stress and further injury. These
changes in gene expression may help explain the relationship between long-term alcohol abuse and
pancreatic disease.

Alcohol alone does not induce pancreatitis in animal models; however, alcohol sensitizes the
pancreas to tissue injury due to cholecystokinin (CCK-8). Previously, researchers discovered that
alcohol treatment of isolated pancreatic acinar cells augments CCK8-induced activation of nuclear
factor kappa B (NF-kB), a key signaling molecule in the inflammatory response of pancreatitis.
The recent work demonstrated that this enhancing effect of alcohol on NF-kB activation is
partially mediated through activation of protein kinase C-epsilon (PKC-epsilon). Thus, selective
inhibition of PKC-epsilon may represent a potential therapeutic approach to preventing or treating
alcoholic pancreatitis.

An important feature of alcoholic pancreatitis is death of pancreatic acinar cells, which may occur
through two pathways — apoptosis or necrosis. The severity of acute pancreatitis is directly
correlated to the extent of necrosis and inversely associated with apoptosis. A study was
undertaken in rats to determine the effects of alcohol on cell death pathways in the pancreas.
Chronic alcohol administration resulted in significant decreases in the activities of caspase-8 and
caspase-3 (markers of apoptotic cell death). In contrast, the activity of cathepsin B (a marker of
necrotic cell death) was significantly increased. These results suggest that alcohol may promote
pancreatic injury by preventing apoptosis and promoting necrosis. Understanding how alcohol
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influences the pattern of death responses is important in investigations of the pathogenesis and
treatment of pancreatitis.

Alcohol-induced hepatic fibrosis

Chronic heavy alcohol consumption is a major cause of liver cirrhosis, which ultimately results in
death. Cirrhosis is a progression of fibrosis which results from excessive deposition of
extracellular matrix components, especially collagen, in the liver. Although various hepatic cells
are involved in the development of fibrosis, hepatic stellate cells (HSCs) are the primary source of
extracellular matrix components. A major feature of fibrosis is the activation of HSCs, consisting
of an early initiation phase followed by a perpetual phase. NIAAA-funded researchers have made
significant progress in understanding the mechanisms of HSC activation, as detailed below.

NIAAA investigators previously showed that phagocytosis of apoptotic bodies by HSC results in
their activation, and is associated with increased expression of transforming growth factor-beta
(TGF-beta) and procollagen-alphal. Using animal models of liver fibrosis and an immortalized
HSC line, researchers have now shown that production of reactive oxygen species and NADPH
activation play a role in upregulation of procollagen-alpha 1, but not TGF-beta. These results
suggest that attenuation of oxidative stress may prevent liver fibrosis.

One of the key molecular changes that underlie activation of HSC is depletion of peroxisome
proliferator-activated receptor gamma (PPARgamma). Treatment with PPAR gamma ligands or
ectopic expression of the receptor suppressed HSC activation and decreased procollagen-alphal
expression. Further studies have been undertaken to understand the molecular mechanism by
which PPARgamma inhibits collagen production in HSCs. PPARgamma exerted its inhibitory
effect on alphal(l) procollagen promoter at a region proximal to -133bp. At this region,
PPARgamma inhibits collagen promoter activity via inhibition of p300-facilitated NF-1 binding to
DNA in HSCs.

Several lines of evidence from one group of investigators have shown that adenosine and hepatic
adenosine A(2A) receptors play an active role in the pathogenesis of hepatic fibrosis. Most
notably, mutant adenosine A(2A) receptor-deficient mice were protected from hepatic fibrosis
induced by hepatotoxins, and receptor antagonists diminished hepatic fibrosis in wild-type mice.
The findings suggest a novel therapeutic target for the prevention of hepatic cirrhosis.

Research has established that the immune system plays an important role in disease-related liver
damage, but the mechanisms are complex and not yet fully understood. NIAAA intramural
researchers showed in a mouse model of liver fibrosis that natural killer cells (a class of immune
cells) help to limit fibrosis by inducing apoptotic cell death of HSC. They also used mice with
selective genetic deletions of key immune regulator molecules to trace the regulatory cascade
involved in the process. This work helps clarify why suppression of the immune system by
alcohol consumption can enhance progression of liver fibrosis.
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Xeroderma pigmentosum (XP)

Patients with XP have a genetic defect in a specific DNA repair mechanism called nucleotide
excision repair which is critical for repairing damage from ultraviolet radiation. A subset of
patients develops a profound neurodegeneration condition, which is hypothesized to be caused by
the inability to repair some form of internally generated DNA damage. Intramural researchers
have identified a class of oxidative DNA lesions containing cyclopurines that may accumulate in
the brain and prevent normal transcription, thus resulting in death of affected neurons.

Significant Ongoing Rare Diseases Research Initiatives
Intramural Research on Rare Genetic Diseases

Work is continuing on the mechanisms of neurological disease in xeroderma pigmentosum (XP),
ataxia telangiectasia (AT), and Cockayne syndrome (CS). One focus is the mechanism by which
cyclopurines in DNA block normal transcription and stimulate the production of unique mutant
RNA transcripts, thus leading to brain cell death in XP patients. In AT, the focus is on the role of
the ATM protein in dysfunctional DNA repair in cerebellar Purkinje cell neurons. With regard to
CS, researchers are characterizing the different truncated polypeptides that occur at the gene locus
for the human CSB protein, which is involved in DNA repair.

Prenatal Alcohol in Sudden Infant Death Syndrome (SIDS) and Stillbirth (PASS) Research
Network

The PASS Network is a cooperative agreement mechanism established jointly with NICHD in
2003 to determine the underlying causes of sudden infant death syndrome and adverse pregnancy
outcomes such as stillbirth and fetal alcohol syndrome, and the role of alcohol in their
pathophysiology. Two comprehensive clinical sites in the Northern Plains States and Western
Cape Province of South Africa, a developmental biology and pathology center, a physiology
assessment center, and a data coordinating and analysis center comprise the network. Over a
three-year period the PASS Network planned and piloted multidisciplinary investigations using
common protocols within communities at high risk for maternal alcohol consumption during
pregnancy. The protocols incorporate methodologies in epidemiology, physiology, pathology, and
the neurosciences to decipher the complex relationship between prenatal alcohol exposure and
other variables (such as compromised maternal nutrition during pregnancy) and their effects on the
developing fetus and infant. In FY 2006 NICHD and NIAAA funded the next phase of the PASS
Network, which will include a seven-year comprehensive longitudinal cohort study of 12,000
pregnant women and their infants up to one year of age. Enrollment is anticipated to begin in
2007. The long-term goals of this initiative are to decrease fetal and infant mortality and improve
child health in the affected communities.

Collaborative Initiative on Fetal Alcohol Spectrum Disorders (CIFASD)

Ongoing research within this cooperative agreement consortium exploits multiple international
research sites with a high incidence of fetal alcohol syndrome (FAS) and fetal alcohol spectrum
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disorders (FASD). Basic science and clinical projects within the consortium are aimed at refining
the diagnosis of FAS, defining a specific neurobehavioral phenotype (or fingerprint) for
FAS/FASD, exploring interventions to ameliorate the cognitive and behavioral aspects of the
disorder in affected children, examining the effects of a nutritional intervention for alcohol-
consuming mothers on offspring growth and development, and developing diagnostic tests for
earlier detection of FAS and FASD in affected individuals. The NIAAA will issue an RFA in FY
2007 to continue and expand the CIFASD.

New/planned Extramural or Intramural Research Initiatives

The following new Funding Opportunity Announcements were issued by NIAAA or jointly with
other ICs in FY 2006:

RFA-06-004, RFA-06-005, Alcohol Metabolism and Epigenetic Effects on Tissue Injury. One of
the objectives of this RFA was to decipher the effects of prenatal alcohol exposure on epigenetic
mechanisms, to identify imprinted genes that are permanently altered by alcohol exposure, and to
determine the physiological and behavioral consequences of these alterations for the developing
animal. Three grants addressing this objective were funded.

PA-06-413, PA-06-414, Diet, Epigenetic Events, and Cancer Prevention (with NCI, NIDDK,
ODS). The NIAAA is seeking applications that investigate the interactions between alcohol and
dietary supplements that contribute to epigenetic mechanisms leading to alcohol-related cancers
such as hepatocellular carcinoma.

Rare Disease-specific Conferences, Symposia, or Workshops

Rare Diseases Resulting From Defects in DNA Repair Genes, symposium at the September 2006
Environmental Mutagen Society meeting, Vancouver, Canada, organized by an NIAAA intramural
researcher.

Fetal Alcohol Spectrum Disorders Study Group annual meeting held as a satellite of the June 2006
Research Society on Alcoholism annual meeting in Baltimore, Maryland. NIAAA supports this
meeting annually through a 5-year conference grant (R13). The meeting is designed to inform
researchers, parents, and health care providers of the latest research findings on a variety of topics
related to fetal alcohol syndrome and alcohol-related neurodevelopmental disorder.

International Symposium on Alcoholic Liver and Pancreatic Diseases and Cirrhosis, Marina Del
Rey, California, May 18-19, 2006, cosponsored by NIAAA, USC-UCLA Research Center for
Alcoholic Liver and Pancreatic Diseases, USC Cirrhosis Research Center, and University of
Southern California School of Medicine. Among several topics, mechanisms of alcohol-induced
liver and pancreatic fibrosis were discussed. Proceedings of the symposium were published in J.
Gastroenterol. Hepatol. 21(Suppl 3):S1-S110.

In FY 2005 the NIAAA and ORD cosponsored a satellite symposium, “Mechanisms of Alcohol-
Induced Hepatic Fibrosis,” at the annual meeting of the Research Society on Alcoholism. A
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summary of the symposium has now been published: Purohit V, Brenner DA. (2006) Mechanisms
of Alcohol-Induced Hepatic Fibrosis: A Summary of the Ron Thurman Symposium. Hepatology
43:872-878.

Activities with Rare Diseases Patient Advocacy Groups to Stimulate Research
Patient Outreach on Xeroderma pigmentosum, Cockayne syndrome, and Ataxia Telangiectasia

One of NIAAA'’s intramural researchers works with patient organizations for these rare diseases
and counsels parents and patients on how to arrange for tissue sample donations to the appropriate
repositories.

Education Activities on Rare Diseases for the Researcher, Public, and the Health Care
Provider Communities

Education Outreach on Fetal alcohol syndrome

The Communications and Public Liaison Branch of NIAAA is working with the National
Organization on Fetal Alcohol Syndrome, a public advocacy group, to promote the Public
Awareness Campaign for African American Women in the District of Columbia as a model
universal FAS prevention program that can be implemented in other communities. A presentation
on the success of the program was made at the School of Social Work, Catholic University.

NIAAA engaged in science education outreach by conducting a workshop for teachers at the
National Science Teachers Association Southern Regional Conference in Nashville, Tennessee, to
highlight the Institute’s science education programs. Among the programs is a curriculum to teach
students about fetal alcohol syndrome. Staff also gave presentations at four public high schools in
Nashville. Travel for this outreach effort was sponsored by the Dana Foundation.
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NATIONAL INSTITUTE OF ALLERGY AND INFECTIOUS DISEASES (NIAID)
Overview

The National Institute of Allergy and Infectious Diseases (NIAID) conducts and supports basic
and applied research to better understand, treat, and ultimately prevent infectious, immunologic,
and allergic diseases. Many of the disorders encompassed by the NIAID mission are rare diseases
in the United States. Rare immune disorders affect, in aggregate, a large number of Americans,
and understanding these disorders will provide important insights into how the healthy immune
system functions. Some infectious agents that cause rare diseases are common worldwide, but are
not prevalent in the United States. Others affect very few people at present, but have the potential
to emerge among a much larger population—either naturally, which public health authorities fear
may occur with H5N1 avian influenza infection in humans, or deliberately, such as might occur
with anthrax or Ebola should these agents be used in a bioterror attack. For these reasons, the
NIAID research portfolio has recently been expanded considerably to meet the challenges posed
by newly emerging and re-emerging infectious diseases and bioterrorism.

For the purpose of reporting on NIAID rare diseases research activities, this report is divided into
four areas: infectious diseases, primary immunodeficiency diseases, autoimmune diseases, and
other immune system-mediated conditions. Infectious diseases are caused by bacteria, viruses,
fungi, protozoans, and parasites. Primary immunodeficiency diseases are hereditary disorders
caused by intrinsic defects in the cells of the immune system and are characterized by unusual
susceptibility to infection. Autoimmune diseases result when the immune system in the body
attacks its own organs, tissues, and cells. Other immune system-mediated diseases, such as asthma
and allergic diseases, are caused by inappropriate or destructive immune responses. NIAID
research seeks to understand the mechanisms by which these diseases harm people and how the
immune system responds to them. The ultimate goal is to develop new and more effective
strategies of disease diagnosis, treatment, and prevention.

Rare Infectious Diseases

Scientific Advances

Anthrax

The ability to develop new countermeasures for bioterror agents, such as anthrax and plague, is
limited by the fact that human trials cannot be performed using these pathogens. In order to better
evaluate treatment regimens, NIAID-funded researchers developed a method using animal models
to mimic human responses to antibiotics. The researchers found that, compared with other ways to
deliver the antibiotic, the new method more accurately simulates what happens in humans. This
research enhances the confidence with which animal models may be used to reliably predict
proposed antibiotic treatments in humans. In a separate study, NIAID researchers developed a
simple, sensitive and noninvasive assay for high throughput screening of anthrax toxin inhibitors.
The assay is now being used by the NIH Chemical Genomics Center for high throughput screening
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of anthrax toxin inhibitors. Of the 10,000 compounds screened thus far, several potent anthrax
toxin inhibitors have been identified.

Conventional prophylactic treatment against inhalational anthrax due to spore exposure involves a
prolonged course of antibiotics. NIAID researchers showed that a short course of antibiotic
treatment was an effective prophylactic treatment in vaccinated nonhuman primates challenged
with a high-dose of Bacillus anthracis spores. Thus, vaccination after exposure can shorten the
duration of antibiotic prophylaxis required to protect against inhalational anthrax. This finding
may impact public health management of a bioterrorism event.

Avian influenza

Avian influenza viruses, which usually do not infect humans, are a significant global human health
threat. The potential of a virus to infect and spread in humans who have not been previously
exposed could result in a global influenza pandemic. NIAID-funded researchers conducted the
first large scale sequencing of Avian Influenza Virus (AlV) isolates and doubled the amount of
AIlV sequence data in the public domain. This sequence data includes 2,196 AIV genes and 169
complete genomes from a diverse sample of birds. This large-scale sequence study provides
valuable data to the public and was already used to identify a potential marker to predict which
AV strains will be more dangerous.

Other NIAID-funded researchers determined the structural features of the hemagglutinin (H)
protein from a highly pathogenic H5N1 influenza virus (A/Vietnam/1203/2004; Vietnam 2004).
The overall molecular topology was found to be similar to that of many other influenza H proteins
and was closer to the structure of H1 hemagglutinin of the deadly 1918 strain than to other H5
proteins. This research provides clues that might help define which hemagglutinin properties
confer increased virulence.

Current influenza vaccines elicit antibodies against a single specific strain of the virus, but new
strategies are urgently needed for protection against many strains. While DNA vaccines have been
shown to provide protection in animals against many different virus strains, they are not very
potent. NIAID scientists tested in animals a DNA prime-recombinant adenovirus boost vaccine
targeted at one of the influenza viral proteins, nucleoprotein (NP). This strategy was substantially
more potent than DNA vaccination alone and more importantly, protected against a lethal
challenge of the highly pathogenic H5N1 virus. Thus, gene-based vaccination with NP may be a
way to provide protective immunity against diverse influenza viruses.

Botulinum toxin

Botulinum toxins rank among the most toxic substances known and are responsible for food
poisoning cases with high morbidity and mortality. However, there is limited understanding of
how the toxin recognizesand enters neurons. NIAID-funded researchers identified how the toxin
“catches a ride” into the neural cell. The toxin binds to a synaptic vesicle protein SV2 (isoforms
A, B, and C) and enters the neuron through these synaptic vesicles. Understanding how these

37



toxins enter neurons opens opportunities to develop new strategies for prophylaxis and
therapeutics.

Congenital cytomegalovirus (CMV)

Congenital CMV is the most common intrauterine infection in the United States, with 3,000-4,000
infected newborn infants developing symptomatic CMV disease each year. However, it has not
been known how an infected mother passes the infection to the fetus. NIAID researchers found
that CMV can cross the placenta through a transport pathway for IgG antibodies. These findings
provide new insight into the means by which CMV crosses the placenta to infect the fetus and may
explain why treating with hyperimmune 1gG for primary CMV infection during gestation works.
This finding suggests that vaccination may be a preventive strategy.

Ebola

Ebola virus causes a hemorrhagic fever syndrome that is associated with high mortality in humans.
Developing a vaccine is important because there are no effective therapies. Some vaccines using
two Ebola proteins, glycoprotein (GP) and nucleoprotein (NP), have been tested but they have
some side effects. Researchers at the NIAID Vaccine Research Center (VRC) found a mutated GP
that could be used without NP to confer immune protection. This simplified vaccine is a potential
human vaccine candidate. Other NIAID researchers explored a paramyxovirus-vectored vaccine.
The researchers found a single intranasal inoculation could protect guinea pigs from a lethal-dose
Ebola virus challenge. The highly effective immunity achieved with a single dose suggests that
intranasal immunization with live vectored vaccines may be an approach to induce a protective
response.

Other NIAID-funded researchers studied two glycoproteins of the virus envelope (GP1 ) used by
the virus to attach and enter cells. The researchers found Lake Victoria Marburg virus and Zaire
Ebola virus bind filovirus-permissive cell lines with a specific portion of the GP; subunit. This
finding that these two hemorrhagic fever viruses share a receptor may make it possible to develop
drugs or vaccines that provide protection against both viruses at the same time.

Escherichia coli (Enterotoxigenic)

Two globally prevalent pathogens are enterotoxigenic E. coli (ETEC) and enteropathogenic E. coli
(EPEC). ETEC typically causes travelers’ diarrhea and EPEC most often causes diarrhea in
children. Recently, scientists have shown that people are often infected with multiple strains of E.
coli and that infection with more than one strain may increase the severity of the disease. NIAID-
funded researchers studied cells infected with both of these pathogens. Toxins from ETEC
increased the damage EPEC causes to epithelial cells, as well as components released from EPEC-
damaged epithelial cells increased the severity of ETEC infection in cells. These data suggest that
coinfection with these two pathogens may lead to increased disease severity in patients.

38



Leishmaniasis

Leishmania parasites are responsible for an array of disfiguring, fatal diseases worldwide,
including sand fly disease, kala-azar, Dum-Dum fever, and “Baghdad boil.” During infection with
Leishmania, the pathogen resides in an organelle of the host cell called a phagosome. Phagosomes
usually engulf and digest pathogens and present the resulting small protein fragments of the
digested pathogen to CD8+ T cells (immune cells) to make antibodies in a process called cross-
presentation. NIAID researchers found Leishmania is not digested by this mechanism; this may
represent a strategy the parasite has evolved to delay the onset of host immunity. Researchers
hope to disable these novel parasite proteins that protect the pathogen and to create Leishmania
mutants that can generate vaccines.

Lyme disease and other tick-borne pathogens

Lyme disease, caused by the bacterium Borrelia burgdorferi, is typically transmitted by ticks to
mammals. The outer surface of Borrelia burgdorferi, changes dramatically as the pathogen moves
from the tick vector to a mammalian host. One protein, called outer surface protein A (OspA), is
abundant on the surface of bacteria present in the midguts of infected ticks before they feed.
However, another protein, called OspC, replaces OspA on the bacterial surface after ticks begin to
feed on a mammalian host. This switch in the outer surface of the Lyme disease spirochete was
previously hypothesized to be required for transmission of B. burgdorferi from the tick to the
mammalian host. NIAID researchers directly tested this hypothesis and found that the OspC
protein is absolutely essential for initiating mammalian infection by the Lyme disease bacteria.
This research identified a vulnerable time and target with which to block infection and ensuing
disease.

It has long been known that immunizing mice with OspA protects against the transmission of B.
burgdorferi infection and reduces feeding ticks from carrying this pathogen. Recently, NIAID-

funded researchers developed a murine-targeted OspA vaccine using vaccinia virus and found a
single dose oral vaccination could both protect the mice against infection by B. burgdorferi and

more importantly reduce feeding ticks from carrying this pathogen. These findings indicate that
such a vaccine is effective and may provide a means to lower the incidence of human disease in
endemic areas.

The severity of Lyme disease varies due to many different types of outer surface protein C (OspC)
associated with the illness. NIAID-funded researchers examined Lyme disease patients in
Maryland and identified three additional types (C, D, and N) of OspC associated with invasive
infections. Using this information, the researchers tested several different recombinant OspC
proteins and protein fragments and identified new epitopes mice will make antibodies against.
These findings suggest one possible reason why there is a variable response in making antibodies
and in severity of the disease. Another group of NIAID-funded researchers found the differences
in disease severity can be explained in part by genetic differences of innate immunity of the host.
Using a mouse model of Lyme disease, the researchers found that when an effector molecule
MyD88 of innate immune cells was absent, this enhanced the ability of the tick to acquire and
transmit B. burgdorferi.
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Another group of NIAID researchers studied the immune response of one immune cell, human
monocyte, infected with B. burgdorferi. These researchers followed how toll-like receptors
(TLR), receptors involved in immune response, changed during infection; two (TLR2 and TLR1)
had higher levels, and one (TLR5) was down-regulated. Researchers suggest the down-regulation
of TLR5 could be used by the pathogen to evade an immune response and alternatively, the host
could down-regulate TLR5 where a strong and persistent innate immune response is not
desirable—for example, the central nervous system or intestinal mucosa. These results indicate
that TLR expression patterns may change in response to diverse environments and that they may
be regulated differently at the site of inflammation.

Relapsing fever virus (Borrelia)

The spirochetes that cause tick-borne relapsing fever and Lyme disease are closely related human
pathogens, yet they differ significantly in ecology and how they cause disease. Researchers at
NIAID’s Rocky Mountain Laboratories identified a protease in relapsing fever spirochetes
Borrelia hermsii that is absent from Lyme disease spirochetes. This protease protects the relapsing
fever spirochetes from oxidative stress and killing by the host's white blood cells. This enzyme
may play an important role in protecting the bacteria from the host's innate immune response,
allowing the relapsing fever spirochetes to achieve high cell densities in the blood during acute
illness in humans and may provide clues on how to control infection.

Tick-borne encephalitis virus

Langat virus (LGT), the naturally attenuated member of the tick-borne encephalitis virus (TBEV)
complex was previously tested in clinical trials as a live TBEV vaccine and was found to induce a
protective, durable immune response; however, it retained the ability to invade the neurosystem in
mice and humans. NIAID researchers were able to make temperature sensitive mutants of this
virus and found that these mutants lacked the ability to invade the neurosystem in immunodeficient
mice. In another study, NIAID researchers compared three antigenic chimeric live and inactivated
tick-borne encephalitis virus vaccines for safety, immunogenicity and efficacy in rhesus monkeys.
They found that two vaccines, TBEV/DEN4Delta30 and LGT/DEN4, are safe and efficacious in
rhesus monkeys. A Phase | clinical trial testing LGT/DEN4 vaccine in healthy adult volunteers
recently was conducted at VVanderbilt University Medical Center and the vaccine failed to provide
sufficient immunity. Further development of other candidate vaccines is under way.

Plague

Yersinia pestis causes bubonic plague, characterized by an enlarged, painful lymph node, termed a
bubo. In susceptible animals, the bacteria rapidly escape the lymph node, spread through the
blood, and produce fatal sepsis. Previously, it was thought that Y. pestis is virulent because it
avoids phagocytosis. NIAID-funded researchers examined the Y. pestis gene expression and found
that the bacterium makes several proteins that protect it against the nitric oxide environment the
host uses to kill the bacterium. Hmp flavohemoglobin, a hemoglobin-like protein, was found to
detoxify the nitric oxide and decrease the virulence of the bacteria when the gene was mutated.
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Yersinia pestis is transmitted by fleas and usually leads to bubonic plague, but it can also cause
primary septicemic plague. The common way investigators mimic a flea bite is intradermal
injection of Y. pestis, but this leads only to bubonic plague. NIAID-funded researchers found that
a particular strain of Y. pestis could cause the fatal primary septicemic plague at low incidence
when transmitted by fleas, but caused no disease if given by an intradermal or subcutaneous
injection. This strain lacked the plasmid that carries the cell-surface plasminogen activator (Pla).
The results clarify a long-standing uncertainty about the origin of primary septicemic plague, and
support an evolutionary scenario in which plague first emerged as a flea-borne septicemic disease
of limited transmissibility. Subsequent acquisition of the Pla gene by horizontal transfer enabled
the bubonic form of disease and increased the potential for epidemic spread.

Schistosomiasis

Chronic Schistosoma mansoni infection can cause a life-threatening liver fibrosis. NIAID
researchers infected interleukin-21 (IL-21) receptor-deficient mice with Schistosoma mansoni.
They found that the IL-21 receptor promoted liver fibrosis by enhancing Th2 effector function.
The results from this study suggest that antibodies or small molecule antagonists that disrupt
interleukin-21 receptor signaling might be useful in the treatment of a wide variety of chronic
fibrotic diseases, including liver fibrosis, idiopathic pulmonary fibrosis, and systemic sclerosis.

Schistosoma japonicum is a waterborne parasite, and the disease it causes, schistosomiasis
japonica, is a major public health problem in southern and southwestern China among other places.
Through an ongoing collaboration between the China Tropical Medicine Research Center, the
Chinese Human Genome Center at Shanghai and international collaborators, the genome and
proteome of S. japonicum is being analyzed. Approximately 100,000 transcript sequences have
been determined, along with more than 3,000 protein sequences. It is anticipated the complete
genome sequence for S. japonicum will be reported in the scientific literature soon. This will
represent a landmark achievement in schistosomiasis research, enabling scientists to better
understand the biology of the microbe and the host response, and develop improved diagnostics,
vaccines and therapeutics.

Severe acute respiratory syndrome (SARS)

Severe acute respiratory syndrome (SARS) emerged in 2003, but has since disappeared from the
human population. In August 2004, SARS coronavirus (SARS-CoV) was added to NIAID’s list of
Category C priority pathogens for biodefense. Concern that SARS-CoV could reemerge makes it
imperative that effective means to prevent and treat the disease are developed. Two NIAID-
funded research groups investigated structural components of SARS and other coronaviruses. The
first group investigated the papain-like protease (PLpro), a protein used in the replication of SARS
and other coronaviruses (CoV). From a bioinformatic analysis of multiple CoVs, NIAID-funded
researchers identified several important structural sites of the SARS-CoV PLpro which may be
critical to the development of antiviral drugs. A second group of NIAID-funded researchers
provided two-dimensional images of the S, M, and N proteins of SARS-CoV and two other
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coronaviruses using electron cryomicroscopy. This is the first detailed view of coronavirus
ultrastructure and assists in the understanding of the coronavirus assembly pathway.

Smallpox

Smallpox is a highly lethal infectious disease caused by the Variola major virus and it is a
Category A priority pathogen. After smallpox was eliminated from the human population in the
late 1970s, immunization programs worldwide were discontinued. Very few people born since
then have ever been vaccinated, and the protection for people vaccinated years ago has declined
substantially. The possibility that smallpox might be used as a biological weapon has made the
development of smallpox treatments that could help people with little or no immunity a high
priority.

NIAID-funded researchers found that ST-246, an orally bioavailable antipoxvirus compound,
protected mice from a lethal orthopoxvirus challenge. These results, coupled with its lack of
toxicity, make ST-246 a superb candidate for further development and eventual licensure by the
Food and Drug Administration (FDA) to prevent or treat smallpox infection in humans.

For example, if someone has the skin disease atopic dermatitis (AD), immunization can cause the
potentially life-threatening complication eczema vaccinatum (EV). NIAID-funded researchers,
building on their earlier work, learned more about why AD patients are at risk for EV. These
researchers determined that inflammation-promoting molecules interleukin-4 (IL-4) and
interleukin-13 (IL-13) control the production of a protein (LL-37) in skin. Skin cells from healthy
individuals produce more LL-37, than do skin cells of patients with AD. These researchers turned
off IL-4 and IL-13 with neutralizing antibodies and restore LL-37 and protection against vaccinia
virus. Together, their findings suggest a strategy for new treatment approaches to EV, including
development of drugs that mimic the action of LL-37, or neutralize IL-4 and IL-13.

Another group of NIAID researchers made the first candidate monoclonal antibody that could be
used in place of the currently approved smallpox vaccine. These researchers used portions of
chimpanzee antibodies (Fabs) against the B5 envelope glycoprotein of vaccinia virus and
combined them with portions of human immunoglobulin to make chimpanzee/human anti-B5
monoclonal antibodies. These monoclonal antibodies protected mice from a virulent vaccinia
virus challenge. These antibodies may be useful in developing therapeutics to prevent and treat
smallpox.

Other NIAID researchers focused on understanding poxvirus biology and structure. One group of
NIAID researchers defined the structure of the enzyme G4, an enzyme required for proper folding
of the viral proteins which are critical for virus maturation and host cell infection. Their studies
found several structural features such as a thioredoxin fold and a Cys-X-X-Cys active site which
may serve as a target for drug design. Another group of NIAID researchers described the
structural features of the protein D13, which makes a scaffold structure and forms the external
lattice responsible for the spherical shape of immature vaccinia virions.
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Another NIAID research team made important advances in understanding how poxviruses enter
cells. These researchers described a complex of eight viral membrane proteins that are conserved
in all members of the poxvirus family and showed that at least six of them are essential for fusion
of viral and cellular membranes. If vaccinia virions lack any one of these six, the virus cannot
enter cells and is noninfectious. In addition, the researchers identified two pathways by which the
virus enters the cells. This finding may explain why the virus has such a wide host range.

Spongiform encephalopathies

Transmissible spongiform encephalopathies (TSES) are fatal neurodegenerative diseases that may
be caused by small proteinaceous infectious particles, or prions. They include scrapie of sheep,
Creutzfeldt-Jakob disease of humans, bovine spongiform encephalopathy (BSE) or “mad cow”
disease, and chronic wasting disease (CWD) of deer and elk. CWD is emerging in deer and elk in
an increasingly wide geographic area. While there is no evidence CWD can spread to humans, a
related spongiform causes a variant of Creutzfeldt-Jakob disease in humans. Meat consumption
would be the most likely way humans could be exposed. NIAID-funded researchers tested to see
if skeletal muscle of diseased deer contains infectious prions. The researchers used bioassays in
transgenic mice to show the presence of infectious prions in skeletal muscles of CWD-infected
deer. These results indicate that humans consuming or handling meat from CWD-infected deer
might be at risk to prion exposure. The studies reinforce the need to develop testing that can detect
CWD before the muscle becomes infectious.

Other NIAID-funded researchers investigated whether scrapie-infected mice exhibit signs of
infection beyond the neural system. They found hearts of transgenic mice expressing a prion
protein had amyloid deposits, myocardial stiffness and cardiac disease. This research identified
heart infection as a new aspect of TSE diseases and also provides cardiologists an animal model in
which to study heart amyloidosis, a family of heart diseases that also affect humans.

While there are some drugs that can delay disease after a peripheral scrapie inoculation, few
compounds are effective against advanced disease. NIAID-funded researchers tested multiple
related porphyrins and found that Fe(111)meso-tetra(4-sulfonatophenyl)porphine (FeTSP) injected
into mouse brains after intracerebral scrapie inoculation could increase the survival. In a second
study, these NIAID-funded researchers combined this newly discovered compound, FeTSP, with
pentosan polysulfate PPS (EImiron), a semisynthetic carbohydrate polymer approved by the FDA
as an oral therapy for interstitial cystitis. Combination treatment with PPS and FeTSP in mice
beginning 14 or 28 days after scrapie inoculation significantly increased survival times, these
compounds may act cooperatively or synergistically in vivo. Combination therapy may therefore
be more effective for treatment of TSE and related diseases.

Another group of NIAID researchers used spectroscopy to examine how various anti-TSE
compounds interact with prion proteins. These studies led to a better understanding of the likely
mechanism of action of several important classes of anti-TSE drugs. Two types, large polyanionic
polymers and small molecules such as the porphyrins and phthalocyanines, interact with the
amino-terminal half of normal prion protein. Many of the small molecule inhibitors bind to prion
protein in an aggregated state, and thereby mimic the large polymeric inhibitors. These inhibitors
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cluster the prion protein, which causes the prion protein to be taken into the cell prevented from
converting to the pathological form. Improved understanding of these prion inhibitors may
facilitate the development of anti-TSE treatments.

Streptococcal Group A Invasive Disease

Streptococcus pneumoniae is a major cause of pneumonia, meningitis, bacteremia, and swelling in
the ear in young children and older adults. There are at least 90 serotypes, each with a unique
polysaccharide capsule (chain of sugars on the outside of the bacteria). In order to determine
which vaccines to use, identifying the geographic distribution of serotypes is important. There are
several methods for typing Streptococcus pneumonia, but they are manual, slow and tedious to
perform. Recently a semi-automated assay developed that was shown to be highly specific, using
bacterial strains representing all 90 known serotypes present in the United States. NIAID-funded
researchers validated the assay using 495 clinical isolates of Streptococcus pneumonia from three
different countries: Brazil (345), Denmark (100), and Mexico (50). This new methodology will
be useful for large epidemiologic studies because the assay is simple, reliable and fast.

Streptococcus Group B

Group B streptococci (GBS) are the major cause of bacterial infections in newborns. They can
cause sepsis and meningitis. GBS has recently been reported as an increasingly important cause of
invasive disease in the elderly, especially individuals with other diseases. Early efforts to prevent
GBS disease focused on developing vaccines against the polysaccharides on the bacteria’s capsule.
There are nine different types of GBS capsule, however, and each vaccine only provides protection
against one type. An alternative approach for GBS vaccine development is to identify conserved
proteins that provide cross protection against all GBS strains. NIAID-funded researchers
conducted a genomic analysis of eight different GBS strains and identified genes in each of the
strains that encode pilus-like structures (long surface structures made of proteins that extend out
from the cell wall and capsular polysaccharide of GBS). Protein components from these pilus-like
structures were shown to be antigenic and induce protective immunity in mouse models. This
research suggests that proteins from pilus-like structures may be promising potential vaccine
candidates.

Streptococcus pneumonia, drug-resistant invasive diseases

Group A streptococci (GAS) cause a spectrum of illness that ranges from uncomplicated to life-
threatening. GAS can be treated with penicillin, but some patients have adverse reactions to
penicillin. Patients who react to penicillin are treated with macrolides, but macrolide-resistance
has emerged in many parts of the world. NIAID-funded researchers studied the mechanisms of
newly arising GAS macrolide-resistance by genotyping a total of 212 strains of macrolide-resistant
GAS from 34 countries, including countries in all 6 major continents. By applying mathematical
modeling, the researchers estimate that GAS acquired macrolide-resistance as a result of more than
49 independent genetic events. The findings suggest that acquisition of macrolide resistance
followed by transfer to GAS with different genetic backgrounds and global distribution of
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macrolide-resistant strains are mechanisms that contribute to the current GAS macrolide-resistance
problem.

West Nile virus

West Nile virus (WNV) belongs to a group of disease-causing viruses known as flaviviruses,
which are spread by mosquitoes and other insects. WNV was first isolated in Uganda in 1937 but
emerged in 1999 for the first time in the Western Hemisphere in the New York City area. It has
subsequently become endemic across North America. There are no drugs to treat the virus and no
vaccines available to prevent infection in humans. Research on WNV and other arthropod-borne
viruses is part of NIAID’s comprehensive emerging infectious diseases program.

About 1 of approximately every 150 human WNV infections results in neuroinvasive disease.
Immunosuppressed patients are at higher risk of developing this severe neuroinvasive disease.
NIAID-funded researchers developed an immunosuppressed hamster model of WNV infection.
By comparing WNV infection in immunosuppressed and immunocompetent hamsters, the
researchers found that the immunosuppressed hamsters developed a much more severe disease and
had a higher fatality rate than the immunocompetent hamsters. While WNV infection of the
immunocompetent animals was confined to the brain and spinal cord, WNV infection in the
immunosuppressed animals was much more extensive and involved the adrenal, kidney, heart and
lung, as well as brain and spinal cord. As with immunosuppressed people, the immunosuppressed
hamsters failed to develop antibodies against WNV and rid the body of infection. The results
provide insights into the increased severity of WNV infection observed in immunosuppressed
people.

Several groups of NIAID-funded researchers have developed high-throughput anti-WNV assays
and used these assays to identify several classes of small molecule anti-WNV compounds as
potential therapeutics. One small molecule anti-WNV compounds tested was RNA interference
(RNAI), a recently discovered cellular mechanism in which small pieces of double-stranded RNA
(small interfering RNAS or siRNAS) suppress the expression of genes. NIAID-funded researchers
used RNAI to protect laboratory animals against lethal infection with WNV and Japanese
encephalitis virus (JEV). In one study, the investigators demonstrated that a single siRNA,
targeting a conserved sequence present in both WNV and JEV, protected mice infected with WNV
or JEV from lethal encephalitis when administered before or after infection.

While several West Nile virus (WNV) vaccines are in development, none is yet available for
humans. In two complementary papers, NIAID-funded researchers describe the production,
purification and protection of a nonreplicating recombinant subunit WNV vaccine in mice and in a
hamster model of WNV encephalitis. Nonreplicating vaccines may be safer than replicating
vaccines, such as a chimeric vaccine or live attenuated vaccine, in populations at high risk for
complications, such as the elderly and immunosuppressed individuals. These studies demonstrated
that immunization of hamsters with the nonreplicating subunit WNV vaccines plus adjuvant
protected them from severe WNYV disease up to 12 months post-vaccination. These results are
highly encouraging and warrant further vaccine development. NIAID researchers also tested a live
attenuated West Nile vaccine candidate, WN/DEN4del30 virus, and found it to be safe in a variety
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of experimental animals such as mice, geese and monkeys. A Phase I clinical trial of this vaccine
candidate was initiated this year at the Johns Hopkins School of Public Health.

Clinical Trials Initiated in FY 2006

e Tick-borne encephalitis virus vaccine: A Phase I clinical trial of LGT/DEN4 vaccine in
healthy adult volunteers was conducted at VVanderbilt University School of Medicine and the
vaccine failed to provide sufficient immunity. Further development of other candidate
vaccines is under way.

e Ebolavaccine: A Phase | adenovirus vaccine trial in humans began in September 2006.

e Cytomegalovirus vaccine: A trial began recruitment in April 2006 in transplant recipients.

e SARS vaccines: The VRC contracted with Vical, Inc., to manufacture a single closed, circular
DNA plasmid-based vaccine encoding the S protein of SARS-CoV. A Phase | open-label
clinical study to evaluate safety, tolerability, and immune response was completed in May
2006. The study enrolled ten healthy 18-50 year old subjects, and administered 4 mg DNA
vaccinations at three one-month intervals. Interim study results indicate that the vaccine is
well tolerated, and immunogenicity analysis of the stored samples is ongoing.

e Streptococcus pneumoniae vaccine: The Comprehensive International Program for Research
on AIDS (CIPRA) project at the University of Witwatersrand is enrolling subjects into a
Pediatric Vaccine Protocol to study antibody responses to Streptococcus pneumoniae and
Haemophilus influenzae type b conjugate vaccines.

e West Nile Virus vaccine: NIAID intramural scientists, in collaboration with Vical, Inc., have
developed a second generation DNA vaccine using an improved expression vector. A Phase |
clinical trial commenced in March 2006.

Ongoing Clinical Trials

e Auvian influenza vaccines: cGMP manufacture of HSN1 pandemic influenza vaccines for
human clinical studies is under way, including a Phase I clinical trial of a DNA vaccine
encoding H5N1 that is scheduled for the fourth quarter of 2006. Additional plans include
influenza A subtype H7N7 and H5N1 (clade 1 and clade 2) vaccines.

e Cytomegalovirus vaccines: Phase I/11 trials are ongoing for three different candidate vaccines
for human CMV. One clinical trial is testing a vaccine’s effectiveness to prevent infection for
post-partum CMV-seronegative women.

e Cytomegalovirus antiviral: The Adult AIDS Clinical Trials Group is analyzing data from a
Phase 111 clinical trial that examined valganciclovir's safety and effectiveness in preventing
cytomegalovirus organ damage in HIV-infected subjects. A study of oral valganciclovir syrup
in neonates and young infants with symptomatic congenital CMV disease to determine the
pharmacokinetics/pharmacodynamics and safety and tolerability in this population has been
recently completed. A new study is being planned to use the equivalent oral dose and extend
the treatment period to six months.

e Eosinophilic gastroenteritis therapeutics: Omalizumab (therapeutic monoclonal anti-IgE) for
eosinophilic gastroenteritis study is currently enrolling subjects.

e GBS vaccine: NIAID-supported scientists are conducting a Phase 11 randomized, double-
blinded, comparative clinical trial for a group B streptococcal (GBS) type I11 polysaccharide-
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tetanus toxoid vaccine in 18-40 year old women to evaluate prevention of vaginal acquisition
of GBS type Ill. The clinical trial is expected to be complete by FY 2008.

Influenza Antiviral: NIAID is supporting a study to help characterize the safety profile of
oseltamivir in very young children and future studies are in the advanced planning stages.
Shiga toxin-producing Escherichia coli antivirals: The NIAID-supported Vaccine and
Treatment Evaluation Units (VTEUS) will continue Phase 1 testing of monoclonal antibodies
against Shiga toxin of E. coli O157:H7 and other Shiga toxin-producing Escherichia coli
strains as a way to prevent the development of hemolytic-uremic syndrome in infected
children.

Syphilis therapeutic: The NIAID-supported STD Clinical Trials Unit is conducting a
randomized Phase 11 trial to evaluate if oral azithromycin is equivalent to injectable
benzathine penicillin for treatment of primary syphilis.

Typhi vaccine: The VTEUSs began a clinical trial on the Safety and Immunogenicity of a Live,
Attenuated Salmonella typhi vaccine (Ty800).

West Nile virus natural history: The NIAID-funded Collaborative Antiviral Study Group
(CASQG) is conducting a Phase I/1l clinical trial to assess the natural history of WNV
encephalitis to characterize the serious disease patterns and evaluate potential prognostic
indicators of disease progression. The CASG is also testing intravenous immunoglobulin G
(Omr-1gG-am™) in an FDA-cleared Phase I/I1 randomized, placebo-controlled clinical trial.
West Nile virus vaccines: Two Phase | clinical trials testing WNV vaccines were initiated in
FY 2005. One is a chimeric WNV using a dengue virus as a backbone to carry West Nile virus
genes and another is a DNA-based vaccine, developed in collaboration with Vical, Inc.

Planned Clinical Trials and IND applications

Ebola vaccine: The NIAID VRC will continue to develop an accelerated adenoviral Ebola
vaccination strategy to be used in an acute outbreak or occupational exposure. Scientists plan
to demonstrate product efficacy, evaluate the vaccine in the presence of preexisting adenoviral
immunity, and evaluate alternative strategies to overcome such immunity.

Enteroaggregative E. coli: The VTEU will conduct a clinical trial in fall 2006/winter 2007 on
the pathology of enteroaggregative E. coli in adult volunteers.

SARS vaccines: NIAID plans to conduct Phase | clinical trials of two inactivated whole virus
SARS vaccines and several recombinant SARS S glycoprotein vaccines.

Smallpox antiviral: NIAID has supported development of an IND to support the use of
cidofovir as primary treatment of smallpox. The VTEU has developed clinical protocols to
assess activity of cidofovir as back-up therapy after vaccine immune globulin (VIG) for
complications related to smallpox vaccine. Thus far, no one has needed to be enrolled in this
protocol.

Typhoid vaccine: The VTEU plans a clinical study for FY 2006 to evaluate the ability of
licensed VI typhoid vaccine to boost the immune response to live attenuated vaccine strain
CVvD909.

New Activities

Cooperative Research into Therapeutics and Diagnostics for Category B Bacteria, Viruses, and
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Parasites supports preclinical product development projects relating to NIAID Category B
pathogens, including WNV.

e Development of Therapeutic Agents for Selected Viral Diseases supports promising candidate
therapeutics for specific NIAID Category A, B, and C priority viruses (i.e., smallpox, Ebola,
Marburg, Rift Valley fever, Lassa fever, dengue hemorrhagic fever, West Nile virus, and
influenza) through a well-defined product development path that includes completion of a
Phase I clinical trial within the five year contract period.

e Services for Preclinical Development of Therapeutic Agents establishes a resource to facilitate
preclinical development of therapeutic agents (drugs or biological products) including
activities required for Investigational New Drug applications.

e Southeast Asia (SEA) Influenza Clinical Research Network supports a collaborative clinical
research network to advance the scientific knowledge and management of human influenza.
This network, established in March 2006, is a multilateral, collaborative partnership of
hospitals and institutions in Indonesia, Thailand, United Kingdom, United States, and Viet
Nam. The first clinical trials will include trials that investigate appropriate dosing regimens
with antiviral agents for influenza and avian influenza.

e Tropical Medicine Research Centers support international centers located in disease endemic
areas to conduct research in major tropical diseases. The 2006 RFA solicited applications in
the areas of leishmaniasis, Chagas disease, and human African trypanosomiasis in order to
facilitate translational research utilizing the recently published genomes of the
trypanosomatids.

Ongoing Activities

e Bacteriology and Mycology Biostatistical and Operations Unit and the Bacteriology and
Mycology Study Group initiatives support clinical trials against fungal and resistant bacterial
infections. A reserve fund to support orphan drug studies that cannot be funded through
industrial sponsors is available through the contract.

e Biodefense and Emerging Infectious Diseases Research Opportunities initiative supports
research leading to the diagnosis, prevention, and treatment of diseases caused by emerging
infectious diseases, including potential agents of bioterror.

e Biodefense and Emerging Infections Research Resources Program provides high quality
resources for the research community, such as sets of West Nile peptides.

e Biodefense Proteomics Research Centers in FY 2006 identified more than 2,400 potential new
pathogen targets for vaccines, therapeutics, and diagnostics and generated more than 5,700
new corresponding host targets.

e Collaborative Antiviral Testing Group has projects on Yellow Fever, Dengue, West Nile virus,
Venezuelan Equine Encephalitis (VEE), Pichinde virus (a surrogate for arenaviruses), Punta
Toro virus (a surrogate for Rift Valley Fever, Sandfly Fever, and hantavirus), prion disease,
SARS-CoV, and smallpox. In FY 2006, over 110,000 compounds were tested in vitro and
over 100 compounds were tested in vivo. Several compounds with efficacy against pathogens
of rare diseases were identified, including compounds against smallpox, Punta Toro virus,
Pichinde virus, prion disease, WNV, and SARS-CoV.

e Collaborative Antiviral Study Group (CASG) is a multi-Institute, collaborative network
composed of 63 institutions under which clinical studies of therapies for viral infections are
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conducted. The CASG has four pediatric clinical trials aimed at treating neonatal herpes
simplex virus infections, sepsis caused by a group of viruses called enteroviruses, and
cytomegalovirus (CMV) infections involving the central nervous system.

Cooperative Research Partnerships for Biodefense supports the discovery/design and
development of vaccines, therapeutics, adjuvants, and diagnostics for NIAID Category A, B
and C priority pathogens and toxins.

Cooperative Research for the Development of Vaccines, Adjuvants, Therapeutics,
Immunotherapeutics, and Diagnostics for Biodefense and SARS in FY 2005 had 27 awards to
support research on biodefense, including rare diseases such as hemorrhagic fever caused by
Ebola virus, SARS, and tularemia.

Cooperative Centers for Translational Research on Human Immunology and Biodefense
supports eight research centers to conduct immunological studies on Category A, B and C
pathogens and their vaccines in humans.

Immune Epitope Database provides centralized information on immune epitopes of Category
A, B and C pathogens to the scientific community.

Immune Function and Biodefense in Children, Elderly, and Immunocompromised Populations
funds ten contracts to define immunological parameters of vaccination or infection in
immunocompromised human populations.

Intramural Biocontainment Construction supports construction of three BSL-3/4 laboratories,
one on the NIH campus, one in collaboration with U.S. Army Medical Research Institute for
Infectious Diseases (USAMRIID) in Frederick, Maryland, and one at the Rocky Mountain
Laboratories in Hamilton, Montana. These facilities will house research programs involving
highly infectious agents.

In vitro and Animal Models for Emerging Infectious Diseases and Biodefense Program
provides a range of resources for preclinical testing of new therapies and vaccines, including
nonhuman primate models for agents such as anthrax, plague, tularemia, smallpox, SARS,
ricin, and Burkholderia. This project has supported development of four animal models
including: monkeypox in African Dormice, Venezuelan Equine Encephalitis in mice, SARS
Co-V in hamsters, and human metapneumovirus in cotton rats.

Innate Immune Receptors and Adjuvant Discovery Program supports five contracts to identify
and develop new adjuvant candidates that target the innate immune system.

Large Scale Antibody and T Cell Epitope Discovery supports 14 contracts to identify novel
immune epitopes of Category A, B and C pathogens.

Microbial Sequencing Centers provide rapid and cost efficient resources for producing high
quality genome sequences of pathogens. In FY 2006, NIAID supported approximately 40
large-scale genome sequencing projects for additional strains of viruses, bacteria, fungi,
parasites, viruses, and invertebrate vectors. New projects include additional strains of
Borrelia, Clostridium, E.coli, Salmonella, Streptococcus pneumonia, Ureaplasma,
Coccidioides, Penicillium marneffei, Talaromyces stipitatus, Lacazia loboi, Histoplasma
capsulatum, Blastomyces dermatitidis, Cryptosporidium muris and, Dengue viruses, and
additional sequencing and annotation of Aedes aegypti.

Modeling Immunity for Biodefense support interdisciplinary research development of user-
friendly mathematical modeling tools to understand host immune responses to infection by, or
vaccination against Category A, B or C priority pathogens, and to guide laboratory
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experiments of host immune responses against infectious agents. Four awards were made in
FY 2005.

Mycology Research Units (MRUSs) support interdisciplinary research to increase understanding
of the biology and host-pathogen interactions of the medically important fungi.

Neutralizing Monoclonal Antibodies for Type A Botulinum Neurotoxins initiative has the
objective to develop novel methods for protecting or treating immunocompromised individuals
at risk from bioterror threats. The research program covers the identification of biological
mechanisms responsible for increased susceptibility to infection or decreased effectiveness of
vaccines in these populations, as well as testing of treatments designed to increase safety or
efficacy. Ten awards were made under this program in FY 2005.

NIAID International Research in Infectious Diseases (IRID) R03 Program supports the
development of local scientific expertise and increases collaborative research partnerships at
NIAID international sites.

Partnerships for Vaccines and Diagnostic Development Program cooperative agreement
program focuses on the development of vaccines against GAS, GBS, and Helicobacter pylori.
Epidemiological studies have been initiated to determine burden of GAS disease in Nicaragua
(2005 and 2006), Fiji (2005 and 2006), and Mali (2006).

Pathogen Functional Genomics Resource Center at the Institute for Genomic Research (TIGR)
provides a wide range of genomic and related resources and technologies for the functional
analysis of microbial pathogens and invertebrate vectors of infectious diseases.

Population Genetics Analysis Program: Immunity to Vaccines/Infections has awarded six
Centers. Studies include examining host response to immunization against smallpox, anthrax,
typhoid fever, and cholera. In FY 2006, these Centers have focused on recruitment of the
samples needed for genotyping. For example, more than 1,100 smallpox vaccinated
individuals and controls have been recruited and blood and peripheral blood mononuclear cells
samples obtained for whole genome association studies in FY 2007.

Recombinant Type E Botulinum Neurotoxins Vaccine supports manufacture of a recombinant
type E botulinum neurotoxin vaccine, using authorities provided by Project Bioshield. One
award was made in FY 2005.

Regional Biocontainment Laboratories Construction Program funded construction of Regional
Biocontainment Laboratories (RBLS), for a total of two National Biocontainment Laboratories
(NBLs) and 13 RBLs.

Regional Centers of Excellence for Biodefense and Emerging Infectious Diseases (RCES)
supports centers that conduct research relevant to rare diseases including new approaches to
blocking the action of anthrax, botulinum, and cholera toxins, and developing new vaccines
against anthrax, plague, tularemia, smallpox, and hemorrhagic fevers.

Respiratory Pathogens Reference Laboratory is a contract with the University of Alabama that
supports a resource facility to provide reagents and assay development for measurement of the
human immune response to targeted bacterial respiratory pathogens.

The Schistosome Resource Center of the Biomedical Research Institute and the Filaria
Resource Center of the University of Georgia are resources for helminth (parasitic worm)
research.

Therapeutics for Centers for Disease Control and Prevention (CDC) Category A Agents:
Bioshield Accelerated Product Development supports research projects focused on the design
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and/or preclinical development of therapeutics for CDC Category A agents. Twelve awards
were made in FY 2005.

Training and Career Development for Biodefense and Emerging Diseases supports awards to
ensure that an adequate cadre of well-trained and motivated investigators is available to pursue
research and development objectives in biodefense and emerging diseases.

Tularemia Vaccine Development Teams support research to identify and evaluate new
tularemia vaccine candidates. Two awards were made in FY 2005.

NIAID has continued to actively test new candidate compounds for efficacy against infectious
complications of AIDS in culture and in animals through its anti-infective drug development
contracts. These contracts have been awarded for research on several rare diseases caused by
these microorganisms: Mycobacterium avium, Pneumocystis, Cryptosporidium, Cryptococcus,
and Microsporidium.

Cooperative program with the USAMRIID conducts vaccines research for viral hemorrhagic
fevers using Ebola virus and (in conjunction with FDA) evaluates the efficacy of antibiotic
treatment in a model of pneumonic plague in African green monkeys. The F1-V Plague
vaccine manufacturing process is being developed in conjunction with the National Cancer
Institute (NCI).

In collaboration with USAMRIID and CDC, NIAID supports the in vitro screening of
candidate drugs against the SARS coronavirus.

NIAID and FDA, through an inter-agency agreement, continued to support the screening of
compounds that may be effective against biodefense-related and emerging viruses, including
vaccinia, cowpox, West Nile, yellow fever, and SARS CoV.

NIAID and the U.S. Department of Defense (DoD) are collaborating to provide for the
coordinated development of a recombinant vaccine to protect against serotypes A and B of
botulinum toxin. Through a Memorandum of Understanding (MOU) with DoD’s
Chemical/Biological Defense Program, NIAID is advancing the development of the Army’s
tularemia LVS vaccine by conducting toxicology testing and Phase I clinical trials. The MOU
is being extended beyond its original 2004 agreement to continue this collaboration.

Planned Activities

Advanced Development of Multivalent Filovirus (Ebola and Marburg) Hemorrhagic Fever
Vaccines will conduct advanced product development activities for multivalent vaccines for
filovirus hemorrhagic fever virus.

Biodefense Vaccination Enhancement will conduct advanced product development to integrate
novel product stabilization and antigen delivery technologies with biodefense vaccines to
significantly improve both product stability and vaccination effectiveness.

Clinical Proteomics Centers for Infectious Diseases and Biodefense will expand proteomics
research resources, reagents, and technologies with potential clinical application for monitoring
susceptibility and resistance to infection, early detection of infection, and therapeutic and
vaccine response.

Clinical Trial for Community-Acquired Methicillin-Resistant Staphylococcus aureus
Infections will focus and mobilize clinical capacity to test interventions on community
acquired methicillin-resistant S. aureus (CA-MRSA) infection.
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Cooperative Research Partnerships for Influenza Product Development will develop potent
new antiviral agents and diagnostics against influenza.

Cooperative Research into Therapeutics and Diagnostics for Category B Bacteria, Viruses, and
Parasites will support translational research and advanced product development, i.e., beyond
basic research on identification of diagnostic or therapeutic targets and also the adaptation of
technologies or products to Category B biodefense applications.

Cooperative Research Partnerships into Therapeutics and Diagnostics for Biodefense Toxins
will support cooperative translational research into developing therapeutics and diagnostics for
certain biodefense toxins: Shiga toxins, ricin toxin, the Staphylococcus enterotoxin B (SEB),
Clostridium perfringens epsilon toxin, and the botulinum neurotoxins.

Development of Therapeutic Agents for Selected Biodefense Bacterial Diseases will support
the development of novel small molecule and antibody therapeutic inhibitors against Category
A, B and C bacterial agents.

Development of Therapeutic Agents for Selected Biodefense Pathogens will support promising
candidate therapeutics for select high priority biodefense viral and bacterial pathogens, with a
special emphasis on therapeutics with broad spectrum activity or that address antimicrobial
resistance (e.g., smallpox, filoviruses (Ebola and Marburg), anthrax, gram negative bacteria
(broad spectrum), and influenza).

Immune Mechanisms of Viral Control will support a synergistic network of research teams
focused on basic immunological parameters of viral infection and vaccination leading to
practical approaches to prevent and treat pandemic influenza outbreaks, including methods to
(a) induce tissue-specific immunity and (b) control virus-induced inflammation and
immunopathology.

Innate Receptors and Adjuvant Development will advance the best candidate compounds that
stimulate the innate immune response through Toll-Like Receptors and demonstrate strong
adjuvant properties in animal models to Phase I clinical trials.

Network on Antimicrobial Resistance in Staphylococcus aureus will support research on
antimicrobial resistance (AR) in Staphylococcus aureus by facilitating communications within
the research community and providing research resources to multidisciplinary investigators and
clinicians studying and treating AR in S. aureus.

NIAID Centers of Excellence for Influenza Research and Surveillance will support the
surveillance and characterization of influenza viruses in Asia, natural history studies on the
emergence of influenza viruses with pandemic potential and the generation of reagents.
Nonantibiotic Selectable Markers for Biodefense supports research leading to development of
nonantibiotic selectable genetic markers for Category A, B and C bacterial pathogens with
priority for those Category A, B and C pathogens lacking readily available vaccines and/or
subject to few selectable marker options (e.g., Bacillus anthracis, Francisella tularensis,
Yersinia pestis, Brucella species, Burkholderia species, Rickettsia species, and Coxiella
burnetii).

Nonbiodefense Emerging Infectious Diseases Research Opportunities will support research to
understand the natural history of microbial agents of human infectious diseases and events
leading to the acquisition of pathogenic potential by non-biodefense pathogens.

Partnerships to Improve Diagnosis and Treatment of Selected Drug-Resistant Healthcare-
Associated Infections will support development of prophylactic and post-infection treatments
and diagnostic clinical decision-making tools for the following healthcare-associated, drug-
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resistant pathogens: Clostridium difficile, Pseudomonas, Acinetobacter, Stenotrophomonas,
Enterobacter, Proteus, Serratia and Klebsiella.

e Pharmacological Approaches to Combating Antimicrobial Resistance will encourage
partnerships between antimicrobial pharmacologists and infectious disease researchers to apply
pharmacokinetic and pharmacodynamic principles to the development of in vitro and animal
models that will enhance our understanding of the emergence of antimicrobial drug resistance.

e Phase I Clinical Trial Unit for Therapeutics Against Infectious Diseases will support a NIAID
clinical resource with the capability and expertise to undertake Phase I clinical trials for drugs.

e Production of Monoclonal Antibody-Based Therapeutics for Botulism will support the
development of monoclonal antibody-based therapeutics against the botulinum neurotoxins for
evaluation in preclinical and early phase clinical studies.

o Statistical and Data Coordinating Center (SDCC) for Clinical Research in Infectious Diseases
provides comprehensive statistical support, data management and analysis activities for clinical
work sponsored by the NIAID Division of Microbiology and Infectious Diseases.

e Structural Genomics Centers for Infectious Diseases will support state-of-the-art structural
genomics technologies to structurally characterize targeted proteins from NIAID Category A,
B, and C pathogens and organisms causing emerging or re-emerging infectious diseases.

e Systems Approach to Immunity and Inflammation will support systems biology analyses of
innate and/or adaptive immune responses to infection, vaccination, or immunotherapy, with a
focus on NIAID Category A, B, and C priority pathogens.

o Systems Biology Approach to Infectious Diseases Research supports a systems biology
approach to better understand infectious disease pathogens and their interactions with the host.

e Typhoid vaccine: The VTEU plans a clinical study for FY 2006 to evaluate the ability of
licensed VI typhoid vaccine to boost the immune response to live attenuated vaccine strain
CVvD9009.

e Vaccine and Treatment Evaluation Units (VTEU): Evaluation of Control Measures Against
Diseases Other than AIDS will use contract resources for the evaluation of control measures
for infectious diseases other than AIDS.

Scientific Conferences, Symposia, and Meetings

e Innate Immune Receptors and Adjuvant Discovery Meeting was held on March 8, 2006 in
Bethesda, Maryland.

e Monoclonal Antibody Therapeutics for Biodefense and Emerging Infectious Diseases
Workshop was held March 29, 2006 in Bethesda, Maryland.

e Cooperative Centers for Translational Research on Human Immunology and Biodefense
Annual Meeting was held on April 4-5, 2006 in Bethesda, Maryland.

e Development of Broad Spectrum Therapeutics Workshop was held April 18, 2006 in
Rockville, Maryland.

e Gordon Research Conference on the Biology of Spirochetes was held April 23-28, 2006 in
Ciocco, Barga, Tuscany, Italy.

e Workshop on Patch-Clamp of Human Erythrocytes Infected with P. falciparum was held
June 25-30, 2006 in Rockville, Maryland.
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e Pulmonary Nontuberculous Mycobacterial Infections: Development of a Research Agenda
was held summer 2006 in Bethesda, Maryland.

e 20th Meeting of the American Society for Rickettsiology and the 5th International Conference
on Bartonella as Emerging Pathogens were held September 2-7, 2006 in Pacific Grove,
California.

e DHHS BioShield Stakeholders Workshop was held September 25-26, 2006 in Arlington, VA

e Population Genetics Analysis Program: Immunity to Vaccines/Infection was held on October
14-15, 2005 in Washington, D.C.

e Immune Function and Biodefense in Children, Elderly, and Immunocompromised Populations
was held on September 27-28, 2006 in Gaithersburg, Maryland.

e The second Annual Epitope Database and Discovery Workshop was held on November 1-3,
2005 in Bethesda, Maryland.

e Molecular Biology of Spirochetes was held December 5-8, 2005 in Prague, Czech Republic.
Hands On Workshop Of Immune Epitope Tool Developers was held on November 4, 2005, in
Bethesda, Maryland.

e Immune Modeling Centers Program held a kick-off meeting on December 5, 2005 in Bethesda
Maryland.

Primary Immunodeficiency Diseases

Scientific Advances

Common variable immunodeficiency

Common variable immunodeficiency (CVID) patients can develop an inflammatory bowel disease
resulting in chronic diarrhea and life-threatening inability to absorb nutrition. NIAID researchers
characterized the nature of this inflammation and found that gastrointestinal symptoms in CVID
arise from a combination of cytokines (excess IL-12 and interferon-beta, but lacking IL-23 and IL-
17) that differs from other gut diseases such as Crohn’s disease. These findings extend
understanding of the cytokine-restricted mucosal responses and provide the rationale for a recently
launched new treatment protocol.

CVID is characterized by low levels of serum immune globulins, lack of antibody response, and
reduced numbers of memory B cells. Although defects in other immune cells such as T, B, and
dendritic cells have been described, for the great majority of cases, genetic causes have not been
identified. NIAID-funded researchers investigated activation of B cells and dendritic cells induced
via TLRY, an intracellular recognition receptor that detects pieces of DNA from viruses and
bacteria. The investigators demonstrated that, although there were no mutations or polymorphisms
of TLRY, there were broad TLR9 activation defects in CVID; these defects may lead to impaired
responses of dendritic cells and loss of B cell function.

In addition to gastrointestinal disorders, individuals with CVID are susceptible to pneumonia,

recurring ear and sinus infections, and the development of B cell tumors. A study is under way to
identify a genetic cause for a primary immunodeficiency with significant morbidity and mortality.
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Through genetic testing, clinicians will be able to more quickly identify individuals who would
benefit from immunoglobulin replacement therapy and preventive antibiotics.

Chronic granulomatous disease (CGD)

Chronic granulomatous disease (CGD) is a life-threatening, inherited disorder in which immune
cells called phagocytes are unable to kill bacteria and fungi. NIAID researchers found two patients
with CGD that also had sarcoidosis, an autoimmune disease generally not seen in CGD. This
finding suggests that CGD immune dysregulation may trigger autoimmune diseases in a subset of
individuals with a genetic predisposition. These findings also suggest that patients should be
managed with specific therapies proven to be effective for the specific autoimmune disease
triggered by CGD rather than only preventing infections and controlling inflammation.

Severe combined immunodeficiency disease (SCID)

X-linked severe combined immunodeficiency (XSCID) is characterized by profound
immunodeficiency and early mortality. The only potential cures are hematopoietic stem cell
(HSC) transplantation or gene therapy. Current clinical gene therapy protocols targeting HSCs are
based upon ex vivo gene transfer, potentially limited by the adequacy of HSC harvest, transduction
efficiencies of repopulating HSCs, and the potential loss of their engraftment potential during ex
vivo culture. NIAID-funded researchers demonstrated an important proof of principle by showing
that a durable immune reconstitution in XSCID dogs was achieved following intravenous injection
of a retrovirus vector encoding the corrective gene (interleukin-2 receptor gamma chain (gamma
c)). This is the first demonstration that in vivo gene therapy targeting HSCs can restore both
cellular and humoral immunity in a large-animal model of a fatal immunodeficiency.

Other NIAID-funded researchers identified a novel genetic cause of SCID. Antigen stimulation of
immune cells triggers calcium entry, cell activation, and subsequent immune response. Cells from
patients with one form of SCID are defective in calcium entry. The genetic defect in these patients
was identified as a protein called Orail, which contains four putative transmembrane segments.
The SCID patients are homozygous for a single missense mutation in Orail, and expression of
wild-type Orail in SCID T cells restored calcium influx, suggesting that Orail is an essential
component or regulator of the calcium channel complex.

X-linked lymphoproliferative disease (XLP)

Individuals with X-linked lymphoproliferative disease (XLP) show defects in B cell differentiation
in vivo. Specifically, XLP patients do not generate a normal number of memory B cells, and the
few memory B cells that are present express immunoglobulin M (IgM). Recent studies have
suggested that these cells protect against T cell-independent pathogens. NIAID-funded researchers
showed that human XLP IgM memory B cells resemble normal memory B cells both
morphologically and phenotypically, and exhibit functional characteristics of normal memory B
cells. However, analysis of spleens from XLP patients revealed a paucity of germinal centers
(GCs), and the rare GCs detected were poorly formed. The immunoglobulins present in XLP
memory B cells had undergone genetic selection in the same manner as normal memory B cells.
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These findings reveal a differential requirement for the generation of IgM and other memory B
cells, with the latter only being able to generate fully formed GCs. High affinity, mature IgM from
IgM-memory B cells may provide a defense against some pathogens in XLP patients.

Neutropenia

Cyclic neutropenia occurs in humans and gray collie dogs, and is characterized by recurring low
counts of neutrophils which are immune cells. Current treatment is by daily injections of
recombinant granulocyte colony-stimulating factor (G-CSF). NIAID-funded researchers
administered a lentiviral vector encoding canine G-CSF cDNA into an affected dog and were able
to elevate the dog’s neutrophil production for nearly 18 months. The gray collie gained weight,
showed no clinical signs of infection and fever, and no longer needed housing in a pathogen-free
environment. These studies show that an adult animal can respond long-term to lentivirus-
mediated G-CSF delivery, suggesting this approach may be applied for treatment of adult patients
with cyclic and other neutropenias.

Other NIAID-funded researchers investigated cases of severe congenital neutropenia (SCN) after
determining that the same sperm donor was used by four different families to impregnate mothers
who subsequently bore children with the disorder. Because donor sperm was not available for
analysis, DNA was isolated from leukocytes of the affected children and their mothers and the
ELAZ2 gene was sequenced. None of the mothers had a mutation in ELAZ2, but all five affected
children had the same mutation. Linkage mapping analysis confirmed that all affected children
had the same paternal allele. These findings support an autosomal dominant inheritance of ELA2
mutation resulting in the expression of SCN.

X-Linked aggamaglobulinemia (XLA)

X-linked agammaglobulinemia (XLA) is a primary immunodeficiency disease caused by
mutations in the gene for Bruton tyrosine kinase (BTK) that lead to the deficient development of B
lymphocytes and hypogammaglobulinemia or low levels of immunoglobulins in the blood.
Because the disorder is uncommon, it has been difficult to study sufficient numbers of patients to
develop a comprehensive clinical picture of the disorder. A NIAID-funded national registry of
United States residents with XLA provided an updated clinical view of the disorder in a large
cohort of patients, based on a total of 201 patients who were registered by 66 physicians. This
registry is providing information on initial clinical presentations, the average age of diagnosis,
common comorbidities, and causes of death. The information will be useful in extending the
understanding of this disease.

Mendelian Susceptibility to Mycobacterial Diseases (MSMD)

Germline mutations in five autosomal genes cause Mendelian susceptibility to mycobacterial
diseases (MSMD), but the molecular basis of X-linked recessive (XR)-MSMD remains unknown.
NIAID-funded researchers found mutations in the leucine zipper (LZ) domain of the NF-kappaB
essential modulator (NEMO) gene in three unrelated families with XR-MSMD. The mutant
proteins were produced in normal amounts in blood and fibroblastic cells. However, the patients'
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monocytes were unable to stimulate T cells to make IFN-gamma. These two mutations in the
NEMO LZ domain provide the first genetic etiology of XR-MSMD. They also demonstrate the
importance of monocyte-derived cells for protective immunity to mycobacteria in humans.

Clinical Trials Initiated in FY 2006

e Common variable immunodeficiency pilot trials will assess the safety and efficacy of the IL-
12/23 inhibitor, STA-5326 Mesylate, for symptomatic gastrointestinal inflammation associated
with common variable immunodeficiency.

Ongoing Activities

e Primary Immunodeficiency Diseases Consortium is cosponsored with the National Institute of
Child Health and Human Development (NICHD). The Consortium: (I) provides leadership
and mentoring; facilitates collaborations; enhances coordination of research efforts; solicits,
reviews, recommends, and makes awards for pilot or small research projects; (2) maintains and
expands a primary immunodeficiency diseases registry which provides data to the research
community about the clinical characteristics and prevalence of these diseases; and (3) develops
a repository of specimens from subjects with primary immunodeficiency diseases.

o Center for International Blood and Marrow Transplantation Research (CIBMTR) supported by
NIAID, NCI, and the National Heart, Lung, and Blood, Institute (NHLBI) is a data resource for
analysis of blood and marrow transplants. The CIBMTR Working Committee in Immune
Deficiencies is conducting analyses of the clinical database to address issues relevant to
hematopoietic stem cell transplantation for Chediak Higashi syndrome, Langerhans cell
histiocytosis, hemophagocytic lymphohistiocytosis, severe combined immunodeficiency
syndrome, Wiscott-Aldrich syndrome, and other inherited immune deficiencies.

Scientific Conferences, Symposia, and Meetings

e Meeting on Primary Immunodeficiency Diseases was held in conjunction with the 6™ annual
meeting of the Federation of Clinical Immunology Societies June 1-5, 2006 in San Francisco,
California.

e Gene Therapy for Inherited Immune Deficiencies: Advances and Safety Issues was held
September 18-19, 2006 in Bethesda, Maryland.

Autoimmune Diseases

Scientific Advances

Pemphigus vulgaris

Pemphigus vulgaris (PV) is a life-threatening autoimmune skin disease characterized by blistering
and detachment of the skin cells keratinocytes (acantholysis). NIAID-funded researchers showed
that pathogenic autoantibodies formed during PV trigger signaling cascades in keratinocytes that
involved the enzyme p38 mitogen-activated protein kinase (p38MAPK). These researchers were
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able to prevent the PV blistering in a mouse pemphigus model by inhibiting the enzyme
p38MAPK. These results expand understanding of the disease mechanism and suggest that
targeting this p38MAPK pathway may have therapeutic benefit.

Ongoing Clinical Trials

e Pemphigus Vulgaris therapeutic: A double-blind, placebo-controlled, randomized Phase Il
safety and efficacy study of infliximab (Remicade) as a treatment for Pemphigus Vulgaris.

Planned Clinical Trials and IND applications

e Allogeneic Hematopoietic Stem Cell Transplantation for Autoimmune Diseases: sponsored by
NIAID, in cooperation with the Blood and Marrow Transplant Clinical Trials Network (BMT
CTN), NHLBI and NCI, these pilot clinical studies of allogeneic hematopoietic cell
transplantation as a treatment for autoimmune diseases, including scleroderma.

New Activities

e Cooperative Study Group for Autoimmune Disease Prevention, cosponsored by NIAID,
National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), and the Juvenile
Diabetes Research Foundation International (JDRF), conducts research on the development of
new targets and approaches to prevent autoimmune diseases and evaluate these approaches in
pilot and clinical studies. In FY 2006, the Study Group was renewed with the award of six
cooperative agreements.

Ongoing Activities

e Autoimmunity Centers of Excellence (ACEs), cosponsored by NIAID, NIDDK, and the Office
of Research on Women’s Health (ORWH) is a cooperative program that supports collaborative
basic and clinical research on autoimmune diseases, including single-site or multisite pilot
clinical trials of immunomodulatory therapies.

e HLA Region Genetics in Immune-Mediated Diseases has the objective to define the
association between human leukocyte antigen (HLA) region genes or genetic markers and
immune-mediated diseases, including risk and severity of disease, and organ and cell
transplantation outcomes. In FY 2005, NIAID, with cosponsorship from the National Institute
of Neurological Disorders and Stroke (NINDS), awarded five research cooperative agreements
under the new program.

e Multiple Autoimmune Diseases Genetics Consortium (MADGC) is a repository of genetic and
clinical data and specimens from families in which two or more individuals are affected by two
or more distinct autoimmune diseases. This repository provides well-characterized material for
use in research aimed at identifying the genes involved in autoimmune diseases.

e Stem Cell Transplantation for Autoimmune Diseases Consortium supports clinical trials to
assess the efficacy of hematopoietic stem cell transplantation to treat several severe
autoimmune diseases, including multiple sclerosis, SLE, and scleroderma.
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Scientific Conferences, Symposia, and Meetings

e Considerations in Allogeneic Hematopoietic Cell Transplantation (HCT) for Nonmalignant
Disorders, Including Autoimmune Diseases, a State-of-the Art Workshop, sponsored by
NIAID, NCI, and the Office of Rare Diseases, NIH, was held October 20-21, 2006 in
Bethesda, Maryland.

Other Immune System-mediated Diseases

Scientific Advances

Eosinophilic esophagitis and gastroenteritis

Eosinophilic esophagitis (EE) is an inflammatory disease characterized by high numbers of
immune cells called eosinophils in the esophagus. NIAID-funded researchers developed a genetic
profile of this poorly understood disease and showed that eotaxin-3, an eosinophil-specific
chemoattractant, is dramatically elevated in the esophageal biopsies of subjects with the disease.
Further, researchers showed that mice lacking receptors for eotaxin-3 were protected against
developing a mouse model of EE. This research suggests that a drug to target eotaxin-3 might
have therapeutic value.

Transplant immunology

The role of T-regulatory cells (T-regs) in preventing transplant rejection and establishing
immunologic tolerance has been an area of increasing interest and importance in transplantation
research. NIAID-funded researchers have made important contributions to the understanding of T-
regs.

All individuals who receive an organ transplant are at risk for organ rejection. Currently, rejection
can be diagnosed only after there is evidence of organ injury. One of the goals of transplant
immunology research is to be able to predict when an episode of rejection will occur, and also to
predict what the outcome of an episode of rejection will be. NIAID-funded researchers have
demonstrated that measurement of FOXP3 (a gene associated with T-regs) mRNA level in urinary
cells of human kidney transplant recipients predicts immunologic events in the setting of acute
kidney rejection and its aftermath. Individuals with clinical or biopsy-proven acute rejection had
significantly higher copy numbers of FOXP3 mRNA as compared with those with chronic or no
kidney dysfunction. In addition, among those with acute rejection, higher copy numbers of
FOXP3 mRNA were associated with complete resolution of the rejection episode, whereas those
with lower copy numbers were significantly more likely to progress to failure of the transplanted
kidney. These findings suggest that the presence of T-regs limits immunologic damage to the
transplanted kidney, while their absence results in unrestrained activity of those cells that damage
the graft. These findings may provide a cellular mechanism for the differences in outcome after an
episode of allograft rejection, and have implications for the individualization of therapy in
transplant recipients with acute rejection.
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In another NIAID-funded study, investigators demonstrated for the first time, in a mouse model, a
critical functional role for mast cells in the establishment of T-reg mediated immune tolerance to
allografts. In addition, their study indicated that the production of IL-9 by T-regs leads to the
recruitment and activation of mast cells, resulting in long-term allograft tolerance.

Clinical Trials Initiated in FY 2006

Stem cell transplantation for autoimmune disease therapy: Two clinical trials are evaluating
autologous hematopoietic stem cell transplantation for the treatment of scleroderma and SLE,
two autoimmune diseases. These complex trials, opened in FY 2006, will also include studies
of the underlying immune mechanisms of these diseases and treatments.

Ongoing Activities

Center for International Blood and Marrow Transplantation Research (CIBMTR) supported by
NIAID, NCI, and NHLBI, is a data resource for analysis of blood and marrow transplants. The
C.W. Bill Young Cell Transplantation Program established by Congress in December 2005
requires collection of outcomes data on related and unrelated allogeneic hematopoietic cell
transplants (HCT) done in the United States. Observational research including analysis of the
clinical database to address important issues in the biology and clinical application of HCT is
the core activity of the CIBMTR. CIBMTR Working Committees directly relevant for rare
diseases and NIAID include Autoimmune Diseases, Immune Deficiencies, Graft-versus-Host
Disease, Immunobiology/Histocompatibility, Infection and Immune Reconstitution, and
Nonmalignant Marrow Disorders.

Cooperative Clinical Trial in Pediatric Transplantation (CCPT) was established in 1994 to
support multicenter clinical trials of novel approaches to prevent acute and chronic graft
rejection in pediatric kidney transplantation; evaluate modifications of immunosuppressive
drug regimens to mitigate unwanted side effects of immunosuppression; and assess pre-
transplant immunotherapy to improve transplantation outcomes. The CCTPT also conducts
mechanism-of-action studies to determine the effect of these interventional approaches on the
immune system. This program will be expanded in 2007 and renamed Clinical Trials in Organ
Transplantation in Children.

Clinical Trials in Organ Transplantation (CTOT) is a cooperative multisite consortium
cosponsored by NIAID, NHLBI, and NIDDK. Its purpose is to develop and implement
interventional and observational clinical studies, accompanied by mechanistic studies,
designed to enhance the understanding of and ultimately reduce the immune-mediated
morbidity and mortality of organ transplantation. This group currently is enrolling subjects in
three clinical trials, and has three others in development.

Genomics of Transplantation Cooperative Research Program was developed to support large-
scale, broad-scope genomic studies in clinical transplantation, including solid organ, tissue,
and cell transplantation. This program was expanded in 2006, with two additional awards
made. The long-term goal of the program is to understand the genetic basis of immune-
mediated graft rejection and differences in transplant outcomes, and thereby provide a rational
basis for the development of more effective treatment and prevention strategies to improve
long-term graft survival and quality of life for transplant recipients.
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HLA Region Genetics in Immune-Mediated Diseases program, supported by NIAID with
cosponsorship from NINDS, awarded five research cooperative agreements. The objectives of
this program are to define the association between human leukocyte antigen (HLA) region
genes or genetic markers and immune-mediated diseases, including risk and severity of
disease, and organ and cell transplantation outcomes.

Hyperaccelerated Awards for Mechanisms in Immunomodulation Trial cosponsored by
NIAID, National Institute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS),
NIDDK, NINDS, supports immune-based mechanistic studies associated with clinical trials of
infectious disease vaccines and immunotherapies for immune-mediated diseases.

Immune Tolerance Network (ITN) cosponsored by NIAID, NIDDK, and JDRF is an
international consortium of over 80 investigators in the United States, Canada, Europe, and
Australia dedicated to the clinical evaluation of novel, tolerance-inducing therapies in
autoimmune diseases, asthma and allergic diseases, and rejection of transplanted organs,
tissues, and cells. The ITN has established state-of-the art core laboratory facilities to conduct
integrated mechanistic studies, and to develop and evaluate markers and assays to measure
immunologic tolerance in humans.

Immunobiology of Xenotransplanation Cooperative Group (IXCG) consists of five cooperative
agreement research grants and is cosponsored by NIAID and NIDDK. The goals of this
program are: (1) to delineate the cellular and molecular mechanisms of xenograft rejection and
the induction of tolerance and accommodation; (2) to develop effective strategies to improve
xenograft survival; and (3) to characterize the physiological compatibility/limitations of
xenografts. Together, these goals will lead to the development of novel and efficacious
strategies for the broad application of xenotransplantation in the clinic.

National Center for Biotechnology Information cosponsored by NIAID and the National
Library of Medicine is a centralized public database of results from clinical blood and marrow
stem cell transplants involving unrelated donors.

Pathogenesis of Polyomavirus Associated Nephropathy supports projects that are focused on
basic, preclinical, clinical, and epidemiological research projects on polyomavirus-associated
nephropathy (PVAN).

Sex-based Differences in the Immune Response research initiative cosponsored by NIAID,
NIAMS, NINDS, ORWH, and the National Multiple Sclerosis Society supports research to
increase our understanding of the mechanisms underlying the differences in the immune
response in males and females. Findings may allow more targeted approaches for the
prevention and treatment of immune-mediated disease.

Systems Approaches to Innate Immunity, Inflammation, and Sepsis supports a
multidisciplinary team at Scripps Research Institute, which is employing a systems biology
approach to create a comprehensive picture of innate immunity, an essential first line of
defense against bacterial, viral, and fungal diseases.
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Planned Activities

e Immune Tolerance Network will be recompeted in FY 2007.

e Non Human Primate Transplantation Tolerance Cooperative Study Group will be re-competed
in 2007.

e Clinical Trials in Organ Transplantation in Children (CTOTC) is a new program that will be
initiated in FY 2008. This is a renewal and expansion of Cooperative Clinical Trials in
Pediatric Transplantation and will support a consortium of investigators and centers to conduct
clinical trials with associated mechanistic and epidemiologic studies in pediatric organ
transplantation.
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NATIONAL INSTITUTE OF ARTHRITIS
AND MUSCULOSKELETAL AND SKIN DISEASES (NIAMS)

Overview

The mission of the National Institute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS)
IS to support research into the causes, treatment, and prevention of arthritis and musculoskeletal
and skin diseases; the training of basic and clinical scientists to carry out this research; and the
dissemination of information on research progress in these diseases. NIAMS-supported
researchers have made significant progress in broadening the base of knowledge related to many of
the rare diseases within the Institute’s scope.

Recent scientific advances in rare disease research
Epidermolysis bullosa

Epidermolysis bullosa acquisita (EBA) is a severe blistering skin disease that can be seen as an
isolated clinical condition or is sometimes seen in association with systemic lupus erythematosus
(SLE, also known as “lupus”). Antibodies are usually produced by the immune system to protect
against foreign agents, but autoantibodies may emerge in disease states and attack one’s own
organs and tissues. Autoantibodies in EBA are directed against type VI collagen, which forms a
structure in the skin that helps attach the outer layer (epidermis) to the deeper layer of skin
(dermis). A recent study found that treating mice with these autoantibodies from human patients
generated an identical condition to EBA, thus identifying these autoantibodies as the cause of the
disease. This important finding pinpoints a therapeutic target: reducing or eliminating these
autoantibodies should ameliorate disease.

Fibrodysplasia ossificans progressiva

Fibrodysplasia ossificans progressiva (FOP) is one of the rarest genetic diseases. But for the
estimated 2,500 patients who have FOP, the result is nothing short of devastating. During early
childhood, their bodies’ muscles, tendons, ligaments, and other connective tissues undergo a
metamorphosis to bone, forming a second skeleton that renders them permanently unable to move.
In April 2006, after a 15-year quest, NIAMS-funded investigators located the disease-causing
mutation in a gene that controls formation of cartilage and bone. The discovery immediately
suggests two treatment approaches requiring further exploration: either block the defective
protein’s activity or prevent it from forming in the first place. The finding also offers potential
applications for other problems associated with either too much bone (such as bone spurs that
occur in osteoarthritis) or too little (such as osteoporosis). Research leading to this discovery was
funded by the NIH, private donations from families and friends of FOP patients worldwide, and
the International FOP Association.
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Ichthyosis

Researchers have discovered that moderate or severe forms of ichthyosis vulgaris (1V), the most
common inherited disorder of skin, hair, and nail formation, are cause by mutations to the filaggrin
gene (FLG). Normally, filaggrin protein functions as a component of the skin barrier, protecting
the body from water loss, allergens and infectious agents. It had not been directly associated with
any human disease, however, until NIAMS-funded researchers analyzed blood and skin biopsy
samples from families who had symptoms of IV and found two different mutations in FLG.
Filaggrin is one of the proteins in the epidermal differentiations complex (EDC) on chromosome 1.
Because the same region also contains many other genes involved in the skin’s barrier function,
researchers also hypothesize that mutations in other nearby genes might be involved in IV and
other diseases in which skin structure is impaired.

Additionally, 1V is frequently associated with atopic dermatitis, or eczema. The authors suggest
that filaggrin may be a factor in atopic dermatitis and other skin disorders with a genetic
component. More recent work, the authors say, has indeed shown that FLG mutations are
common in atopic dermatitis and appear to be strong predisposing genetic factors for this disease.
Thus, loss of filaggrin protein is also associated with eczema, probably because the skin barrier is
compromised.

Malignant hyperthermia and central core disease

Malignant hyperthermia (MH) is an inherited disorder of muscle that often is not diagnosed until
general anesthesia triggers metabolic changes that can cause serious, and sometimes deadly,
muscle failure. It is caused by molecular defects in the type 1 ryanodine receptor (RYR1) gene,
which is involved in regulating intracellular calcium concentrations. Mutations to RYR1 also are
associated with central core disease, a childhood condition characterized by muscle weakness,
atrophy, and an increased risk of MH. Recent findings from NIAMS-funded researchers studying
central core disease have shown that small deletions in the RYR1 gene can have opposite effects
on calcium channel function: one defect caused calcium to leak from intracellular stores, while
another prevented calcium from being released when needed. In a separate study, researchers
developed a mouse model in which the RYR1 calcium channel gene contained a mutation
associated with MH. They are using the model to examine the mechanisms underlying
temperature dysregulation and skeletal muscle contraction in MH and heat stroke. Better
understanding of the molecular processes of central core disease and MH, and of the defects in
calcium channel structure and function, may lead to treatments for these diseases or more effective
screening methods to avoid MH crises. Furthermore, since calcium release and re-uptake are
impaired as muscles fatigue and as body temperature rises, better understanding of the mechanisms
of calcium cycling may lead to strategies to promote muscle recovery after strenuous exercise or to
treat heat-induced illness.
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Marfan syndrome

Marfan syndrome is an inherited disorder caused by a mutation in the fibrillin gene. This mutation
causes the tendons, ligaments, and other connective tissues in the body to weaken. Marfan
syndrome can affect the heart, skeletal system, eyes, and other organs in the body, and symptoms
range from mild to severe. Premature death for Marfan patients is caused by heart failure or aortic
rupture following development of an aortic aneurysm. Fibrillin-1 regulates the growth factor TGF-
[} and this growth factor is over-produced in Marfan syndrome patients. Losartan is a medication
that lowers blood pressure and leads to inhibition of the effects of TGF-B. In a recent study,
losartan was administered in drinking water to mice with aortic aneurysms. Aortic wall
architecture was restored and the course towards aortic rupture was reversed.

Mutations in the genes encoding TGF-f receptors 1 and 2 have been found recently in association
with the range of affected organ systems and clinical features. Progress has been made to identify
the physical characteristics associated with this affliction in patients at highest risk of requiring
vascular surgery or dying at a young age, which will help physicians treat Marfan syndrome.

Muscular dystrophies (including Duchenne and limb-girdle muscular dystrophies, sarcotubular
myopathy, and myotonic dystrophy)

“Muscular dystrophy” is a broad term used to describe gene-related disorders that affect muscles
throughout the body. More than 20 specific genetic disorders are considered to be muscular
dystrophies. Most have the same result (a reduction in muscle strength due to weakening and
deterioration), but these various conditions are specific to different muscles in the body and
different rates of degeneration. The NIAMS funds considerable research to elucidate cellular and
molecular mechanisms that underlie muscle degeneration associated with muscular dystrophies
and to develop potential treatment strategies.

New findings from NIAMS-supported researchers reveal a possible mechanism by which a
mutation, found in patients who have limb-girdle muscular dystrophy type 2H or an even more
rare muscular dystrophy known as sarcotubular myopathy, interferes with normal muscle
formation and degradation. Both diseases are associated with a mutation in a gene for tripartite
motif-containing protein 32 (TRIM32). The scientists recently demonstrated that TRIM32 can
interact with the two major muscle proteins, actin and myosin, and can specifically target actin for
degradation. In other words, TRIM32 attaches a molecular flag (called ubiquitin) to actin
molecules that need to be degraded. Although researchers still do not understand the disease-
causing mutation’s exact effect, they hypothesize that it disrupts normal muscle turnover.

The Institute also supports extensive research in other areas of muscle biology, which may point to
targeted interventions for the treatment of muscular dystrophies and other disorders. As anyone
who has ever had a limb in a cast knows, muscles rapidly lose mass and strength when they are not
used. This process—known as muscle disuse atrophy—occurs not only when a limb is
immobilized, but also in connection with certain diseases such as muscular dystrophy, nerve
damage, weightlessness, and age-related inactivity. Recent mouse studies conducted by NIAMS-
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funded researchers showed that muscle function may be preserved by a compound called
Bowman-Birk inhibitor, which currently is being tested in clinical trials for other diseases.

Recent mouse experiments using another compound also have yielded promising results for
muscular dystrophy patients. An international collaboration involving researchers from the
NIAMS intramural research program demonstrated for the first time that a single drug, trichostatin
A, can rebuild damaged muscle in strains of mice that develop diseases comparable to Duchenne
muscular dystrophy and human limb-girdle muscular dystrophy. Trichostatin A is a member of a
drug class called deacetylase inhibitors that currently are being tested in clinical trials for a variety
of human diseases. Although the mice with muscular dystrophy could not run or swim before
receiving the experimental therapy, they were virtually indistinguishable from healthy mice after
two or three months of treatment. Although the report, published in the October 2006 issue of
Nature Medicine, is the first example of using a therapeutic compound to counteract muscular
dystrophy in mouse models, the drug only is promoting muscle regeneration—it is not curing the
defect that causes muscle deterioration. Furthermore, additional studies are needed to determine
whether the benefits of trichostatin A or related compounds can be sustained, and if the drugs work
in larger animals with bigger muscles (such as dogs), before they can be tested in people.

Researchers also have made progress on understanding myotonic dystrophy, a subset of muscular
dystrophies that—although rare—is the most common inherited degenerative muscle diseases in
adults. A defect in a gene called DMPK causes the diseases by producing mRNA molecules that
are thought to “clump” together and sequester proteins (such as muscleblind-like 1, (MBNL1)) that
are required for transcribing other essential muscle genes. In fiscal year 2006, NIAMS-supported
investigators published multiple papers describing results from animal studies that may lead to
new therapeutic approaches for intervening in the causes of myotonic dystrophy. Researchers now
know that over-expression of MBNL1 using a gene-therapy technique in a myotonic dystrophy
mouse model improves muscle function, and that inhibiting production of malformed mRNA in a
new mouse model of myotonic dystrophy type 1 can reverse skeletal muscle myotonia and cardiac
defects. Taken together with earlier findings, these results suggest three potential treatment
strategies for patients who have myotonic dystrophy: increasing production of MBNL1, releasing
the trapped protein from mRNA clusters, or decreasing expression of the defective DMPK gene.

Osteoporosis-pseudoglioma syndrome

People who have an inactive version of a protein called LRP5 have a serious disease called
osteoporosis-pseudoglioma syndrome, which is characterized by very low bone mass and a very
great susceptibility to fractures. This year, researchers reported that LRP5-deficient mice make
much less new bone than normal mice in response to mechanical stress such as weight bearing
activities, but make new bones as well as normal mice do in response to parathyroid hormone (a
current treatment for osteoporosis). Their findings suggest that the bone cells of people with
osteoporosis-pseudoglioma syndrome may not be generally defective in bone formation, but only
unable to respond to the specific stimulus of mechanical loading. In the short term, the findings
indicate that parathyroid hormone therapy is more likely than weight bearing exercises to benefit
these patients. Moreover, the results suggest that pharmacological modulation of LRP5 activity
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may be a means of increasing bone mass with minimal deleterious side effects for the millions of
people affected by more common forms of osteoporosis.

Neonatal-onset multisystem inflammatory disease (NOMID)

NIAMS intramural researchers recently found that a rheumatoid arthritis drug called anakinra
brings marked improvement both in symptoms and the inflammation underlying a rare and
debilitating disorder called neonatal-onset multisystem inflammatory disease (NOMID). NOMID,
also known as chronic infantile neurologic cutaneous articular syndrome, is an inflammatory
disorder that affects numerous organs and body systems, including the skin, joints, eyes and
central nervous system. For most children, the first sign of the disease is a rash that develops
within the first six weeks of life. Other problems, including fever, meningitis, joint damage, vision
and hearing loss, and mental retardation, can follow. Despite treatment to control the
inflammation—including high-dose corticosteroids, disease-modifying antirheumatic drugs such
as methotrexate, and nonsteroidal anti-inflammatory drugs such as ibuprofen or naproxen—the
disease is progressive and often fatal. Intramural researchers, building on their understanding of
the molecular cause of the disease, tested anakinra, which works on the same molecular pathway
that is defective in NOMID. Researchers treated anakinra in 18 NOMID patients, all of whom had
an immediate clinical response to the drug. Rash and conjunctivitis (inflammation of the
membrane lining the eyelids), both common in NOMID, disappeared within three days. By three
months, laboratory measures of inflammation had improved, and by six months, 33 percent of the
patients showed improved hearing and another half of the patients had no further hearing loss.
Although disease flared in 11 patients when they were withdrawn from anakinra as part of the
study, disease quickly responded again when anakinra therapy was restarted.

Smith-Lemli-Opitz syndrome

Each year, an estimated 1 in 50,000 babies in the United States is born with Smith-Lemli-Opitz
syndrome (SLOS), a condition characterized by severe bone malformation, food intolerance, and
susceptibility to infection. Children with SLOS have a defect in cholesterol metabolism that
causes extremely low blood levels of cholesterol and high levels of a precursor to cholesterol
called 7-dehydrocholesterol (DHC). Recently, intramural researchers from the NIAMS and
National Institute of Child Health and Human Development (NICHD) determined that the buildup
of DHC leads to immune hypersensitivity, a finding which may explain why SLOS patients have
increased food allergies and inflammatory responses. The mutation responsible for SLOS causes
the DCH to accumulate on the mast cell membranes and, since inflammation is regulated in part by
cholesterol and its precursors on cell membranes, this causes the cells to be more easily activated.
Thus, something innocuous to most people—food, for example—sets off an immune reaction in a
child with SLOS. Traditionally, children were treated with high-cholesterol diets and supplements
to increase blood levels of cholesterol. Interestingly, these findings suggest that the solution to this
low-cholesterol disease could be statin drugs that are marketed now to lower cholesterol, as they
block formation of cholesterol precursors.
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Tuberous sclerosis complex

Tuberous sclerosis complex (TSC) is a rare, heritable, neurological disorder primarily
characterized by seizures, mental retardation, and skin and eye lesions. Small benign tumors may
grow on the face and eyes, as well as in the brain, kidneys, and other organs. Individuals with
TSC may experience none, some, or all of the associated symptoms, with varying degrees or
severity.

NIAMS-supported researchers are examining the mechanisms of development of TSC and
associated angiogenesis (blood vessel development). TSC is caused by mutations in the genes
TSC1 or TSC2 whose protein products, hamartin and tuberin, normally function as a complex that
regulates many cellular processes, including cell growth. NIAMS-supported researchers have
created a mouse model with mutations in the tuberin gene that develops unique skin and brain
tumors similar to those in TSC patients. Investigators are exploring how molecular signals
upstream and downstream of the hamartin/tuberin complex affect tumor development and growth.
Knowledge of how these events impact the development of TSC may lead to therapies that can
prevent or improve the skin manifestations of the disease in humans.

TSC1 and TSC2 are part of the mTOR signaling pathway which is involved in the regulation of
protein translation and cell growth. Several NIAMS-funded researchers are studying signaling in
the mTOR pathway and its involvement in normal cellular processes and abnormal conditions and
diseases. A better understanding of the mTOR pathway will provide additional targets for drug
intervention in TSC, as well as a better understanding of how mutations in TSC1 and TSC2 lead to
abnormalities in multiple organ systems.

Significant ongoing rare disease research initiatives
Familial cold autoinflammatory syndrome, Muckle-Wells syndrome, and other diseases

NIAMS intramural researchers are testing an experimental drug for patients who have familial
cold autoinflammatory syndrome or Muckle-Wells syndrome, two diseases associated with a
mutation to the CIAS1 gene (the same gene associated with NOMID, mentioned above). Begun in
October 2004, the study examines the safety and effectiveness of a drug called IL-1 Trap, which
works on the same molecular pathway as anakinra but can be injected once a week, instead of
daily. People with similar autoinflammatory diseases like familial Mediterranean fever or adult
Still’s disease are also eligible for the study.

Juvenile idiopathic arthritis

NIAMS supports a state-of-the-art genomics project to uncover gene expression patterns that
contribute to the development of pediatric arthritis. Researchers are using DNA microarrays
(small silicon chips that contain tiny amounts of thousands of known genes) to analyze thousands
of genes in blood, fluids, and tissues of children newly diagnosed with various types of pediatric
rheumatic diseases including juvenile idiopathic arthritis. Identifying gene expression patterns,
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groups of genes that are “turned on” for different types of childhood arthritis, will help to improve
diagnosis and to predict disease severity for affected children.

The Institute is also supporting clinical trials to examine therapeutic interventions in children with
juvenile idiopathic arthritis (JIA). One such trial is investigating osteopenia (reduced bone mass),
a frequent complication of JIA. This clinical trial measures the effectiveness of daily oral calcium
supplementation to increase total body bone mineral density. The long-term goal is to determine
the safety and effectiveness of current and new biologic and pharmacologic treatments as
alternative treatments to calcium in those JIA patients with osteopenia.

Juvenile lupus, scleroderma, and x-linked hypophosphatemic rickets research at NIAMS Centers
of Research Translation

In FY 2006, NIAMS launched its Centers of Research Translation program to unite basic and
clinical research in a way that translates basic discoveries into diagnostic approaches and
treatments. Applicants were responsible for identifying diseases that their centers will address,
and three of the four new grants focus on rare diseases:

e Center for Lupus Research. A team of immunologists and clinicians are addressing
multiple aspects of lupus, with an emphasis on the juvenile form of the disease. Areas of
investigation include development of markers of disease activity and severity, and
identification of new treatment targets.

e Center for Research Translation in Scleroderma. This Center is using molecular genetics
techniques (single nucleotide polymorphism genotyping and DNA microarrays) to
elucidate the genetic processes causing scleroderma and identify predictors of the disease’s
course. Results from these studies will be applied to development of treatment
improvements for scleroderma patients.

e Center for X-Linked Hypophosphatemic Rickets. Researchers are studying factors
regulating death of cartilage cells (i.e., chondrocytes), mechanisms by which fibroblast
growth factor receptors transmit signals, the influence of hyperparathyroidism on disease
severity, and whether correcting hyperparathyroidism improves skeletal health.

[ ]
Juvenile systemic lupus erythematosus

In the area of childhood lupus, NIAMS-supported researchers are currently conducting a large,
controlled study to assess the ability of statins (cholesterol-lowering agents) in preventing or
delaying progression of cardiovascular disease in children with lupus. This research study
involves 20 centers from the Pediatric Rheumatology Research Network in establishing the largest
cohort of pediatric lupus patients ever prospectively studied. Approximately 15 percent of patients
have been enrolled and baseline data analysis is currently under way.

Malignant hyperthermia and central core disease

In FY 2006, the NIAMS renewed a program project grant to investigators at the Brigham and
Women’s Hospital for studies of the molecular basis of malignant hyperthermia. This research
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will elucidate how mutations in the gene for RYR1 (described above) differentially perturb
intracellular concentrations of calcium ions and will characterize factors that influence the severity
of clinical manifestations.

Marfan syndrome

NIAMS-supported researchers have developed a multisite translational research program in
Marfan syndrome. The long-term goal of this program is to translate basic research in matrix
biology into treatment strategies for individuals with Marfan syndrome and related disorders of
connective tissue. The program is utilizing a comprehensive and multidisciplinary approach that
integrates the scientific interest and expertise of four leading laboratories in this and related
research fields. Researchers are studying genetically engineered mouse models of Marfan
syndrome to uncover the abnormal cellular activities that contribute to this disorder and will
translate this new knowledge into more effective therapies.

Muscular dystrophies (including Duchenne muscular dystrophy, facioscapulohumeral dystrophy,
and myotonic dystrophy)

Senator Paul D. Wellstone Muscular Dystrophy Cooperative Research Centers: NIAMS
supports basic, translational, and clinical studies on the muscular dystrophies and other muscle
diseases and disorders. A major component of the NIAMS muscular dystrophy research portfolio
includes funding for two of the six NIH-supported Senator Paul D. Wellstone Muscular Dystrophy
Cooperative Research Centers. Each Wellstone center brings together expertise, infrastructure,
and resources focused on major questions about muscular dystrophy. The Wellstone Centers
promote side-by-side basic, translational, and clinical research, and provide resources that can be
used by the national muscle biology and neuromuscular research communities. The first NIAMS-
supported center is located at the University of Pittsburgh where researchers are examining the use
of gene and stem cell therapies to treat Duchenne muscular dystrophy, the most common
childhood form of muscular dystrophy. The second center is located at the University of
Pennsylvania where researchers are investigating strategies to inhibit muscle degeneration and to
promote muscle growth. These approaches could be applicable to a wide range of muscular
dystrophies and other muscle diseases.

Each Wellstone Center has core facilities that are available to other investigators as a national
resource. The Pittsburgh Wellstone Center supports core imaging capabilities, development of
gene therapy approaches, and a muscular dystrophy dog colony. The Pennsylvania/Johns Hopkins
University Wellstone Center has a physiological assessment core that assists with studies using
mouse models of muscular dystrophy.

To enhance the ongoing activities of the NIH-supported Wellstone Centers, NIAMS recently
joined several other NIH components in announcing the availability of administrative supplements
to these Centers. One promotes collaborations by the Wellstone Centers, and increases
opportunities for career development among junior investigators affiliated with these Centers. The
other encourages the Directors of the Wellstone Centers, in collaboration with other muscular
dystrophy researchers and representatives from voluntary health organizations, to conduct
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workshops or conferences focused on specific topics in muscular dystrophy research. These
workshops will fill a specific need in the muscular dystrophy field to bring investigators together
to achieve a range of objectives, including developing collaborations, focusing efforts and
resources, and reaching consensus on research and patient care strategies. Funding for the career
development supplements and workshops will be available through FY 2009.

National Registry of Myotonic dystrophy and Facioscapulohumeral dystrophy Patients
and Family Members: Since FY 2000, the NIAMS and National Institute of Neurological
Disorders and Stroke (NINDS) have supported the National Registry of Myotonic Dystrophy and
Facioscapulohumeral Dystrophy Patients and Family Members, a resource for the collection and
analysis of clinical information from patients and their families to accelerate research on these
diseases. The long-term goal of the registry is to facilitate research in myotonic and
facioscapulohumeral dystrophies by serving as a liaison between affected families who are eager
to participate in research and investigators who are conducting specific projects relevant to these
disorders.

Ongoing Program Announcements: The NIAMS, along with the NINDS, NICHD, and
NIH Office 